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Ledamöter:
Anm. 1. Tecknet * utmärker Stiindiga Ledamöter (jfr stadgarna, 5 

2. Siffrorna angiva ärtalet da Ledamot i Föreningen inträtt.

A ben ius , P. W. F il. Dr, Rektor. 8 6 .........................
A fz e liu s , K. F il. Lie. 10. Dalagatan 4 0 ..................
A h lm a nn , H. W :son. F il. Dr, Docent. 1 0 -----------
A h ls trö m , N. F il. Kand., Läroverksadjunkt. 19----------
A la r ik ,  A. L :son. Bergsingenjör. 03 .............. ...........

*A le n , J. E. F il. Dr, Stadskemist. 82 .......................
A lexanderson , S oph ie-L . Lärarinna. 12. Riddareg. 21
A lm gren ', 0 . F il. Dr, Professor. 07 .........................
A lm q u is t, E. F il. Mag. 14........... .............................
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A m in o ff, G. F il. Dr., Doc. 03. Stockh. Högskola

*A ndersson , G unnar, F il. Dr, Professor. 8 7 ............
A nde rsson , J. G. F il. Dr, Professor. 9 1 _________
A n ric k , C. J. F il. Dr., Sekr. hos Sv. turistför. 16. 
A n tevs, E. V. F il. Dr, Doc. 14. Stockh. Högskola 
A rn b o rg , J o h n , F il. Kand. 20. St. Johannesg. 9 B
A rn e l l ,  K. F il. Dr., Överingeniör. 81.......................
A rn in g e , G. F il. Lie., Rektor. 11 ------------------------
A rrh e n iu s , O. F il. Dr. 19. Garala Haga ................
A rrh e n iu s , S. F il. Dr, Professor. 0 0 .......................
A s k e lö f, N. F il. Stud. 12 ..........................................
A s k lu n d , B. F il. Lie. 17. Sv. geol. unders----------
A sp lund , C. Bergmästare. 9 5 ................................. .
A s p lu n d , E. F il. Mag. 14. St. Johannesg. 22.......
Assarsson, G. F il. Lie. Assistent v. Sv. geol. und. 20.

*B ack lun d , H. F il. Dr., Professor. 0 8 ....... ............
Back man, A. L. F il. Dr, Forstmiistare 15------ -------
B aecks tröm , O. F il. Lie. 10. Malmskillnadsg. 41 Bm
Bardarson, G. G. Gärdsägare. 10. Akureyri-----------
Bendz, A. F il. Kand., Ingenjör. 2 0 ------ .*.............. .

*B e n e d ic k s , C. A. F. F il. Dr, Prof. 95. Stockh. Ilögsk.
Bengtson, E. J. F il. Kand., Ingeniör. 06 .............
Bengtson, S. Agronom. 19 ------------------------ ----------
B e rgeat, A. F il. Dr., Professor. 02. Schwanenweg 20
Bergendal, A. Bergsingeniör. 16 ----------- ------,,-------

*B e rg h e ll, H. F il. Dr, Statsgeol. 92. Geol. kom. . . . . .
Bergm an, A. Direktor. 12. Drottningg. 3 ......... .—
B ergm an -ltosander, Bertha, F il. Kand. 05— 1—
B e rg q u is t, J. A. Folkskollärare. 1 7 .......................
B ergström , A. Bruksägare. 16 ------- -------- ...............
B ergström , E. F il. Dr. 1 0 ............ ............................
B e rgs tröm , G. Bergsingenjör. 1 3 ..............................

Örebro.
Stockholm.
Uppsala.
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B irg e r, S. Med. Lie. 11. Grevturegatan 3 ............  Stockholm.
B jö r ly k k e , K. O. F il. Dr, Prof. Landbrugshöiskolen. 00 Aas, Norge.
B la n k e tt, H. Tndustriräd. 96....................................... Grankulla, Finland.
B lom berg , E. Bergsingenjör. 98. Nygatan 7 4 .......  Örebro.
Bobeck, O. F il. Kand., Rektor. 97..................r.......... Eslöv.
Bodm an, G. F il. Dr., Professor. 18. Ch. tekn. inst. Göteborg.
B o h lin , B. F il. kand. 21. Sysslomansg. 2 4 ______ Uppsala.
Bonnema, J. H. F il. Dr., Professor. 05...... _........__ Groningen.
Booberg, G. Fil. Mag. 19. Sv. mosskulturföreningen. Jönköping. 

*B o rgs trö m , L. .PL F il. Dr., Prof. 01. Museig. 3 Helsingfors.
B renner, Th. F il. Kand. 14. Engelplatsen 21___ Helsingfors.
B r in e ll,  J. A. F il. Dr, Överingeniör. 0 8 .................. Nässjö.
Broome, B ir g it ,  F il. Kand. 19. Hantverkareg. 10. Stockholm.
B ru n n b e rg , K. G. Disponent. 9 4 ............................... Persberg.
B rü nn ich -N ie lse n , K. Dr. Phil. Överläkare. 18. Amager-

brogade 129............................................................. . Köpenhamn.
Brögger, W. C. F il. Dr, Professor. 75 ......................  Kristiania.
Bugge, Carl. F il. Dr, Direktor for Norges geol. un-

dersökelse. 21.................... ........... .......................... . Kristiania.
Bygden, A. O. B. Fil. Dr, Assistent. 05 ................  Experimentalfaltet.

*B äckström , H. F il. Dr, Professor. 85. Föreningens
ordförande----------------- ------------------------------------------ Djursholm.

B ö g g ild , O. B. Professor. 21. östervoldg. 7 ____  Köpenhamn.

C a lden ius, C. Fil. Lie. 08. ltadhusen 22............... Äppelviken.
C a llisen , Karen, Assistent. 21. 0stervoldgade 7... Köpenhamn.

*Cappeleu, D. Cand. Min., Verksägare. 85 ................  Holden, Skien.
C arlbo rg , H. Bergsingeniör. 10. Grevtureg. 9........ Stockholm.
C arlg ren , M. Jägmästare. 1 4 ............ ........ .................  Umeä.
C a rlg re n , W. Disponent. 94 ...................................... Sala.
C a rlh e im -G y lle n s k iö ld , K. F il. Mag. 13..............  Kungsbacka.
C a r lh e im -G y lle n s k iö ld , V. F il. Dr, Prof. 20. Sib.-g. 22. Stockholm.
C arlson , A. Bruksägare. 85 ....................................... . Filipstad.

*C arlson , S. F il. Dr, Bergsingeniör. 94. Baggäs____ Saltsjöbaden.
C arlsso ii, G. A. Fil. Dr, Rektor. 71. Stureg. 38 ... Stockholm. 
C arlsson, L. C. Direktor. 06. Wahrendorffsg. 48 ... Stockholm.
Carstens, C. W. Cand. Min., Docent. 19_________  Trondhjem.
C hris tianssen , B. Bergsingenjör. 17 ....... ................ Stockholm.
Claeson, G. Bergsingenjör. 11....................................  Bjuv.
Claesson, O. Folkskollärare. 19. Folkungagatan 46 Stockholm.
C lem ent, A. Direktor. 99. Ceresvej 2......................  Köpenhamn.
C leve -E u le r, A s tr id , F il. Dr. 2 0 ............................  Skoghall.
Credner, R. W. Cand. geol. 19. Kisselgasse 1 ........ Heidelberg.
C urtz , O. J. Bergsingenjör. 93........................ ...........  Höganäs.

D a h lb lo m , L. E. T. Bergmastare. 9 0 ................... Falun.
D ah lg ren , B. E. Disponent. 92 ....... .......................  Persberg.
B a h lin , G e rtru d , F il. Stud. 20. Skolgatan 18 ... Uppsala.
D a liis te d t, F. F il. Mag., Lektor. 10 ...................... . Djursholm.
D ah ls tró m , J. R. Gruvingenj6r, Forvaltare. 92......... Fagersta.
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D ah ls tröm , E lis , F il. Stud. 21. Stockh. högskola .. 
Deecke, W. F il. Dr, Professor, Chef för Badens Geol.

Undersökning. 95. Erwinstrasse 37.........................
*De Geer, Ebba, Professorska. 08. Radmansg. 67.. 
‘ De Geer, G. Frih., F il. Dr, Prof. 78. Stoekh. Högsk. 
‘ De Geer, S. Frih., F il. Dr, Doc. 08. Stockh. Högsk.

D e llw ik , A. Bergsingenjör, Disponent. 9 2 ................
Du R ie tz , G. E. F il. Dr, Docent. 14. Växtb. inst.
Du R ietz, H. Civilingenjör. 16. Sandvik -------------
Düsen, P. F il. Dr, Ingenjör. 8 8 ...................... -...........

von Eckerm ann, H a rry , F il. Lic., Överingenjör. 20 
E kb lom , Tore, F il. Stud. 20. Kyrkogärdsgatan 25 
E ke lö f, Gösta, F il. Dr, Rektor. 20. Domnarvet...
E k lu n d , Josef, F il. Stud. 19. Kungsgatau 12........
Ekm an, A. Landshövding. 96 ............. -......................
Ekstam , Th. Bergsingenjör. 19-------------- ---------------
E k s trö m , G. F il. Lic. 14. Sv. geol. unders.............
E k w a ll,  P. I. Konsulent. 14. Nyby gärd................
E lle s , G ertrude  L. Miss. 96 ...................................
Engberg , H. F il. Lic. 16------------------------------- ------
E n q u is t, F. F il. Dr, Docent. 05.................................
E n v a ll,  E. G. F il. Kand. 12 .......................... ...........
Erdm ann, E. F il. Dr, F. d. Statsgeolog. 71. Stadsg. 8 
E rd tm an , G. F il. Dr. 18. Kronobergsgatan 15 A.
E ricsson , N. A. Disponent. 98 ............................ .
E riksson , K. F il. Dr, Läroverksadjunkt. 08-------------
E riksson , J. V. F il. Dr, Förste statshydrograf. 13... 
E sko la , P. F il. Dr. Docent 10. Univ. min. inst.... 
Essen, K. M. F il. Dr., Lärov.adj. 11. Odeng. 12 A

Fagerberg, G. Bergsingenjör. 03 .............................
F a lk , C. A. Ingenjör. 10.. Hantverkargatan 11.........
Faxen, L. F'il. Kand. 18. Vretgränd 3....................
Fegraeus, T. F il. Dr. 76. L illa  Adolfsberg...............
v. F e il itz e n , H. F il. Dr, Professor. 9 8 ...................

•F e lle n iu s , W o lm ar, Professor. 20. Yalhallavägen 83.
von F iea nd t, A. F il. Kand., Ingenjör. 11...............

*F isch e r, H. Oberdirektor. 00 ......................................
F le n sb u rg , V. P. Ingenjör. 12...................................
F lin k , G. F il. Dr. 83------------------------------- ---------- —
F lo d k v is t ,  Herm an, Förste jordbrukskonsulent. 20
F lo r in ,  R. F il. Lic., Assistent. 1 9 ..............................

*F o rsb e rg , A xe l, Direktor. 21. Narvavägen 32 .... 
Forsman, S. M. F il. Kand., Lärov.-adj. 11. Bläsbov. 6
Fredm an, G. F il. Mag., Torvassistent. 13................

*F r id b o rn , D. Fil. Kand. 12. Fägelö......................
F rit jo fs s o n , H. F il. Kand. 1 9 .................................—

*F ros te rus , B. F il. Dr, Statsgeolog. 92. Geol. kom. 
F rö d in , G. F'il. Dr, Docent. 10. Storgatan 8 ........

Stockholm.

Freiburg i Ba.
Stockholm.
Stockholm.
Stockholm.
Dannetnora.
Uppsala.
Stockholm 1. 
Skoldinge.

Ljnsne.
Uppsala.
Borlange.
Uppsala.
Mariestad.
ltamshyttau.
Stockholm 50.
Uppsala.
Cambridge.
Karlstad.
Uppsala.
Ornskoldsvik.
Stockholm.
Stockholm.
Lesjofors.
Skara.
Stockholm 2.
Helsingfors.
Uppsala.

Malmberget.
Stockholm.
Uppsala.
Yisby.
Experi mental faltet. 
Stockholm. 
Strassa-K&rberg. 
Freiberg.
Kulladal.
Alfsjo.
Örebro.
Stockholm 50. 
Stockholm.
Vaster Us. 
Stockholm.
Torso.
Bollstabruk.
Helsingfors.
Uppsala.
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F rö d in , J. O. H. F il. Dr, Doe. 10. Magn. Stenb.-g. 4 Lund.
F rö d in , 0 . F il. Dr, Antikvarie. 11............................ Stockholm 15.
F röm an, K. G. L. F il. kand., Gruvgeol. 17. Bergslaget Falun.
Funkqu ist, H. Fil. Dr. Professor. 10 ......................  Alnarp, Akarp.
Furuskog, Ja lm a r, F il. Lic., Rektor. 20 ....... ........  Filipstad.

G avelin, A. O. F il. Dr, Överdirektör o. Chef f. Sv.
geol. unders. 98......................................................... Stockholm 50.

G e ije r, P. A. F il. Dr, Docent, Statsgeolog. 05... Djursholm.
G ertz, O. D. F il. Dr, Docent, Lektor. 10...... .........  Lund.

*G ju ke , G. Bergsingenjör. 0 3 ......................................  Trälleborg.
G o ldschm id t, V. M. F il. Dr, Prof. 11. Min. inst. Kristiania.
G ra fs tröm , B. Bergsingenjör. 19............................... . Koskullskulle.
G ran lund, E. F il. Kand., Assistent vid Sv. geol. und. 17 Stockholm 50.
G ranström , C. G. Bergsingenjör. 1 0 .......... .............  Längnäs, Tjärnäs.
G ranström , G. A. Direktor. 79. Kaptensgatan 11.. Stockholm.
G rauers, H. F il. Dr, Prof., ltekt. f. Chalm. tekn. inst. 14 Göteborg.
G röndal, G. F il. Dr, Ingenjör. 04 ................ ......... Djursholm.
G rö n w a ll, K. A. F il. Dr, Professor. 9 2 ............. Lund.
Gumaelius, T. H. Disponent. 97..............................  Kärrgruvan.
Gummesson, P. E. Bergsingenjör. 18.......... .............. Idkerberget.
Gustafsson, J. P. Fil. Stud. 9 9 ................................  Dädesjö.
G v llenbe rg , C. A. F. F il. Kand. 10. Off. slakthuset Malmö.
G ü rich , G. Fil. Dr, Professor. 12. Lübeckerthor 22 Hamburg.
Garde, H. Bergsingenjör. 19................................. ....... Malmberget.
G ärd in, Sven, Teknolog. 21. Torsg. 2 3 ............. —  Stockholm. *

*Hackm an, V. Fil. Dr. 92. Y. Henriksgatan 20...... Helsingfors.
*H a d d in g , A. R. F il. Dr, Docent. 1 0 .......... ............  Lund.

H ag lund , E. Fil. Dr, Byrädirektör. 03. Tomtebog. 20 Stockholm. 
H a lden , B. E. F il. Dr, Lekt. v. Skogshögskolan. 12 Experimentalfältet. 
H a llb e rg , E. G. F il. Kand., Gruving. v. Bergsstaten. 92 Falun.
H a lle , T. G. F il. Dr, Professor. 0 5 .......... __............  Stockholm 50.
Hamberg, A. F il. Dr, Professor. 88 ............................ Uppsala.
H am m arsk iö ld , A. Kapt., Gruving. 79. Järnbrog. 10 A Uppsala.
Hannerz, A. F il. Kand. 10 ....................... ............. .. Ursviken.
Hansson, S. Köpman. 03. Koinmendörsg. 7 .......... Stockholm.

*H arder, P. F il. Dr, Ijoeent. 07. Gstervoldgade 7 Köpenhamn.
Harve v, G. Peel, Civiling., Dir. 18. 0sterbrogade 40 Köpenhamn.
H asse lro th , Axe l, Byrädirektör. 20 ..........................  Stockholm.
Hausen, H. F il. Dr. 10. Brändö...........................  Helsingfors.
H edberg, N. Direktor. 94....... ................ .................. . Grängesberg.
Hede, J. E. Fil. Lic. 12. Sv. geol. unders............  Stockholm 50.
H e d in , Sven, F il. Dr, Geograf. 87_____________ Stockholm.
H ed lund, A. F. Bergmästhre. 01................................  Ramlösa.
Hedman, A. Direktor. 97. Ostermalmsgatan 59__  Stockholm.
Hedström , H. F il. Lic.. Statsgeolog. 88____ _____  Djursholm.
H edva ll, K. O. F il. Mag. 20................................... . Funäsdalen.
H e llb o m , O. F il. Lic., Lektor. 9 4 ............. .............. Härnösand.
H e lls in g , G. F il. Dr. 94 ............................................  Hidingebro.
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H em m e-ndo r f f , E. Eil. Dr, .Lektor. 06. Walling. 13 Stockholm.
H em m ing, A. Bergsingenjor. 09 ...............................  Stockholm.

*H em m ing , ï .  A. O. Ingenjor. 06 .............................  Eslöv.
H enricsson, Y. Bergsingenjor. 17. Östermalmsg. 86 Stockholm.
H e rlen ius , A. Kabinettskammarherre, Disp. 08------  Uddeholm.

* H e r lin ,  E. F il. Dr, Forstmästare. 93......................... Kervo. Finland.
Hesselman, H. F il. Dr, Professor. Förest. för Statens

Skogsförsöksaustalts naturvet. avdeln. 0 7 --------------  Djursholm.
H in tze , Y. Museumsinspektör. 90. Va lby............... Köpenhamn.
H io rtd a h l, Th. Professor. 74......................................Kristiania.
H oe l, A. Cand. Eeal., Statsgeol. 10. Min.-geol. mus. Kristiania.

*H o ffs te d t, H. Bergsingenjor. 85......................... -....... Stockholm.
H ofm an-B ang , O. Fil. Dr, Professor. 0 2 ---------— Ultuna, Uppsala.
H o lm , G. F il. Dr, Professor. 7 6 ................................ Stockholm 50.
H o lm q u is t, P. J. F il. Dr, Prof. 91. Styrelseledamot Djursholm. 
H olm sen, G. Fil. Dr. Statsgeolog. 17. Vettakollen Kristiania. 
H o lte d a h l, O. F il. Dr, Prof. 17. Univ. min. mus. Kristiania.

‘ H om an, C. H. Ingenjor. 89 ............................... .......... Kristiania.
H u ld t ,  K. Direktor. 94. Bantorget 18....... ..............  Stockholm.
Hägg, E. F il. Lie., Assistent. 0 0 ...... ........ -...............  Stockholm 50.
H ardén , P. Ingenjor. 04. Villagatan 22 ................ Stockholm.
H ögbom , A lya r, Fil. Lie., Bitr. Statsgeolog. 1 5 .... Stockholm 50.
H ögbom , A. G. F il. Dr, f. d. Professor. 81............. Uppsala.
Högbom , B e r t i l,  F il. Dr. 1 0 ......................................  Djursholm.
Högbom , Iv a r, F il. Lie. 1 8 --------- -------------- --------  Uppsala.
H ö rne r, N. G. F il. Kand. 18. Sysslomansg. 31 ... Uppsala.

Isb e rg , O. F. A. U. F il. Lie., Amanuens. 14. Geol. inst. Lund.

Jakobowsky, E isa, Fil. Kand. 19. Trâdgârdsg. 12 Uppsala. 
Messen, A. Cand. Polyt., Statsgeol. 92. Gammelmönt 14 Köpenhamn. 
Jessen, K. Dr Phil. Afd.-geol. 14. Gammelmönt 14 Köpenhamn. 
Johansson, H. E. F il. Dr, Bergsing., Statsgeol. 03... Stockholm 50. 
Johansson, J. L. F il. Dr, Lekt. 88. Erik Dahlbergsg. 27C Göteborg.

M ohansson, K. F. Bergsingenjor. 0 2 ........................  Hedemora.
Johansson, S im on, F il. Dr, Statsgeolog. 11 ........ Stockholm 50.
Jonson, P. A. Bergsingenjor, Intendent. 97 ............ Falun.
Jungner, J. G. Bergsingenjor. 89 .............................  Silfverhôjden.

K a lkow sky, E. F il. Dr, Prof. 85. Niirnbergerstrasse 48 Dresden. 
*K a llen be rg , S. K. A. F il. Dr. 08. Tekn. högsk. Stockholm.
«Kaudern, W. F il. Dr. 08................................. ........... Stockholm.
K e ilh a ck , K. F il. Dr, Professor. 84............................ Berlin.
K e ille r ,  D. Bruksägare. 86. Valhallavägen 8 3 ........ Stockholm.
Kem pe, J. Disponent. 07................ - ........................... Ludvika.
K e m p ff, S. Statens Lantbruksingenjör. 9 6 . . . . ............ Umeâ.
K hennet, H. K. F il. Kand., Teknolog. 19................  Stockholm.
K iæ r, J. F il. Dr, Professor. 02. Bygdö Allé 98... Kristiania.
K i l l ig ,  Franz, Dr Phil. 20...... ............................. — Degerhamn.
K je llb e rg , B. Bergmästare. 03. Kungsgatan 68 ... Stockholm.
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K je llm a rk , K. F il. Dr, Folkskoleinspektör. 94......... .
*K le en , N. Civilingeniör. 9 3 .................................... .
K lin tb e rg , M. F il. Dr, F. d. Lektor. 0 8 ................
K lo ckm a nn , F. F il. Dr, Prof. Teclin. Hochschule. 84
Knabe, C. A. F il. Mag. 98 .1 ...................................
Ko foed, E. Bankassistent. 13. Handelsbanken........
K o lde ru p , C. F. F il. Dr, Professor. 1 5 ...... ............
K o ld e ru p , N. H. Amanuens. 21. Museum-----------
K ran tz , J. E. Bergsingenjör. 99......... ................... . . .
Krause, P. G. F il. Dr, Prof. 11. Invalidenstrasse 44
K u rc k , C. F il. Dr. Frih. 75.........................................
K ö h le r, A lex . Cand. Phil. 20. Hauptstrasse 69 ...

Lagerhe im , G. F il. Dr, Professor. 9 7 ......................
“ L a g re liu s , A. Ingenjör, Overintendent. 03 ...... ........
L a ita k a r i,  A. F il. Mag. Assist. 14. Geol. min. inst. 
Lannefors, N. A. Bergsingenjör. 19. Strömgatan 13
Landegren, C. A. Teknolog. 19.................................
Larson , A. Gruvingenjör. 85 ................................. .
Larsson, E. Bergsingenjör. 97. Karlbergsvägen 36 A

“ Lehm ann, J. F il. Dr, Professor. 86 .......................... .
Lenander, A. Direktor. 17. Drottninggatan 11 —
L id e n , R. F il. Lic. 0 6 ..............................................
L i l je v a l l ,  G. Tecknare vid Riksmuseum. 07.............
L in d b e rg , H. F il. Dr, Int. v. Bot. Mus. 95. Bergsg. 20
L in d q v is t, S. F il. Dr, Docent. 1 0 .............  ...............
L in d ro th , G. F il. Dr, Disponent. 12.........................
L indskog , E. G. Fil. Kand. 21. Trädgärdsg. 10... 
L ith b e rg , N. F il. Dr, Professor. 13. Nord. Museet.
L ju n g g re n , C. J. F. Konsul. 10................................
L ju n g n e r, E r ik , Fil. Kand. KyrkogSrdsgatan 5 ......
L o lim ander, Hans, Amanuens. 21. Stenbocksg. 4 
L o o s trö m , A. lt. F il. Lic., Assistent. 06. Tekn. högsk. 
Lundberg, H. Bergsingenjör. 18. Yintervägen 35. 
Lundberg , S. E. Bergsing. 19. Sv. Diamantb.-b.-A.-B.
L un db la d , E. F il. Kand., Lärov.-adjunkt. 0 6 ______
Lundbohm , H j. Fil. Dr, Disponent. 8 0 ....................
L u n d e ll,G . Chef för Aktieboi. Lundells maskinaffiir. 94
Lun dg re n , B. H. Ingeniör. 10...................................
L un dq u is t, M. Kartredaktör hos A.-B. Centraltrycke-

riet. 19........................... ..................................................
*L un dq v is t, E. Disponent. Blasieholmstorg 11............
L u n d q v is t, G. F il. Lic. 17. Sv. geol. unders........
L ö fg re n , J. G. F il. Stud. 20. Odengatan 14 ___
Löw enh ie lm , H. Bergsingeniör. 1 2 ..........................  *

*M adsen, V. F il. Dr, Direktor för Danmarks Geol.
Unders. 89. Kastanievej 10.............................. ........

Magnusson, J. Herm an, Ingenjör. 21. Fredsg. 10
Magnusson, N. Fil. Lic., Bitr. Statsgeolog. 17______
M akinsen, W. D. Civilingenjör. 98 ..........................

Växjö.
Valinge, Stigtomta. 
Vis by.
Aachen.
Gamla Karleby. 
Odense.
Bergen.
Bergen.
Malmberget.
Berlin.
Lund.
Wien.

Djursholm. 
Stockholm 3. 
Helsingfors. 
Nyköping. 
Riddarhyttan.
Nora.
Stockholm.
Kiel.
Stockholm.
Stockholm.
Stockholm 50.
Helsingfors.
Stockholm 15.
Dala-Finnhyttan.
Uppsala.
Stockholm.
Djursholm.
Uppsala.
Lund.
Stockholm.
Räsunda.
Stockholm.
Skara.
Stockholm.
Källered.
Nyvang.

Stockholm. 
Stockholm. 
Stockholm 50. 
Uppsala.
Krvlbo.

Köpenhamn. 
Stockholm. 
Stockholm 50. 
Myresjö, Bjädesjö.
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M a la is e , E. Eil. Kand. 19 .----- --------------------------
M a ilin g , C. Läkare. 14. Kastellvej 21-----------------
M a lm s trö m , C. Eil. Lic. 10. Scheeleg. 8 -------------
Mc lto b e r t,  Lady Eacliel, B. Sc. 20. Colney Park.

M e ie r, O tto , Cand. phil. 20. Geol. Inst.................
M e lin , E. F il. Lic. 19. Statshydrograf......................

*M ie rs , Sir H enry A. Vice Chancellor of University. 94
M ilc h , L. Eil. Dr, Professor. 1 1 .............................

*M ilth e rs , V. Cand. Polyt., Statsgeol. 98. Enighetsvej 12
M od in , K. E. Amanuens. 21....... ................................
M ossberg, K. E. Bergsingenjör. 03 ............. ............
M un the , H. V. F il. Dr, Professor, Statsgeolog. 86... 
von zur M üh len , L. Fil. Dr. 15. Invalidenstrasse 44
M ärtenson , S. Eil. Kand., Seminarierektor. 06----------
M äk inen , E. F il. Dr. 1 1 ......................---..................
M ö lle r , Hj. F il. Dr, Lektor. 92.................................
M ö rts e ll,  Sture, Teknolog. 20. Sturegatan 56 ....

*Nachm anson, A. Direktor, Kungsträdgärdsg. 10......
Nannes, G. F il. Dr, Ingenjör. 96................... ..........
N a th o rs t, H. Gruvingenjör vid Jernkontoret. 0 3 ............
N au ckho ff, S. Överingenjör. 17............. .................. -
N aum ann, E. Fil. Dr, Docent. 19------------------------
N e lson, H. F il. Dr, Professor. 1 0 ------------------------
N ils s o n , Kagnar, Postexp. 20. Grynbodgatan 15.

"*Nisser, W. Fil. Kand., Käpten. 05------------ -------—
*N ob  e l, L. Ingenjör. 9 9 ................. .............................

N o rd e n s k jö ld , I. F il. Dr, Lektor. 9 8 .................... .
*N  o rd e n sk jö ld , O. F il. Dr, Professor. 9 0 ................

N ordhagen, E o lf, Amanuens. 20. Botanisk Ilave.
N o rd q v is t, I I .  Bergmästare. 95........................... '....
N o rd q u is t, S ig fr id , F il. Mag. 19. Kungbäcksvägen 5
N o re liu s , O. Bergmästare. 86 ............................. .......
N oren, II. L. Disponent. 11. Karlaplan 10______
N o r in , E. F il. Kand. 14......................... ...................
N orm ann, J. Direktor. 11. Bygdö Alle 1...............
N ybom , Fr. Ingenjör. 99 ...........................................
N ys tröm , E. F il. Lic, Professor. 19...... ...............—

Oden, S. Fil. Dr, Prof. 14. Tekniska högskolan......
Odhner, N. F il. Dr, Assistent 10............................
O ldev ig , H. Fil. Lic. 18. Torggatan 4 .......... ........
O lsson, J. Civilingenjör. 15. Inedalsgatan 2 3 ........
O rto n , B. Bergsingenjör. 03. Odengatan 39 ...........
O svald, H. Fil. Kand. 15. Heimdalsgatan 8 .........
O tte rb o rg , E. Bruksägare. 0 0 ................................---

*O tto , C. M. Generalkonsul. 03. Schloss 1 rogenstein. *

*O xa a l, J. Cand. Eeal. 12...............- ........ -.................

Stockholm.
Köpenhamn.
Stockholm.
St. Albans. Herts.

(England).
Wien.
Stockholm 2.
Manchester.
Breslau.
Köpenhamn.
Lidingö Villastad.
Ludvika.
Djursholms-Osby.
Berlin.
Växjö.
Outukompu.
Stocksund.
Stockholm.

Stockholm.
Skara.
Stockholm.
Aspudden.
Lund.
Lund.
Malmö.
Kvista.-
Djursholm.
Boräs.
Göteborg.
Kristiania.
Filipstad.
Gävle.
Nora.
Stockholm. 
Tai-yuan-fu, Kina. 
Kristiania. 
Lindesberg. 
Tai-yuan-fu, Kina.

Stockholm.
Stockholm 50.
Linköping.
Stockholm.
Stockholm.
Stockholm.
Uppsala.
Gries v. Bozen, 

Tyroien.
Saude, Eyfylke.
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P a ijk u ll,  G. Handelskemist. 95...................................Sofielund,Tungelsta.
Pa lén, A. G. P. Bergsing., Chefskem. 03. Rôrstrandsg. 6 Stockholm.
P a lm gren, J. F il. I)r, Docent. 00. Geol. inst____ Uppsala.
Petersson, W. F il. Dr, Prof. 86. Norrlandsg. 24 Stockholm.
Petrén, J. G. F il. Dr, Prof. 01. Birgerjarlsg. 73— 75 Stockholm.
P e tte rsson , A. L. Th. Civilingeniôr. 7 2 ...................  Lysaker, Kristiania.
P la than , A. F il. Dr. 03 . ................................._.......... Viborg, Finland.
P om peck j, J. F. F il. Dr, Prof. 96. Mus. f. Naturkunde. Berlin.

*von Post, L. F il. Lie., Statsgeolog. 02 ....................  Stockholm 50.
P u n te rv o ld , G. Bergmester. 0 0 .................................  Kristiansand.

*Q uense l, Percy D. F il. Dr, Prof. 04. Stockholm^
hôgsk. Fôreningens sekreterare.....................................  Stockholm.

*Ramsay, W. F il. Dr, Professor. 85.............................  Helsingfors.
R au ff, H. F il. Dr, Professor. 96. Leibnitzstrasse 91 Charlottenburg. 
Ravn, J. P. J. Mus.-insp. Doc. 99. Gstervoldgade 7 Kôpenliamn. 
Reusch, I I .  I i .  F il. Dr, F. d. Ch. f. Norg. Geol. Und. 75 Kristiania. 
R eu te rsk iô ld , A. F il. Stud. 16. Kungsgatan 6 3 ... Uppsala.
R ich e rt, J. G. Fil. Dr, Prof. 97. Hjorthagsv. 63 ... Stockholm.
R in d e ll,  A. Professor. 9 7 ...........................................  Abo.
R ingho lm , K. F il. Kand. 98 ................................ . Gâvle.
Rocén, Th. F il. Mag. 14. N. Slottsgatan 18...........  Uppsala.
Rosén, K. D. P. Professor. 18. Enâsen 14.............. Lidingo villastad.
Rosén, Seth, Amanuens. 19. Geol. inst.  ....... . Uppsala.
Rosenberg, O. F il. Dr, Prof. 10. Tegnerlunden 4 Stockholm.

*R ud e liu s , C. F il. Dr. 90.............................................  Âtvidaberg.
Rôrdam, K. F il. Dr, Professor. 87. Hambros allé 10 Hellerup, Kôpen-

hamn.

Sahlbom , N aim a, F il. Dr. 94. Eriksbergsg. 13... Stockholm.
Sahlin , C. A. Disponent. 91. Villagatan 13............  Stockholm.
Sahlstrôm , K. E. F il. Dr, Sekreterare v. Sveriges geol.

unders. Fôreningens skattmastare. 0 8 ....................  Stockholm 50.
Samuelson, F. G. Disponent. 98...............................  Vargôn.
Samuelsson, G. F il. Dr, Docent. 07......................... Uppsala.
Samuelsson, K. F il. Kand., Amannens. 19. Geograf. inst. Uppsala. 

*Sandegren, I I .  R. F il. Dr, Statsgeolog. 10. Styrelse-
ledamot.................... ........................................................  Stockholm 50.

Sandler, K. F il. Kand. 12..........................................  Prastmon.
Sandstrôm , J. W. Byrâdirektôr. 08..........................  Stockholm 2.
Santesson, O. B. F il. Kand., Lektor. 1 2 .. ............. Uppsala.
S ari in , E. Bergsingenjor. 0 0 .......................................  Pargas.
Sauramo, M. F il. Dr. 21. Geol. komm.... ........ .....  Helsingfors.
Scheibe, R. F il. Dr, Professor. 92. Wilmersdorf... Berlin.
Schetelig, J. Professor. 12. Mineralog.-geol. mus. Kristiania.
S c h n ittg e r, B. F il. Dr, Antikvarie. 11 ....................  Stockholm 15.
Schotte, G. Prof. Fôrest. f. Statens Skogsfôrsôksanstalt. 10 Lidingo villastad. 
Schrôder, PI. F il. Dr, Prof. 89. Invalidenstrasse |4  Berlin.
Schôn, E. F il. Kand. 13..........................................Sundsvall.
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Sederholm , J. J. F il. Dr, Professor, Chef för Fin-
lands Geol. Unders. 88 .............................................

Segerstedt, P. J. F il. Dr, Eektor. 0 5 .— ...............
*Sernander, J. E. F il. Dr, Professor. 88 ...................

S idenva ll, K. J. F. Kommerserâd. 9 9 ...................—
S ieger, K. F il. Dr, Prof. 91. Geogr. Inst, der Univ.
Simmons, H. G. F il. Dr, Professor. 11...................

*S jögren , H j. F il. Dr, Professor. 77.............................
S jögren, O. F il. Dr, Läroverksadjunkt. 0 5 ...............

*S jô la n d e r, A. T. Konsult. Ing. 04. Drottningg. 11
Smedberg, O. F il. Kand. 13. Hovslagareg. 3 .........
Sm ith , H. Fil. Dr, Docent. 10 ................ ................

*S m ith , H. H. Bergsingenjör. 93. Cam. Collets vej 6
*S ob ra l, José M. F il. Dr. 08. Acevedo 2341 .......

So ikero, J. N. 13...........................................................
*S tau d in ge r, E. F il. Mag., Assessor. 97....... .............
S tenberg, K. Ingenjôr. 17. Nyberget......................
Stenman, P. L. ‘ Direktor. 03. Grevturegatan 24 A. 
Stensiö, E. A:son, F il. Dr, Docent. 16. Geol. inst.
Sterner, M. Fil. Kand., Läroverksadjunkt. 16............
S to lle n w e rk , E. W. Bergsingenjör. 03............ .......
S trandm ark, J. E. F il. Dr, f. d. Folkhögskoleförest. 10
S tro k irk , C. G. Direktor. Kem. Stationen ---------------
S tu tze r, O. Fil. Dr, Prof. 06. K. Bergsakademie.
Sundberg, J. O. F il. Kand., Eektor. 85.......... -........
S unde lin , U. F il. Dr, Lektor. 14..............................
S undholm , O. H. Gruvingenjôr vid Bergsstaten. 93—
Sundius, N. F il. Dr, Statsgeolog. 0 8 .......................
Svanberg, E. G. Bergsingenjör. 07. Dalagatan 26
Svanberg, M. Ingenjôr. 0 9 ..........................................
Svedberg, I. Överingenjör. 96 ...................................
Svedberg, S. B. F il. Lie., Lektor. 21. Majorsg. 9 
Svedmark, L. E. F il. Dr, F. d. Statsgeol. 76. Kungsg. 68 
Svenonius, F. V. F il. Dr, F. d. Statsgeolog. 76. Träd-

gârdsgatan 12 ................................................................
Sylvén, N. F il. Dr. 0 5 ................................................
S öderström , A do lf, F il. Dr, Docent. 21................

Tamm, O. F il. Dr, Docent v. Statens Skogsförsöks-
anstalt. 12. Hagagatan 5 2 .......................................

Tanner, Y. Fil. Dr, Chargé d’affaires. 0 5 ......... .......
Tegengren, F. E. Fil. Lie., Bergsingenjör. 07........
T e il in g , E. F il. Lie., Lektor. 10 ..............................
Thomasson, H. F il. Mag. 20. Sv. geol. unders....
T ho rné , S. G. Teknolog. 2 1 .. ........... ......................
Thäberg, C arl E. Gruvingenjôr. 21-----------------------
T ib e rg , B. Gruvingenjôr. 15. Bergsskolan...............

* T i l lb e rg ,  E. W. Bergsingenjör. 0 0 ............................
T i l lb e rg ,  K. v. Häradshövding. 96. Linnégatan 83 

*T o lm a tschow , I. P. F il. Dr, Professor. 03..................

Helsingfors.
Yästervik.
Uppsala.
Djursholm.
Graz.
Ultuna, Uppsala.
Stockholm 50.
Stockholm.
Stockholm.
Stockholm.
Uppsala.
Kristiania.
Buenos Aires.
Outokumpu.
Helsingfors.
Smedjebacken.
Stockholm.
Uppsala.
Gävle.
Ammeberg.
Grimslöv.
Härnösand.
Freiberg i  Sa.
Ämäl.
Falun. 
Blötberget. 
Stockholm 50. 
Stockholm. 
Hyllinge gruva. 
Billesholm. 
Göteborg. 
Stockholm.

Uppsala.
Svalöv.
Uppsala.

Stockholm.
Bukarest.
Peking.
Slrängnäs.
Stockholm 50.
Stockholm.
Norrköping.
Falun.
Västervik.
Stockholm.
Petrograd.
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T o re il,  0. Bergsingenjör. 9 4 ............. ................ ......
‘ T o rn e rh ie lm , T. Ingenjör. 96. Norrtullsgatan 27 

Troedsson, G. T. F il. Dr, Docent. 11. Geol. inst.
T ro m m sd o rff, Bibliotekarie. 10.................................
T r iis te d t, 0. Gruvingenjör. 95. Boulevardsg. 19__

‘ Trysen, A. F. d. Bergmästare. 77................................

V es lien , J. G. H. Bergsingenjör. 18 ........................
‘ V es te rberg , K. A. F il. Dr, Professor. 86..................

Vogt, J. H. L. Professor. 82.........................................
Vogt, Th. Statsgeolog. 16. Norges geol. unders. ... 
V rang, G. A. Disponent. 85. Dalagatan 16.............

W a d e ll, H. F il. Stud. 18 ................... ........................
‘ W ahl, W. F il. Dr. Professor. 03.................................
W ah lbom , A. Apotekare. 96. Sparregatan 4....... .
W ah lg ren , E. F il. Dr, Lektor. 12.............................
W a llen , A. Fil. Dr, Överdirektör och Chef för Statens

Meteorologisk-Hydrografiska Anstalt. 0 7 .................
W a lle r iu s , I. F il. Dr., Kyrkoherde. 9 4 ............. .....
W a llg ren , E. Käpten, Statens forste torvingeniör. 16
W a ll in , G. Intendent. 93 .............................................
W a llro th , K.-A. Mvntdirektör. 8 3 .............................
W a llro th , K. G. Bergsingenjör. 21 _____________

‘ W an ju ra , F. 11. J. Bergsingenjör. 1 4 _____ ______
W arbu rg , Elsa, F il. Lic.., Amanuens. 10. Geol. inst.
W e ile r, G. F il. Mag. 2 1 ...___ ________________
W e ib u ll, M. F il. Dr, Professor. 82 .............................
W erensk io ld , W. F il. Dr, Doc. 19. Norg. geol. unders.
W ersen, G. Fil. Kand., Statshydrograf. 18................
Wesslau, E r ic , Bergsingenjör. 19 ..............................
W estenius, E. F il. Kand. 10. Engelbrektsg. 2 __
W esterberg , N. Käpten. 19 .......................................
W estergärd , A. H. Fil. Dr, Statsgeolog. 0 1 ______
W estlund, E. Gruvingenjör. 16....... .............................
W estm au, J. F il. Dr, Rektor. 00.......................... .
W ichm ann , A. F il. Dr, Prof. 86. Berlinerthor 6.
W ickm an , Ake, Löjtnant. 21................................. .
W ik s trö m ; C. F il. Kand. 06. Strandv. 33...............
W ilkm a n , W. W. Fil. Kand., Assist. 13. Geol. kom. 
W ille n , N. F il. Mag., Assistent v. Sv. geol. unders. 19

‘ W im an, C. F il. Dr, Professor. 8 9 ................ ............
W im  an, E. F il. Stud. 21..............................................
W inge, K. F il. Lic., Förest. f. Filipstads bergsk. 94
W irö n , E ina r, F il. D r__________________________
W itte , H. F il. Dr, Förest. för Sv. mosskulturf. 05.. 
M o llg a s t, I. F il. Kand., Ingenjör. 00. Scheeleg. 14. 
M ä v ryn e n , H. A. Fil. Kand. 14. Geol.-min. inst.

Ygberg, E r ik , F il. Kand. 21. Stockh. Högskola... 
Yngström , L. Direktor. 12..........................................

Ammeberg.
Stockholm.
Lund.
Danzig.
Helsingfors.
Lulea.

Längbanshyttan. 
Herserud, Lidingö. 
Trondhjem. 
Kristiania. 
Stockhplm.

Mexico City.
Äbo.
Boräs.
Malmö.

Stockholm 2. 
Göteborg.
Skara.
Djursholm.
Stockholm.
Persberg.
Koskullskulle.
Uppsala.
Huskvarna.
Alnarp, Akarp.
Kristiania.
Stockholm 2.
Djursholm.
Stockholm.
Djursholm.
Stockholm 50.
Dala-Finnhyttan.
Nyköping.
Hamburg 5.
Stockholm 3.
Stockholm.
Helsingfors.
Stockholm 50.
Uppsala.
Käbo, Uppsala. 
Filipstad.
Uppsala.
Jönköping.
Stockholm.
Helsingfors.

Stockholm.
Sandviken.
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Zachrisson, T. K. O. Överingenjör. 95...................  Guldsmeilshyttan.
Zenzén, N. F il. Lie., Assistent. 04 ............................ Stockholm 50.

•Z e tte rv a ll,  S. Civilingenjor. 01.................................... Zürich.
Z im m erm ann, E. F il. Dr, Professor. 98. Invaliden

strasse 4 4 ______________ _________  ________  Berlin.

Â berg , M ä rta , f. R ub in . Fru. 94 Skâneg. 51... Stockholm. 
Â h lande r, K. F. F il. Kand., Bibliotekarie. 00. holkets

jjus __________ ___________________ Stockholm.
Â ke rb lom , D. Fil. Mag. 13. Hornsgatan 29............ Stockholm.

*À kerm an, A. R. F il. Dr, F. d. Generaldirektor. 75.
Mariehill, Djurgârden ....................... — ...........-.........  Stockholm.

A lu n d , Y. Jägmastare. 1 0 ......................... - ................  LTmea.

Öberg, P. E. W. F il. Dr, F. d. Bergmästare. 74---------- Filipstad.
Oberg, V. F il. Dr, F. d. Folkhögskoleförest. 73............ Viixjö.

Föreningen räknar den 1 januari 1922:
Förste Ledamot....................................... 1-
Korresponderande Ledamöter................ 20.
Ledamöter................................ -.............. 4<>7.

Summa 488.
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Geologiska Föreningen
överläinnar sina Förhandlingar t i l i  följande institutioner, för- 
eningar, sällskap.
Stockholm. K . Jordbruksdepartementet.

K . Ecklesiastikdepartementet.
Sceriges geologiska ündersökning.
Statens skogsförsöksanstalt.
K . Kommerskollegium.
K . Vetenskapsakademien.
Riksmusei zoo-paleontologiska avdelning.
Riksmusei mineralogiska avdelning.
Stockholms ltögskolas geologiska institut.
Stockholms högskolas mineralogiska institut.
Tekniska högskolan.
K . Vitterliets-, historie- och antikvitetsakademien. 
Svenska Sällskapet fö r  antropologi och geografi. 
Svenska teknologföreningen.
Föreningen fö r  skogsvärd.
Svenska turistföreningen.

Jönköpio"- Svenska mosskulturföreningen.
Lund. Geologiska institutionell.

Geograßska institutionell.
Uppsala. Universitetsbiblioteket.

Geologiska Institutionen.
N a tu rvetenskapliga studentsällskapets Sektion fö r  geo-

i°g i- _
Geograßska institutionen.

Adelaide.
Albany.
Baltimore.
Bergen.
Berkeley.
Berlin.

Bonn.

Bordeaux.

Rogal Society o f  South Austra lia.
Neio York State L ib ra ry .
M aryland Geological Survey.
Bergens Museum.
University o f  California.
Preussische Geologische Landesanstalt.
Deutsche Geologische Gesellschaft.
Gesellschaft f ü r  Erdkunde.
Gesellschaft naturforsehender Freunde.
Fried länder &  Sohn.
Zentrale f ü r  naturwissenschaftliche Berichterstattung. 
Naturhistorischer Verein der preuss. Rheinlande und 

Westfalens.
Société LAnnèenne.
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Bremen.
Budapest.
Buenos Aires.
Buffalo.
Calcutta.
Cobumbus.
Danzig.
Delft. 
Edinburg. 
Elberfeld. 
Frankfurt 
Frankfurt

Freiberg. 
Gotha.
Graz.
Greifswald.

Halifax.
Halle.

Hamburg.
Helsingfors.

a/M.
a/0.

Jena.
Johannisburg.
Kiel.
Kiew.
Kolozsvár.
Krakau.
Kristiania.

Königsberg.
Köpenliamn.

Leipzig.
Liège.
L ille .
Lissabon.
London.

Naturwissenschaftlicher Verein.
A magyar k ira ly i Föld tan i Jntezet köuyvtaranale. 
Institu to Geográfico Argentino.
Society o f  N a tu ra l Sciences.
Geological Survey o f Ind ia .
American chemical society.
Naturforschende Gesellschaft.
Geologisch mijnbouwkundig Genootschap.
Geological survey of Scotland.
Naturwissenschaftlicher Ver ein.
Senckenbergische N a tu rfo r  sehende Gesellschaft. 
Naturivissenschaftlicher Verein f ü r  den Regierungs

bezirk F rankfurt.
Bergakademie.
D r  A. Petermanns Geographische Mitteilungen. 
Naturwissenschaftlicher Verein f ü r  Steiermark. 
Geographische Gesellschaft.
Naturwissenschaftlicher Verein f ü r  Neu-Vorpommern

und Rügen.
Nova Scotian Institu te o f N a tu ra l Sciences. 
Sächsisch-Thüringischer Verein f ü r  Erdkunde.
Leop. Carol. Akademie der Naturforscher.
Mineralogisch-geologisches Institu t.
Geologiska Kommissionen.
Sällskapet fö r  F in lands geografi.
Geografska Föreningen.
Universitetets Mineralkabinett.
Hydrografiska B y  ran.
Finska forstsamfundet.
Mineralogisches und geologisches Institu t.
Geological Society o f South A frica .
Naturwissenschaftl. Verein f ü r  Schlesivig-IIolstein. 
Société des Naturalistes.
Mineralogisch-geologisches In s titu t der Universität. 
Académie des Sciences.
Norges geologiske Undersökelse.
D et norske geografiske Selskab.
Mineralogisk-geologisk museum.
Physikal.-ökonomische Gesellschaft.
Danmarks geologiske Undersögelse.
Dansk geologisk Forening.
Universitetets mineralogiske Museum.
Universitetets geografiske Laboratorium .
Sächsiche geologische Landesanstalt.
Société géologique de Belgique.
Société géologique du N ord.
Servico geológico de Portugal.
Geological survey and museum.
Geological Society.
Geologists' Association.



17

Madison.
Madrid.
Mexico.
Minneapolis.
Montreal.
Moskva.
München.
Newcastle.
New Haven.
New York.

Novo-Alexandria. 
Ottawa.
Paris.

Perth.
Petrograd.

Philadelphia.
Pisa.
Rennes.
Riga. 
Rochester. 
Rock Island. 
Roma.

Rostock.

San Francisco. 
Sâo Paulo. 
Strassbonrg. 
Sydney.
Tokyo.

Toronto.
Tromsü.
Trondhjcm.

Tübingen.
Urbana.
Varsovie.
Washington.

Wellington.

Wisconsin Academy o f Sciences, A rts  and Letters. 
Comisión del M apa óeológico de España.
Institu to  Geológico de México.
University o f  Minnesota.
Me G ill University.
Société des Naturalistes.
Bayerische Akademie der Wissenschaften.
Institu te o f  M in ing and Mechanical Engineers. 
American Journa l o f  Science.
Academy o f  Sciences.
Geological society o f  America.
Annuaire géologique et minéralogique de la Russie. 
Geological Survey o f Canada.
Société géologique de France.
Ecole nationale des mines.
Geological Survey o f Western Austra lia.
Comité géologique de la Russie.
Section géologique du Cabinet de sa Majesté: 
Académie des Sciences.
Musée géologique Pierre le Grand.
Société Minéralogique.
Société des Naturalistes.
Academy o f natura l Sciences.
Società Toscana d i scienze natura li.
Société géologique et minéralogique de Bretagne. 
Naturforscher- Verein.
Rochester Academy o f Sciences.
Augustana College.
R. U ffc io  geológico d!Ita lia .
Società geológica Ita lian a .
R. Accademia dei L incei.
Verein der Freun.de der Naturgeschichte in Meck

lenburg.
C aliforn ia Academy o f  Sciences'
Commissao geográfica e geológica.
Service géologique.
Geological Survey o f Neiv South Wales. 
Teikoku-Daigaku.
Geological Society.
Canadian Institu te.
Tromsô Museum.
B e t k. norske Videnskabers Selskab.
Ben Tekniske Iltnskoles Geologiske Ins titu t. 
Oberreinischer geologischer Verein.
State Geological Survey.
Service géologique de Pologne.
U. S. Geological Survey.
Smithsonian Institu tion .
Bom inion Museum.

2— 220270. G. f .  F. 1922.



Wiborg.
Wien.

18

Zürich.
Abo.

Det danske Hedeselskab.
Geologische Staatsanstalt.
Geologische Gesellschaft.
Naturhistorisches Hofmuseum.
Ze itschrift fü r  Kristallographie.
Geologisk-M ineralogista Institutionen , Abo Akademi.



Gr E OL O Gr I  SKA EORENINGENS
I  STOCKHOLM

FÓR H A N D LIN G A R .
Band  44. HAFT. 1—2. N:0 347.

ndier over Yxsjofaltets geologi ocli petrograf!.
G \

G»> ON Av

u  z \ 
ui otot-°° ja j

G usta  f T . L in d r o t ii.

x o ¿ r y
In n e li iil ls fb r te c k ii in g ’.

inledning..................................................................... t 20

Oversikt av Yxsjofaltets historia........................................................................ 22.
^cheelitens uPptackt och historia i Yxsjofaltet................................................... 26.
■̂ &gra uppgifter rorande svenska scheelitforekomster......................................... 27.
Gversikt av de geologiska och petrografiska fSrh&llandena i trakten omkring

Yxsjofaltet.......................................................................................................29.
^ *sjofaltets te k to n ik .............................................................................................32.
I etrograflska och kemiska undersokniugar av Yxsjofaltets bergarter.................... 35.

G ran iter.......................................................................................................... 35.
Gnejsgraniter.............................................................................................36.
Granitomr&det vaster om Yxsjotraktens leptitarea (Jarnagranit) . . . .  41.

Yxsjofaltets leptiter......................................................................................... 48.
Den kemiska karaktaren hos Yxsjofaltets le p t ite r .................................. 57.

Yxsjofaltets amfiboliter.................................................................................. 61.
Amflboliternas i Yxsjofaltet kemiska n a tu r .............................................64.

Leptiternas och amfiboliternas i Yxsjofaltet primara n a tu r ........................... 66.
Yxsjofaltets kalkstenar ...................................................................................70.

> skarnbergarter........................................................................... 74.
Iledenbcrgitskarnet.................................................................................. 75.
Andraditskarnet......................................................................................... 81.

Jamforelse mellan Yxsjofaltets granat-pyroxenskarn och det normala granat-
pyroxenskarn, som dtfoljer de mellansvenska skarnjarnmalmerna . . . 86.
Alkalijarnamflbolskarnet i Kvarnitsgruvan................................................92.

Sulfid- och scheelitmalmcr i Yxsjofaltet.........................................................100.
Skarn->lagrens> genomsnittshalt av koppar och w olfram ...................... 100.
Seheelitens forckomstsatt i skarnbergarterna...........................................104.

Jarnmalmer i A7xs jo fa lte t............................................................................. 111,
Yxsjofyndiglieternas genesis..........................................................................115.
Scheelitforande fyndigheter av med Yxsjofaltet analog n a tu r ...................... 120.
Sammanfattning.................................. 121.



20 GUSTAF T. LINDROTH. [Jan.— Febr. 1,922.

Inledning.

Bland det stora antal malmfyndigheter — som känt, nästan 
allesamman enbart järnmalmsförande — vilka uppträda inom den 
vidsträckta, c:a 1 800 hm- stora, leptitarea, som utbreder sig väster 
om ocb södernt frán sjön Vessman samt bildar den buvudsakliga 
berggrunden inom Grangärde-, Ljusnarsbergs-, Linde-, Järnboas-, 
Hjulsjö- ocb Nora (med Yiker) socknar,1 är det s. k. Y x s jö fä lte t. 
(Yxsjöbergs gruvfält) av för den mellansvenska leptitformationen 
speciellt säregen natur ocb erbjuder därför frán malmgeologisk 
synpunkt alldeles särskilt stört te o re tis k t intresse. Beläget (fig. 1)
1 hm norr om Säfsnäsbanan, mellan Hörken ocb N ittkvarn sta- 
tioner, c:a 9 hm frän den förra och omkring 2 hm frán den señare, 
fägelvägen räknat, bava fältets intressanta petrografiska förhäl- 
landen förut varit nästan okända. Det är först de señaste ärens 
undersökningar, som närmare klarlagt dess natur ocb bl. a. visat, 
att Yxsjöfältet torde med säkerhet vara Sveriges största, h i t t i l l s  
kända scbeelit-förekomst.

Pá uppdrag av Stockholms Superfosfat-Fabriks Aktiebolag, fä l
tets nnvarande ägare, hava prof. W alfr . Petbrsson och förf. gemen
samt företagit en ingäende undersökning av detta, i  sá manga 
avseenden intressanta gruvomráde. Arbetet uppdelades därvid sá, 
att förf. utförde den geologiskt-petrografiska delen av gruvfälts- 
utredningen. För det angenäma samarbetet vid dryftande av säväl 
rent bergstekniska som malmgeologiska spörsmäl rörande ifrága- 
varande fä lt ber förf. här t i l i  prof. P etersson fä framföra sin varma 
tacksambet.

Det är den säregna mineralsammansättningen bös Yxsjöfältets 
skarnbergarter, som tilldraga sig största intresset. Först är scheelit- 
mineralets nästan konstanta närvaro i  skarnbergarterna ett för 
Yxsjöfältet mycket specifikt drag. Därnäst äro pyroxenens utpräg- 
lade bedenbergit-karaktär samt hornblendeskarnets a lk a li- jä rn -  
amfiboler av stört intresse. H ä rtill komma slutligen den rei. stora 
mängden av p la g io k la s  (o ligoklas) och m ik ro k lin  (m ik ro k lin -  
p e r t it )  i  skarnbildningarna samt dessas rik liga halt av flusspa t, 
med vilket mineral scbeeliten synes vara mycket nära associerad. Det 
torde icke finnas nágot svenskt gruvomráde, som i fraga om mäng
den flusspat i  skarnbergarterna kan jämföras med Yxsjöfältet.1 2

1 Även inom Hellefors socken falla delar av ifrägavarande leptitomräde.
2 Förf. v ill vid en jämförelse med andra, mycket flnsspatrika malmbildningar sär

skilt framhälla zinkmalmerna i L il la  Lobergsgruvan nti Vallbergsfältet, Silfbergs 
socken.
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Fig. 1.

Den sälunda uppträdande mineralparagenesen : scheelit 4- flusspat 
+ hedenbergit, va rtill även kommer en lerjordsbaltig andradit, 
gör, att skarnbergarternas bildningssätt i Yxsjöfältet lä tt kan 
avgöras. I  själva verket torde icke nägon skarnbildning inom den
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mellansvenska leptitformationen mera tyd lig t visa han pá ett 
pneum ato ly tisk t-m e tasom atisk t bildningssatt an Yxsjofaltets 
flusspatrika, scheelitforande hedenbergit- och alkalijarnamfibolskarn. 
Av denna anledning torde ett framlaggande av forks undersok- 
ningar inom Yxsjoomradet vara av betydelse for den svenska fyn- 
dighetsforskningen.

De i denna avhandling nieddelade analyserna rorande Yxsjoom- 
rádets bergarter och mineral aro nastan samtliga utforda av forf. 
á Ryllshytte gruvfalts kem. laboratorium.

Översikt av Yxsjöfältets historia.

Yxsjüfältets mânga gruvor och skärpningar1 hava Ursprungligen 
upptagits för brytning av kopparmalm (kopparkis). Upptäckten 
av fyndigheterna torde hava skett är 1728. Det var bergsmän fran 
Nya Kopparberget, som, efter rotar, tidvis bearbetade kopparmalms- 
förekomsterna. Sä synnerligen länge efter upptäckten synes icke 
brytningen härstädes pâgâtt, ty  redan är 1747 uttalar sig D a n ie l  
T il a s 1 2 om YNsjoförekomsterna pä följande satt: »Här voro nu för 
tiden inga arbeten i  gäng, utan allesamman utbrutna och öde- 
lämnade, under vatten stâende sedan en del stadnat pä 4 à ß, en 
del pä 10 famnars djup».

Redan tid ig t kom man tydligen under fund med, att malmtill- 
gängen var synnerligen o t i l l f ö r l i t l ig ,  ty  T i l a s 2 Säger: »Ibland
hava anbrotten sett sä härliga ut, som skulle stora rikedomar der 
varit att anträifa; men under bästa utseendet hava de ganska 
hastigt tagit af, sä att knappt nägon malmgnista varit synlig». 
Denna T il a s ’ karakteristik av sulfidernas fö rekom stsä tt i Yxsjö- 
fältet är synnerligen träffande.

T i l a s 2 ger oss fran är 1747 även nagra npplysningar av mera 
geologiskt-mineralogiskt intresse rörande Yxsjöfältet. Faltet an- 
gives av honom säsom beläget 2Vis mil YNY om Nya Kopparbergs 
kyrka, mellan sjöarna Smaltsjön (Smaltjärn) och Yxsjön, och mal- 
merna säsom mycket regelbundna körtlar med »gangsten» (skarnet) 
bestäende av »svart bländahalyt hornberg» (hedenbergit- samt

1 I  ett, av bergmästaren A. J. Baer , âr 1871 avgivit utlâtande om Yxsjöfältet 
upptagas 37 st. namngivna gruvor: Bât-, 'Röun-, Gustavs-, Stöt-, Garamal-, Maria-, 
Falk-, Kristina-, Alm-, Penning-, Ricco-, Näver-, Aider-, Julia-, Ny-, K itte l-, Alexan
der-, Kapp-, Bond-, Palm-, Gäddan-, Bolagsgruvan 1 ocli 2, Stora och L il ia  Räforten, 
Kärrgruvan 1 och 2, Lax-, Glans-, Book-, Solskensvägs-, Pall-, Malmfältgruvan, Ä rt- 
Bkärpningen, Västra Karr-, Eriks- och Finngruvan.

2 B r e d b e r g , B. G. Metallurgiska anteckningar. H. V II.  Stlilm  1868— 1869.



alkalijärnamfibolskarnet) och »glasspat», som säges förekomma i 
massor av 2 ä 3 kvarters (0,30—0,44 m) storlek. Med »glasspat» 
ávses troligen flusspaten, vars sammansättning, som hekant, redan 
ar 1771 b liv it känd genom S c h e e le s  upptäckt av grundämnet flúor 
1 Ausspat fran Garpenberg. Scheelitens närvaro i  »gängstenen» blev 
däremot för T il a s  okänd, enär, som i det följande närmare kom- 
mer att beskrivas, dess förekomst i  Yxsjöfältets skarn pavisades 
längt señare.1

Bergmästarerelationerna för áren 1751—1754 omnämna ett flertal 
gi'uvöppningar, vilka uppgivas vara upptagna pá ganska vackra 
°eb riká, i N V —SO strykande anledningar; dock säges, att alia 

djupet avtagit mer och mer i  metallhalt.
Aren 1754—1759 torde artetet vid faltet huvudsakligen bestatt 

i utplockning av malm ur varpen.
1761 uppgives, att Nya Kärrgruvan för en 6 kvarter (0 ,8 9  n i) 

bred, gulgrön, r ik  kopparmalm. 1760—1765 omtalas fiera gruv- 
försök säsom t. ex. Marjas sänkning med ett djup av 7 famnar 
1 kvarter (13,o. m) och förande vacker malm av 5 famnar 2 kvar- 
ters (9,2 m) längd; Morra sänkningen 2 famnar (3 ,6  m) djup med 
vacker malmgáng; Rotens skärpning och Bátgruvan, de tvá sist- 
nämnda synas emellertid da varit föga lovande.

1771—1772 bedrevs arbetet i  nägra dagöppningar, och pä 1780-ta.let 
omnämna relationerna ärligen smärre gruvförsök, men resultaten 
förefalla icke varit uppmuntrande.

I  början av 1880-tal et (1805—1808) säges Kärrgruvan efter upp- 
tagande ur ödesmal g iv it 80 lass1 2 kopparmalm, men denna malm 
uppgives samtidigt t i l i  en del varit mycket spridd i  skarnet och 
därför mindre lönande att tillgodogöra. Även synes vattentilloppet 
besvärat gruvdriften, ty  under áren 1809—1813 bedrevs arbetet 
endast kort tid  av nämnda anledning. Relationerna 1808—1810 
omtala ocksä, att Kärrgruvans malm minskats mot djupet.

Ä r 1845 tyckes gruvarbetet i faltet ater kommit igäng, i det 
att 1 350 skeppund3 (263,8 ton) malm utvanns. Bergmästaren A. J - 
B a e r  säger nämnda ár om Kvarnásgruvan, att malmtillgängen är 
betydande men kopparhalten hos malmen svag. Samma omdöme 
fär Kvarnásgruvan även de följande áren 1846—1848.
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1 Â r 1781 upptacktc K. W. Scheele  wolframsyran i  det minerai, som efter honom 
benâmnts scheelit. K. Sv. Vet.-Ak. Ilandl., Sthlm 1781. 1785 konstaterade spanjo- 
rerna, broderna Ju a n , J osé och Fausto D 'E lh u ja k , wolfram ut. wolframit. Roscoe, 
H. E. och Schorlemner, C. A.: A treatise on chemistry, vol. 2, s. 1083, 1913.

2 1 lass malm =  2—3 skeppund bergsvikt. 1 skeppund bergsvikt =  149,6 
150,3 kg.

s 1 skeppund tackjarnsvikt (med slitniugsmân) c:a 195,4 kg.
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För smältning av den erhällna kopparmalmen anlades nu (vid 
Smaltjärns utlopp?) en mindre hytta under överinseende av en 
bergsman frán Falun. Eesultatet av smältningarna synes i början 
b liv it synnerligen dáligt; större delen av kopparn gick i  »nasar», 
ett förbällande, som tillskrevs malmens kalkhalt. Av 1 837 skep
pund (358,9 ton) skrädd malm utvanns 285 skeppund (55,7 ton) 
skärsten (utbyte säledes 15,5 % av malm). Denna skärstensmängd 
gav sedan vid räkopparsmältningen c:a ett skeppund (0,15 ton?) 
koppar (=  0,26 % av skärstensvikten).

Tvenne nya gruvförsök uppgivas 1849 b liv it upptagna nägra 
alnar öster om Kärrgruvesträcket, i  vilka 8 fot (2,4 tri) under de 
lösa jordlagren blottats en kopparmalm av 36 fots (10,7 m) längd 
och P /2—3 alnars (0,89—1,78 tri) bredd. Kopparhalten säges varit 
8—9 o/0j och skali malmen varit lika vacker pa 6 famnars (10,7 tri) 
djup. Yid förhyttningen lär dock malmen endast g iv it ett utbyte 
av 8 % i koppar.

À r 1850 bearbetades bl. a. Kärrgruvan, Stora- och Yästra Bolags- 
gruvan, Gräddan och Eiccogruvan. Kärrgruvan skali dä pa hotten, 
vars bredd uppgick t i l i  11 fot (3,3 tri) visât tre malmränder av 
2—15 turns (0,0 5—0,3 7 tri) mäktighet. Stora- och Yästra Bolags- 
gruvan ägde samtidigt en botten pa 1672 famnars (29,4 tri) längd 
med en malmbredd av 1,2—4 alnar (0,7—2,4 m). Malmen höll 
4 % koppar.

Brytningen under âr 1850 torde uppgâtt t i l l  9 227 skeppund 
(1 802,9 ton), berg, varur erhölls c:a 2 000 skeppund (390,8 ton) 
malm. En lig t detta skulle malmprocenten detta âr sálunda varit 
21,6

Koppartillverkningen i hyttan uppgick 1850 t i l i  66 skeppund 
(9,9 ton?). Den sammanlagda, här tillverkade kopparmängden 
under áren 1849—1852 utgjorde ungefär 27 ton.

1851 slutade Stora Bolagsgruvan pa 6 famnar (10,7 tri) djup, 
malmbredden var 3 kvarter (0,4 4 tri).

1853 uppgives1 brytningen i  Yxsjöfältet uppgâtt t i l l  6 215 cent
ner (264,i ton) malm och 10 982 centner (466,7 ton) berg (rnalm- 
procent =  5,6). 4 âr señare säger A. J. B aer, att malmtillgângen 
i faltet är l i te n  och osäker, dessntom att den utvunna koppar
malmen äger en lâg  metallhalt.

Áren 1863—1864 började ânyo, efter malmbrist, bättre fyndigt 
berg erhallas. B aer omnämner 1864, att vid brytning i Finn- 
gruvan V7 av lösbrutna berget utgjorde malm, men att denna ater

[Jan.— Febr. 1922.

1 Bergmästare B aeb  1871.
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pa 36 fots (10,7 in) djup upphört. Samma malmprocent uppgives 
aven för Bolagsgruvan, och om Kärrgruvan säges, att malmen 
varit r ik  och förekommit i  form av körtlar och stockar men ägt 
ringa utsträckning i  f'ält och mot djupet. Ä r 1863 utgjorde den 
utvunna malmen här 1/ i  av brütet berg. Denna silfra hade dock 
är 1864 sjunkit ned t i l i  föga mer än V9-

1865 hade Finngruvan nätt ett djup av 57 fot (16,9 in), en längd 
av 20 fot (5,9 m) samt en bredd av 12 fot (3,6 in). Av brütet 
^erg skall hava erhällits c:a 12 % användbar malm. Samtidigt 
hade Kärrgruvan uppnätt ett djup av 156 fot (46,3 m) med en 
hotten av 45 fots (13,4 m) läng och 15 fots (4,4 m), bredd. Malrn- 
procenten var pä botten 13 och vid 72 fots (21,4 in) djup c:a 19. 
Kran samma tid  omtalas även Ärtskärpningen och Engruvan; den 
förra 70 fot (20,8 m) djup, 35 fot (10,4 m) läng och med 20 fot 
(5,9 m) bred malm (malmprocent c:a 18); den senare 15 fot (4,5 m) 
djup, 6 fot (1,8 in) bred och 8 fot (2,4 m) läng (malmprocent 8).

Pä Kvarnäsgruvans skarn-»streck» uppräknas frän samma tid 
Kvarnäsgruvans Nyförsök säsom varande 52 fot (15,4 in) djup 
•och bottens dimensioner 15 fot (4,5 m) i  längd och bredd. Den 
här utvunna kopparmalmen, som uppgives varit rik, utgjorde c:a 
18 % av brütet berg.

Malmfängsten är 1865 frän fern gruvor uppgick t i l i  16 560 cent- 
ner (703,8 ton) malm, huvudsakligen tagen frän Kärrgruvan och 
Ärtskärpningen.

Frau är 1867, dä 4 567 centner (194 ton) Yxsjömalm nedsmältes 
vid Nya Kopparberget och i  utbyte gav 192 centner 35 it (8 174,8 
kg) garkoppar, torde nägot väsentligt arbete i Yxsjöfältet icke ut- 
förts förrän 1897, dä vid undersükningsarbeten i Finngruvan 15 
ton kopparmalm erhölls.

Ä r 1903 upptogs det s. k. Sjögrens schakt pä en, c:a 0,5 in bred, 
r ik  kopparkisförande zon i hedenbergitskarn. Denna zon gick in i 
södra gaveln men upphörde i den norra.1 Samtidigt avsänktes Finn
gruvan frän 12 t i l i  25 in djup, dar botten matte c:a 14 in i  längd; 
maximibredden var omkring 7,5 in. Kopparkisen befanns dar vid 
uppträda flä c k v is  i skarnet och uppgives, att dylik insprängd malm 
var anstäende i botten och i en takstross i  sydost.

Efter är 1903 har, med undantag för är 1908, dä omkring 
1 495 ton kopparmalm upptogs för anrikningsförsök, intet arbete av 
betydenhet utförts i Yxsjöfältet förrän hösten 1917, dä Nävergruvan 
länsades för att provbrytas, icke för kopparkisens skull utan för 
scheelitens.

1 I  övrigt endaat sparsamt av kopparkis insprängd i  skarnet.
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Scheelitens upptäckt och historia i Yxsjöfältet.

Den, som först upptäckt scheelit i Yxsjöfältet, torde varit L. J. 
I gelström. Han skriver nämligen i ett brev,1 daterat Grythytte- 
hed och Hellefors den 19 maj 1862, t i l i  A. E. N ordenskjöld föl- 
jande: »Jag har nu päträffat det utmärktaste Scheelit fundställe 
i Sverige. Den kristalliserar här i  tetrag. octaedrar af 1—l 1/1 2 
tums diameter, sittande tä tt tillsammans. — — — —» I  ett 
senare brev av den 26 maj 1862 t i l i  N ordenskjöld säger I gelström 
vidare: »Scheeliten, hvarom jag sist skref, förekommer vid Yxsjö 
koppargrufva i  Nya Kopparbergs socken, förut bekant genom Hi- 
singer, för en ymnig Elusspattillgäng. Malnigängen omgiives när- 
mast af kalksten, men pä nägra famnar däriirän begränsas denna 
kalkstock (rättare kalklager) dels af Hornblendesten, dels ock af 
den i orten allmänna Hälleflintartade Gneissen. Scheeliten sitter
vanligen i en Malakolitmassa — — ------- • Scheeliten synes wara
längt allmännare än man för nägra är sedan förmodat: den har 
funnits af mig äfven vid 2:ne jerngrufvor här i  trakten, dock sä 
sällsynt att jag icke kunnat fa mer än nägra stuffer derifrän. 
Scheeliten frän dessa stallen (frän Ställbergs gärds jernskärpning 
i  Hellefors socken och frän Sörgrufvan i Nya kopparbergs socken) 
ger icke den wackra bla perlan med Fosforsalt i  reduction som 
Yxsjö Scheeliten, ehuru alla med syror förhälla sig utmärkt lika. 
Möjligen kan en jernhalt hos det ena eller det andra slaget vara 
orsaken härtill, eller ock kanske är det nägon ovanlig syra, som 
finnes, jämte Wolframsyran, i en del Scheeliter? Jag tror, att det 
ej vore sä oäfvet att undersöka Scheeliten frän olika fundställen: 
Nykroppa Scheeliten och den frän Ställberg likna ej heller hvar- 
andra fullkomligt.»

I  sitt arbete: »Falutraktens berggrund och malmfyndigheter»2 
omnämner Geijer i  fräga om scheeliten i Yxsjöfältet att »vid en av 
de mindre gruvorna är scheelit ej sällsynt».

Enligt benaget meddelande av Herr förvaltaren A. H ygrell i 
Lindesberg skulle i mitten av ju li 1917 herr H ygrell och däva- 
rande gruvfogden vid Yxsjögruvor, A rv. Svantesson, i varpen vid 
Nävergruvan funnit r ik lig t av scheelit, vilket gav anledning t il i ,  
a tt scheelit här började utskrädas. Enligt uppgift av gruvfogde 
Svantesson skall hau ur Nävergruvans varp hava utskrätt c:a 1 ton

1 Förvarat i Riksmuseets mineralogiska samlingar, Sthlm. Benaget nieddelat av 
N. Z e n z £ n .

2 Sv. Geol. Unders. Ärsbok 10 (1916): N:o 1, s. 240—241.
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seheelithaltig produkt, varav c:a 40 % bestod i det närmaste av ren 
scheelit, äterstoden utgjordes t i l i  c:a 25 % av scheelit1.

ßen rel. rik liga tillgängen pä scheelit i Nävergruvevarpen gav 
anledning t ili,  att Nävergruvan länsades, och brytning päbörjades 
härstädes för utvinnande av scheelit i slutet av är 1917. Scheelit- 
iörande hedenbergitskarn med kopparkis och flusspat, samt övriga, 
1 det följande närmare beskrivna, mineral befanns dä anstä i gru- 
'ans bäda gavlar. Gruvans djup uppgives efter länsningen varit 
c:a 12 ä 15 m.

 ̂ id länsning av Bätgruvan i början av är 1918 visade sig scheelit 
aven här uppträda, dock t i l i  synes icke lika r ik lig t §om i Näver
gruvan.

Stockholms Superfosfat- Fabriks A.-B provbröt gruvorna under 
l:sta halväret 1918, varefter köp av faltet skedde i ju li samma är.

f ä  grund av det höga wolframpriset under krigsären uppfördes 
av nämnda bolag ett vätanrikningsverk, bestäende av, förutom kross- 
maskineri (Blake’s tugg, kollergäng och valskrossar), 3 sättmaskiner 
samt 3 skakbord.

Vid tiden för anrikningsverkets uppförande var scheelitens all- 
männa förekomstsätt i  skarnet och scheelitindividernas storlek föga 
eller icke alls kända. Det därför icke rationelit byggda anriknings- 
verket kom ocksä att arbeta synnerligen otillfredsställande vad 
scheelitxrtbytet beträffar, och, dä tillika  wolframpriset sedermera 
avsevärt sjönk, inställdes anrikningen i  början av är 1920. Samman- 
lagt hade dä i anrikningsverket producerats c:a 37 ton scheelit-slig 
med en genomsnittlig W 03-halt av omkring 60^ (variationer 50— 
iO % W 03). I  det följande äterkomma v i t i l i  skarnets scheelithalt.

Nägra uppgifter rörande svenska sckeelitförekomster.

Det har redan framhällits, att Yxsjöfältet torde med säkerhet vara 
Sveriges största, h ittills  kända fyndställe för scheelit. Scheelit är 
visserligen, som bekant, känd frän ett rel. stört antal lokaler i 
landet men dä mera som ett sporadiskt uppträdande mineral. I  
Yxsjöfältets skarnbildningar är däremot scheelit, ehuru i varierande 
mängd, en ganska konstant  och kännetecknande beständsdel.

Innan förf. övergär t i l i  en redogörelse för sina studier över 
Yxsjöfältets geologi och petrograii, ätergives här nedan en förteck- 
ning pä en del svenska fyndorter för scheelit.

1 Meddelandc i brev t ili förf. — I gelström omnämner sclieelitklumpar i varpen
1871.

Bd 44. H. 1— 2.]
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1. Äkergruvan vid Nykroppa (först funnen här av I gelström1).
2. Kogruvan i  Nordmarken (först funnen här av A. Sjögren2).
3. Grundsjögruvan i Nordmarken3.
4. Längbans gruvor2.
5. Jordäsgruvan vid Persberg1' 2.
6. Torskebäcksgruvan i Högbergsfältet, Persberg2.
7. Borns koppar-(silver-)gruva (först funnen bär av I gelström1).
8 . Malsjö ocb Gullsjö kalkbrott i  västra Yärmland2.
9. Norra Hammargruvan i Grängesberg0.

10. Bispberg3.
11. DalkarJsberg (Övre Storrymningen3, Kringlan5, Djupgruvan3).
12. Norberg (Hackspikgruvan3, Asgruvan3, (i den senare först

funnen av K. F. J ohansson4).
13. Röberget, Rökärr ocb Kärrgrnvorna i Norrbärke3 (scheelit-

förande biotitskölar).
14. Sörgruvan i Ljusnarsbergs socken ( I gelström7).
15. Stälibergs gärds »jernskärpning» iHellefors socken ( I gelström7).
16. Gustavsbergsgruvan i Ramsbergs socken (tillsammans med

kopparkis i svartmalm8).
Ovan meddelade förteckning gör dock icke anspräk pä att vara fu ll- 

ständig. Specieilt torde man i Y x s jö tra k te n  kunna vänta flera 
fyndställen för scbeelit, om ock icke i  tillnärnielsevis sä stör mängd 
som uti Yxsjöfältet. Detta antagande stöder sig pä det förhällandet, 
att, sedan Yxsjögruvorna börjat bearbetas pä scbeelit, ortsbefolk- 
ningens uppmärksambet, beit naturligt mera riktats pä nämnda 
mineral samt ocksä le tt t i l i  pävisande av scheelit i  hedenbergit- 
skarn9, c:a 3 lim. norr om Yxsjöfältet, nära den s. k. Lertjärn, 
belägen ej längt frän sydvästra stranden av Norra Hörken. Vidare 
bar ett löst block, förande scbeelit i r ik lig t flusspatförande heden- 
bergitskarn, anträffats c:a 5 hm söderut frän Yxsjön ocb väster 
om Ö. Älvböjden. Den av I gelström omnämnda »Stälibergs gärds 
jernskärpning» torde vara identisk med den redan pä T örnebohm’s 
Bergslagskarta (blad 4) utmärkta järnmalmsförekomsten i Ställ- 
berget10, belägen 11 hm söder om Yxsjön, i leptitarean strax väster 
om granitbatoliten i Stora Uvberget.

G. F. F., Bd. 7, 1884, s. 107.
G. F. F., Bd. 2, 1875, s. 408. J fr I gelstböm’s uppgift i  G. F. F., Bd. 7, s. 107. 
Stuffer i  Riksmuseets samlingar, enl. ben. meddelande ay N. Zenzen .
G. F. F., Bd. 14, 1892, s. 61.
A. E bdman ’s mineralogi, l:sta uppi.
G. F. F., Bd. 29. 1907, s. 291.
Enl. anfört brev t i l i  Ä. E. N ordenskjöld av 19/s 1862.

8 Ben. meddelande av Bergsingeniör R. L undgren.
8 Fyndet angives t. o. ni. hava inmntats. Uppgift av gruvfogde H e r lin , Yxsjö. 
10 Icke att förväxla med de bekanta, manganförande järnmalmerna i  Ställberg.



Oversikt av de geologiska och petrograflska förhällandena 
i trakten omkring Yxsjö faltet.

Huvuddragen i berggrnndens tektonik inom de trakter, som 
närmast omgiva Yxsjöfältet, framgä av fig. 1. Man finner 
därav, att Yxsjöfältets scheelit- ocfi sulfidförande skarn-»lager» 
uppträda ungefär m itt u ti leptitarean mellan sjön N. Hörken i 
öster och det vidsträkta omrädet av Järna-granit, som, pä c:a 7 km  
avständ frän Yxsjön, bildar samma leptitterrängs begränsning 
mot vaster. Normt sammanhänga Yxsjöomrädets leptitbergarter 
direkt med Girängesbergstraktens och leptitbältet vaster om sjön 
Vässman, i östlig och sydlig riktning med det vidsträckta leptit- 
distriktet inom Ljusnarsbergs-, Hellefors-, Hjnlsjö-, Järnboas-, Linde- 
och Nora (med Yiker-) socknar.

Leptitterrängen i Yxsjötrakten när i  allmänhet en höjd av om
kring 300 m ö. h. Över denna resa sig de, i  leptitbergarternas 
strykning utdragna, äsformade, s. k. »äldre» urgranitmassiven t i l i  
mer än 400 m höjd ö. h. Pä T örnebohm’s »Geologisk Öfversikts- 
karta öfver Mellersta Sveriges Bergslag», Bl. 4, äro dessa intressanta 
urgranitmassiv, t i l l  ett antal av sex stycken, inlagda som läng- 
sträckta »öar» inuti leptitarean söder om Yxsjöfältet, i omrädet 
mellan Hörken- Annefors- och Bergslagernas järnväg. Aven H. E. 
J ohansson omnämner desamma i sin Grrängesbergsmonografi1 och 
kar dessutom pä sin översiktskarta1 2 över Grängesbergstrakten 
ytterligare inlagt ett dy lik t nrgranitmassiv mellan Pingstaberg och 
N. Hörken. Nämnda forskare omnämner redan det högst intressanta 
och betydelsefnlla förhällandet, att ifrägavarande bergarter om
kring Pingstaberg äro karakteriserade av en drusighet samt en 
rik lig  f lu ssp a th a lt, en egenskap, som vi äterfinna hos Yxsjöskarnet 
i synnerligen hög grad. Här mä endast ytterligare tilläggas, a tt 
även nägra andra, för Yxsjöskarnet karakteristiska mineral säsom 
molybdenglans, koppar- och svave lk is  (samt i  ett sällsynt fa ll 
scheelit) i  smä mängder knnnat späras i  dessa, s. k. »äldre 
nrgraniter».

J ohansson söker, it’räga om Grängesbergsomrädet, härleda dessa, 
under nomenklaturen »röda gnejser» (»Bote Gneise»3) sammanförda 
iirgraniters bildning nr sin magmatiska differentiationshypotes för 
leptitformationens alia bergarter. Förf. kan emellertid icke förstä 
resonemanget härutinnan, da redan av J ohansson’s beskrivning av

1 G. E. F., Bd. 32, 1910, s. 255—256.
2 i. c., Tavla 13.
3 1. o., s. 245—260.
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den intressanta, likaledes flusspat-forande, urgraniten1 i Grudmund- 
berget framgar, a tt denna ar in t ru s iv 1 2 i forhallande t i l l  omgivande 
leptiter.

Yad de ovannamnda nrgranitbergarterna soder om Yxsjofaltet 
betraliar, kunna de emellertid omójligen harledas ur nagon diffe- 
rentiationsprocess i  den mening, som J ohansson  uppstallt for de 
analoga bergarterna inom Grangesbergsomradet.

Det framgar namligen, saval av stryknings- som stupningsrikt- 
ningar hos leptitbergarterna i Yxsjotrakten, att Jeptitarean maste 
anses vara sammanveckad i  Hera, nu nednivellerade syn- och antik- 
linaler, samt att de namnda urgranithojderna u ti densamma sanno- 
lik t  aro att uppfatta som de genom denudationen blottlagda delarna 
av den i antiklinalerna intruderade granitmagman3. Som stod for 
denna asikt ma bl. a. anforas, att leptitbergarterna i ett fa li pa 
omsesidor om en sadan granithojd (Djupdalshojden) synas stupa 
tran densamma at motsatta hall.

Enlig t en sadan uppfattning av Yxsjotraktens tektonik torde 
man fa ansę, att de nu blottlagda urgranit-(antiklinal-)batoliterna 
under leptittacket sammanh linga med varandra.

Avstandet Iran Yxsjofaltets skarnbildningar (300m ii. h .)till de nar- 
mast soder darom, i leptitterrangen uppdykande urgranitbatoliterna 
i Vinterhojden (422 m o. h.) och Djupdalshojden (420 m o. h.) 
ar c:a 4 km. Leptitformationens strykning ar nagot norr om 
ifragavaran de urgranithojder resp. NV—SO och NO—SV, stup- 
ning resp. brant (60°) mot NO och NV Det v ill med andra 
ord saga, att granitbatoliterna t i l l  synes falla in under Yxsjo
faltet, och det ar darfor sannolikt, att urgranit, ehuru icke blottad 
genom denudationen, anstar under sjalva faltet. De forut om- 
namnda urgranitbergarterna mellan Pingstaberg och sjon Horken 
aro darfor med all sannolikhet under leptittacket konnekterade med 
de soder om Yxsjofaltet upptradande granitbatoliterna.

Leptitbergarterna u ti Yxsjoomradet kunna i allmanhet karak- 
teriseras som rodlatta, delvis porfyriska, delvis jamnkorniga »natrom- 
leptiter. Vaster om Yxsjon, i  trakten mellan Nittkvarn och Jarna- 
graniten, iakttagas har och dar hallar av graa, mera biotitrika 
»natron»-leptiter.

Leptitformationens strykning inom omradet ar varierande. Vaster 
om Yxsjon rader en i stort sett NV—SO strykning och brant

1 Har p&pekas, att N. Ilammargruvan, som aven for scheelit och flasspat, upp- 
trader i  hangandet av ifrdgavarande, iiusspatforande urgranit.

2 1. c., s. 259.
3 J fr  Ge ijb r : On the intrusion mechanism of the archean granites of Sweden.

Ball, of the Gcol. Instit. of Opsala, Yol. XV, s. 47—60.

[Jan.— Febr. 1922.
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stupning mot NO, som aven forefinnes inom den vastliga skarn- 
kalkstenskomplexen i Yxsjofaltet (fig. 1.). I  Ostra delen av namnda 
íd lt vander sig emellertid strykningen i  0—V ( jfr  fig. 1) for att 
annu langre osterut, i omrádet mellan N. Horken och Pingstaberg, 
o verga i NO— SV. Det ar i vissa fall pátagligt, att leptiternas 
divergerande strykningsriktningar aro beroende av de intruderade 
urgranitbatoliterna.

Hdr och dar inom leptitarean upptrada intrusiva, metamor- 
íoserade gronstensbcrgarter, i  det foljande sammanforda under 
beteckningen amfiboliter. Oe upptrada vanligen i leptiterna och 
íolja deras strykning (lagergángar) men kunna aven, sásom t. ex. 
fallet ar i  Yxsjofaltet, i  fiera, parallella gángar genomsatta kalk- 
stenslagren langs strykningen (fig. 4), varvid gronstensgángarna visa 
sammanveckning och avslitning, indikerande sammanstukning inom 
karbonatbergarterna pa grund av veckningsriirelser inom leptit- 
berggrunden. Utefter gransen mellan amfibolit och kalksten ar dá 
utbildad en smal kontaktzon1.

Av storsta betydelse for malmbildningen i omrádet hava de rela- 
t iv t ta lrika ka lkstensfo rekom sterna  varit. Speciellt i Yxsjofaltet 
hava de verkat som »absorptionsapparat» for den under flu o r- 
pneumatolys tillforda wolframmetallen och sulfiderna (kopparkis, sva- 
velkis, magnetkis och molybdenglans). Aven de talrika jarnmalms- 
fyndigheterna i leptitterrangen (jfr fig. 1) mellan de forut omnamnda 
granitbatoliterna torde i allmanhet vara knutna t i l l  helt eller delvis 
íortrangda karbonatbergarter. Sá ar átminstone forhállandet med 
den helt obetydliga jarnmalmen inom det scheelitforande Yxsjofaltet.

H ittills  ar scheelit pávisad pa fyra platser inom leptitomradet: 
1) Vid Stilllbergs gárds »jernskárpning» ( I gelstrom); 2) i Yxsjofaltets 
skarnbildningar; 3) soder om Lertjárn, belagen sydvast om Norra 
Horken; 4) i  trakten av AlvhOjden, soder om Yxsjofaltet. Pa sist- 
namnda stalle ar scheeliten funnen2 i ett lost block av flusspatrikt 
hedenbergitskarn. Huruvida detta hárstammar frán det norr darom 
belagna Yxsjofaltet eller frán nágot icke blottat skarnlager ar ovisst.

E tt gemensamt drag hos alia dessa scheelitforekomster i  Yxsjo- 
trakten ar scheelitens konstanta upptrádande tillsammans med 
vanligen rik liga inangder flusspa t, otvivelaktigt hánvisande pa 
scheelitens och atfoljande sulfiders bildninggenom pneum ato ly - 
t is k a  processer.

Om tydningen av dylika kontaktzoner j f r  E skola: On the petrology of the 
Orijarvi region etc. Bull, de la Comm. géol. de Finlande N:o 40, s. 163 och L in d k o t ii: 
Oeol. och petrogr. stndier inom den malmforande formationen omkring Ramhall. H. 
O. U. Arsbok (191b).

Torde forst pdtraifats bar av gruvfogde H krlin  vid Yxsjo gruvor.

Bd 44. H. 1— 2.]
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U ti kvartsinjektioner i  leptiterna i  trakten av Pingstaberg, nära 
järnvägslinjen mellan Hörken och Annefors, uppträder molybden- 
glans i  mycket smä kvantiteter1. Denna kiselsyretillförsel i  
leptitbergarterna härstädes motsvaras i  Yxsjöfältet av en rik lig  
S i  02-tillförsel t i l i  ka r bonatbergarterna.

Sä v itt h itt ills  är känt hava de pneumatolytiska processerna icke 
tillfö rt zink eller bly u ti Yxsjöfältets skarnbiidningar. Dessa sul- 
iider finna v i däremot »fixerade» u ti Blybergsfältet, strax öster om 
sjön St. Kumlan, 10 hm. SY om Yxsjöfältet. Pä västra stranden av 
nämnda sjö reser sig eu av de förut omnämnda urgranitbatoliterna 
Liksom i  Yxsjöfältet torde även i  Blybergsfältet karbonatberg - 
a rte r bildat »absorptionsapparat» för sulfiderna, som ställvis ät- 
följas av flusspat, angivande fluor-pneumatolys.

[Jan.— Febr. 1922.

Y x s jö f ä l t e ts  te k t o n ik .

De tektoniska förhällandena i Yxsjöfältet äro jämförelsevis enkla, 
om de ocksä, pä grund av jordbetäckning och relativt obetydliga

Fig. 2. Figuren utvisar Norra- och Södra Yxsjögruvornas samt Kvarnäsgruvans
utmäls inbördes läge.

gruvundersökningar, i  vissa detaljer ännu äro mindre kända. 
Detta gäller särskilt fältets västra del, som omfattar Norra- och 
Södra Yxsjögruvornas utmäl (fig. 2). Den östra delen, omfattande 
Kvarnäs- och Dammgruvans utmäl, är däremot i  sina tektoniska 
drag fullständigt känd.

1 Molybdenglansfyndet inmutades under krigsären men befanns värdelöst.
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Fig. 3.

Fig. 3 lämnar en översikt av förhällandena i dagen i  västra 
delen av Yxsjöfältet. I  en sidosten av vanligen rödaktig »natron- 
ieptit» uppträda t i l i  synes 4 parallella »streck» av kalksten och 
hedenbergitskarn. Dessa äro:

1. Finngruve—Smedgi*uve-»strecket» (sydligast).
2. Xävergruve—Ivärrgruve-»strecket».
3. Bätgruve-»strecket».
4. Sjögrens schakt-»strecket» (nordligast).

Anmärkas bör dock, a tt sammanhanget mellan Bätgruvan ocb 
Nävergruve-»strecket» icke är klarlagt. En tvärort (fig. 4), som 
drivits frän Xävergruve-»strecket» norrut mot Bätgruve-»strecket», 
visar nämligen en avsevärd mäktighet hos Nävergruvans kalklager, 
wppgäende t i l i  minst 35,3 m. I  denna mäktighet ingä dock 5 
intrusiva lagergängar av amfibolit med sammanlagt 10,5 m mäktig- 
het. Även om denna mäktighet hos Nävergruve-»lagret» är en följd

3 —220270. G. F . F. 1922.
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av sammanstukning1 pä grund av rörelser inom leptitberggrunden, 
är det icke uteslutet, att Bätgruve-»strecket» sammanhör med 
X  ävergruve-d agret».

Det längst mot norr inom faltet uppträdande kalksten- och heden- 
bergitskarn-»streckets» i Sjögrens schakt ställning t i l i  Bätgruva när 
icke heller möjligt att utreda i dagen pä grund av jordbetäckningen. 
Möjligen bildar detta kalksten- och skarn-»streck» en självständig 
parallell, t i l i  vilken även Äkergruvan sannolikt hör.

Kvarnäsgruvans skarn-»streck» bestär 
däremot av ett enda, mycket regel- 
bundet »lager» av c:a 3 ,5  m mäktig- 
het och med en känd längd av omkring 
170 m. Strykningen är här nära ost- 
västlig, sidostupningen icke utpräglad 
men torde kunna betecknas som nordlig, 
da leptiterna i  omgivningen visa denna 
sidostupningsriktning. I  petrografiskt 
avseende avviker även detta skarn- 
»streck» avsevärt frän Yxsjöfältets öv- 
riga därigenöin, att det primära kalk- 
stenssubstratet heit förbrukats för skarn- 
bildning, samt att skarnet är ett ut- 
präglat amfibolskarn med en relativt 
hög alkalihalt.

Inom Norra- och Södra Yxsjögruvor- 
nas utmäl är strykningen nägot undu- 
lerande (jfr fig. 2 och fig. 3) men äger i 
stört sett NY—SO riktning och sidostup- 
ning mot norr eller NO, c:a 70°. Nämnda 
strykning är, som nämnt, rädande inom 
leptitformationen väster om Yxsjön(Nitt- 
kvarn), och avvikelsen frän strykningen 
i Kvarnäsen beror sannolikt pä veck- 
ningar. Mäktigheten hos de olikajstrec- 
ken» är icke säkert känd, men man torde 

fä antaga, att den är av ungefär den storleksordning, som anförts 
för Kvarnäsen. Dock visar den ovan nämnda tvärorten (fig. 4) i 
Nävergruvan en i vissa fa ll betydligt större mäktighet, som 
emellertid även kan förklaras pä ovan angivet sätt.

1 Man känncr frän nägra stallen inom den mellansvenska leptitformationen dylika 
abnorm a mäktigheter hos kalksten-skarnkomplexer. Exempelvis kan Ryllshyttefältet 
anföras, dar Kompanigruvans sydligaste skarn-»streck» genom sa m m a n s tu k n in g  
svällt ut t i l i  C:a 50 m mäktighet, under det att det p r im ä ra  kalklagret endast varit 
c:a 5—10 m  mäktigt.

Fig. 4. Horisontal skärning genom 
tvärort, driven genom en del av 
Nävergruve»strecket». A =  amfi- 
bo lit; I I  =  hedenbergitskarn; J — 
magnetitmalm; K  =  kalksten; L  

=  le p tit; J_ =  stupning.
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‘'dora delar av de primara kalkstenslagren äro här omvandlade i 
^denbergitskarn. Dessa sförskarnade» partier kunna i vissa fall 
upptaga hela det ürsprungliga kalkstenslagrets bredd, i  andra 
enstaka delar därav ( jfr  fig. 4).

Porklaringen t ill,  att i  K varriasen icke nâgot kalkstenssubstrat 
finnes kvar, torde vara den, att de skarnbildande agentierna här 
^aft en bètydligt mindre karbonatbergartsmängd att omsätta än i 
västra delen av faltet, dar de »adderade» ämnena däremot fördelats 
pa fiera karbonatlager.

I  Yxsjöfältets byggnad inga slutligen de ganska talrika, intrusiva 
lagergângarna av amfibolit ( jfr  fig. 3 och fig. 4).

Bd 44. H . 1— 2.]

Petrograflska och kemiska undersökningar av Yxsjöfältets
bergarter.

1 den följande redogörelsen für förf:s studier över Yxsjöfältets 
hergarter komma de senare att behandlas i följande ordning:

Graniter.
Leptiter.
Amfiboliter.
Kalkstenar.
Skarnbergarter med dem ätföljande scheelit och sulfider samt 

järnmalmer.

Graniter.

Y i hava i Yxsjüomrädet att särskilja tvä olika slag av granit- 
förekomster nämligen: 1) de förut omnämnda granit- (antiklinal-) 
batoliterna, vilka xö-formigt» uppträda inom själva leptitarean 
(hg. 1) och: 2) det vidsträckta omräde av granitbergarter (Järna- 
granit), vilket begränsar leptitformationen mot väster och här bildar 
berggrunden inom ett betydande omräde av minst 100 h n  längd i 
nord-sydlig utsträckning.

Av dessa synes den första granitgruppen frän m alm geologisk 
synpunkt äga det största intresset. Pä grund av bl. a. sitt geo- 
gnostiska förekomstsätt torde den även vara äldre än den senare. 
Nägon k o n ta k t emellan de olika granitgrupperna har förf. emeller- 
tid  icke varit. i stand att uppleta, trots iv rig t sökande.

Pä grund av sina deformationstrukturer har förf. här benämnt den 
första gruppen gnejsgraniter.

Den följande redogörelsen för förf:s studier av graniterna inom
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Yxsjötrakten gör icke anspräk pä att vara nägon fallständig be- 
handling av dessa bergarter. Detta gäller särskilt det stora granit- 
o mrad et (Järnagranit) väster om Yxsjöfältet. Det är tydligt, att 
ett klarläggande av heia detta vidsträckta granitomräde mäste 
kräva en relativt läng tid, varför det för förf. ander nuvarande 
förhällanden var otänkbart att inläta sig pä den nog sä intressanta 
uppgiften. Da förf:s studier i Yxsjöomrädet emellertid i första 
hand gällde Y x s jö fä lte t, föll sälunda även uppgiften heit utanför 
undersökningens ram. I  det följande kommer förf. därför endast 
att kort dröja vid detta granitomräde.

[Jan.— Febr. 1922.

Gnejsgraniter.

Som redan framhällits framträda dessa bergarter topografiskt i, 
över leptitterrängen sig höjande, äsformade berg med längdut- 
sträckningen ungefär i  leptitformationens strykningsriktning.

Bergarterna i dessa granitberg inom leptitformationen, söder om 
Yxsjöfältet, äro varandra mycket lika. En st uff' frän t. ex. Vinter- 
höjden (fig. 1) kan sälunda icke skiljas frän en tagen uti den 
mera östligt därom belägna Djupdalshöjden.

Säsom typ för dessa gnejsgraniter kunna v i därför taga ett prov, 
taget ur högsta punkten pä Vinterhöjden (422 m ö. h.). Det 
makroskopiska utseendet hos detta prov v il l fig. 5 söka äskädlig- 
göra.

Bergarten äger en ljus rödaktig färg. Parallellstrukturen i fast 
k ly ft är nägot markerad genom de här och dar inströdda biotit- 
fjällens anordning. En viss flasrighet ger sig tyd lig t tillkänna 
i utslagna stuffprof.

Kornstorleken hos gnejsgraniten kan bedömas av följande, vid 
mätning erhällna värden: ä tavelformig plagioklas 0,8 X 1,6 mm, 
0,9 X 2,o mm, 0,9 x 0,9 mm, 1,6 x 1,6 mm och 1,3 x 1,7 mm-, ä 
m ikroklinperth it 1,3 x 1,6 mm, ä kvartsfält 0,9 X 1,3 mm.

Ornejsgraniten sammansättes i det undersökta provet av följande 
mineral: 48,i v ikt % k va rts , 26,2 v ik t % p lag iok las , 18,9 v ik t % 
m ik ro lin p e r t it ,  6,3 v ik t % b io t it ,  0,5 v ik t^  m agne tit och 0,o2 
v ik t % a p a tit, va rtill komma flu sspa t (sporadiskt), z irko n  samt 
nägot rödbruu jä rn o x id , som dels pigmenterar fältspaten, dels av- 
satt sig i kornfogar och sprickor. Av denna järnoxid erhäller 
även kvartsen en i  rödbrunt gäende färgton.

A v den granitiska bergartens stelningsstruktur är föga bevarat. 
Det enda torde vara en hos plagioklas, och mera sällsynt hos m ikrolin
pertit, delvis bibehällen id io m o rf begränsning. Eljest har den
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mekaniska deformation, som bergarten undergätt, utplänat de 
primära strukturdragen (fig. 6).

Kvarts-falten äro mest päverkade av denna mekaniska deforma- 
tl0n och alltid uppdelade i en regelbunden mosaik (kornstorlek i 
denna i medeltal 0,2 mm) samt visa stark undulös utsläckning.

Plagioklasen däremot synes vara mera oberörd avden mekaniska 
deformation, som sä utpräglat avspeglas hos kvartsen. Den bildar 
tavlor efter (010) med vanligen naggade konturlinjer; dock äro indi- 
viderna ibland, ätminstone delvis, väl idiomorft begränsade, t. ex. av 
(001). Enkel zonalbyggnad är icke sä ovanlig och ger sig t i l i  känna

Bd 44. H. 1— 2.]

l'ig - 5. Rödaktig gnejsgranit frän Vinterhöjden i Yxsjöomrädet. Svart =  biotit. 
C:a Vs uatnrlig storlek.

Pa sädant satt, att kristallens, av sericit grumlade m ittparti avgränsas 
mot den frän dylika omvandlingsprodnkter fria  och klara randzonen 
genom raka linjer, löpande parallellt med uppträdande kristallytor. 
En tä tt upprepad lamellering efter albitlagen, nägon gang kombi- 
nerad med tvillingbildning efter periklinlagen, är vanlig.

Elera bestämningar av utsläckningsvinklar i  snitt J_ (010) och av 
atsläckningen _L (010) och (001) hava g iv it som medelvärde för 
plagioklasens sammansättning Ab90 An10. De högsta värden, som 
erhällits, äro Ab8s An12, de lägsta Ab93 An,. I  randzonen hos en 
zonalbyggd plagioklastavla var sammansättningen nära ren albit.

Plagioklasen innesluter stundom smä, a n t ip e r t it is k a , oregel- 
bnndna, gitterstruerade fläckar av mikroklin. Därför torde plagio- 
klasen även innehälla Or-molekyler. J ohansson  angiver som sam-



Fig. 6. S truktur hos guejsgranit frän Vinterliöjden i Yxsjöoinrädet. Nära Widens 
m itt en tavla av m ikroklinpertit. Forst. 16 ggr. Nie. + .

M ik ro k lin p e r t ite n  är mera mekaniskt deformerad än plagio- 
klasen. Yisserligen förekomma uti de undersökta preparaten enhet- 
liga individ med tavelform ( jfr  fig. 6), men därjämte uppträda fält, 
granulerade i mindre individ (c:a 0, l mm) med rätlinig, polygonal 
begränsning.

Mikroklinfältspaten är i allmänliet mycket stärkt p e r t i t is k t  ut- 
bildad, men olika individ förhälla sig därvid rä tt olika beträffande

1 G. F. F., Bd. 32, s. 24<J.

GUSTAF T. LINDKOTH. [Jan.— Febr. 1D22.

mansättniog hos plagioklasen u ti den, i geologiskt och petrografiskt 
avseende likställda »gnejsen» i  Lomberget värdet Or8 Ab82 An^,.1

Jämte de smä sericitijällen i plagioklasens kärna förekomma i 
densamma spridda, större individ av biotit.

I  de undersökta slipproven söktes särskilt efter m yrm e k it vid 
kontakten mellan olika plagioklas- och mikroklinindivid. Nagon 
ty p is k  myrmekit anträffades emellertid icke.
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niängden »utsägrad» plagioklassubstans, ävensa kunna de pertitiska 
»inlagringarna» vara mer eller mindre talrika inom olika delar av 
samma kalifältspatkristall. Ibland ses sädana individ, som inne- 
källa minst 30—40 vol. % av plagioklaskomponenten ( jfr  fig. 6), i 
andra fa ll träffas sädana, där pertitisk inväxning icke märkbart 
Iramträder, men mikroklingitterstrukturen är da i stallet sä 
mycket vackrare markerad.

Begagnar man J ohansson’s1 indelning av kalifältspaten efter 
pertithalten, torde den här ifrägavarande fältspaten kunna be- 
tecknas som en m ik ro k lin p e r t it  III.

Gränslinjerna mellan mikroklin- och den invuxna plagioklaskom
ponenten är alltid mycket distinkt och skarp.1 2 M ikroklingitter- 
strnkturen kan i allmänhet väl skönjas även i de mest pertitiska 
kalifältspatin dividerna.

Redan här mäste förf. förutskicka det intressanta förhällandet, 
att Yxsjöfältets skarn, speciellt Kvarnäsgruvans, innehäller lokalt 
synn erligen r ik lig t av en nära analog mikroklinpertit.

Granit bergarten ifräga kan betecknas som mycket sa lisk . Den 
innehäller endast smä mängder biotit, vilken uppträder i spridda, 
oregelbundet begränsade hak med interpositioner av kvarts, mag- 
netit, apatit och zirkon. Icke sällan äro dessa biotitflak genom 
deformationen uppdelade i  ett aggregat av mindre individ, visande 
biotitens sena bildning i  bergarten.

Av speciellt intresse är, att gnejsgraniten i  en del av de under- 
sökta preparaten för flnsspat. Mikroklinpertiten visade i ettsädant 
preparat en vacker idiomorf begränsning mot flusspatfältet. Dylika 
idiomoriiförhällanden mellan m ikroklinpertit och flusspat observeras 
även i Kvarnäskarnet.

I  detta samband bör även erinras om de drusiga, s ta rk  flnss- 
spatförande, gnejsgranitiska bergarter av liknande slag, som redan 
J ohansson3 omnämnt frän trakten av Pingstaberg, c:a 6 km  öster 
om̂  Yxsjöfältet ( jf r  fig. 1).

A  ett stnffprov, vägande c:a 1,5 kg, utfördes av förf. en full- 
ständig analys, vars resultat angives i tab. I.

Mellan de av J ohansson och Geijer  publicerade analyserna av 
resp. »gnejs» frän Lomberget4 och granitgnejsen0 vid Falun samt

1 G. F. F., Bd. 32, s. 248.
■ J fr H o lm qdist: Stadien über die Granite von Schweden, s. 87.
3 G. F. F., Bd. 32, s. 255—256.
‘  G. F. F., Bd. 32, s. 250. 
s 1. c., s. 50.
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analysen av gnejsgraniten frän Yinterhöjden räder, som nedanstä- 
ende sammanställning visar, en ganska stor överensstämmelse.

Tab. I.
Gnejsgranit frän Yinterhöjden, c:a 5,5 km. sydväst om Yxsjöfältet.

%
Mol.
prop. Mol. % N o r m M o d u s

Si02 78.55 130.26 84.2 Q • . . . . 46.02 %K va rts ................ . 48.1 v ik t %'

T i0 2 0.05 0.06 — Or . . . . 21.88 5>Plagioklas Ab90An „26.2 » »j
A120 3 11.46 11.21 7.2 Ab . . . . 19.83 S M ikrokiinpertit . . 18.9
Fe20 3 0.63 0.39 — An . . . . 6.39 >B i o t i t ................ . 6.3 » »
FeO 1.31 1.82 1.2 Cor . . . . 1.25 Magnetit . . . . . 0.5 >

MnO 0.05 0.07 — 2 sal 95.37 A p a t it ................ . 0.02 » »
MgO 0.53 1.31 0.8 1 MgSi03 1.31 » (Flusspat) . . .
CaO 1.29 2 30 1.5 Hy FeSiOs 2.40 » 100.02 > »

Na20 2.34 3.77 2.4 [MnSiOj 0.09 >

K 20 3.70 3.92 2.5 Mt . . . . 0.90
P2Os 0.01 — ■ — 11 . . . 0.09 »

Glödgn. Ap . . . . 0.02
förl. 0.33 — i — V, fpn i 4 «1

100.25 -  190.8 100.18 1

H20 1100 0.10
Amerikanska systemet: T ehamose.

s A C F a  c f n k T  
Osann's system: 84.2 4.9 1.5 2.0 11.7 3.6 4.7 4.9 2.44 0.8

Atomgruppering enl. H olmquist’s beräkningsmetod.:1

Sl42 .3
Si3l.BA ln .4Cai.3Na4.3K4.s (+  A li.5)
Sio.8Mgo.8

I I I I I I
Si02 .............. 77.92 % 77.28 %
Ti02 .............. ................ 0.05 » 0.13 » 0.04 »

Ak03 .............. 11.75 » 12.36 »

Pe203 .............. ................ 0.63 > 0.82 » —
F e O ................ ................ 1.31 * 0.73 » 1.35 >
M n O ................ ................ 0.05 » 0.02 » 0.10 >

1 Studien über die Granite von Schweden. Bull, of the Geoi. Inst, of Upsala 
Vol. V II, 1904-1905, s. 89-93.
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MgO . . .
I I I I I I

0.20% 0.15 %
CaO . . 1.34 » 0.56 »
Na20 . . 3.89 » 3.87 »
K 20 . . . . 2.86 » 4.19 »

..................................... . . . . O.oi » 0.02 » 0.03 »
Glödgn. förl. . . . . . . 0.33 » — 0.60 »
H20 .................... 0.28 » —

BaO . . . 0.15 » —
S . . . 0.07 » —

100.25 % 100.18 % 100.53 %

I- Gnejsgranit frän Yinterhöjden i Yxsjöomrädet.
II-  Granitgnejs v. om Stora Främsbacka, Falun.

H l. Röd gnejs i Lomberget, Grängesberg.
Av de genom ovan anförda analyser representerade bergarterna 

torde I  vara minst och I I  mest berörd av omkristallisation.
J ohansson  betecknar bergarten I I I  gnejs. Det synes förf., att be- 

teckningen granitgnejs bär torde vara lämpligare, ty  det framgär 
Medali tydlighet,1 att ifrägavarande gnejs icke är annat än en om- 
kristalliserad .-»urgrauit», t i l i  s itt förekomstsätt och sin sammansätt- 
Dlng analog med de beskrivna gnejsgraniterna inom Yxsjöomrädet.2

Beträffande kon taktfö rhä llandena mellan, de beskrivna gnejs 
graniterna och leptiterna synes det förhälla sig 3a, att graniten mot 
kontakten antager en mera finkornig struktur och synes i  övrigt 
avgjort framgä, a tt  dessa g ra n ite r  äro in tru s iv a  u t i  le p t i t -  
fo rm ationen samt yng re  än de le p tit is k a  bergarterna. 
lö rf:s uppfattning divergerar alltsä mycket i  detta avseende frän 
J o h an sso n ’s, som t. ex. beträffande Lombergsgnejsen v ill hänföra 
denna t i l i  leptitformationen. Dock framhäller J ohansson  tyd lig t 
*karpa in trus ivkontakte r mellan »gnejserna» och leptiterna inom 
Grängesbergsomrädet.3

Granitomrädet viister om Yxsjötraktens lcptitarea (Järnagranit).

Om man pä T ö r n e b o h m ’s jÖfversiktskarta öfver Mellersta Sveriges 
Sergslags, bl. 1 och 4, kastar en blick pä ovannämnda granit- 
°mräde faller genast i  ögonen, att T ö r n ebo h m  använt icke mindre

l  G. F. F-, Bd. 32, s. 245 o. 258-260.
. . I f f  Johansson, 1. c., s. 256. »Diese ’Urgranite’ stimmen in chemisch-mineralo- 

sjsciier Hinsicht m it den roten Gneisen des Grängesberger Gebiets nahe iiberein, 
oyohl sie meistens etwas gröber und massiger ansgebildet sind.»

1 c., s. 258—259.



42 GUSTAF T. LIXDROTII.

an tre olika beteckningssätt för att framhälla grunddragen i denna 
granitareas sammansättning. Pä bl. 1, omfattande av ifrägavarande 
granitterräng omrädet frän Väster-Dalälven i norr nngefär ned t i l i  
Gravendal, särskiljer sälunda T örnebohm följande granitvarieteter: 
»grov, p o r fy ra r ta d  Ö rebrogranit» , »syen itartad Örebro- 
granit» (»Jä rnag ran it» ) ocb »yngre gran it» . Pä bl. 4, dar 
fortsättningen av samma granitomräde, söder ut frän Gravendal, 
f aller, har emellertid T örnbbohm använt sig endast av beteck- 
ningarna »Järnagranit» och »yngre gran it» .

I  det preliminära meddelande, som Sündius1 lämnat över Gryt- 
hyttefältets geologi, använder nämnda forskare beteckningen »Järna
granit» för ifrägavarande granitomräde, som vid sjön Örlingen av- 
skär Grythyttefältets bergarter.

T illfä lle  har, som nämnt, icke givits förf. a tt mera ingäende studera 
ifrägavarande granitterrängs sammansättning. Sä mycket v il l 
emellertid förf. hava sagt, att det förefaller, som den av T örnbbohm 
särskilda, s. k. »yngre graniten» icke torde fä nppfattas annat än 
som en mera aplitisk stelningsfacies av samma granitmagma, varur 
övriga granitvarieteter inom samma omräde utkristalliserat. T örne- 
bohm’s kartbild över granitomrädet ifräga torde därför icke fä tagas 
fü llt  sä, som den nu föreligger.

Kontakten mellan Järnagranitomrädet och Yxsjötraktens leptit- 
formation gär fram c:a 7 km vaster om Yxsjöfältet (fig. 1). Förf. 
har icke sett den omedelbara kontakten, men det framgär, att denna 
i stört sett är skarp. T örnbbohm markerar pä Bergslagskartan, bl. 1 o. 
4, närmast graniten en c:a 2 km  bred zon av »granulitisk gneis». Detta 
torde icke fa llt motsvara förhällandena; ätminstone förefalla leptit- 
bergarterna t. ex. vid Palahöjden, som pä bl. 1 fäller inom »granu
litis k  gneis», icke vara grövre än leptiterna t. ex. vid Yxsjö gruvor.

Av stört intresse är T örnebohm’s framkällande av .Järnagranitens 
skarpa kontakter1 2 mot .omgivande bergarter, t. ex. Leksandskvart- 
siten, och omnämnande av inneslutna, »skarpkantiga partier af röd- 
le tt gne isgranit»  u ti Järnagranit söder om Sängbergets fäbodar. 
Förf. har icke haft tillfä lle  besöka sistnämnda lokal; det hade 
givetvis varit av stört intresse att fä jämföra dessa gnejsgranit- 
brottstyckens petrografiska karaktär med de nyss förut beskrivna 
gnejsgraniternas inom Yxsjöomrädet. Det torde emellertid vara 
otvivelaktigt, att även dessa senare äro ä ldre än Järnagraniten,

[Jan.— Febr. 1922.

1 G. F. F., Bd. 38, s. 268 och 286.
2 Beskrivning t i l i  blad n:r 1 av Geol. Oversiktskarta etc., s. 27.
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ehuru, som redan nämnt, dessa bergarter inom Yxsjötrakten icke 
bynas komma i kontakt med Järnagranitomrädet.

Vad som är känt rörande granitbergarterna väster om Yxsjö- 
fältets leptitformation och om Järnagranitens petrograii härstam- 
mar frän T örneboiim och H olmquist. T örneboiim ger sälunda en 
Jetaljerad beskrivning av den intressanta, grä, augit-förandegraniten 
Vld Gravendals Station1 och omnämner även samma augitförande 
granit frän Lejsundet, c:a 2 mil N. V. om Gravendal. Graniten 
karakteriseras som en nägot mer än medelgrov, massformig, grä, 
augitförande hornbländegranit. Oligoklasen säges i  mängd över- 
väga kalifältspaten.1 2 Kvartsens kvantitet är betydligt mindre än 
fältspaternas. Glimmer och hornblände nppgivas förekomma i lika 
uiängder. Augiten är däremot underordnad i förhällande t i l i  glim- 
mer och hornblände. Magnetit, apatit, zirkon, titanit, pyrit (och 
tiimalin?) omnämnas ingä som accessoriska beständsdelar.

T örneboiim angiver följande kris ta llisa tionsfö ljd : apatit, magnetit, 
zirkon, oligoklas och augit, hornblände och glimmer, tita n it, orto
klas och m ik ro k lin  samt kvarts. Da T örneboiim emellertid omnäm- 
üer u r a l i t is e r in g  av augiten, torde det emellertid vara svärt att,. 
vad hornbländet beträifar, avgöra, huru m ycket som därav är av 
p rim ärt Ursprung.

H olmquist3 betecknar Järnagraniten som en medelkornig, grä t i l i  
svagt rödaktig, b io t i t - h o rn b lä n d e g ra n it .  ßikedomen pä jdagio- 
klas framhäves, ävensa den stundom mycket underordnade kvarts- 
halten samt den stora mängden närvarande mörka mineral, v ilka  
förläna bergarten en syenitisk habitus. H olmquist säger även, a tt 
Järnagraniten kännetecknas av en mycket stark V a r ia t io n  i  de 
tnörka mineralens mängd.

Av stört intresse är vidare H olmquist’s pävisande av kvartsens 
delvis id iom orfa  utbildning och mikroklinfältspatens föga ut- 
präglade pertitkaraktär. Dessa bäda drag bilda säledes en mycket 
stör olikhet gentemot kvartsens och mikroklinens utbildning i de 
förut beskrivna gnejsgraniterna i Yxsjöomrädet. Plagioklasen upp- 
gives vara delvis ungefär AbjAnj, delvis mera albithaltig. Av 
omvandlingsprodukter omnämnas klorit och epidot. B iotit och 
magnetit sägas förekomma i r ik lig  mängd.

Den som »grov Örebrogranit» betecknade bergarten frän Hans 
gästgivaregärd i Sävsnäs socken och frän sjön Närsen i Näs socken

1 G. F. F., Bd. 5, s. 14—18.
2 T öknebohm angiver säväl m ikroklin som ortoklas. Ortoklas uppgives dock icke- 

av H olmquist förekomma i  Järnagraniten.
3 1. c„ s. 137—138.
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karakteriseras av T ö r n e b o h m 1 som en »jämt groikornig granit, be- 
stäende af blekröd mikroklin, hvit eller gulaktig, an glasig, än 
grynig kvarts, svart eller svartgrön glimmer, fläckvis fördelad i 
finfjälliga aggregate Underordnat uppgives förekomma gulvit 
oligoklas och nägot kornblände samt ortit.

Om den »yngre graniten» i trakterna söder om Sävsnäs kyrka 
Säger T ö r n e b o h m , att bergarten ständigt är »utprägladt röd, smä- 
kornig t i l i  medelgrof, ganska rik  pä hvit eller blähvit, glasig kvarts, 
men därjämte äfven pa gulhvit oligoklas». Den svarta eller svart- 
gröna glimmern uppgives däremot förekomma mycket sparsamt.

Efter denna orienterande översikt skali förf. endast redogöra för 
nägra studier av en röd granitvarietet. som anstär vid den s. k. 
Lövsjöväxeln, säledes i Järnagranitomrädets gränszon mot Yxsjö- 
omrädets leptitarea.

[Jan.— Febr. 1922.

Fig. 7. ßöd, aplitisk granit (>yngre granit», T örnebohm) frän Lövsjöväxeln. Det 
mörka i bilden är rödpiginenterad fältspat.

Fig. 7 v il l söka äskädliggöra ifrägavarande granitbergarts ut- 
seende. Strukturen är fü llt m assform ig, färgen rätt intensivt 
mörkröd. Den glasiga, blägrä kvartsen sticker bjärt av mot den 
stärkt rödpudrade fältspaten. Av mörka mineral ses sparsamt 
smä k lo ritfjä ll framträda.

Bergarten är jämnkornig, kornstorleken 1.3—1.7 mm. De in- 
gäende beständsdelarna äro: kva rts , p lag iok las , m ik ro k lin , 
k lo r i t ,  m agnetit, t i t a n i t  och a p a tit.  Mängdförhällandet mellan 
dessa angives av »modus», tab. I I .

I lva rts fä lte n  äro stärkt undulösa (fig. 8), delvis även spräckta;

1 Rcskr. t i l i  bl. 1, s. 25.



begränsningen mot fältspaten är oftast väg fo rm ig  (»wellige Kon
turierung»), 1

Plagioklasen visar ringa idiomorfi, endast i ett fa ll sags en in- 
divid mot kvarts begränsad av en kristallyta. Yanligen är eljest, 
Som nämnt, begränsningen vägformig.

Tvillinglamelleringen efter albitlagen är vackert utbildad med 
talrika, mycket smala lameller; även karlsbaderlagen är företrädd.

44. H. 1—2.] STUDIER OVER YXSJÖEÄLTET. 45

8. Struktur hos rod, aplitisk granit (»yngre granit», T orneboiim ) frân Lofsjô- 
vàxeln. Forst. 16 ggr. Nie. + .

-^âgon zonalstruktur ar dâremot knappast skônjbar. Tryckdefor- 
'Uationer ge sig t i l l  karma genom tvillinglamellernas bôjning; vissa 
Plagioklasindivid aro aven sônderdelade, och mellan delindividerna 
Pgga kloritfjall. A n tip e r t it is k a , gitterstruerade mikroklinflackar 
ibrekomma men mycket underordnat, likasâ kvartsinneslutningar. 
Paremot ar faltspaten rik  pâ smâ sericitinterpositioner, under det 
klinozoizit endast i ett fa ll iakttagits som omvandlingsprodukt.

1 J fr H olmqvist, 1. c., s. 116, 131.



46 GUSTAF T. LINDROTH.

Plagioklasens utsläckning i snitt _L (010) avviker föga irán lamel
leringen. Dess sammansättning torde ligga mycket nära Ab80An20.

M ik ro k lin e n  visar föga u tp rä g la d  p e r t itk a ra k tä r  men 
vacker gitter Struktur. I  detta avseende avviker den ifrágavarande 
graniten liegst väsentligt fran gnejsgraniterna inom leptitomrädet. 
De fá pertitinlagringar, som förekomma, äga även en mera d iffu s  
avgränsning mot mikroklinkomponenten än i  gnejsgraniterna.

[Jan.— Febr. 1922.

Tab. I I .
Röil granit fran Lövsjöväxeln vid Sävnäsbanan, c:a 7,5 km. viister om

Yxsjüfiiltet.

Mol. Mol. N o r m M o d u sprop. %

S i02 78.10 129.51 82.6 Q 44.71 % Kvarts 45.6 v ik t %

TiÓ j 0.04 0.05 — Or 6.47 > Plagioklas

A120 3 11.37 11.12 7.1 Ab 33.92 ■» AbeoAn20 42.0 » »

Fe20 3 0.77 0.48 _ An 8.25 M ikroklin 6.5

FeO 2.11 2.94 2.5 Cor 0.55 T> K lo rit 4.8 » >

MnO 0.03 0.04 — S sal 93.90 »
Magnetit + pig- 

mentavFe20 3 1.1 > 5
MgO 0.53 1.31 0.8 T itan it 0.1 > ■»
CaO 1.78 3.17 ' 2.0 MgSiOj 1.31 » Apatit 0.2
Na20 4.00 6.45 4.1 Hy FeSiOj 3.18

100.3 » >
K ,0 1.10 1.16 0.7 MnSiOj 0.05 »

p.o. O.io 0.07 — Mt 1.11 >

Glödg. förl. 0.19 — — 11 0.07 »
Ap 0.21 »

^  fern 5.93 ,

99.83

100.12 — 99.8

H2O1i0° 0.09 %.
Amerikanska systemet: A l sbach  ose.
Osann’s svstem: s A C F a c f  n k T

82.fi 4.8 2.0 3.3 9.5 4.0 6.5 8.5 2.28 0.3
Atomgruppering enligt H olmquist’s beräkuingsmetod:

S i43 .3
S is 9 .;A li2 .3C a i .8N a 7 .4K i .3  ( +  A lo ,4)

Fe2.2 
S =  0.59.

Den ymniga, flockvisa fördelningen av järnoxid i  mikroklinen 
betingar huvudsakligen granitens utpräglat röda färg. Plagiokla
sen för även dy lik t pigment, men i mindre mängd.
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B io t i t  förekommer icke i de undersökta preparaten. Som om- 
vandlingsprodukt av biotit uppträder i  stallet sparsamt en ljus- 
gron k lo r i t  med sma, inneslutna körn eller aggregat av titanit, 
vars TiOo-halt torde bärstamma frän den omvandlade biotitens.

M y rm e k it künde icke observeras i  de undersökta slipproven.
A v den beskrivna graniten, som torde fâ  jämställas med T örne- 

b o m ’s »yngre granit», bar förf. u tfö rt en fu lls tänd ig  analys. Resul- 
ia te t âterfinnes i  tab. II.1

Jämföres tab. I I  med tab. I  fraingar, att granitbergarten i  fräga 
är avsevärt rikare pa Na.20 , ocb även CaO, än den analyéerade 
gnejsgraniten frän Vinterböjden.

Bland de granitanalyser, som äro upptagna i  H o l m q u is t ’s arbete 
Över svenska g ran ite r1, finnes icke nâgon med ifrägavarande gra- 
n itanalys fü l l t  analog, dock visa vissa analyser av E e ll in g s b ro -  
g ra n ite n  en viss överensstämmelse, ehuru K 20-balten i  dessa i  a ll-
mänhet är betydligt bügre.

Det är av intresse att vissa, av Eskola1 2 3 publicerade, analyser 
över »oligoklasgranitens» perifera bergarter visa en slâende över
ensstämmelse med bär ifrägavarande granit. Här nedan samrnan- 
ställas för jämförelsens skull analysen i tab. I I  och en av L a i- 
t a k a r i  utförd analys av oligoklasgranit frän Orijärvibatoliten.

I II
Si02 ...............................................  78.10 71.C9
T i0 2 ...............................................  0.04 0.34
A120 3 ...............................................  11.37 13.58
Fe20 3 ...............................................  0.77 0.62
F e O ...............................................  2.11 3.78
M a O ...............................................  0.03 0.10
M g O ...............................................  0.53 1.16
C a O ...............................................  1.78 2.23
Na20 ...........................   4.00 3.90
K 20 ...............................................  1.00 1.53
P20 5 ...............................................  0.10 —
H20 ...........................................  0.19 8___________ 067

100.12 99.60
I. Granit frän Lövsjöväxeln.

I I .  » » skogen vaster om Arbetareföreningens bus,
Orijärvi.

I  amerikanska systemet falla även bada bergarterna under 
Alsbachose.

1 1. c., s. 256—269.
2 1. c., s. 54.
3 Glödgningsförlust.
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Y x s jo fa lte ts  le p t ite r .

De leptitisba bergarternas petrografiska och kemiska karaktar, 
liksom tektoniken, inom det vidstrackta leptitd istriktet vaster om 
och soderut fran Grangesberg ar h ittills  foga utforskad.

H. E. J o h a n s s o n ’s karta1 over Grangesbergsomradets berggrund 
omfattar i  sydvastlig riktning fran Grangesberg trakten in t i l l  
Pingstaberg, c:a 5 lcm oster om Yxsjofaltet, varfor alltsa ifraga- 
varande leptitbergarter falla utanfor namnda bartering.

Genom J o h a n s s o n ’ s undersokning av Grangesbergstrakten blev 
emellertid bl. a. kant, att leptiterna inom Grangesbergsomradets 
vastra och sydvastra delar t i l l  vasentlig del besta av extremt 
n a tro n r ik a  bergarter, av namnda forskare sammanfattade under 
rubriken »skarnforande granuliter» (leptiter).1 2 Det var darfor redan 
a priori att vanta, det aven Yxsjofaltets, leptiter skulle visa sig 
tillhora samma natronrika bergartsgrupp, ett antagande, som ge
nom de av forf. utforda petrografiska och kemiska undersoknin- 
garna bekraftats.

I  ett kortfattat meddelande3 om Yxsjofaltet uppgiver G e ij e r  
leptiten bar vara »tat, av rodlatt eller gra farg, stundom smaflammig». 
Pa nagon narmare beskrivning av petrografi och kemisk karaktar 
ingar icke namnda forskare.

Yxsjoomradets leptiter kunna strukturellt sett delas i  tva slag:
1) makroskopiskt nastan tata, under mikroskopet jamnkorniga 
bergarter, av rodlatt eller gra farg och: 2) for blotta ogat tyd lig t 
korniga leptiter med, under mikroskopet, utpraglat framtradande 
porfyrisk struktur. Makroskopiskt &r daremot den porfyriska 
strukturen foga pafallande.

Det geologiska sambandet mellan tata, jamnkorniga, och mera 
tyd lig t porfyriskt utbildade former av leptitbergarterna ar en bank- 
formig vaxellagring.

I  mineralogiskt som kemiskt avseende aro de undersokta jamn
korniga- och porfyriska leptitformerna nara analoga. E tt pafal
lande, och i gene tisk t hanseende synnerligen betydelsefullt, drag 
hos bada ar den rel. stora inhom ogenitet, som rader betraifande de 
bergartsbildande mineralens inbordes mangdforhallanden. Detta 
galler sarskilt mangdforhallandet mellan kvarts och faltspat, men 
aven ifraga om vissa femiska bestandsdelar, speciellt biotitens 
mangd, uppvisa Yxsjoomradets leptiter ra tt store variationer.

1 G. F. F., Bd. 32, 1910, tafl. 13.
2 1. c., s. 296—305.
3 Falutraktens berggrund och malinfyndigheter, s. 241.



Fig. 9. P orfyrisk »natron»-lept i t  ined strökorn av kvarts frän hängandet av F inn - 
gruvorna, Yxsjö fä lte t. Forst. 16 ggr. Nie. + .

Speciellt intressant är den porfyriska Strukturen i sädana ovan- 
lig t strökornsrika leptiter, dar »strökornen» nästan uteslutande be- 
stä av en mycket sur plagioklas (oligoklasalbit t i l i  albit). Den 
rel. ringa mängd av »grundmassa», som bär delvis ätskiljer plagio- 
klassströkornen», vilka för övrigt även kunna ligga i  omedelbar 
kontakt med varandra ( jfr  fig. 10) eller ätskilda endast av biotit- 
(klorit-)fjä ll, visar sig i  vissa fa ll hava uppkommit genom en sär
egen, partiell omkristallisationsgranulering av större fältspatindi- 

4—220270. G. F. F. 1922.

Bd 44. H. 1— 2.] STUDIER ÖVER YXSJÖFÄLTET.

»Strökornens» beskalfenbet och mängd äro även underkastade rel. 
stora växlingar. Slipprov av vissa leptitbankar uppvisa sälunda i  
en del fa ll huvudsakligen kvarts-»strökorn» (fig. 9), i  andra ater 
Dästan enbart fältspat-»strökorn» (fig. 10). »Strökornens» mängd kan 
rtessutom stundom i vissa leptitlager sä tilltaga, att »grundmassan» 
Dästan förtränges ( jfr  fig. 10). Den p r im ä rt k la s tis k a  S truk
tu re n  hos bergarterna b l ir  da särdeles pä tag lig .
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vid. Det framgár, att ursprungligen forelegat skikt eller bankar 
av anbopade plagioklaskristallfragment (=  klastiska lager), vilka 
vid bergartens omkristallisation partiellt eller helt granulerats ocli 
darvid bildat den ringa mangd »grundmassa», som i en del fa ll át- 
skiljer de mera intakta kristal[fragmenten. Dessa komma darige- 
nom att skenbart framstá som strokorn. Den porfyriska struktu-

[Jan.— Febr. 1922.

F i"  10 P orfyrisk  le p tit  med k la s t is k  s truk tu r. »Strokornen» best! nastan utcslu- 
tandc av oligoklasalbit. Forst. 16 ggr. N ic. + .

ren ar i  sadana fa ll tydligen endast ett m etam orft struktur drag, 
m. a. o. en pseudoporfyrisfe struktur foreligger.

De sasom »strokorn» framtradande kvarts- oeh plagioklasindivi- 
derna aga i Yxsjofaltets leptiter i  medeltal en storlek av resp. c:a
0,5 och 0,5 x 1,5 mm. .

Hos kvarts-»strokornen» ar begransningen vanligen avrundad ( jfr  
fig. 9), men id iom orfa  individ med b ip y ra m id a l utbildning fore- 
komma tillia llig tv is . En uppdelning av kvarts-»strokornen» i Hera, 
optiskt sinsemellan olika orienterade, undulosa fa it ar allman. Mel-
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lan̂  en sädan uppdelning av ett kvarts-»strökorn» i nägra fä, större 
fielindivid och en kornstorlek av den storleksordning, som utmär- 
' er kvartsen i »grundmassam, förekomma alla övergängar och härav 
iiamgar fü llt tydligt, att ätminstone en del av den kvarts, som nu 
1 lorm av smä körn (c:a 0,os—0,ot mm i  medeltal) uppträder i 
»grundmassan», härstammar frän större, omkristallisationsgranulerade 
^strökorn».

Bd 44. H. 1— 2.]

Plagioklas-»strökornen», vilka genomgäende bestä av nära nog 
ren albit eller oligoklasalbit (medeltalet av 15 st. bestämningar 
av maximalntsläckningen i snitt _L (010) gav värdet 15°, m'otsva- 
rande Ab9;!An7, 2 st. snitt _L (010) och (001) visade som medeltal

11°—12’, motsvarande Ab94An6) äga mycket ofta en fragmen- 
ta l kristallbegränsning (jfr fig. 10).

Tvä synnerligen intressanta karaktärer hos plagioklas-»strökor- 
nen» äro: 1) deras i  allmänhet betydligt starkare grumling genom 
omvandlingsprodukter i de centrala delarna av körnen än i randzo- 
nerna, som oftast äro fü llt  klara samt: 2) deras genomväxning 
med smä, runda hvartskorn, varigenom en p o ik i l i t is k  (ellex-, da 
kvartskornen sinsemellan visa en mera tyd lig t enhetlig orientering) 
en granofyrliknande implikationsstruktur uppkommer. Da det 
lörsta av ovannämnda drag sammanhänger med den intressanta 
irägan, huruvida dessa s. k. »natrons-leptiters sura piagioklas är 
primär eller sekundär, och det senare av H. E. J o h a n s s o n 1 och I. 
H ö g b o m 1 2 3 tillmätes betydelse säsom stöd för uppfattningen, att 
lfrägavarande leptiter äro stelningsbergarter, skola i detföljande 
de nämnda strukturdragen bliva föremäl för diskussion, varvid 
förf. stöder sig pä egna iakttagelser vid petrografiska undersök- 
ningar av fü llt analoga »natron»-leptiter frän andra leptitdistrikt, 
nämligen Garpenbergs-8 och Ramhällsomradet.4

I  ett föregäende arbete om Ramhällsfältet har förf. omnämnt5 
säväl plagioklas-^strökornens» anfrätta karaktär i  de centrala de
larna av individerna som den granofyrliknande sammanväxningen 
mellan kvarts och oligoklasalbit i  dylika »natron^-leptiter.6 Där- 
vid framhölls, att den sura plagioklasen primärt torde ägt en nä- 
got mera basisk kärna än randzonen, och att den granofyrliknande 
implikationsstrukturen är att uppfatta som sekundär, uppkommen 
vid ifrägavarande bergarters omkristallisation, och jämförlig med

1 G. F. F., Bd. 32, 1910, s. 299—300.
2 G. F. F., Bd. 42, 1920, s. 105— 174.
3 G. F. F., Bd. 42, 1920, s. 5 7 -8 3 .
1 S. G. U., Ärsbok 1915.
6 1. c., s. 18, 103— 104.
6 1. c., s. 22—25.
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myrmekit (»quartz vermiculé»).1 Även pâpekades som säreget, att 
»strökornen» ägde samma utpräglade oligoklasalbitsammansättning 
som »grundmassans» plagioklas, ett förhallande, som är säreget 
ifa ll verkliga strökorn förelage.

[Jan.— Febr. 1922.

Vis  11. P o rfy risk  » natron »-leptit med »strökorn» av o ligoklasa lb it (AbMAn5), bland 
v ilk a  s p o r a d is k t  uppträder zonalbyggd, delvis kalcitförande plagioklas av en nâgot 
mera basisk sammansättning (Ab8;A n13). Forst. 35 ggr. Nie. + .  Smältarmossgruvans 

liggande, Garpenbergsomrädet.

Förf. har i  en föregaende uppsats2 beskrivit de otvivelaktigt 
p y ro k la s tis ka  leptiterna nära Garpenbergs kyrka inom Garpen- 
bergsomrädets leptitbälte. Y id den petrografiska nndersökningen av

1 H olmquist (Studien über die Granite von Schweden, B u ll. Geol. Inst, o f Upsala, 
Vol V I I  1904— 1905, 8. 116) y t t ra r  i frâga om »quartz de Corrosion» och »quartz 
vermiculé» • »A lle  diese Strukturzüge sind dem G ranit und Gneiss der metamor- 
nhischen Gebiete eigen, und sie kommen in  ganz unmetamorphosierten Graniten n icht 
vor» E skola (On the petrology of the O r ijä rv i region etc. B u ll, de là Commission 
Géol. de Finlande, N:o 40, s. 2 7 -2 8 )  däremot pâvisar, a tt m yrm ekit i  vissa fa ll aven 
kan vara prim är. — A v intresse är H olmquists omnämnande av m yrm ekit i  I ja ii-

skiürar, 1̂. u , ŝ 116^^ ^  57—83. J fr  Ge ije r : Falutraktens berggrund etc., s. 231.
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•lessa leptiter, som i vissa banbar antingen äro utpräglade »natrón-» 
leptiter och i andra áter föra säväl albitisk plagioklas som m ikro- 
k lin , fann förf. sporadiskt i de utpräglade »natrom-bergarterna vac- 
kert zonalbyggda, men stärkt, vanligen under avskiljande av ka l- 
eit, omvandlade plagioklas-»strökorn». I  samma, priinärt k la s tis k a  
leptitbergarter uppträder här och dar den förut omnämnda grano- 
iyrliknande sammanväxningen mellan kvarts och oligoklasalbit.

Fig. 11 avser a tt visa Strukturen hos denna intressanta »na- 
trons-leptit med sporadiska, zonalbyggda plagioklas-»strökorn».

Diksom i Yxsjöfältet är fallet, alternera även i dessa, tyd lig t 
klastiska bildningar inom Garpenbergsomrádet, täta leptitbankar 
med fä, eller inga »strökorn», med sädana, dar »strökornen» äro ex- 
ceptionellt talrika. Dessa »strökorn» utgöras i  de undersökta prepa
r e n  t i l i  övervägande del av albit eller oligoklasalbit, och även i 
»grundmassan» uppträder samma sura plagioklas som i »strökornen».

I3lagioklas-»strökornen», vilka äga en medelstorlek av c:a 1 X  0,5 
mm, äro, liksom i Yxsjöfältets leptiter, oftast fragméntala i  fraga om 
begränsning av verkliga kristallytor. En mycket bred lamellering 
ef'ter albitlagen med oftast fá, ibland oregelbundet avbrutna lamel- 
ler, är vanligast.

Bland dessa, mera homogent utbildade, albit- eller oligoklasal- 
hit-»strökorn», vilka dock vanligen i kärnan äro mer eller mindre 
grumlade av omvandlingsprodukter (sericit, kalcit, leukoxen, bio- 
fit), under det de perifera delarna oftast äro fü llt  klara, uppträda 
sporad iskt vackert zonalbyggda, heit eller delvis av kristallytor 
begränsade plagioklas-»strökorn» (ñg. 11). I  ett snitt _L (010) och 
(001) bestämdes sammansättningen1 hos kärnan t i l i  Ab8;An1:!, hos 
randzonen t i l i  Ab95An5.

Dessa zonalbyggda plagioklas-»strökorn» visa emellertid en rel. 
längt framsbriden om vand ling. K a lc it  är vanligen r ik lig t utskild 
i de céntra la  delarna av individerna, medan randpartierna äro t i l i  
synes fü llt oförändrade I  allmänhet uppträder kalciten i  de zo- 
nalbyggda plagioklas-»strökornen» i skilda individ, men det har 
även observerats, att den utskilda kalciten i de spridda falten 
varit e n h e tlig t optiskt orienterad pä analogt sätt som kvart- 
sen i den mer omnämnda, granofyrliknande implikationsstrukturen.

O m k r in g  dessa, s tä rk t ka lc itfy lld a  plagioklas-»strökorn» törekom- 
ßier stundom r ik l ig t  ka lc it, och det fö re fa lle r da, som kalciten 
delvis »emigrerat» ur plagioklas-»strökornen» och ater »fixerats» i  
^grundmassan».

Utsläckningen i kärna + 10’, i  randzon — 16°.
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Jämte kalcit har i  andra fa ll i  dessa zonalstruerade plagioklas- 
»strökorn» iakttagits en r ik lig  b io t i t -  eller leukoxenbildning. Även 
sericit har observerats. Nämnda nybildningsprodukter uppträda 
även i  de plagioklas-»strökorn», soni heit bestä av oligoklasalbit 
(Ab95 Anä).

»Grundmassan» i de beskrivna leptit-preparaten frän Garpenbergs- 
omrädet sammansättes av o lig o k la s a lb it (c:a Ab93 Anä), kvarts, 
blekt ljusgul b io t i t  i  spridda, smä fjä il eller aggreat, k a lc it ,  leu- 
koxen, a p a tit  och enstaka svavelkis-korn.

Beträffande en del av kalciten i »grundmassan» künde dess »vand- 
ring» frän de omvandlade, med kalcit fyllda plagioklas-»strökornen» 
ut i  »grundmassan» väi följas.

Bet är onekligen av ett synnerligen stört intresse att bland 
dessa, i kärnan stärkt anfrätta, h e it av oligoklassalbit (Ab95 Anä) 
bestäende »strükornen» finna de ovan beskrivna, tyd lig t zona lt 
byggda plagioklas-»strökornen» av en mera basisk sammansättning. 
Be observerade förhällandena synas i detta fa ll hänvisa pä, a tt  de 
homogent A n - fa t t ig a  »strökornen» genom vissa omvand- 
lingsprocesser fra m g ä tt u r de mera A n -r ik a , zonalstrue- 
rade plagioklas-»strökornen».

Även mä här tilläggas, att i  dessa oligoklasalbitförande lepti- 
ter sporadiskt uppträda stärkt epidotiserade plagioklas-»strökorn», 
som pä grund av omvandlingsprodukter icke kunna bestämmas t i l i  
sin sammansättning, men tydligen primärt ägt en nägot högre An
halt än de omgivande, extremt sura plagioklas-»strökornen».

Slutligen skall den granofyrliknande sammanväxningen av kvarts 
och oligoklasalbit i de ovan beskrivna, pyroklastiska leptiterna 
frän Garpenberg omnämnas.

J o h a n s s o n 1 har speciellt framhallit denna Struktur i de »granitiska 
granuliterna» frän Brattberget i  Ljusnarsbergs s:n. Förf.1 2 har se- 
dan beskrivit samma strukturdrag i »natrom-leptiterna inom Ram- 
hällsomrädet. Nyligen har I. H ö g b o m 3 uppvisat samma Struktur i 
leptiter frän Nybergets gruvfält.

Som redan nämnt lägga uppenbarligen J o h a n s s o n  och I. H ö g bo m  

en synnerligen stör v ik t vid denna implikationsstruktur, vilken 
de v ilja  tyda som en primär s te ln in g s s tru k tu r. Yid Ramhällsun- 
dersökningen fann förf. denna Struktur vackert utbildad i leptit- 
bergarter, om vilkas tu ffogena  natur icke torde räda nägot tvivel. 
Bä förf. ytterligare i  Garpenbergsomrädets grovklastiska leptiter

[Jan. — Febr. 1922.

1 G. F. F., Bd, 32, 1910, s. 300, not.
2 S. G. U., Ärsbok 1915.
3 G. F. F., Bd. 42, s. 121.
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observerade samma utpräglade genomväxningsstruktur (fig. 12) 
utbildad, särskilt i  de pä oligoklasalbit-»strökorn» r ik a  leptitskik- 
ten, synes det förhälla sig sä, att denna g ra n o fy r lik n a n d e  sam- 
manväxn ing  m ellan kva rtse n  och den ex trem t sura p lag io - 
klasen är sekundär ocb kan d ä rfö r icke pä nägot s ä tt äbe- 
r °pas som stöd für, a t t  ifrägava rande  le p t i te r  äro ste ln ings-

Bd 44. H. 1— 2.]

i ’ ig. 12. G ra n o fy r lik n a n d e  sammanväxning mellan o ligoklasa lliit (AbM An4) och 
kvarts i  »natron» -lep tit frän Garpenberg. Strukturen ii'räga är en c m k r is t a l l is a -  
t io n s s t r u k t u r ,  enär den uppträder i bergarter, som Ursprungligen v a r it  k la s t is k a .  
Genom d y lik  om krista llisa tion av »strökornen» upplösas dessa t i l l  en fin  körnig 

»grundmassa». Forst. 35 ggr. Nie. + .

Vergärter. A lia  de intressanta grumlingsprocesser ocb struktur- 
drag, som I. H ögbom detaljerat beskrivit frän Nyberget, äterfinnas i 
frarpenbergsomrädets agglomeratiska leptiter. Förf. ställer sig där- 
för högst skeptisk t i l i  sistnämnda förf:s slutsats, att Nybergets 
leptiter med sina inlagrade ka lks te n a r äro stelnings-bergarter. 
Enligt forks äsikt äro de metamorfoserade tuffer.

Efter detta omnämnande av de zonalbyggda plagioklas-»strökor-
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nen» och den granofyrliknande, sekundära sammanväxningen mel- 
]an kvarts och oligoklasalbit i  Garpenbergsomradets »natron»-lep- 
titer ätervända vi t i l i  Yxsjöfältets leptitbergarter, vilka väsentli- 
gen uppvisa samma karaktärer, som Garpenbergsleptiterna, med 
undantag av, att nagra sä tyd lig t zonalstruerade, mera basiska 
plagioklaser än den allmänt uppträdande oligoklasalbiten aldrig 
iakttagits i  de undersökta slipproven.

Beträffande plagioklas-»strökornen» i Yxsjöleptiterna mä da t ill-  
läggas, att tvillinglamellering efter albitlagen överallt är tydlig, 
antingen sä, att »strökornet» uppbygges av nagra fä breda, stun- 
dom avbrutna lameller, eller är sammansatt av ett stört antal 
smala sädana, även dessa stundom avbrutna, sa att en viss »stri- 
pighet» framträder. Tvillingbildning enl. periklinlagen bar obser
verais i ett fall, ävensä efter mannebacherlagen. Typisk s. k. 
»Schachbretts-struktur1 i  plagioklasen har däremot icke anträffats 
utbildad i de av förf. undersökta preparaten.

Den i »grundmassan» i varierande mängd förekommande och 
ojämnt fördelade biotiten uppträder även som smâ interpositioner i 
plagioklas-»strökornen», oftast i  de centrala delarna. I  vissa fa ll 
kan denna biotit förekomma sâ r ik lig t i plagioklas-»strökornen», 
att dessa nästan heit upplösas i  en Ult av i  alla riktningar ställda 
b iotitfjä ll.1 2

Otvivelaktigt är all den i leptiterna förekommande biotiten av 
sekundärt Ursprung. Sannolikthar bergartens primära plagioklas3 
lämnat âtminstone nägon del av de för biotitbildning nödvändiga 
beständsdelarna nämligen le r jo rd  samt k a l i eller natron.3 Detta 
synes framgä av biotitens talrika uppträdande saväl u ti som om- 
kring plagioklas-»strökornen».

Biotiten är i  vissa fall omvandlad i ett kloritmineral.
Stundom kunna de sura plagiok!as-»strökornen» även föra smä 

sericitfjäll i de centrala delarna. Epidotmineral eller kalcit hava 
däremot icke iakttagits som omvandlingsprodukter i plagioklas- 
»strökornen» i  de préparât, som b liv it undersökta.

Som »strökorn» har undantagsvis även iakttagits m ik ro k lin . 
Denna förekommer icke som heia individ utan vanligen som aggre- 
gat av smä, polygonalt begränsade körn. Gitterstruktur kan iakt- 
tagas hos delindividerna i sädana »fältspatanhopningar», däremot 
är nägon pertitstruktur hos kalifältspaten icke markerad.

1 Be c ke : Denkschr. d. K . Akad. d. Wiss. Math.—Nat. K l., Bd. 75, Halbbaad I, 
190G, s. 124. L appar en t : B u ll. Soc. Fr. 92: 248, 1909.

2 J f r  I.  H ögbom, 1. c., s. 123, fig. 5 och s. 129, fig. 9.
3 J fr  (1. F. F., Bd. 32, s. 302.

[Jan.— Febr. 1922.
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Det är pâtagligt, att dessa mikroklinaggregat représentera om- 
vristallisationsgranulerade, primärt enhetliga kalifältspatindivider.

Om Yxsjöfältets »natron»-leptiters »grundmassa» är föga a ttt i l l-  
utöver vad, som redan nämnts. Kornstorleken haller sig van- 

Bgen vid c:a 0,o3— 0,0 7 mm. Det största intresset knytes givetvis 
Oll den stundom uppträdande, granofyrliknande, sekundära sam- 
manväxningen mellan oligoklasalbit och kvarts samt t i l i  den stora 
m homogeniteten beträffande mängdförhallandet mellan kvarts och 
°Hgoklasalbit. Y i aterkomma ytterligare t i l i  detta senare förhäl- 
lande i det följande vid diskassionen av Yxsjöfältets leptiters bild- 
^Ißgssätt.

»Grundmassans» beständsdelar äro övervägande kvarts och oligo
klasalbit (c:a Ab93 An7). M ikroklin har i  tva fa ll observerais 
Inera sporadiskt. Pertitstruktur künde icke indentifieras hos kali- 
fältspaten.

Som förut framhällits är det särskilt anmärkningsvärt, att pla- 
gioklas-sströkornen» genomgaende synas vara lika A n - fa t t ig a  
som »grundmasse»-plagioklasen.

Fôrutom biotit, vilken i form av sma, spridda fjä ll eller aggre- 
gat, är konstant närvarande i »grundmassan» (dock, som nämnt, i  
mycket varierande mängder), innehâller denna smä körn av titan it 
(lenkoxen), apatit samt i  vissa fa ll magnetit och svavelkis. Av 
(lessa torde sannolikt apatiten vara en primär beständsdel. Tita- 
niten däremot är med all sannolikhet heit av sekundär natur. Den 
förut omnämnda, stundom rel. rik liga leukoxenbildningen u t ip la -  
g!oklas-»strökornen» inom vissa leptiter (t. ex. i Garpenbergsomra- 
'let) synes tyda pâ, att en del av plagioklasens CaO-halt använts 
iör ifrägavarande minerais bildning, m. a. o. att kalken varit stadd 
1 förflyttning inom bergarterna; i  vilken grad är däremot icke 
möjligt att säga.

Bd 44. H. 1— 2.]

Den kemiska karaktlren hos Yxsjofaltets leptiter.

For att klarlagga den kemiska sammansattningen hos Yxsjofal
tets leptiter hava av forf. tre fullstandiga analyser b liv it utforda, 
vilka atergivas har nedan i tab. I l l ,  IV  och V.

Det i tab. I l l  uppgivna analysresultatet visar sammansattningen 
hos de gra t i l l  rodlatta, p o rfy r is k a  »natrom-leptiterna inom
Yxsjofaltet.

Jamfores analysen i tab. I l l  med de av J o h a n s s o n  publicerade 
analyserna av leptiter fran Grangesbergsomradet, foreligger, fran-
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Tab. I I I .

Ljusgrii, p orf y risk >natron>-lep1it med spridda Aggregat av biotit (flammig)
frân Yxsjöfältet.

%
Mol.

prop. Mol. % Norm Modus

S i02 73.80 122.38 78.8 Q • ................ 27.32 $ Kvarts . . . . . . 28.7 %

T i0 2 0.15 0.18 0.1 Or . ................6.14 » Plagioklas Ab94 An6 59.0 »

A120 3 13.81 13.5! 8.7 Ab . B io tit . . . . . . 13 3 »

Fe20 3 0.44 0.27 — An ................4.29 » Titan it  . . . . . . 0.3 >

FeO 1.29 1.79 1.5 Cor ....................0.47 > Apatit . . . . . 0.2 i

MnO spär — — S s.-il 92.97 . 100.5 »

MgO 1.45 3.59 2.3 Hy Mg S i03 . 3.61 >

CaO 0.98 1.75 1.1 5,38 ^ [ FeSiOj . 1.77 »

Na20 6.46 10.41 6.7 Mt . ................0.62 >

K 20 1.04 1.10 0.7 11 . ................0.27 >

P A 0.10 0.07 — Ap . ....................0.21 »

H ,0+ 0.47 — — S fern 0.48 =

h 2o- 0.12 — — 99.45 >

+ H ,0  =  100.04 4

100.11 90.9 1
Amerikanska systemet: M ariposose.
Osann’s system : s A C F  a c f m n  k T

78.9 7.4 1.1 3.8 12.0 1.8 6.2 7.7 9.1 1.56 0.2

sett en nâgot högre K 20-halt hos analysen i tab. I l l ,  den största 
likhet med analysen av plagioklasgnejsen frân Skakelbacken1 och 
plagioklasgranuliten1 2 frân Länggruvans i  Björnberget hängande. 
Den senare leptitbergarten känföres av J ohansson t i l l  gruppen 
»skarnförande granu lite r» .

Beträffande ifrâgavarande plagioklasgnejs mä vid denna jämförelse 
framhällas, att den endast torde vara att uppfatta som en starkare me- 
tamorfoserad (omkristalliserad) randzon av samma leptitarea, inom 
vilken den omnämnda, natronrika Länggruveleptiten faller. Den 
po lygona la , isometriskakornutbildningenkosleptiten i fraga(»horn- 
felsstrukturen») synes känvisa pâ en kon tak tmetamor f  inverkan 
frân den i liggandet om densamma.uppträdande gnejsgraniten (Jo
hanssons granitgnejs). Under alla forhâllanden är väl denna »pla-

1 1. c., s. 271.
2 1. c., s. 302.
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gioklasgnejs» äldre än gnejsgraniten, och nägot genet isk t  samband 
( ein emellan torde icke existera.1

Analysen i tab. I l l  äger även stor lik lie t med analys av J o h a n s 
sons sgrä, biotitrika plagioklasgranuliter vid Gfrängesberg».3

Tab. IV .
Mörk, jümnkornig natron»-leptit ( liällcflinta») frân liihigandet av Sjögrens 

scliakt-»streeket> i Yxsjöfältet.

%
Mol.
prop. Mol. % Norm '

'
Modus3

S i02 75.31 124.89 80.4 Q ■ .................  40.94 % Kvarts
T i0 2 0.16 0.19 0.1 Or . Plagioklas c:a A bn2 Ans4

11.03 10.79 6.9 Ab . .................  39.60 > B io tit
Fe20 3 2.37 1.48 — An . .................5.29 » (Hornblände5)
EeO 1.69 2.35 2.5 Cor .................1,12 > (K a lc it5)

MnO 0.19 0.26 0.2 — sal 88.40 > T ita n it
MgO 2.22 5,50 3.5

H y
M gS iO j . 5.53 > A pa tit

CaO 1.15 2.05 1.3 Fe S i0 3 . 0.89 >
Na20 4.67 7.53 4.8

6.76 %
Mn S i0 3 . 0.34 »

K 20 0.25 0.26 0.2 M t . ................. 3.42 »
? A 0.07 0.05 — 11 . ................. 0.28 »

Qlödgn.
förlust

1.10 Ap . .................0,15 >

^  fern 10.61 » 

99.01 ï + H 20  etc. =  100.11 %

100.21 90.9

HjO1103 = 0.13 %.
Am erikanska systemet: Y ükonose.
Osank’s system: s A C F a c  f m n  k T

80.5 5.0 1.3 G.2 8.0 2.1 9.9 8.2 9.0 2.02 O.o

Mellan analysresultatet i  tab. IV  och den av J o h a n s s o n  publi- 
cerade, förut omnämnda, analysen av Lânggruve-leptiten i  Björn
berget existerai- även en nästan fullständig likhet. Analysen i 
tab. IV  âterger sammansättningen hos vissa i Yxsjöfältet uppträ-

1 Förf. kan icke underlâta a tt  päpeka det av Johansson omnämnda förhällandet 
(1- c., s. 289— 290), a tt även Jgranuliterna av Exportfä lts-typen», i  liggandet av 
samma gnejsgranit, synas äga en nägot g r ö v r e  k o r n s t o r l e k  hos fältspaten i  »grund- 
massan> än leptite rna i  allmänbet inom andra delar av Grängesbergsomrädet. 

s I. c., s. 291.
3 Bergartens finkorn ighet (c:a 0,03 mm)  försvärar en volum etrisk m ätning (enl. 

R o s iw a ls  metod) av de ingäende mineralens inbördes mängdförhällanden.
* Angiver ett m axim ivärde pä An-halten.
3 Endast anträ ffa t sporadiskt. Bergarten är väsentligen en kvarts-p iagioklas-b iotit-

le p tit.
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(lande, makroskopiskt nästan täta leptiter (»halleflintor»). Därav iram- 
gär att även dessa bergarter äga enlika utpräglad n a tro n r ik  karak- 
tär som de porfyriskt utbildade leptiterna inom ifrägavarande fält.

Analyserna i tab. I l l  och IV  överensstämma även mycket nära 
med de av förf. utförda analyserna av leptiter frän Kamhällsfäl- 
tet1, ävensom med de av H j . S jö g r e n ,1 2 3 N. S a h l b o m  och H. E. 
J ohansson  offentliggjorda anaLysresultaten över dylika leptitberg- 
arter. Med de av I. H ögbom3 publicerade analyserna över Nybergs- 
fältets leptiter är likheten släende.

[Jan.—-Febr. 1922..

Tab. V.

Rödliitt, kalcitföraude »natroiu-leptit (»liiilleilinta») frän Yxsjöfältet.

%
Mol.
prop. Mol. % Norm Modus 6

Si02 57.10 94.70 55.7 Q • . Kvarts

T i0 2 0.10 0.12 0.1 Or . ................1.79 » Plagioklas c:a Ab92 Ans

A1,03 7.37 7.21 4.2 Ab . ................29.51 » K alc it . . . . : 2.76 %

Fe20 3 • — — — An Biotit

FeO 4 5) 2.06 2.86 1.7 H sal 66.00 » Apatit

MnO 0.07 0.09 — Ca C03 ................27.63 »

MgO 0.66 1.63 1.0
D i

Ca S i03 . 0.63 > 
Mg S i03 . 0.17 »

CaO 16.61 29.66 17.5
1.08 Fe S i03 . 0.37 •

Na20 3.49 5.62 3.3 Mn Si03 . 0.01»

K 20 0.31 0.32 0.2 Hy MgSiOj . 1.47 » 
FeSiO., . 3.25 »

0.14 0.10 — 4.82 % Mn S i03 . 0.10 »
C02 12.18 ■27.63 16.3 11 . ................0.18 »

h 2o105° 0.16 Ap .................. 0.31 »
S fem 34.02 » 

100.02 » +  H,0 = 100.18 %

i 100.25 100.0 | l

Amerikanska systemet: Namn fattas.
Os Ann’s system: s A C F a c f  n k

55.8 3.5 0.7 19.5 3.0 0.6 16.4 94.2 1.33

Analysresultatet i tab. V  avviker daremot mycket fran analy
serna i tab. I l l  och IV. Ifragavarande analys atergiver samman- 
sattningen hos en i Yxsjofaltet antraffad kalkig leptit.

1 S. G. U., Arsbok (1915).
2 G. F. F., Bd. 36, 1914, s. 441—484.
3 G. F. F., Bd. 42, 1920, s. 116—117. '
4 Analysens hela Fe-halt ar beraknad som Fe11.
5 Jfr not 3, sid. 59.
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Frân Garpenbergsomrâdet har förf. fönit1 meddelat en analys 
av en dylik, stärkt kalcitförande leptit. Sedan ifrâgavarande ana- 
tys publicerades, har förf. inom nâmnda omrâde anträffat leptiter, 
vilka äga nästan identiskt samma kemiska karaktär som bergar
ten i tab. V  uppvisar.

Beträffande analysen i tab. Y  âr det pâtagligt, att denna icke 
kan représentera en eruptivbergart. Vad Garpenbergsomrâdet be- 
träffar torde icke det ininsta tvivel râda om, att dessa, stärkt 
kalcitförande »hälleflintor», représentera tu ffogena sediment, upp- 
blandade med kalkigt material (tuffiter). Utan tvivel är fôrhàllandet 
detsamma med den analogt sammansatta leptiten i Yxsjöfältet.

Sammanfattas sâlunda resultaten av fôrf:s kemiska undersök- 
ningar av Yxsjöfältets leptiter, b lir slutsatsen alltsâ den, att ifrâ
gavarande bergarter, sâvâl de porfyriska som de jâmnkorniga lep- 
titerna, i stört sett äro extrema natron-bergarter, av samma karak
tär som de, vilka t i l l  största del en uppbygga det nägot östligare 
belägna Grängesbergsomradet. Av forks egna studier synes f. ö. 
tramga, att dylika, n a tro n r ik a  leptiter t i l l  väsentlig del uppbygga 
det vidsträckta leptitdistriktet inom Örebro län. En lig t ben. med- 
delande av Sundius är denna forks slutsats överensstämmande med 
de av honom utförda undersökningarna inom Grythyttefältet.

Bd 44. H. 1— 2.]

yxs jö fä lte ts  am fibo liter.

I  sitt arbete över Grängesbergsomradet framhaller J ohansson,1 2 
att inom de »skarnförande granuliterna» amfiboliter r ik lig t anträffas. 
Aven i Yxsjö trabten aterfinna v i allmänt samma metamorfoserade 
grönstensbergarter, ett förbällande, som ju  emellertid icke är nägot 
specifikt drag vare sig för Grängesbergs- eller Yxsjötrakten, enär 
dylika metamorfa grönstenar, som bekant, bilda ett mycket karak- 
teristiskt inslag i nästan alla mellansvenska leptitomräden.

Amfiboliterna inom Yxsjöfältet äro förut i förbigäende omnämnda 
av Geijer.3 Dessa bergarter äro särskilt väl tillgängliga fö r 
studier i den västra delen av Yxsjöfältet ( jfr  fig. 3).

I  Yxsjöfältet är amfiboliternas geologiska uppträdande fü llt ana
logt med ifrâgavarande bergarters allmänna förekomstsätt inoni 
den mellansvenska leptitformationen i övrigt. De bilda sâlunda 
mer eller mindre mäktiga gängar, vilka i det alla närmaste löpa

1 G. F. F., Bd. 42, 1920, s. 73.
2 1. c., s. 309.
3 Falutraktens berggrund ctc., s. 241.



kon fo rm t med leptitbankarnas allmänna strykning (lagring). Yid 
själva Yxsjögruvorna äga grönstensgängarna som maximum en 
mäktighet av c:a 5 m. Än hälla de sig heit inom den leptitiska 
sidostenen t i l i  kalksten-skarn-»streckem, än kunna de uppträda 
pä kontakten mellan leptitbergarterna och de sistnämnda eller ock 
som parallella lagergängar inuti kalkstenslagren (jfr fig. 4).
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Fig. 13. Struktur hos amfibolit frän Yxsjöfältet. De ljusa falten bestä av pla°-io- 
klas (Ab62An3S, i polariseradt ljus uppdelas de ljusa falten u ti ett aggregat av polygo
nalt begränsade smä körn), de grä partierna bestä av amfibol, de svarta äro omvand- 
lingsprodukter i plagioklasfälten och bestä väsentligen av zoizit (kllnozoizit?) +  epidot.

Forst, .16 ggr. Ordinärt ljus.

Makroskopiskt visa Yxsjöfältets amfiboliter en jämn och täm- 
■ligen fin körnig Struktur. I  de smalare gängarna är stundom även 
en viss skiffrighet framträdande.

Fig. 13 visar den typiska mikrostrukturen hos Yxsjöomrädets 
amfiboliter. I  en matrix av plagioklas ligga tämligen jämnt in- 
strödda, och i alia riktningar orientera.de, vanligen allotriomorft 
begränsade individ av ett, i genomgäende ljus, ljusgrönt horn-
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Wände. Den, i genomgäende ordinärt ljus homogenaplagioklasma- 
trixen loses emellertid i polariserat ljus upp i ett aggregat av smä (c:a
0.05—0,07 mm), rä tlin ig t polygonalt begränsade körn, som ställ- 
Vls visa tvillingstreckning efter albitlagen. I  sädana uppdelade 
plagioklasfält äro de särskilda fältspatkornen klara och fria frän 
omvandlingsprodukter. Da fälten däremot endast partiellt äro om- 
Wistallisationsgranulerade, pläga de icke uppdelade partierna vara 
1 mycket hög grad grumlade av omvandlingsprodukter, bestäende 
av zoizit-epidotsubstans och sericit. De t i l i  synes opaka partierna 
uti fig. iß pestä av nämnda omvandlingsprodukter. I  dylika, icke 
granulerade plagioklasfält, är nägon tvillingstreckning ej tyd lig t 
framträdande.

T ill de ovan uppräknade omvandlingsprodukterna i plagioklas- 
fälten sälla sig även smäfjäll av grönt hornblände jämte körn av 
leukoxen, vilka senare stundom omsluta en opak kärna, sannolikt 
bestäende av ilmenit eller titanomagnetit.

Den klara, tvillinglamellerade plagioklasens sammansättning be- 
stämdes i ett flertal fa ll (maximalutsläckning J_ (010): medeltal av 
10 best. 18°—20°) t i l i  i medeltal Ab02 An.!8. Den icke uppdelade, 
av omvandlingsprodukter grumlade plagioklasen, mäste emeller- 
t id  p r im ä rt hava ägt en mera basisk sam m ansättning, 
s°m pä grund av omvandlingen optiskt nu icke kan närmare 
bestämmas.

Hornbländet, av vilket i  de undersökta proven endast e tt slag1 
lörekommer, är kortprismatiskt och, som nämnt, vanligen utan 
bristallografisk begränsning. I  undantagsfall äro ytorna (110) 
atbildade. Optiska karaktären är negativ, c:y c:a 18°. Pleokroism 
°ch absorption enligt schemat: a (ljust halmgul) <  ß (olivgrün) >  
Y (ljusgrön, med nägon dragning i blägrönt). Hornbländet inne- 
sluter körn av leukoxen med en opak kärna (ilmenit eller titano- 
magnetit?). Invuxna i  hornbländet förekomma även spridda fjä ll 
av en ljusgrön glimmer med rel. svag pleokroism.

Mängdförhallandet mellan plagioklas och hornblände växlar nägot 
1 olika prov. Stundom äro de tillstädes i ungefär lika kvantiteter,
1 andra fa ll överväger däremot hornbländet gentemot plagioklasen.

1 Frän Grängesbergsomrädet beskriver J ohansson (1. c., s. 313) amfiboliter med 
tv ä  slags hornblände: dels ett a l lm ä n t  (»gemeine Hornblände») hornblände, dels en 
c a m m in g to n it  (»klinoanthofyllit»). Även frän »plagioklasgnejserna» och »plagioklas- 
grannliten» (1. c., s. 272) omnämner Johansson »klinoanthofyllit» (cummingtonit). 
Det synes förf., som äro dessa Johanssons »klinoanthofyllit-amfiboliter», betr. Mg- 
IVamfibolens genesis, att jämställa ined de av E skola (Bull. Comm. geol. de Fin- 
lande, N:r 40, sid. 111, 221—225) beskrivna cummingtonit-amfiboliten. A tt märka är, 

även Grängesbergsomrädet äger en annan bergart, nämligen »tväglimmergnejs 
>ned Cordierit» (Johansson 1. c., s. 276), som, enl. förf:s äsikt, t i l l  sin genesis torde 
vara att jämställa med analoga bergarter i  Orijärvi-omrädet.

Bd 4-1. H . 1__2.]
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Den i  amfiboliterna förekommande titaniten uppträder alltid i 
form av smâ rnnda körn eller kornaggregat, vilka icke sällan, 
som nämnt, föra en opak kärna av ilmenit? eller titanomagnetitr1 
Titanitens sekundära natur torde i dessa bergarter vara otvi- 
velaktig.

E tt páfallande drag i de undersökta preparaten av Yxsjöfältets 
amfiboliter är bristen pä f r ia  körn av magnetit eller ilmenit. Van- 
ligen är det i  leukoxenkornen, som smâ, opaka kärnor av nämnda 
mineral förekomma. Man torde fâ antaga, att vid grönstenarnas 
omkristallisation ifragavarande malmmineral t i l i  största delen för- 
brukats och ingâtt i  nya mineralkombinationer säsom hornblän- 
de och leukoxen.1

De enda av amfiboliternas mineral, som med en viss sannolikhet 
kunna antagas vara primara, äro den i smâ rundade prismor före
kommande apatiten och mojligen de enstaka korn av svavelkis, 
som i vissa fa ll observerais. Beträffande det sistnâmnda mineralet 
kan det dock även hava sekundärt invandrat tillsammans med 
övriga i  skarnet uppträdande sulfider.

Amfiboliternas i Yxsjôfiiltet kemiska natur.

För undersökning av ifragavarande bergarters kemiska samman- 
sättning uttogs ett stuffprov pâ c:a 2 kg v ik t frân det inre av 
en av de bredaste amfibolitgângarna i Yxsjôialtet och analyserades 
av förf. med i tab. V I  angivet résultat.

Den i tab. V I angivna amfibolitanalysen representerar en gron- 
stenshergart av mera basisk karaktär an de analyserade amfibo
liter,1 2 som J ohansson beskrivit frân Grângesbergsomrâdet. Ana
lysen visar en stor likhet med den av E skola3 utförda analysen 
av intrusiv amfibolit vid Orijärvi. Eör jämförelsens skull âter- 
gives här nedan E skolas [analys (2) vid sidan av analysen i 
tab. V I (1).

Analysen av amfiboliten frân Yxsjöfältet visar en omisskänlig 
likhet med analyser av vissa diabaser och basalter. Under (3) 
sid. 65 är sammansättningen hos en sâdan hyperstendiabas4 angiven, 
och visar denna en stor analogi med här ifragavarande amfibolit. 
Av jämförelsen mellan (1) och (3) torde man vara berättigad säga, 
att analysen i (1) är möjlig för en eruptiv bergart, och att det sâlunda 
icke finnes grundad anledning antaga, det nagon väsentlig föränd-

1 J f r  E sko la , 1. c., s. 125.
2 1. c., s. 314.
3 1. o., s. 109.
4 R osenbtjsch : Elemente d. Gesteinslehre, s. 410.

[Jan.— Febr. 1922.
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Tab. VI.
Iiitriisiv amilbolit f r i l i i  Yxsjöfältet.

%
Mol.

prop.
Mol.

%

Si02 49.42 81.95 50.7 Or .
Ti02 0.25 0.31 0.2 Ab .
Al203 14.31 14.00 8.7 An .
Cr203 — — —
1 e20 3 0.51 0.32 — Di
FeO 9.52 13.26 8.6 20.53
NiO 0.01 0.01 — % .

MnO 0.35 0.4 9 0.3 oy
MgO 10.90 27.04 16.7 22.67

%
CaO 11.68 20.85 12.9 Ol
Na20 1.24 2.00 1.2 8.63
K 20 0.49 0.52 0.3 %

0.15 0.11 Mt .
H20 -t 1.02 — 11 . .
H20 — 0.12 — Ap .

99.97 99.7

N o r m

3.12 %

10.52 >
32.00 »

X sal 45.64 »
|CaSi03 . . 10.51 -
iMgSiOj . . 6.13 .
|FeSi03 . . 3.75 .
iMnSiOj . . 0.14 »

(MgSiOj . . 13.85 »
<FeSi03 . . 8.49 »
(MnSiOj . . 0.33 >
1 Mg2Si04 . . 5.06 >
|Fe2S i04 . . 8.43 >
| Mn2S i04 . . 0.13 »
|N i2Si04 . .

Oö

0.74 t

0.47 »
0.34 >

S fern 53.38 »

H o l l

Hornblende
Plagioklas, c:a Ab62An38
B io tit
T itan it
Apatit

99.02 t  I I20 = 100.16 %

Amerikanska systemet: K edabekasc (nära A uvergnose). 
Osann’s system: s A C  F a c  f  n k  

50.9 1.5 7.2 31.0 0.8 3.G 15.6 8.0 0.93

ring skett i  den ursprungliga bergartens sammansiittning vid 
grönstenens omkristallisation. Nägon sädan pnenmatolytisk pä- 
verkan (bildning av cummingtonit), som E skola1 beskrivit i Ori- 
järvi-amfiboliten künde emellertid icke iakttagas i preparat av det 
bergartsprov, ä vilket analysen utfördes. Därför är emellertid 
icke sagt, att icke cummingtonit kan fürekomma i Yxsjöomrädets
amfiboliter Jiksom ornnämndes vara fallet i  vissa Grängesbergs
omradets.

1 2 3
Si02 ..................................... . . 49.42 50.99 51.31
Ti02 ..................................... 0.65 —
A1203 .................................. ... 15.18 13.64
Fe203 ............................... ... . 1.87 0.52
Cr203 ..................................... 0.08 —

1 1. c., s. 111, 221—225. 
5—220270. G. F. F. 1922.
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1 2 3
FcO . 9.52 8.09 8.49

NiO . 0.01 Spâr -

MnO . 0.35 0.18 Spâr

MgO . . 10.90 10.00 12.73

CaO . 11.68 8.60 12.41

Na,0 . 1.24 2.67 1.40

K ,0  . 0.49 0.38 0.32

P20 5 . 0.15 — , —

H 20 + 1.02 0.95 —
S 0.68 —

I I 20 . 0.12 0.10

99.97 99.82 100.82
S A C F n a c f k

1. 50.9 1.5 7.2 31.3 8.0 0.8 3.6 15.6 0.93

2. 53.7 3.0 6.3 27.7 9.0 1.5 3.5 15.0 0.92

3. 51.07 1.45 6.43 33-17 8.6 1 3 16

L e p tite rn a s  och  a m ü b o lite rn a s  i  Y x s jô fà lte t  p r im â ra  n a tu r .

I  sin avbandling 1 over Gràngesbergsomrâdet sammanfôr J ohans
son, som bekant, leptitbergarterna (»granuliterna») och amfiboli- 
terna t i l l  ett genetisk t h e lt; bâda anses vara m agm atiska dif- 
ferentionsprodukter in situ ur samma magma, som aven utdifferen- 
tierat m a lm ena, ska rnbe rga rte rna  och ka lkstenarna.

Det résultat, som fôrf. kommit t i l l  betràffande fôrhâllandet mel- 
lan leptiter och amiiboliter i  Yxsjôfàltet — sâledes aven i Grân- 
gesbergsomrâdet1 2 och i den mellansvenska leptitformationen i all- 
mànliet — stôder sig i  frâmsta rummet pâ ingâende detaljstudier 
av dylika bergarter inom Garpenbergs leptitbâlte, dar amiiboliter 
och leptiter forekomma tillsammans pâ ett med Yxsjô- och Gràn- 
gesbergsomrâdet fullkomligt analogt sâtt. Dessa iakttagelser, som 
i det fôljande komma att relateras, visa, att fôrhâllandet mellan 
amiiboliter och leptiter icke kan tolkas sâ, som kommit t i l l  synes 
i J ohansson’s Grângesbergsmonograii.

Vad nu forst Yxsjôleptiternas primara tillstând betrâffar har redan 
vid beskrivningen av deras mikrostruktur framhâllits de fakta, 
som avgjort tala for, att bergarterna ifrâga icke kunna représen
tera nâgra stelningsbergarter. Darpâ hânvisa de relikta, k la s tis k a  
strukturdragen, den tydliga vâxellagringen av tâta, jâmnkorniga

1 1. c., s. 318—319.
2 Forf. har speciellt studerat amfiboliternas upptrâdande u ti jporfyrgranuliterna> 

yid  Gràngesberg.
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°ch porfyriska bergarter samt den variabla »strökornss-fördelning, 
som de porfyriska bergarterna visa.1 Det mycket varierande mängd- 
iörhällandet mellan kvarts ocb plagiokias i säväl »grundmassa» 
som bland »strökorn» — ibland bestä »strökornen», som förut nämnt, 
nästan uteslutande av fältspat, i andra fa ll t i l i  övervägande del 
av kvarts — är även ett i hög grad anmärkningsvärt drag och 
talar icke für homogena stelningsbergarter. Tillkomma slutligen 
de inlagrade kalkstens-bergarterna, vilka i  vissa fa ll fullständigt 
Överförts t i l i  flusspat-rika, scheelit-förande hedenbergit-, ändra- 
dit- och amfibolskarn, vilka omöjligen kuDna utgöra nägra magma- 
tiska stelningsprodukter.

V i hava i  Yxsjöfältets leptiter med säkerhet att göra med ur- 
sprungügen k la s tis k a  kvarts-fältspatbergarter, vilkas utgängsma- 
terial med all sannolikhet är av tu ffogent Ursprung. Huruvida 
dessa bergarters nuvarande höga Na20-halt är primär eller icke, 
är ännu en öppen frâga. Trän Garpenbergsomradet har emeller- 
tid förf. i det föregäende relaterat nâgra observationer, som visa, 
att antagandet, att ifrägavarande leptiters natronkaraktär är p ri
ai är, maste tagas med stör réservation.

Innan förf. övergär t i l i  fragan om amfiboliternas bildningssätt, 
skola fürst beröras vissa drag i amfiboliternas uppträdande, vilka 
J o h a n s s o n  synes tillmäta synnerligen stör betydelse säsom stöd 
för sin differentiationshypotes. Det gäller de fransade, uppsp lit- 
sade kontakter, som beskrivits frän Grängesbergsomrädet,1 2 och, da 
förf. haft tillfä lle  att detaljerat studera fü llt  samma fenomen inom 
Garpenbergsomradet, skall i  det följande en kort redogörelse läm- 
nas för de résultat, som därvid erhallits.

Amfiboliterna inom Garpenbergsomradet kunna anses som fü llt 
typ iska  representanter för dessa basiska bergarter inom den mel- 
lansvenska leptitformationen i allmänhet. Liksom fallet är i  Yx- 
sjöfaltet, uppträda de vanligen även här i form av mer eller mindre 
mäktiga massiv och gangar, löpande konformt med leptiternas 
strykning. Associerade med lagergängarna uppträda dock även 
övertvärande gangar.

Det kan icke räda det minsta tvivel om, att amfiboliterna ifraga verk- 
ligen représentera om kris ta llise ra d e , in tru s iv a  grönstensberg- 
arter.3 Därför tala säväl b ro t ts tycken  av leptit inuti amfiboliterna

1 »Strökorns»-fördelningen är av heit annan natar an u t i de »porfyriska granu li- 
terna» t. ex. v id  Täppan i  Grängesherg. H är torde verkliga k v a r t s p o r f y  re r  föreligga, 
om e f fu s iv a  eller i n t r u s iv a  äterstär a tt avgöra.

2 1. c „ s. 316 -317 .
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som amfiboliternas förhällande t i l i  omrädets sulfid- och järnmalmer. 
Av speciellt intresse är amfiboliternas förhällande t i l i  malmerna. 
Da amfiboliter i form av övertvärande gängar genomsätta en sul- 
fidmalm, t. ex. av Zinkblende, visar det sig, att zinkblendet i  form 
av smala »gängar», inträngt längs kontraktionssprickor i eruptiv
bergarten. 1 Det framgär därav, att zinkmalmen rel. maste vara 
yngre  än amfibolitbergarterna, huru m ycket är däremot oavgjort.

E tt annat intressant förhällande, som här torde förtjäna om- 
nämnas, är en iakttagelse á 80 m av. u ti Kompanigruvan, Rylls- 
hyttefältet, dar en amfibolitgäng ö ve rtvä ra r en järnmalm. U ti 
amfiboliten anträlfades b ro tts tycke n  av skarnjärnmalmen. D e tv ill 
alltsä av dessa förhällanden framgä, som vore amfiboliten nägot 
äldre än sulfidmalmen men nägot yngre än järnmalmen.1 2

Yad beträffar áldern hos amfiboliterna i  Yxsjöfältet, tyder för- 
hällandet mellan amfibolit och skarn därpa, att grönstenen är 
nägot äldre. Av fig. 4 framgär, huru tvenne hedenbergitskarn- 
zoner i  kalkstenen kunna ligga an pä bäda sidor mot en intrusiv 
amfibolit. Detta skulle ju  kunna tolkas sä, a lt grönstenen vid 
intrusionen delat upp ett förut i skarn omvandlat parti av den 
ursprungliga kalkstenen. Emellertid synes det närmast förhälla 
sig sä, att pá bada sidor om den intrusiva amfiboliten, utefter 
kontakten, en lättare framkomlig väg för de skarnbildande agen- 
tierna förefunnits. Eran kontakten utät har t i l i  synes omvand- 
lingen av kalkstenen t i l i  skarn ägt rum.

Yad, som nämnts rörande aldersförhällandet mellan amfibolit och 
skarn, torde även gälla ifräga om den lilla  jä rnm alm zonen i 
kalkstenen ( jfr  fig. 4).

Da de intrusiva3 amfiboliterna inom olika delar av den mellan- 
svenska leptitformationen t i l i  sin sammansättning och sitt geolo- 
giska uppträdaude visa sig i  stört sett analoga, torde man fä an- 
taga, att deras bildningstid i de fiesta fa ll tillhör en och samma 
geologiska epok. Intresset knytes t i l i  frágan, huruvida de in tru 
siva amfiboliterna intruderats u ti leptitformationen före eller e fte r 
dennas uppresning i s itt nuvarande, i  allmänhet branta läge. Förf. 
har icke ännu fünnit en fü llt  säker hállpunkt i  denna fraga. 
Säkert synes emellertid vara, att amfiboliterna deltagit i  genom-

1 I  Dannemora synas analoga förhällanden föreligga.
2 Huruvida det även, g e o lo g is k t talat, räder en äldersskillnad, är ännu en öppen 

fräga.
3 Frän Falutrakten har Ge ijer  (1. c., s. 33—41) beskrivit tuffogena amfiboliter, 

sälunda tillhörande leptitformationens egen bildningstid. Sädana järnmalmsförande 
amfiboliter har förf. señare beskrivit frän Dannemoratrakten (Tekn. Tidskr. Kemi 
o. Bergsv. H. 8. 1918.)



gnpande verkningsrörelser inom leptitberggrunden. Starka bevis 
Qärpä föreJ igga inom Garpenbergsomrádet. Här kan tyd lig t iakt- 
•'agas de kraftiga defo rm ationerna  bos amfiboliterna, varigenom 
arstädes sádana »fingrade» kontakter, som J ohansson beskrivit frán 
rängesberg, uppstátt. Genom d iffe re n tia lrö re ls e r inom leptit- 
er§arterna vid veckningen hava amfibolitlagergängarna a v s lit its ,  

samt leptit och amfibolit med f iik ig a  begränsningar pressats in  
varaudra. Analoga »Knotenpunkte»,1 som av J ohansson angivits 

irán Grängesberg, áterfinnas även inom Garpenbergs-amfiboliterna 
ocb äro här endast de fo rm a tio n ss tru k tu re r (=  sekundära drag)
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hos primärt enhetliga lagergängar.
J ohansson synes uppfatta amfiboliterna« Struktur och mineral- 

sammansättning säsom varande i  huvudsak av prim ärt Ursprung. 
Särskilt framhälles den rel. sura karaktären hos plagioklasen i 
Jämförelse med fältspaten i  verkliga gabbrobergarter (icke om- 
kristalliserade), och avgränsar J ohansson av denna anledning am
fiboliterna som en säregen natronrik grönsteDsserie.

Genom E skola ’s betydelsefulla undersökningar av fü llt analoga 
amfiboliter frän sydvästra Einlands leptitbälte (Orijärviomrädet) 
lorde för första gangen en mera klar inblick erhällits i amfiboli- 
ternas metamorfos. E fter att hava v isa t1 2, att t i l i  varje analys av 
en amfibolit finnes en fü llt jämförüg sädan bland basiska eruptiv- 
bergarter, y ttra r sistnämnda forskare rörande omkristallisationen 
av en basisk eruptivbergart t i l i  en amfibolit: »The composition of 
the amphibolites is quite certainly possible for igneous rocks, and 

the amphibolites were melted an resolidified under volcanic con
dition, the minerals formed would be those which are now found in 
these igneous correlatives. The conversion of these m inera ls 
in to  p lag ioclase and amphibole w ith  some sm all amount of 
t i t a n i t  or ilm e n it  can be regarded as due to in te rn a l read
justm ents by m u tu a l chemical reactions w ith in  themselves.»

Gent emot J ohansson anser sälunda E skola amfiboliternas rel. 
sura plagioklas vara sekundär, och bergarterna ifräga kunna sä
lunda av denna anledning icke inrangeras i nägon säregen natron- 
r ik  grönstensserie.3

Vad amfiboliterna inom Yxsjöfältet (och Garpenbergsomrädet) 
beträffar, är förf. benagen ansluta sig t i l i  E skola’s uppfattning 
beträffande metamorfosen. I  de undersökta preparaten finnes intet 
spar av en primär mineralsammansättning bevarad, likasä icke

1 1. c., s. 316, och fig. 9, s. 316.
)• c., s. 121-122, tab. X IX .

3 Johansson, 1. c., s. 315—316.
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heller av den ursprungliga strukturen. Det synes dftrfor omojligt, 
att med nágon som helst sakerhet faststalla den analyserade berg- 
artens primara mineralsammansattning ocb struktur. En magma 
av den sammansattning, som tab. Y I angiver, skulle enligt »nor
men» vid stelning under ytforhállanden ge en bergart bestáende 
av basisk p lag iok las  (Ab25An73), diopsid, hypersten, o liv in , 
m agnetit, ilm e n it och apa tit. Med undantag av smá relikter af 
ilmenit (i leukoxen) och apatit foreligger emellertid nu en belt 
annan mineralsammansattning.

Det enda drag, som torde vara primart, ar en mera finkornig 
struktur hos de smalare gángarna an bos de mera maktiga, samt 
hos de señare en grovre kornigbet i  gángarnas m itt an vid sal- 
banden. Vid omkristallisationen bar detta primara drag overtagits 
av den nya mineralassociationen.1

[Jan__ Febr. 1922.

Yxsjofaitets Kalkstenar.

Av de Ursprungligen förefintliga kalkstenslagren, vilka fungerat 
som »absorptionsapparater» vid pneumatolysen ocb pä sädant 
sätt betingat malmbildningens lokaliserande t i l i  faltet, finnas, sä v itt 
h ittills  kunnat konstateras, frán skarnvandling bevarade delar kvar 
endast i  västra delen av Yxsjöfältet, inom Norra- ocb Södra Yxsjö- 
gruvornas utmäl (fig. 2). I  den östra delen av faltet, Kvarnas-gru- 
vans utmäl, har däremot det primara kalkstenssubstratet (i form av 
CaC03) fullständigt borteliminerats, och, atminstone delvis, förbru- 
kats för bildningen av ett järn- ocb rel. a lka lirik t amfibolskarn.

Da ett kalkstenslager de lv is  omvandlats i  en kalksilikatbornfels 
(skarn) kan i Yxsjöfältet, liksom i Hera fa ll är förbällandet inom 
den mellansvenska leptitformationen, konstateras, att angreppet 
skett i  riktn ing utifran kalkstenslagrets begränsniug mot leptit- 
sidstenen pä sädant sätt, att t. ex. »hängande» delen av det p ri
mara kalkstenslagret lämnats oberört, under det att liggandet 
överförts i skarn. Aven bar i vissa fa ll skarnbildningen lokalise- 
rats t i l i  kontakten mellan kalksten och intrusiva amfibolitgängar 
(fig. 4).

A t t  skarnomvandlingen av karbonatbergarten förlöpt pá ovan 
angivet sätt torde bero därpa, att vid själva gränsen mellan kar-. 
bonatber'garten och leptitsidostenen eller den intrusiva amfiboliten 
ett mindre motständ för de under pneumatolysen framströmmande 
agentierna (gaser och lösningar) förefunnits. Y id skarnvandüngen

1 Detta gäller även betr. amfiboliterna inom Garpenbergsomrädet.
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av kalksten skedde med all sannolikhet en k o n tra k tio n  1 av voly- 
meib varigenom även tillförselkanalerna utefter kontakterna vid- 
gades. Da, säsom i vissa fa ll observerats, en kvartsmassa uppträ- 
der emellan en i skarn omvandlad del av det primära karbonat- 
lagret ocb en icke omvandlad del, torde detta med all sannolikhet 
fä förklaras sä, att den sista Si02-resten avsatt sig i  en sädan 
kontraktionsrämna mellan den relikta delen av karbonatbergarten 
°ch den i skarn överförda delen av densamma.

bärgen bos Yxsjöfältets kalkstenar äro grävit eller ofta<yt röd- 
^ätt, kornstorleken i undersökta preparat häller sig mellan 0.7—1.3 
mm- Den röda färgen hos karbonatbergarten härrör icke enbart 
av en röd, ferritisk pigmentering hos karbonaten, utan beror även i 
vissa fa ll pä inblandning av rödpigmenterad p lag ioklas.

Aven om det makroskopiskt förefaller, som betydande delar av 
det primära kalkstenssubstratet lämnats heit oberört av de pneuma- 
folytiska processernas päverkan, ger dock en mikroskopisk under- 
sökning upplysning om, att, även t i l i  synes, rena kalkstensvarie- 
teter dock innehälla mineral, som äterfinnas i  de typiskt pneuma- 
tolytiska skarnbildningarna. Sälunda kan tyd lig t späras den kise l- 
syre-, le rjo rd - och a lka li-tillfö rse l, som ägt rum i  faltet linder 
pneumatolysen, i  undersökta preparat av de renaste kalkstens- 
varieteter, som kunnat uppletas.

Bland de mineral, som uppträda i kalkstenarna, äro p lag iok las  
och m ik ro k lin  av stört intresse. Dessa bäda mineral, som icke 
sällan j rel. stör mängd äro tillstädes i  de typiska skarnbild- 
oingarna i faltet (stundom t. o. m. sä rik lig t, att bergarterna skulle 
kunnabenämnas plagioklas—mikroklin—hedenbergit-eller plagioklas 
—mikroklin—alkali järnamfibolfelser) och dar otvivelaktigt äro av 
p n e u m a to ly tisk t Ursprung, mäste även beträffande s itt bildnings- 
sätt i  de rena kalkstensvarieteterna tillskrivas en pneumatolytisk in- 
verkan, en saddition» av Si02, A120 3, Na20 och K 20 t i l i  karbonat
bergarten.

I  de av förf. undersökta preparaten av även de renaste kalk- 
stensprov ses sporadiskt smä (0, l —0,2 mm) rundade, gitterstruerade 
mikroklinkorn, icke sällan heit inneslutna i  kalcitkornen. Nägon 
pertitstruktur framträder icke tyd lig t här; en sädan är däremot, 
säsom vi längre fram skola finna, vackert utbildad hos kalifält- 
spaten i Kvarnäsgruvans alkalijärnamfibolskarn.

1 I  Ryllshyttefältet är detta mycket tyd lig t. Dä pyroxenskarn bildats ur kalksten, 
är detta genomdraget av kontraktionssprickor, ntfyllda med zinkblände. J fr även 
Eskola, 1. c., s. 233.

Bd 44. H . 1— 2.]
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I  vissa av de undersökta preparaten av Yxsjöfältets kalkstens- 
varieteter. inträda kvarts, plagioklas ock mikroklin i sa rik lig  
mängd, att bergarten t i l i  betydlig del bestâr av nämnda mineral. 
Fältspaterna kunna da även na betydligt större dimensioner än 
ovan angivits samt äga stnndom en, âtminstone delvis, väl utbil- 
dad idiomorfi. Exempelvis en rödlätt kalkstensvarietet fräu Bät- 
gruvan, som makroskopiskt föreföll vara en mycket ren karbonat
bergart, visade sig emellertid under mikroskopet vara mycket fält- 
spatrik. Mängdförbällandet mellan plagioklas och mikrolin växlar 
i  olika prov; i  nágra befanns plagioklasen vara nästan allena- 
rädande, men i  allmänhet torde kunna sägas, att vid pneumato- 
lysen t i l l fö r s e ln  av K 20 v a r it  s törre än av Na„0.

Mikroklinfältspaten i  kalkstenarna är antingen gitterstruerad, 
eller ock visar den nágra fá, breda lameller enligt albitlagen. 
Karlsbadertvillingar äro även observerade. I  motsats t i l i  plagio
klasen är kalifältspaten frisk och klar.

G-eijer omnämner1 plagioklas som bestándsdel i  Yxsjöfältets skarn- 
bergarter och angiver hos denna en sammansättning Ab85An15. 
Yid undersökningarna har förf. även funnit plagioklas i kalkste- 
nar och skarn av mera basisk sammansättning än den av G eijer 
angivna; förf:s bestämningar hava nämligen givet värden ända 
upp t i l i  Ab66An34.

Plagioklasen är lamellerad enligt albitlagen, men vanligen är 
lamelleringen otydlig pà grund av omvandlingsprodukter. Sma 
ijä ll av serieit genomväva densamma i alla riktningar, va rtill 
kommer en stärkt dubbelbrytande, tydligen jä rn rik  epidot, samt 
i  vissa fa ll talrika, rundade körn och aggregat av titanit. Anti- 
pertitiska fläckar af gitterstruerad mikroklin förekomma även 
stundom i plagioklasen.

Beträffande den starka epidot- och sericitomvandlingen hos pla
gioklasen i en hel del undersökta slipprov av kalkstenar och skarn 
torde denna fâ tillskrivas en h yd ro te rm a l inverkan under nâgon 
fas av skarnbildningsperioden.

Av íemiska silikat i  kalkstenarna finner man även i t i l l  synes 
rena kalkstensprov allotriomorfa indi vid av pyroxen eller amfibol; 
det sistnämnda mineralet kan stundom med säkerhet bestämmas 
sásom framgánget genom u ra li t is e r in g  av en pyroxen.2 I  vissa 
fa ll ses nämligen den ljusgröna pyroxenen delvis omvandlad i  ett 
mera mörkgrönt amfibolmineral.

1. c., s. 241.
J fr  uralitiseringen hos Kvarnüsskarnet, s. 95—97.
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Gianat av den karaktär, sora närraare kommer att beskrivas i 
samband med granatskarnet, och pblogopitisk glimmer äro även 
närvarande i  Yxsjöfältets kalkstenar.

Sporadiskt anträffas i  de renaste kalkstensprov enstaka körn av 
üe silfider, som uppträda i skarnbildningarna. Flusspat och den 
^ed nämnda mineral nära associerade seheeliten hava sitt säte i 
skarnet och äro icke observerade i  preparat av ren kalksten.

Slutligen böra som beständsdelar i kalkstenarna omnämnas, tita- 
och apatit. Yad förstnämnda mineral beträffar uppträder det 

1(]ke sällan i  form av korngyttringar i plagioklasen. Idiomorfi hos 
titaniten är endast i ett fa ll ob'serverad.

Da det av titanitens uppträdande framgar, att den är sekundär, 
°ch da de renare kalkstensvarieteterna äro mera fattiga pä titan it 
än de mera silikatförande, torde med stor sannolikhet kunna an- 
fagas, att kalkstenarnas T i0 2-halt, ätminstone t i l l  en del, är »adde- 
rad» vid pneumatolysen.

Fosforsy rehalten i  de mera rena kalkstensvarieteterna är den 
för urkalkstenar nórmala (tab. V II, N:o 1). I  de mera silikatrika 
synes P2Oä-halten stiga (tab. V i l,  N:o 2). U ti det ur kalksten 
framgängna skarnet (tab. X, X I I I )  är P20 3-halten ännu avsevärt 
högre än i de silikatrika kalkstenarna. Huruvida detta señare far 
tillskrivas en »addition» av P2Oä eller beror pa en anrikning av 
kalkstenens primara P20 3-halt, torde vara omöjligt att med säker- 
het fastställa.

Yxsjöfältets kalkstenar föra endast i  ringa mängd dolomitspat. 
I  detta avseende avvika de mycket Iran karbonatbergarterna inom 
andra snlfidförande omráden. lnom Garpenbergsomrádet t. ex. 
äro do lom itiska  ka lks tena r och rena do lom ite r loka liserade 
f i l l  su lfidm alm sförande omráden, under det a t t  u ta n fö r 
dessa m ycket rena ka lks ten a r konstant uppträda. Det v ill 
här framgä, som den MgO-tillförsel, vilken maste hava skett för 
att ur en MgO-fattig eller MgO-fri leptit bilda en sä magnesiarik 
bergart som en biotitalmandinfels, även páverkat kalkstenarna 
inom samma omräde. Dylika förhallanden äro däremot icke konsta- 
ferade inom Yxsjöfältet.

Den ringa mäDgd MgO, som fanns disponibel vid skarnbildnin- 
gen, gjorde, att säväl pyroxen som amfibol i Yxsjöfältet äro MgO- 
fattiga.

Av Yxsjöfältets kalkstenar äro tvá analyser utförda av förf. 
(tab. V II, N:o 1 och 2). N:o 1 representerar sammansättningen 
hos en av de renaste kalkstensvarieteterna, N:o 2 hos en silikat- 
i ik  sádan.

Bd 44. H . 1— 2.]
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Tab. V II.

Kalkstenar frän Yxsjöfiiltet.

[Jan.— Febr. 1922.

N:o 1 N:o 2
% %

Si02 ...................................................  3.15 30.70
Ti02 ...................................................ej best. ej best.

A120 3 ...............................................  1.10 5.38
Fe20 3 ...............................................  0.13 1.89
F eO ...................................................  0.48 0.09

M nO ........................................... .. . 0.15 0.15
M gO ...................................................  1.09 0.71
C a O .......................................................  53.64 33.20

N a , 0 ...............................................  0.12 1.78
K 20 ...................................................  0.52 1.55
P2Oä ...................................................... O.oio 0.060
Glodgn.förl......................................... 40.16 25.03

100.55 100.54

I I 20 + 1 0 5 0 .......................................  0.11 0.06

N:o 1. Ljusgrä kalksten frän SmedgruvaD. För sporadiskt 
runda kvartskorn, gitterstruerad mikroklin, pyroxen, phlogopitisk 
glimmer och apatit. I  HCl, sp.v. 1.19, olöst’ 5.i9 %.

N:o 2. Rödlätt, plagioklas- och mibroklinförande kalksten frän 
Bätgruvan. Für enstaka amfibolprismor, (uralitiserad hedenbergit?) 
och granat. I  HCl, sp.v. I . 19, olöst 40.76 %.

T ill de tvä fullständiga analyserna i tab. Y I I  kunna läggas föl- 
jande, av gruvförvaltningen benaget meddelade, bestämningar av 
CaC03 (beräknad ä funnen CaO-balt) i  Yxsjöfältets kalkstenar.

1. CaC03 96,4 7 % (generalprov).
2. » 85,13 »
3. » 83,4 »

Y x s jö fä lte ts  s k arn b erg a rte r.

Det räder en rätt väsentlig olikket mellan skarnbergarternas 
petrografiska karaktär i den västra och östra delen av Yxsjöfältet. 
I  den västra delen, Norra- och Södra Yxsjögruvans utmäl ( jfr  fig. 2), 
kan skarnet huvudsakligen karakteriseras som ett sulfid- (och 
scbeelit-)förande, flusspatrikt hedenbergit- eller, heit underordnat, 
andradit-skarn, under det att i östra delen av omrädet, i  Kvarnäs- 
»strecket», uteslutande ett sulfid- (och scheelit-) samt flusspatförände,
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rel- alkali- och ja rnrik t amfibolskarn upptrader. Vid en petro- 
grafisk beskrivning av Yxsjof&ltets skarnbergarter kunna darfor 
dessa indelas i  foljande slag:

Hedenb erg itskarnet.
A n d ra d i l  skarnet.
A lk a lij& rn a m fib o ls k a rn e t.

Ilcdenberffitskarnet.

I  sitt arbete Over kontaktmetamorfosen u ti Kristianiafaltet har, 
som bekant, Y . M . G o l d s c h id t 1 pávisat den stora roll, som heden- 
b e rg itis k  pyroxen i  allmanhet spelar u ti de pne u raa to ly tisk t 
bildade skarnbergarterna. Under det att i  de, genom norm al kon- 
taktmetamorfos bildade, pyroxenforande bornfelserna i Kristianiafal
tet ingár en pyroxen av sa litens  sammansattning, d. v. s. hállande 
ungefar lika mangder av diopsid- ocb hedenbergitsilikatet, ar dar- 
emot uti den genom substanstillforsel bildade pyroxenen i de egent- 
%a skarnbildningarna hedenbergit-silikatet det overvagande.

I  fullstandig overensstammelse med detta forhállande i K risti- 
aniafaltets, pá pneumatolytisk vag bildade, skarn upptrader aven i 
Yxsjofaltet ett u tp ra g la t bedenbergitskarn, som redan namnt, helt 
forlagt t i l l  faltets vastra del, Norra- och Sodra Yxsjogruvans utmal. 
Det torde, vad sával pyroxenens bait av hedenbergitmolek'yler 
( jfr  tab. V II I)  som dess stora individutbildning betraffar (fig. 14), 
icke Annas nágon svensk fyndighet, som darmed kan jamforas, och 
aven i namnda avseende torde vid en jamforelse med Kristiania- 
faltets ocb andra typiska, utlandska kontaktomradens pneumato- 
ly tisk t bildade hedenbergitskarn Yxsjoskarnet fu llt  kunna jam
foras. Av Y . M . G o ld s c h m id t ’s undersokningar synes framgá, att 
bedenbergiten u ti Kristianiafaltet i stort sett icke upptrader i  sá 
stora indi vid, som allmant ar fallet i Yxsjofaltets bedenbergit
skarn.

Som forut anforts omnamner D a n ie l  T il a s  i Yxsjofaltet fore- 
komsten av »svart blandablyt hornberg», och mojligen avses med 
detta uttryck det svarta, grova hedenbergitskarnet.

Vad som h ittills  ar kant riirande pyroxenens karaktar uti Y x
sjofaltets skarn harror frán G e ij e r . Pá grund av Ijusbrytnings- 
bestamning 1 2 (y >  1,730) uppgiver namnda forskare en FeO-halt av 
m ins t 18 % hos skarnpyroxenen. Sasom langre fram skali visas,

1 Die Kontaktmetamorphose im Kristianiagebiet. Videnskapsselsk. Skr. I. Math.- 
Naturw. K l. N:o 1, 1911.

2 1. c., s. 241.
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är denna uppskattning av pyroxenens FeO-halt icke för hög; den 
kemiska analysen av pyroxenen visar tvärtom, att FeO-halten 
torde i allmänhet vara c:a 4 % högre än det minimum, som an- 
givits av (t e u e r .

Yxsjöfältets hedenbergitskarn karakteriseras, som nämnt, av en ofta 
betydlig storlek hos de särskilda pyroxenindividerna. Det är icke 
sä ovanligt, att dessa kunna äga en längd av upp t i l i  1 dm. och

[Jan.— Febr. 1922

Fig. 14. Hedenbergit i grovspatig ka lc it (omkristalliserad kalkstenssubstans) fr&n 
Finngruvorna i  Yxsjofaltet. C:a a/s nat. storlek.

darover samt i genomskarning (_L prismazonen) na en storlek upp 
t i l l  1 a 2 cm. ( jfr  fig. 14).

Hedenbergitprismorna ligga i  skarnet riktningslost (massformigt) 
orienterade. Som fyllnadsinassa mellan de i alla riktningar stallda 
hedenbergitkristallerna ligga skaruets ovriga bestandsdelar: kvarts, 
flusspat, scheelit, plagioklas (epidot, sericit), mikroklin, granat, 
magnetit, sulfider samt apatit.

Pyroxenens farg ar .makroskopiskt nastan becksvart ( jfr fig. 14), 
vilket redan detta tyder pa en hog FeO-halt hos mineralet. Under
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mikroskopet b lir färgen l j  usgrön med svagt framträdande pleo- 
kroism.

I  prismazonen begränsas hedenbergiten av ytorna a (100), b (010) 
°ch stundom m (110). Däremot saknar hedenbergiten vanligen 
terminala begränsningsytor. I  nagra fa ll observerades dock c (001). 
En tä tt upprepad avsöndring | j c (001) är oftast markerad.

Utsläckningsvinkeln c : y bestämdes i ett flertal snitt. Följande 
värden erhöllos därvid: 45°, 40°, 47°, 47°,5, 49°, 50°. Dubbelbryt- 
ningen är positiv, 2 V c:a 56°—60°, svag dispersión: g > v  omkririg 
den spetsiga vinkeln y.

Eör att erhalla kännedom om pyroxenens sammansättning ut- 
plockades möjligast rent material ur centimeterstora hedenbergit- 
individ och analyserades med i tab. V I I I  angivet resultat.

Tab. V III.
Hedenberg-it frän Báigriivan i Yxsjöfältet.

%
Si02 .....................................................................  48.02
T i02 ...............................................................................  _
A120 3 ...............................................................................  0.80

...............................................................................  2.37
f e O ...................................................................................22.06
M n O ...............................................................................  2.94
M g O ...............................................................................  1.20
C a O ...................................................................................22.70
Na20 ............................................................................... —
K20 ...............................................................................  0.28
Olödgn. fö rl..................................................................... 0.31

100.68
H20 + nu0 0,22 %

Hedenbergitsilikat: Ca(Fe,Mii)Si20 6 . . .

Mol. prop.
0.7963

0.0078)
0.01481
0.30721

0.0226

0.0414 i 0.3783
0.02971

0.4053

0.0029 }
0.0029

mol. %.

Diopsid- » : CaMgSi20 „ ....................................» 7.4 » >
Sesquioxidmolekyler.......................................................  > 5.6 » »

lOO’O mol. %.

Ur analysen kan approx, beraknas, att pyroxenen halier c:a 87 
mol. % av hedenbergitsilikatet. Den synes dock endast i  ringa 
m&ngd innehalla alkalipyroxenmolekyler.

Det ar av intresse att jamfora analysen i tab. V I I I  med ana
lyser av hedenbergit fran andra, typiskt kontaktpneumatolytiska 
skarnbildningar. I  efterfoljande tab. IX  ar darfor en samman- 
stallning gjord, utvisande pyroxenens sammansattning i  en del 
sadana skarn.
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Tab. IX .

1 2 3 4 5 6 7 8 9

S i02 ........................ 48.02 53.28 49,06 49.00 48.28 48.40 47.50 49.56 47.13

a i20 3 .................... 0.80 1.16 0.19 0.91 0.68 3:66 5.03 1.14 —
Fe20 3 . . . . . . 2.47 — — 2.85 3.23 — — — -

F e O ........................ 22.06 21.07 26.23 17.24 15.88 20.81 23.29 23.76 24.46

M nO ....................... 0.84 6.04 8,52 7.94 4.65 2.60 1.48 0.73

M gO ........................ 1.20 3.81 3.42 1.34 2.22 1.20 0.49 1.64 2.40

CaO . . ................ 22.70 17.46 11.36 21.30 22.16 22.20 20.17 22.13 23.23

Na20 .................... — — — —
0.10

— —
1 0.45

0.98

K jO ........................ 0.28 — — — — — 1 0.13

G. F .1 .................... 0.31 0.44 2 0.38 — — — — 1.08

100.68 08.06 99.68 101.16 100.71 100.92 99.08 100.16 100.14

1. Hedenbergit frän Yxsjöfältet.
2. Hedenbergit frän Nysaeter, Grna, Hadeland. Goldschmidt, 1. c., s. 343.
3. Mangan-Hedenbergit, Campiglia (G. v. R a th , Zeitschr. d. d. geol. Ges. 20, 1868, 

s. 335).
4. Mangan-Hedenbergit, Dognaczka (H id d e n , Zeitschr. f. Kryst., 8, 1884, s. 533, 

Eef.).
5. Mangan-Hedenbergit, Dognaczka (L oczka, Zeitschr. f. Kryst.. 11, 1886, s. 262, 

Ref.).
6. Hedenbergit, Sasagatani (N obuyo F u k u c hi, Beiträge zur Mineralogie von Japan, 

December 1907, N:o 3, s. 75—110).
7. Hedenbergit, Yanagigaura (N obuyo F u k u c iii. 1. c.).
8. Hedenbergit, Obira (Nobuyo F u k u c h i, 1. c.).
9. i  > ( »  > > > ) .

Av tab. IX  framgär, att hedenbergiten i  Yxsjöfältet synes vara 
rikare pä mangan än Kristianiafältets hedenbergit, ävensa torde 
halten av hedenbergitsilikat genomgäende vara högre i  Yxsjöiältet. 
Av de i  tab. IX  anförda analyserna visa särskilt 7 och 8 stör 
överensstämmelse med hedenbergitanalysen frän Yxsjö.

Den i  hedenbergitskarnet uppträdande kvartsen är stundom myc- 
ket r ik lig  och uppfyller en del av rammen mellan hedenbergit- 
individerna. Färgen är glasigt v it t i l i  gräblä. Den innehäller 
r ik lig t vätskeinneslutningar, hos vilka allmänt iakttages en rörlig 
libell.

Kvartsen synes vara den sista kristallisationsresten ur de »adde- 
rade» gaserna och lösningarna. Da den i mänga fa ll förekommer 
tillsammans med mycket flusspät, torde kvartseD, ätminstone del- 
vis, hava tillfö rts i  form av fluorkisel, som med kalksten omsatts 
t i l i  f r i kiselsyra (kvarts) och fluorkalcium (flusspät) enl.: 1 2

»

►

1 Glödgn. förl.
2 I I aO.
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SiF4 + 2CaC03 =  Si02 + 2CaF2 + 2C02.

Ed del av kvartsen torde aven transporterats i losningar i señare 
stadier av kontaktmetamorfosen.

Alla skarnbergarter i  Yxsjofaltet, sá aven hedenbergitskarnet, 
ntniárkas genora en sallan felande oeh vanligen rel. bog halt av 
busspat. Hedenbergitskarnets ñusspat ar t i l l  fargen vanligen ljus 
t i l l  vingul t i l l  skillnad frán amfibolskarnets i  Kvarnásen, som 
bastan genomgáende ar violettfargad. Pa samma satt som kvart- 
seD. t'yller flusspaten rummen mellan hedenbergitindividerna.

Aven scheeliten utfyller kálrummen mellan hedenbergitkristal- 
terna (fig. 15). Detta minerals forekomstsatt kommer att mera ut- 
forligt behandlas i det foljande.

15. Scheelit u ti bedenbergit-flusspatskarn frán Smedgruvan i Yxsjofaltet. Det 
fittsa scbeelitmineralet, som delvis visar antydan t i l l  idiomorfi (111), sitter i  rammen 

mellan grova hedenbergitindivid.

Hedenbergitskarnet ar aven stallvis r ik t pá plagioklas. Falt- 
spaten sitter vanligen, liksom de ovan namnda mineralen, u ti 
rummen mellan hedenbergitkristallerna. Fargen ¿ir rodaktig, och 
mineralet kan vid hastigt páseende tagas for derb granat.

Under mikroskopet upplosas de i páfallande ljus enhetliga pla- 
gioklasfalten i  ett aggregat av mindre, oregelbundet begransade
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körn, vilka äro ñúlsatta med srnâ f jä ll av en sericitisk glimmer. 
D ä rtill kommer som nybildningsprodukt i plagioklasfälten en stärkt 
dubbelbrytande (järnrik) epidot, i  vissa fa ll med orthitkärna.

Säväl sericit som epidot torde, som redan nämnt, utgöra pro- 
dukter av en h yd ro te rm a l inverkan pä plagioklasen under nâgon 
señare del av kontaktmetamorfosen.

Plagioklasens lamellering enligt albitlagen kan stundom skönjas 
genom de talrika sericitinterpositionerna. I  Hera snitt bestämdes 
maxim ala utsläckningsvinkeln _L (010.) Därvid erhöllos värden vari- 
erande mellan Ab66An3ł och Ab63An37.

En vackert gitterstruerad mikroklin uppträder även stundom i 
hedenbergitskarnet, dock synes nämnda fältspat vara mest karak- 
teristisk för och förekomma rikligast i Kvarnâsens alkalirika horn- 
bländeskarn. V i äterkomma t i l l  mikroklinens sammansättning 
längre fram i  samband med beskrivningen av amfibolskarnet.

Den i hedenbergitskarnet förekommande granaten är av den 
sammansättning, som angives vid redogörelse för granatskarnet i 
det följande.

För snlñdernas förekomstsätt och mängd i  hedenbergitskarnet, 
liksom i fältets övriga skarnbergarter, redogöres längre fram sär- 
skilt.

Hedenbergitskarnet för icke sällan rester av det primara karbo- 
natsubstratet i  form av grovspatig, omkristalliserad, v it kalkspat, 
vilken pä samma sätt som kvartsen sammankittar de särskilda 
hedenbergitindividerna ( jfr  fig. 14).

I  fräga om skarnbergarternas apatithalt har redan vid beskriv- 
ning av fältets kalkstenar framhällits, att P ,05-halten synes stiga 
med tilltagande silikathalt hos dessa, men att det icke med säkerhet 
kan avgöras, huruvida detta förhällande fâr tillskrivas en anrik- 
ning av kalkstenslagrets primara fosforsyrehalt eller beror pä 
ytterligare »addition» av P,05 under pneumatolysen.

För att erhâlla en uppfattning av de väsentliga bestandsdelar, 
som tillfö rts  det primara kalksubstratet för bildning av ett heden- 
bergitskarn, utvaldes ett prov (c:a 2 lg .)  av ett plagioklasrikt 
hedenbergitskarn och analyserades av förf. med i  tab. X  angivet 
résultat.

För att bilda ett skarn av denna sammansättning ur en karbo- 
natbergart ( jfr  tab. V II)  har med säkerhet en tillförsel mast ske 
av bl.°a. SiO,, A1203, Fe, Na.,0 och K 20. Skarnbergartens rel. 
höga MnO halt torde däremot med största sannolikhet härröra frän

[Jan.— Febr. 1922.
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Tab. X .
Plagioklas-hedenbergitfels frân Bfttgriivaii i Yxsjöfältet.

% Mol. prop. Sammansättning:
Si02 . . 79.05 Kvarts
T i0 2 . — Hedenbergit
Ab 0 3 ............................... 7.53 Andesin 1 AbC6An.
ï e . O , ........................... M ikroklin
FeO j-17.37 24.19

Andradit
MnO . 3.27 Kalcit
MgO . . . . 3.20 Apatit
CaO 34.17
Na20 . 2.88
K aO . 0.97

....................... . . 0.10 0.07
Glödgn. for]....................

!>!).37
H20 no“ 0,24 %

MnO-balt i  karbonatbergsten. 1 2 Pâ samma sâtt torde det fôrhâlla 
sig med MgO-halten. Nâgon tillfôrsel av magnesia (dolomitisering) 
kan nâmligen icke konstateras i  Yxsjôfâltet.

Av idiomorfifôrhâllanden torde fôljande slutsatser kunna dragas 
i  frâga ôm de i bedenbergitskarnet ingâende s ilika te n s  rel. âlders- 
fôrhâllanden. Hedenbergiten synes vara àidst, darnast komma i 
ordning: andradit, plagioklas och mikroklin. Kvartsen ar, som 
Dâmnt, den sista kristallisationsresten.

Ândraditsknrnet.

Som underordnad bestândsdel fôrekommer andradit i  savâl heden- 
bergitskarnet som i Ivvarnâsgruvans amtibolskarn. I  vissa delar 
av Yxsjôfâltet, dock aldrig observerat av fôrf. i Kvarnâsgruvan, 
kan andradit nâstan uteslutande sammansâtta skarnet. I  hângan- 
det av Smedgruvans skarn-»streck» upptrâder sâlunda ett andra- 
ditskarn. Betraktas Yxsjôfâltet i  sin helhet, trader dock andradit 
kvantitativt helt tillbaka for bedenbergit ocb atnfibol.

F ie ra  forskare sâsom J. F. K emp 3 ocb Y. M. G oldschmidt4 bava 
pâvisat, a tt  a n d r a d i t  â r e tt k a ra k te r is tis k t m inera i fo r de p n e u m a -

1 For inneslutningar av sericit och epidot (med ortliitkarna).
2 Goldschmidt har, som bekant, konstaterat en tillfôrsel av m angan vid pneuma- 

tolysen i  Rristianiafàltet, 1. c., s. 214—215.
8 Economie Geology II. 1907.
4 1. c., s. 220—220, 308—379.
6—220270. G. F. F. 1922.
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t o ly t is k t  bildade skarnbergarterna. G o ld s c h m id t  betecknar sâiunda 
bedenbergit och andradit soin »ledmineral» (Leitmineralien 4) for 
fyndigheter bildade genom metasomatisk pneumotolys.

Med stod av en, av M auselius utfôrd, analys harGEUER1 2 visât, 
a tt a n d r a d i t  ar e tt ka rak te ris tisk t minerał fo r det flusspatrika 
granatskarnet i  Kallm oragruvan, och i  samma arbete3 antager 
nâmnda forskare, a tt aven den i Yxsjoskarnet forekommande gra- 
naten ar en andradit.

Forf. har i en uppsats 4 sokt utvidga kannedomen om samman- 
sâttningen bos granaten i de mellansvenska malmfyndigbeternas 
skarnbergarter. Denna undersokning, vilken fôrf. i det foljande, 
i  samband. med en jamforelse mellan Yxsjôfâltets granat-pyroxen- 
skarn och vâra ovriga mellansvenska fyndigheters, skali utvidga 
med nâgra nya granatanalyser, gav t i l l  résultat, att granaten i 
allmanhet ar andrad it, endast de manganrika jarnmalmerna av 
»Viker-*(»Dannemora-»)typen» visade sig aga en Jerjordshaltig, 
spessartin -a lm and in  granat.

De av I .  H ogbom5 publicerade analyserna av granaten i Nybergs- 
faltets skarn bekrafta fullstandigt forf:s slutsatser betraffande 
granatens sammansattning i  allmanhet i fyndigheter av dylik 
natur.

Det vore sâiunda, sâsom Geijer  aven antagit, à priori att vanta, 
att i  en sa typisk pneumatolytisk bildning som Yxsjoskarnet ar, 
den forekommande granaten aven skulle vara en dylik utprâglad 
andradit. En analys (tab. XI), som forf. utfôrt â Yxsjogranat, 
visar emellertid, att i denna granat grossularsilikatmolekylen upp- 
trader i  rei. stôrre mângd an andraditsilikatet.

A tt  sâiunda Yxsjogranaten, gent emot vad som skulle kunna 
vantas, âr i hog grad lerjordsrik, torde bero darpâ, att i detta fait 
tydligen en betydande mângd A1203 tillfo rts vid pnenmatolysen. 
Darom vittnar aven rikedomen pâ fâltspat i skarnet.

A n d ra d it med hog inblandning av grossularsilikat âr emellertid 
aven kând frân  typ iska kontaktpneum atolytiska skarnbildningar. 
I  nedanstâende tab. X I I  âtergivas for jâmfôrelsens sku li nâgra 
liknande granatanalyser.

Kristianiafâltets andradit synes i allmanhet icke âga en sa be
tydande lerjordshalt som Yxsjôfâltets. Dock fôreligga analyser, 
som visa, att aven dar, speciellt i trakten av Konnerud, mycket

1 1. c., s. 223.
2 Falutiaktens berggrnnd etc., s. 239.
3 1. c., s. 211.
* G. F. F., Bd. 11, s. 61—87.
6 Gr. F. F., Bd. 42. s. 157.
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Tab. X L
Andradit frân Sinedgruran i Yxsjôfiiltet.

Si02 .
%

. 38.34
Mol. pro

0.6358
P-

> 0.6362T i0 2 . . 0.03 0.0004
a i2o3 . 14.43 0.1411

• 0.2125PejOj . . 11.40 0.0714
PeO . 1.01 0.0140 r
MnO 5.82 0.0821

» 0.6135MgO . 1.37 0.0339
CaO . 27.08 0.4835.
Na20 — _
K 20 . 0.10 O.ooio
Glëdgn. förl......................................... 0.57 —

I l  I I I
RO : R20 3 : (Si, T i)0 2 =  

Grossularsilikat . .
2,99 : 1 : 2,89

100.15

Andradit- » . . . . . »  34.9 » »
Spessartin- » . .
Almandin- > . . . . . »  2.3 »
Pyrop- » . . . . .  » 5.5 » »

1

Tab. X I I .

2 3

100.0 mol. % 

4 5
S i02 . ................................38.34 39.7 44.5 38.9 35.00
T i0 2 . ...............................  0.03 — — — •T“-
A1203 . ............................... 14.43 13.1 10.2 12.1 8 0 .0

Pe20 3 ................................11.40 17.2 18.2 19.8 17.00

PeO . . ...............................  1.01 — — — —
MnO ...............................  5.82 — — — 3 50

MgO . ................................ 1.37 spâr — 1.6 —
CaO . . ............................... 27.08 30.3 27.0 27.7 30.50

Na20 . ................................ — — — — CaCO, 6.00

K ,0  . . ...............................  0.10 — — - - —
G. P. . ...............................  0.57 — — — —

100.15 100.3 99.9 100.1 100. oo

Andradit frân Yxsjöfältet.
Andradit frân Elba (San Piero, D’A c h ia r d i, Boll. R. Com. geol.d’Ita l. 1871, s. 166). 
Andradit frân Elba (San Piero, D’A c h ia r d i, 1. c.).
Andradit frân Sorano, Campiglia Marittima, Toscana (D ’A c h ia r d i, 1. c.). 
Andradit frân Kristianiafaltet (Konnerud). Goldschidt, 1. c., s. 374.
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lerjordshaltig andradit kan upptrada i  de pneumotolytiska skarn- 
bergarterna (tab. X II ,  5).

E tt  prov, yagande c:a 5 kg., av det makroskopiskt mest rena 
andraditskarnet fran hangandet av Smedgruvan anvandes for ke- 
misk analys och mikroskopisk undersokning. Forf. fann daryid 
den i  tab. X I I I  angivna kemiska sammansattningen, varnr den i 
gamma tab. anforda mineralsammansattningen ar beraknad. Den 
senare overensstamde rei. val med de varden, som erhollos genom 
volymetriska matningar enl. E,o s iw a l ’s, metod.

Tab. X I I I .  1

% Mol. prop.’ Beräknad sammansättning.

S i02 . . . . 41.52 68.85

T i0 2 . . ■ . . 0.05 0.06 Kvarts 1.47 %

ARO., . . . . 13.57 13.27 M ikroklin  12.55»

Fe20 3 . . . . . 8.95 5.60 Plagioklas 7-61 *  Ab82 An18

FeO . . . . . 0.32 0.44

MnO . . . . . 4.45 6.27 Andradit 71.44$

MgO . . . . . 0.57 1.41 K alc it 6.61 >

CaO . . . . . 24.74 44.17 Apatit 0.37»

Na20 . . . . . 0.74 1.19 1C0.05 %

K 20 . . . 2.12 2.25

P A  . . . . . 0.18 0.12

c o 2 . . . . . 2.91 6.61

H2O + 110° . . 0.11 —
100.23

Ur analysen är följande sammansättning bos granaten beräknad.
% Mol prop.

S102 ................................ ................ 37.78 0.6265 • 0.6272
T i0 2 ............................ ................ 0.06 0.0007 I
AI O ............. ................ 13.37 0.1308

> 0.2093
•̂ e2^3....................... ................ 12.53 0.0785

FeO ................................ ................ 0.45 0.0002

M n O ............................ ................ 6.23 0.0878
> 0.6277

................ 0.80 0.0198

CaO................................ ................ 28.78 0.5139

Y i finna alltsä aven av
lOO.OO

denna beräkning, a tt granaten är en
andradit med c:a 62,5 mol. % inblandning ay gross  u l a r  silikatet.

Fig. 16 v il l giva en inblick i  andraditskarnets struktur. Andra- 
diten fürekommer säsom c:a 0,2 mm stora individ med avrundad romb-

1 Mol. prop, x 100.



dodekaederform, inbäddade i ett cement av kalcit, plagioklas och 
nukroklin. I  centrum äro andraditindividerna vanligen fullspäc- 
kade med smä, runda kvartskorn, vilka tydligen utgöra en sista 
aterstod av den Si02-tillförsel, som ägt rum t i l i  det primära kalk- 
substratet. Granaten visar sig vara fü llt iso trop, nägon anomali i
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í'ig. 16. Strnktur hos andraditskarn frán Smedgruvan i Yxsjofáltet. Andraditen 
bildar smá (i bilden delvis morka) individ, visande autydan t i l l  rombdodekaeder- 
begransning, och liggando i  ett cement av k a lc i t ,  som utgor resten av det primara 
kalkstenssnbstratet vid andraditbildningen. I  eementet upptrada aven plagioklas 
och m ikroklin. Granatindividernas céntrala delar aro uppfyllda med smá kvarlskorn.

Forst. 16 ggr. Ordinart ljus.

dubbelbrytning har nämligen icke konstaterats hos Yxsjöfältets 
andradit över huvud taget.

Plagioklasen saknar idiomorfi. Den är nägot senare kristalliserad 
an andraditen, vilken kan förekomma som inneslutning i plagio- 
klasindivid. Lamellering enl. albitlagen förekommer. I  snitt _L 
(010) hestämdes utsläckningsvinklar varierande mellan T —10°, mot- 
svarande en sammansättning Ah8äAn15—Ab82An12. OmvandliDgs- 
produkter i  plagioklasen äro epidot och sericit.
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Mikroklinfältspaten innesluter stundom smä plagioklasindivid och 
torde sälunda vara nägot senare bildad än plagioklasen. Idio- 
morfi. hos densamma är icke observerad i nägra undersökta prepa
rat av andraditskarnet, icke heller nägon utpräglad pertitstruktur. 
Hos mikroklinen u ti Ivvarnäsgruvans alkalijärnamfibolskarn är där- 
emot, som nämnt, säväl idiomorfi som pertitstruktur rätt vaulig. 
Y i äterkomma t i l i  denna sak vid beskrivningen av Kvarnässkarnet.

Liksom hedenbergitskarnet är även granatskarnet stundom fluss- 
spatförande, vilket hänvisar pä dess pneumotolytiskt metasoma- 
tiska bildningssätt. Sulfider och scbeelit, för vilka redogöres pä 
särskilt stalle längre fram, kunna även uppträda uti andradit
skarnet (j f r  fig. 22).

Huruvida den i granatskarnet förekommande apatiten uteslutande 
bärrör frän en primär apatitbalt i kalkstensubstratet eller t i l i  
nägon del möjligen härleder sig frän vid skarnbildningen tillfö rd  
fosforsyra, kan icke med nägon säkerhet avgöras. Av analysen i 
tab. X I I I  framgär emellertid, att P20 5-halten är rä tt avsevärt 
högre än i  de rena kalkstenarna (tab. V II), vilket emellertid kan 
bero pä en anrikning av den primära P205-halten i  kalkstenarna 
vid deras skarnvandling. Yid skarnbildningen mäste nämligen 
en betydande u tlösn ing  av k a lk  hava försiggätt. Framför a llt är 
detta tyd iig t da, säsom skett i  Kvarnäsen, ett kalkstenslager 
fu lls tä n d ig t  överförts i  ett skarn med c:a 12 % CaO (tab. XX).

[Jan.— Febr. 1922

Jämförelse mellan Yxsjöfältets granat-pyroxenskarn ocli det normala granat- 
pyroxenskarn, som ätföljer de mellansvenska skarnjärnmalmerna.

I  det föregäende har förf. visat, att den för pne u m a to ly tisk t 
m etasom atiska (ur kalksten framgängna) skarnbildningar typiska 
mineralkombinationen: a n d ra d it + bedenbergit även gäller för 
Yxsjöfältets. Endast granaten i Yxsjöfältet avviker sätillvida, att 
den innehäller en betydligt högre halt av grossular-molekyler än i 
allmänhet är fallet med andraditer i utlandets typiska, pneuma- 
tolytiskt-inetasomatiska skarnbergarter. Det äger nu sitt intresse 
att jämföra Yxsjöfältets andradit-hedenbergitskarn med det granat- 
pyroxenskarn, som är associerat med de mellansvenska malmfyn- 
digheterna, speciellt skarnjärnmalmerna, i  allmänhet.

Förf. har i en föregäende uppsats1 pävisat, att granaten u ti de 
icke manganrika ( t i l i »Persbergstypen» hörande) skarnjärnmalmerna

1 Gr. F. F., Bd. 41, s. 79—82.
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(även da de föra sulfider) är en utgräglad and rad it. De mangan- 
r ika  järnmalmerna av »Vikers-(»Dannemora»-)typen» däremot föra 
PrL granat, som t i l i  övervägande del uppbvgges av grossn lar- och 
spessartin - moleky ler.1

I  nämnda uppsats framhölls även,1 2 att en andradit uppträder 
S01h band u ti vissa kvartsrandmalmer, i  vilket fa ll andraditen 
svärligen kan tänkas vara bildad pä pneumotolytisk väg utan som 
en reak tion sp ro duk t under regionalmetamorfosen mellan den sedi- 
mentära järnmalmens beständsdelar: kiselsyra, järn, (plagioklas?) 
0cb sekundär kalkspat, som i vissa fa ll (ex. Striberg) ersätter 
kvartsränderna.

Sedan ifrägavarande uppsats publicerades, har förf. ytterligare 
studerat granatsammansättningen i de mellansvenska malmfyndig- 
beternas skarn, och framläggas här nedan i tab. X IV  nägra nya 
analyser, som ytterligare bekräfta de i äberopade uppsats dragna 
slutsatserna rörande granatens natur uti vära mellansvenska fyn- 
digheters skarn.

I  detta sammanhang v ill förf. begagna tillfä lle t att även utvidga 
kännedomen om granatens natur uti de ur le p t i te r  pneum ato ly- 
t is k t3 bildade skarnbergarter,som,ofta i form av smalare eller bredare 
»sträk» och »linser», ätfölja sulfiderna inom det av förf. undersökta 
Garpenbergsomrädet. Dessa mörka, väsentligen av kvarts, amfibol 
°ch biotit (va rtill i underordnad mängd komina albit,4 ilusspat och 
sulfider: Cu-kis, Zn-blände ävensom Zn-spinell) bestäende bergarter 
begränsa ofta de i granat-(andradit-) och pyroxenskarn omvand- 
lade kalkstenskropparna, speciellt da de senare utgjort »absorptions- 
apparater» för sulfider (Pb-glans och Zn-blände). Det framgär fü llt 
fyd lig t av relationerna mellan ifrägavarande, ur kva rts -fä lts p a t-  
bergarter (=  »natrom-leptiter) genom »addition» av väsentligen Fe 
och Mg framgängna skarnbergarter och det ur karbonatbergarter 
bildade skarnet, att bäda äro produkter av samma kontakt-pneu- 
datolytiska inverkan.

Ifrägavarande biotit- och amfibol-rika bergarter föra i  mänga fall 
'Dklig t med granat; ofta nä dessa granatindivid en storlek av flera cm 
i genomskärning. De av förf. ä sädan granat utförda undersökningarna, 
av vilka en ätergives i tab. X IV , 5, visa, att ifrägavarande skarn- 
bergarters granat är en utpräglad alm andin. I  ett senare arbete

1 1. c., s. 70-79 .
2 I  c., s. 82—85.
3 A tt de äro bildade pä nämnda sätt framgär bl. a. ay deras flu s s p a th a lt.
4 Resten av leptitens fältspathalt.
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hoPpas förf. mera utförligt fä äterkomma t i l i  dessa intressanta 
skarnbergarters bildningsbetingelser.

»i finna alltsä, a tt säväl andradit som grossular och almandin 
aro representerade i vära mellansvenska skarnbildningar, men att 
varje granatart synes äga sitt speciella utbredningsomräde: andradit 
1 de normala, ur karbonatbergarter framgängna skarnbergarterna, 
§r ossular-spessartin i  de ur m anganrik t kalksubstrat bildade, 
0ch alm andin är allenarädande i de ur le p t ite r  bildade biotit- 
almandinfelser, som icke sällan ätfölja sulfidmalmerna.

Jämföres efter denna orienterande översikt Yxsjögranaten med 
oynga, mellansvenska malmfyndigheters framgär sälunda, att den 
förra är avsevärt rikare pä grossularsilikat än vanligen är fallet 
med granater i  de icke manganrika fyndigheterna. Detta torde, 
s°m redan anförts, finna sin förklaring däruti, att i Yxsjöfältet, av 
aUt att döma, en synnerligen r ik lig  mängd A120 3 tillfö rts vid 
Pweumatolysen. Den fullständiga omvandlingen av en kalksten 
’wed den sammansättning, som t. ex. tab. V I I  visar, t i l i  ett sä 
lerjordshaltigt amfibolskarn, som uppträder i  Kvarnäsen (tab. XX), 
torde bl. a. vara ett bevis för denna rik liga A l,0 3-»addition». Nägra 
tnärgliga kalkstenar hava nämligen med säkerhet icke existerat i 
Yxsjöfältet före skarnvandlingen.

Sammansättningen hos pyroxenen u ti de mellansvenska fyndig- 
heternas skarn har h ittills  varit föremäl för rel. ringa Studium. 
Weibull1 och förf.2 hava visat, att uti grossular-spessartinskarnet, 
s°m ätföljer fyndigheter av »Vikerstypen», förekommer mangan- 
haltig pyroxen av rel. utpräglad hedenbergitkaraktär.

I  ett arbete üver ßamhällsfältet3 pävisade förf. pyroxenens diop- 
sidkaraktär u ti dar förekommande pyroxenskarn.

För att erhälla en inblick i pyroxenens karaktär i  allmänhet uti 
de mellansvenska fyndigheternas pyroxenskarn har förf. ingäende 
studerat frägan inom Garpenbergsomrädet, vars fyndigheters skarn 
kunna sägas vara typiska för den mellansvenska leptitformationens 
skarnbildningar. Därvid hava skarnprov b liv it analyserade dels 
it'än olika djup inom samma fyndighet (t. ex. i Ryllshyttefältet), 
dels fran olika fyndigheter inom omrädet. Resultatet av denna 
Wwdersökning ätergives i tab. XV.

Av de erhällna värdena framgär tydligt, att pyroxenen uti ifrägava- 
rande skarnbildningar icke äger nägon u tp räg lad  hedenbergit
k a ra k tä r. Den i  dessa fyndigheter uppträdande andraditen är sä-

1 G. F. F-, Bd. 6, 8. 505—506.
2 G. F. F., Bd. 41, s. 74.
3 1. o., s. 65.
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iunda icke tombinerad med en ren hedenbergitisk pyroxen, säsom 
°ftast är fallet n ti de typiska, pneumatolytiskt-metasomatiskt bil- 
dade fyndigheterna. Pyroxenens sammansättning i  de förra närmar 
s'g mera den diopsidkaraktär, som pyroxen äger i  de genom 
l l °rrna l kontaktmetamorfos bildade hornfelserna i Kristianiafältet.
G o ld sch m id t  beräknar sammansättningen hos pyroxenen i  en plagio- 
klas-diopsidhornfels1 (hornfels tillhörande klass 7) fran Konnerud- 
i0Hen t i l i  följande (I).

Si02 . 
A i20 3 . 
Fe20 3 
FeO . 
MnO . 
MgO . 
CaO .

50.05 %

5.56 » 
6.51 » 
0.28 > 

14.08 > 
23.51 >

49.68 % 
0.22 *  

5.07 » 
8.86 > 

0.66 >

11.13 »
24.14 i

99.99 % 99.76 %

G o ld sc h m id ts  beräkning ( I )  visar en nágot läg re  halt av heden- 
bergitsilikat i pyroxenmolekylen än den, som utmärker de mellan- 
svenska malmfyndigheternas pyroxen i allmänbet ( jfr  tab. XY). Den 
under ( II)  ovan átergivna analysen (fran G o ld s c h m id ts  arbete1) av 
Pyroxen ur kalksilikatfels i Reuchgnejs närmar sig däremot mera 
de analyser, som angivas i Tab. XV.

Även de analyser, som I. H ög bom2 publicerat över pyroxenens sam- 
mansättning u ti Nybergsfältets skarn bekräfta förf:s undersökningar.

De bestämningar, som utförts av W a l e r . P e te r s s o n 3 rörande 
Pe-halten hos pyroxenskarn, nppvisa även pyroxenens i de mellan- 
svenska skarnbergarterna diopsidkaraktär.

Yxsjöfältets skarnpyroxen avviker sálunda väsentligt säväl vad 
sam m ansättn ing som in d iv id s to r le k  beträtfar fran den pyroxen, 
som sammansätter det pyroxenskarn, vilket atföljer vara mellan- 
svenska järnmalmer i allmänhet. Under det att, som redan nämnts, 
Pyroxenindividerna i  Yxsjöfältet mycket ofta nä (im-stora längder 
°ch, J_ mot prismaaxeln, cm-bredd, äga, som bekant, pyroxen
individerna i vara pyroxenskarn i allmänhet mm-storlek och där- 
onder. Denna ovanligt grova struktur, som utmärker de pneumatoly- 
liska bildningarna i Yxsjöfältet, torde möjligen fä tiilskrivas en k rä f 
t ig  k o n ta k tin v e rk a n  (»potensierad kontaktmetamorfos», J. H. L. 
V ogt) i  sambandmed en r i k l i g  tillgang päm in e ra lisa to re r (fluor).

Sammanfattas alltsä den jämförelse, som i det föregäende gjorts 
niellan granat och pyroxen i  Yxsjöfältet och i  de mellansvenska

1 l. c„ s. 190.
2 G. F. F., Bd. 42, s. 158.
3 Jernkontorets Annaler, 1903.
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fyndigheternas skarn i  allmánhet, kan sálunda sagas, att Yxsjo- 
granaten ar betydligt le r j  o rd s r ik a re  ande mellansvenska malm- 
fyndigheternas skarngranat, och likasá ar hos pyroxenen i Yxsjo
faltet liedenberg its ilika tetet det overvagande, under det att i  de 
señare diopsidmolekylen forekommer i ungefSr lika eller storre 
mangd an hedenbergitmolekylen.

U ti Yxsjofaltet har skarnbildningen nastan uteslntande skett 
genom subs ta n s tillfo rse l. Hurnvida daremot ja rn e t tillfo rts  sam- 
t id ig t  med skarnbildningen uti de skarn, som átfolja vara nórmala 
skarnjarnmalmer, synes mig daremot annu vara en oppen fraga. 
Inom Garpenbergsomrádet har forf. funnit forhállanden, som icke tala 
for jarntillforselns samtidighet med silikatbildningen. Sakert synes 
emellertid har vara, att nágon1 tidsskillnad existerar mellan jk rn -  
malmens forsta anlaggning och sulfidernas (zinkblhnde, blyglans, 
kopparkis) tillkomst, likasá att bildningen av skarnet sammanhor 
med tiden for sulfidmalmernas intrade, aven om skarnet (pyroxenskar- 
net och andraditskarnet) ar nágot aldre. Zinkblandet t. ex. synes 
avsatt sig i  de k o n tra k tio n s s p ric k o r, som bildades, da kalksten 
under vo lym m inskn ing  omvandlades i  skarn. Kopparkisen visar lik- 
nande tidsforhállande t i l l  pyroxenskarnets bildning som zinkblandet.

Alkalijarnamftbolskarnet i  Kvarnásgruvan.

Skarn-»strecket» vid Kvarnásen ( jfr  fig. 2) avviker, som namnt, 
i  petrografiskt hanseende mycket frán skarnbergarterna i vastra 
delen av Yxsjofaltet. Under det att hedenbergitskarn dominerar i 
faltets vastra del, ersattes detta i den ostra, inom den s. k. Kvarn- 
ásgruvans utmál, av ett hornblandeskarn, i vilket amfibolen ager 
en reí. hog alkali- och FeO-halt, varfor skarnet har lampligen 
kan benamnas alkalijarnamfibolskarn.

Kvarnásgruvans skarn-»streck» ar, i stort sett, mycket regel- 
bundet; strykningen ar nara ost-vastlig med brant sidostupning 
mot norr. Genom omfattande gruvforsok ar skarnet synnerligen 
val tillgangligt for studier pá en relativt betydande faltutstrackning.

Makroskopiskt karakteriseras alkalijarnamfibolskarnet av det 
svarta, kortstiíngliga hornblandet samt en nastan alltid narvarande 
och reí. hog halt av oftast bláviolett flu ssp a t samt sulfider, 
bland vilka m agnetk is  avgjort dominerar, koppa rk is  och svavel- 
k is , speciellt den forra, forekomma i mycket underordnad mangd. I  
ogonen fallande aro vidare de pegmatitliknande ansamlingar av

[Jan.— Febr. 1922.

1 Huruvida, geologiskt ta la t, en tidssk illnad  ráder, ár en oppen frága. Inom denmellan- 
svenska leptitform ationen torde finnas ka lk - och skarnjarnmalmer, i  v ilk a  ja r n e t  med 
sakerhet t i l lh o r  leptitform ationens b ildn ingstid  (Ramhall, m ojligen aven i  Tors&ker).
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rö(l  m ik ro k lin  (m ik ro k lin p e r t it) ,  som här och dar uppträda i det 
eljest rel. homogena amfibolskarnet, och i  vilka makroskopiskt 
skönjbar schee lit nägon gang kan iakttagas. Detta mineral är, sä- 
som längre fram närmare skall beskrivas, i m ikroskop iska  in- 
divid rel. allmänt förekommande i skarnet.

Granat (andrad it) uppträder stundom i bornbländeskarnet men i 
»nderordnad mängd, jämförd med vad fallet är i  hedenbergitskarnet.

Dm-stora druser av vingul flusspat bava här iakttagits utetter 
skarn-»strecketss' begränsning mot sidostenen (leptiten).

■Den mikroskopiska undersökningen av 70 st. preparat av skarnet 
trän olika stallen visade, att t i l i  de förut nämnda mineralen komma 
även p lag ioklas, k v a rts , b io t i t  (k lo r it) ,  m agnetit, epidot 
(o rth it) , t i t a n i t  och a p a tit.  Turmalin har däremot icke kunnat 
upptäckas; det synes, som har pneumatolysen icke varit ätföljd av 
nägot bor-tillsko tt utan, som längre fram skall visas, huvudsak- 
ügen varit en fluor-pneumatolys.

Mikrostrukturen hos det mera homogena alkalijärnamfibolskarnet 
framgär av fig 17. Hornbländet bildar rel. breda tavlor av c:a 
0.2 x 0.9 mm storlek, understundom idiomorft begränsade i prisma- 
zonen av (110), men äga vanligen icke terminala begränsningsytor. 
Genomgängar efter (001) tramträda tyd lig t i  vissa av individerna, 
likasä itererad tvillingbildning efter (100).

De större hornbländeindividerna äro icke sällan späckade poiki- 
litisk t med kvartskorn ( jfr  fig. 17) eller innesluta i sin tur mindre 
amfibol- och biotitindivid.

I  genomgäende ljus visar amfibolen en stark absorption: y mörk- 
t i l l  blägrön > ß mörkgrön >  a gul, och icke sällan en b läg rön  färg. 
Optiska karaktären är negativ; optiska axlarnas plan ügger i 
(010); utsläckning c : y  bestämdes i  ett flertal snitt, varvid erhöllos 
värden mellan 15°—17°. I  de blägröna individerna är axelvinkeln 
Uten, 2 Va approx. 30°—40°; dispersion hos den pä (100) utträdande 
°pt. axeln tydlig. y — a approx. O.022.

Den stundom stärkt blägröna färgen tyder pä en rel. hög halt 
av alkalihornbländemolekyler. Det var därför av intresse att för- 
söka erhälla en ungefärlig uppfattning av amfibolmineralets samman- 
sättning; detta sä mycket mera, som h ittills  lite t är känt om sam- 
Qtansättningen hos amfibolerna u ti vära mellansvenska amfibolskarn. 
Ur större amfibolindivid utplockades därför möjligast rent analys- 
tnaterial.1 Den ä detta material av förf. utförda analysen gav det 
Resultat, som äterfinnes i tab. XY I.

1 I  saknad av tung lösning künde ty v ä rr  icke nägon vidare rening av analys- 
fflaterialet företagas.
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F ig  17. S tru k tu r hos amfibolskarn fr&n Kyarn&sgruvan. I  Widens m it t  id iom orf 
(tetrag. pyram id) scheelit, omgiven av am fibo lind iy id  (ura litiserad hedenbergit). 

Fórst. 35 ggr. O rd inart ljus.

Tal). X Y I.
Alkalijarnnmflbol fran Kyarnasgruvans skarnostreck».

% Mol. prop.

S i02 ........................ ........................38.84 0.6441) „
1 0.6473

T i0 2 ........................ ........................0.26 0.0032 J

a i2o 3 .................... ........................12.31 0.1205| „
[  0.1423

Fe20 3 .................... ........................3.43 0.0218]

F e O ........................ ........................22.48 0.31311

M n O ........................ ........................1.26 0.01761 0.4051

M g O ........................ ........................3.00 0.0744J

C a O ........................ ........................13.85 0.2473 0.2473

Na20 ........................ ....................0.96 0.01531

K , 0 ........................ ................2.43 0.0258) 0.0760

H20 + .................... . . . .  0.52 0.02891

H20 — .................... ................0.12 —
99.44
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Av analysen framgâr, att det ifrâgavarande amfibolmineralet är 
eR pä alkalier, A1„03 och FeO r ik t  hornblände. I  nedanstäende 
tab. X V II  âtergivas nâgra analyser av hornbländen, vilka visa en 
rek stör överensstämmelse i sammansättning ined analysen i tab. 
AVI. För bättre överskädlighet är den i tab. X V I meddelade 
analysen även âtergiven i tab. X V II.

Tab. X V II.

B d  44. H. 1— 2 .] STUDIER ÖVER YXSJÖFÄLTET.

1 2 3 4 5 6
Si02 . . . . 38.84 38 41 42.50 38.03 43.24 46.22
T i0 2 . — spär 0.22 — 1.08

W 0 3 . . . . . . 12.31 17.65 1 9.91 11.59 12.53 8.12

I ’e20 3 . . . 3.75 5.07 6.81 5.85 9.33

FeO 
MnO .

21.75
0.15

22.51
spär

23.72
1.11

|  18.32
15.18

MgO . . 2.54 2.39 2.87 4.93 5.20

CaO 10.52 11.35 9.75 9.34 10.08

Na20 . 2.95 1.92 2.30 2.98 2.46

K 20 . 1.95 3.65 1.90 1.24 1.23

H ,0 . . 0.24 0.36 1 20 1.57 1.36

99.44 99.91 99.85 F 0.05 lOO.oo 100.26

99.55

1. Alkalijärnamfibol frän Kvarnäsens skarn.
2. ßarkevikitisk amfibol ur sodalitsyenit, Square Butte, Montana 

(R osenbusch, Elemente der Gesteinslehre, 3:de uppl., s. 116).
3. Alkalijärnamfibol ur kvartshaltig Umptekit, Wausau, AVi- 

sconsin (R osenbusch, Elemente der Gesteinslehre, 3:de uppl., s. 116).
4. Hornblände ur pegmatit, Österskär (G. F. F., Bd. 35, s. 147).
5. » ur Kirunagrönsten (Sundius, Beiträge zur Geol.

des südlichen Teils des Kirunagebiets, s. 65).
6. Hornblände ur syenit frän  Biella, Piemont (R osenbusch, 

Elemente etc., s. 116).
En betydelsefull fräga uppstär, huruvida amfibolen i Kvarnäs- 

skarnet är av primärt Ursprung eller icke. Mot antagandet att 
amfibolen skulle hava framgätt genom u ra lit is e r in g  av hedenbergi- 
tisk pyroxen tala visserligen följande fakta: 1) Vid undersökning 
av ett mycket stört antal slipprov (70 st.) frän o lika  stallen av 
skarn-»strecket» har icke spar av pyroxen kunnat iakttagas. Uraliti- 
seringen av all skarnets pyroxen skulle sälunda i  sä fa ll varit fu ll-

1 I  de 17,65 % A120 3 ingä sannolikt 1,26 % T i0 2. R osenbusch, 1. c., s. 116.
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ständig.1 Hornbländet visar icke i nägot fa ll uralitens habitus:
2) Om, sasom Y. M. Goldschmidt1 2 visat, uralitiseringen huvudsak- 
ligen bestár i  ett avskiljande av Si02 och CaO ur pyroxenmole- 
kylen samt »addition» av H20 och C02, synes det föga sannolikt, 
att en amfibol av den sammansättning, som tab. X V I angiver, fram- 
gätt ur en hedenbergitisk pyroxen av det slag, som tab. V I I I  visar. 
För bättre överskadlighet vid en jämförelse mellan dessa minerals 
sammansättning, átergivas nedan i tab. X V I I I  de bada analyserna.

Tab. X V I I I .

[Jan__ Febr. 1922.

Alka li j  ärnamfib ol Iledenbergit
S i02 ................ ............................38.84 48.02

T i0 2 ................ ............................0.26 —

a i 2o3 ................ ........................... 12.31 0.80

Fe20 3 ................ ........................... 3.43 2.37

FeO ................. ........................... 22.48 22.06

M n O ................. ............................1.25 2.94

M g O ................ ........................... 3.00 1.20

C a O ................... ............................13.85 22.70

Na20 ................ ............................0.95 —

K 20 ................ ............................2.43 0.28

h 20 + ................ ............................0.52
1 0.31

h 2o - ................ ........................... 0.12 J
99.44 100.68

Av ovanstáende analyser framgár, att, för att over huvudtaget en 
uralitisering av hedenbergiten t i l l  ett hornblände av ovan angiven 
sammansättning skali kunna ske, mäste en »addition» av bl. a. ler- 
jord och alkalier även äga rum. Vad lerjorden beträffar, halier 
Goldschmidt for sannolikt, att en tillförsel av sádan även skett vid 
uralitbildning i  Kristianiafältet. Den avsevärt högre halten av 
A120 3 hos hornbländet i  jämförelse med hos hedenbergiten i  Yx- 
sjöfältet liksom av alkalier (hedenbergiten saknar dock Na20) kan 
emellertid möjliggjorts genom en bevisligen r ik lig  tillförsel av ler- 
jord och alkalier (bildning av plagioklas och mikroklin i r ik lig  
mängd).

Det finnes i amfibolskarnet ovillkorligen ñera m etam orfa drag an 
i  det grova, mera massformiga hedenbergitskarnet, och med säker- 
het förhaller det sig sá, att átminstone en del av det i  fält- 
spaten (och mellan sprickor i  denna) uppträdande hornbländet är

1 Här bör dock erinras om, att Su k d iu s  i  Kirunagrönstenarna (I. c. 40—41) icke 
kunnat pHvisa pyroxen, enär dess omvandling t i l i  u ra lit ya rit f n l ls tä n d ig .

2 1. c., s. 346—349.
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av sekundärt Ursprung. Onekligen föreligga llera analogier mellan 
liornbländets i skarnet förhallande t i l i  plagioklasen i detta och 
hornbländets i de förut beskrivua amfiboliterna förhallande i  samma 
avseende. Aven biotitens uppträdande i skarnamfibolen är lik- 
Ritat med dess förekomstsätt u ti amfiboliternas hornblände och tyder 
Pa att den är sekundär. Samma »omkristallisationsgranulering» 
av lältspaten med nybildad biotit och hornblände, soin áterfinnes 
^os amfiboliterna, kan identifieras i Kvarnäsens skarn-»streck».

Heologiskt finnes icke nägot, som talar för, att hedenbergitens 
tanvisande t i l i  fältets västra del skulle bero pâ en här vid skarn- 
bildningen râdande bögre temperatur, beroende t. ex. av ett när- 
mare läge t i l i  ett eruptiv.

Det synes förf. därför vara i  bög grad sannolikt, att Kvarnäsens 
atnfibolskarn framgatt genom en fu lls tä n d ig  u ra lit is e rm g  av 
e tt  pyroxenskarn.

^ad, som varit orsaken t i l i  denna fu lls tä n d ig a  uralitisering av 
Kvarnäsens primara pyroxenskarn, torde vara omöjligt att säkert 
a"vgöra. Möjligen star uralitiseringen i samband med den mera 
Kka tillförsel av alkalier, som, att döma av mängden fältspat, här 
synes skett, i jämförelse med den västra delen av faltet, dar heden- 
bergit dominerar. I  vilken form dennna transport av alkalier skett, 
undandrager sig visserligen säkert avgörande; men det synes i 
bög grad sannolikt, att va tte n lö sn in g a r därvid spelat en stor roll. 
Vid silikatbildningen ur karbonatbergarten frigjordes dessutom 
stora mängder C02, varför de för en uralitisering nödvändiga betin- 
gelserna: tillgângen pâ H.,0 och C02 varit uppfyllda.

Av synnerligen stört intresse är amfibolskarnets lokalt stora 
halt av m ik ro k lin . Denna uppträder, som redan nämnt, i om pegma- 
t i t i t  erinrande ansamlingar här och dar i amfibolskarnet. Den 
blävioletta flusspaten fy lle r da oftast, liksom scheelit, rummen 
Mellan de icke sallan väl idiomorft begränsade mikroklinindividerna.

Fig. 18 avser att visa strukturförbällandena i sadana mikroklin- 
rika delar av skarnet.

Hakroskopiskt äger mikroklinen alltid  en rödaktig färg. Under 
mikroskopet framträder en vacker gitterstruktur ( jfr  fig. 18). Här 
0clt dar ses i individerna väl utbildad pertitstruktur av samma 
karaktär som i de förut beskrivna gnejsgraniterna (jfr fig. 6). Dess- 
atom bar även iakttagits s. k. t r á d ig pertitstruktur1 ( jfr  fig.21,s.107).

Det syntes vara av intresse att närmare lära känna mikroklinens 
sanimansättniDg, varför med lupp och pincett utplockades sa rent

1 J fr  H olmquist, 1. c., s. 213 och tavl. 15, fig. 6. 

7-—220270 G. F. F. 1922.
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Fig. 18. Scheelit (a), flusspat (b), och m ik ro k lin p e rtit i  amflbolskarn M n  Kvarnils- 
gruvan. Forst. 16 ggr. N ic. + .

faltspatmaterial som mojligt ur en grovbornig mikroklinanhop- 
ning i skarnet. Den av fork utforda analysen a detta material ar 
atergiven i tab. X IX .

Ur analysen beraknas mikroklinpertitens sammansattning t i l l  
Or712 Ab.,2,2 An6i6 och plagioklaskomponentens t i l l  Ab77 An23. En- 
lig t J ohansson  skulle salunda dess beteckning bliva en mikroklin- 
pertit I I .

Det ar av intresse, att Kvarnasskarnet i  fraga om sin rikedom 
pa mikroklin visar analogier med de i det foregaende beskrivna 
gnejsgraniterna. Redan vid dessas beskrivning omnamndes, att 
mikroklinen i gnejsgraniterna visade vissa likheter med kalifalt- 
spaten i  Kvarnasskarnet.

For att erhalla en foi'estallning om genomsnittsammansattningen 
hos Kvarnasgruvans skarn-»streck» sammanfordes de 8 olika proven 
(10 Ig  varje) fran tab. X X I (sid. 100) t i l l  ett gemensamt prov 
(80 kg), vilket analyserades av forf. med i tab. X X  angivet resultat.
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Tab. X IX .
M ikrokliupertit ur KvarnäsgTUvans skarn.

44. H . 1— 2.] STUDIER ÖVER YXSJÖFÄLTET.

% Mol. prop.
S i02 .......................................................... 64.18 1.0643
A120 3   18.04 0.1765

Fe2°3 I 0 74 —
FeO i ...................................
M n O ........................................................... — —
M g O ..........................................................  0.45 —
C a O ........................................................... 0.73 0.0135
B a O ............................................................ spdr —
Na20 . • ...............................................  2.83 0.0456
K 2Ö .......................................................... 13.80 0.1464
H20 106' ..........................................................0-05

100.85

Tab. X X .
Uugefärlig ¡'enomsnittsammaiisättiiingf lios amlibolskarn-»strecket> vid

Kvarnfisgruvan.
% Mineralsammansättniiig:

S i02 . . . . . . . . 38.34 Amfibol
T i0 2 . . . . . 0.14 B io tit (klorit)

A o 3 . • ■ . Kvarts

Fe203 • • ■ . . . . 4.19 Mikroklin
FeO . . . . 14.99 Plagioklas (epidot, orthit)

NiO . . . . spür1 Magnetit

MnO . . . . . 0.96
Magnetkis
(Svavelkis)

MgO . . . . . . . . 1.86
Kopparkis
Flusspat

CaO . . . . 12.43 Scheelit

Na20 . . . . . . 0.57 Apatit

K 20 . . . . . . . . 1.00 T itan it

W03 ................ . . . 0.44 CaW04 0.55 %

CaEl2 . . . . . . 0.86 El 0.42 »
CI .

Fe:S81 2 . . . . . . .  6.66 S 2.64 »

CuFeS2 . . . . . . . 0.86
I Cn

i  s

0.30 » 
0.30 >

F2Os . . . . . . . . 0.18 Apatit 0.40 »
H2o + . . . . . . . 0.85 .
h 20 -  . . . .  0.42

09.18

1 Med dimetylglyoxim erhölls endast svag antydan t i l i  rödgul färgning.
2 En analys av ren magnetkis frän Smedgrnvan visade: Ee 60,16 8 39,83 %. 

vilket närmast motsvarar Fe,Ss. N i künde endast sp&ras med dimetylglyoxim.
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S u lü d - och S c h e e litm a lm e r  i  Y x s jô fà lte t .

Skarn- >lagrens> genomsnittshalt av koppar och wolfram.

De sulfidmineral, som upptràda u ti de beskrivna skarnbergar- 
terna âro: magnetkis, kopparkis, svavelk is samt mera sporadiskt 
molybdenglans. Zinkblande och blyglans, de eljest i  kontaktpneu- 
matolytiska skarn, som bekant, vanligast forekommande suliiderna 
hava icke, trots iv rig t eftersokande av forf., kunnat pâvisas, likasâ 
ar fôrliâllandet med arsenikkis och vismutglans.1 Det ar sâlunda 
av metallerna: jarn, wolfram, koppar och molybden, som vid pneu- 
matolysen »adderats».1 Kvantita tiv t har med sakerhet jarn varit 
overvagande i de tillforda gaserna och losningarna, dârnâst i 
mangd torde komma wolfram. Sannolikt ar, som nedan visas, den 
i  skarnbildningarna fixerade wolframhalten storre an kopparmangden. 
Molybden kommer i  sista rummet, i  det den -:adderade» kvantiteten 
darav synes varit fôrsvinnande liten.

Dâ Kvarnâsgruvans amfibolskarn-»streck», som namnt, t i l l  hela 
sin bredd och aven betydlig langd ar blottat, nndersôktes spe- 
ciellt detta pâ sin genomsnittshalt av koppar och wolfram. For 
detta ândamâl uttogos medelst sprangning i 8 st. tvarsnitt i 
dagen, fordelade ungefar pâ iika  avstând frân varan dra pâ en 
sammanlagd lângd av c:a 150 m, prov over amfibolskarn-»streckets» 
hela maktighet. Yarje prov, varâ analys utfordes, vâgde 10 kg. 
Analysresultatet âterfinnes i nedanstâende tab. XX I.

[Jan.— Febr. 1922.

Tab. X X I .

Tvarsnitt Cu-halt W 03-halt W-halt Scheelit-halt
(Râknat frân Ó t illV ). (Funnen) (Funnen) (Berâknad) (Berâknad)

I  . . . . . . . .  0.35 % 0.78 % 0.61 % 0.96 %

I I  . . .  . . . . .  0.24 > 0.60 > 0.47 » 0.74 ■»

I I I  . . .  . 0.80 » 0.63 » 0.99 »
IV  . . .  . 0.38 » 0.30 » 0.47 »
Y  . . .  . . . . .  0.32 » 1.01 » 0.80 > 1.25 »

V I . . .  • . . . .  0.24 » 0.26 » 0.20 » 0.32 .

V I I  . . .  • . . . .  0.14 » 0.15 » 0.11 » 0.18 »

V I I I  ............ . . . .  0.14 » 0.18 » 0.14 J 0.22 >
Medeltal 0.29 % 0.52 %1 2 0.41 % 0.64 %

A tt doma av detta analysresultat torde alltsâ den vid pneuma- 
tolysen i amfibolskarnet fixe rade  W-halten vara nâgot storre an 
Cu-halten.

1 V ism ut har dock pâvisats i  scheelit. J fr. sid. 110—111.
2 J fr. W 0 3-ha lt i  tab. X X .
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Det firmes icke grundad anledning antaga, att koppar- och wolfram- 
kalten skali pâ djupare nivâ i Kvarnâsskarnet visa liögre värden 
an de, som erhâllits i  den ñutida denudationsytan.

En undersökning, sâdan som utförts â Kvarnâsskarnet, kan icke 
B R- företagas â skarn-»strecken» i den västra delen av faltet, enär 
dessa här icke äro tillgängliga pâ nâgon längre sträcka, sâsom är 
tallet vid Kvarnâsgruvan. Emellertid synes det framgâ av nedan 
relaterade undersökningar, som skulle Cu- och W-halten, átmin- 
stone lo k a lt, nâ nâgot- högre värden här än i Kvarnâs-»stecket». 
Under det att kopparkis och scheelit i Kvarnâsskarnet — det 
sistnamnda mineralet blev här först känt genom förf:s undersök- 
ning — synas vara rel. l ik fo rm ig t  fördelade i heia amfibolskarnet, 
torde man i Yxsjöfältets västra del ha att göra med en i vissa 
delar av skarnlagerkomplexen mera r ik lig  »fixering» av Cu ochW. 
Om man däremot betraktar sam tliga  skarnlagers medel-halt av 
Rämnda metaller, torde denna icke fâ anses avvika synnerligen 
Wycket frân Kvarnâsskarnets.

En av bergsingenjör E. W e s t l u n d  utförd provtagning av heden- 
bergitskarrivarp vid Yxsjögruvor ( =  i  västra delen av Yxsjöfältet) 
visade en Cu-halt av c:a 0.6 %. Av en dylik storleksordning torde 
Cu-halten i  m ede lta l vara uti Yxsjögruvornas hedenbergitskarn- 
»lager».1 Sannolikt är, att u ti dessa förefinnas heit lokalt mera 
rika kopparkiskoncentrationer av det slag, som enl. bergmästare- 
Telationerna förut päträfFats och brutits, men av nâgon praktisk 
hetydenhet torde dessa med säkerhet icke vara.

Ager man sâlunda en ungefärlig uppfattning av hedenbergit- 
skarn-»lagrens» genom snitts-halt av Cu, är det däremot pä de 
utförda undersökningarnas nuvarande Standpunkt mycket svarare 
att erhälla ett fü llt  exakt värde pâ hedenbergitskarn-»lagrens» 
m edelhalt av W 03. Eöljande undersökningar, som utförts för att 
utreda denna praktiskt betydelsefulla fräga, mä här anföras.

Det syntes sannolikt, att en provtagning av de gamla varphögarna 
borde lämna en orientering i denna fräga, och därför föreslog prof. 
P etersson  att dels loka la , dels generalprov borde uttagas ur var- 
pen. Denna provtagning, som omfattade varp vid Kärr-Finn- och 
Kävergruvorna sam Sjögrens sch.akt-»strecket» visade en överraskande 
lag WO:i-halt hos dessa (analyserna utfördes av prof. J. P e t r é n ). 
I  ñera prov künde W 03 icke ens pávisas, i  andra blott som spar. 
De bestämbara mängderna W 03 varierade mellan 0.12 % (general-

En av gruvförvaltningen utförd analys â i anrikningsverket ingäen 
skarn under veckan 6/io—11/io 1919 visar 0,4 % Cu och 1,0 % W 03. / ^



102 GUSTAF T. LINDltOTH.

prov av varp viel Kärrgruvan) och O.20 % (lokalt prov av varp vid 
samma gruva). I  varp frän Sjögrens schakt-»strecket» erhöllos 
värden mellan O.10 % — O.19 % W 03.

Det är svärt att avgöra, varpä dessa läga W 03 värden bero. 
Det kan ju  tänkas, att den spröda scheeliten vid krossning av 
proven delvis förlorats, eller ock har vid kopparmalmens utskräd- 
ning fordom ur det brutna berget sä mycket som möjligt av den 
för en god koppar-hyttgäng begärliga flusspaten medtagits. Da, säsom 
nedan skall visas, scheelit och flusspat höra mycket in tim t t il l-  
sammas, är det en tänkbar möjlighet, att sälunda en del scheelit 
även avlägsnats ur berget tillsammans med flusspaten.

En är 1917 verkställd skrädning av 30 ton varp frän Nävergruvan 
gav 350 hg scheelitmalm med c:a 2/s »ren» scheelit, viiket ger oni- 
kring 0.7 8 % scheelit eller 0.62 %l  W 03 i hedenbergitskarnet.

Bergsingen jör E. W e s tlu n d  erhöll vid en provtagning av ingä- 
ende gods t i l i  anrikningsverket värdet 0.7 6 %l W 03 (analys utförd 
av bergsingeniör H j . H o lm er tz).

E nlig t uppgift skall ur 429 ton rägods genom skrädning erhäl- 
lits  292 ton anrikningsmalm, hällande 2.32 % W 03, viiket motsva- 
rar 1.5 8 % W 0 3 hos det oskrädda hedenbergitskarnet.

A v förf. uttagna, lokala prov ä i dagytan tillgängliga delar av 
de olika skarn-»strecken» visa för:

[Jan.—Febr. 1922.

Finngruvan 
Smedgruvan 
Nävergruvan 
Bätgruvan .

..................0.72 % W 03

......................1.20 » »

................0.80 » »

. . . .  . 0.92 » >
Medeltal 0.91 % W 03J

A na ly tike r: 
I I j .  Holmertz

Mera lo ka la  prov frän ovan angivna gruvor hava g iv it följande 
värden:

Bätgruvans tak och gavel........................................................0.52 % W 03'
> södra o r t ............................................................... 1.36 > >

Nävergruvans sänkning, norra gaveln pä c:a 30 m djup . 1.70 » >
Nävergruvans sänkning, södra gaveln pä c:a 30 m djup . 0.50 » >
Smedgruvans södra gave l......................................................... 1.10 » >

» norra >  4.50 > >
Nävergruvans norra o r t .............................................................0.92 > >
Bätgruvans norra p a l l .............................................................0.92 » »

Medeltal 1.45 % W 03

Analytiker:
Berndes.

1 Detta värde är av samma storleksordning som W 03-halten i Kvarnässkarnet.
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Ett prov, bildat genom sammanslagning av samtliga ovanstáende 
Prov! gav värdet 1 .6 0  % W 03.

•^ägra andra, av förf. tagna stuffprov i dagen Iran de olika 
SJiarn-»lagren», gävo följande värden:

^iongruvan.................................... 0.00 % W 0 3 (ej pävisbar i 5 gr. prov)
S m edg ru van ................................1.00 » »

N äverg rn van ................................0.44 » »

B á tg rn v a n ....................................0.07 > • >

Medeltal 0.37 % W 03

Analytiker: 
H j. .Holmertz

Den basta upplysningen om hedenbergitskarnets medelhalt av 
borde givetvis lamnas av de veckoprov, som tagits á det i 

aKrikningsverket ingáende rágodset.
Dland á dylika prov utforda analyser ánforas bar nedan endast 

Sadana, som torde kunna anses som mera representativa.
Period Ton anrikn. gods % WO.

6/l0-—11/l0 1919 . . ............................................131.50 1.0

’»/lo-- 18/io ...........................................  76.70 1.0

" / l * - 25/io ........................................... 110.2 1.0
27/l0-- V i l » ........................................... 129.5 0.98
3/ll-- 8/ l l » . . . . .................................... 110.5 0.96

I0/u-- 15/u » . . ...........................................  95.5 1.05
11 In -- 22/u » . . ............................................129.5 í . i i
21/'ii-- 29/ l l » . . ........................................... 132.5 1.05
V12--  6/l2 1.0

Vi*-- IS/l2 » ........................................... 126.0 0.97
- 20/l2 > ...........................................  62.25 1.50

Summa och medeltal 1 237.15 1.03

De ovan anforda resultaten av olika provtagningar for utronandeav 
hedenbergitskarnets genom sn ittsha lt av W 03 hanfora sig emeller- 
tid t i l l  lo k a la, med undersokningar oppnade delar av hedenbergit- 
skarnkomplexen i  vastra delen av Yxsjofaltet, och det torde dárfor 
Vara vanskligt att av ifrágavarande resultat med fu ll sakerhet 
avgora, huru hog medelbalten WO.¡ verkligen ar u ti varje sarskilt 
skarn-slager». Jamfóres det ovan erhállna genomsnittsvardet á W 03 
1 anrikningsgodset under tiden 6/10—-20/i2 med de varden, som 
erbállits á W 03-halten uti Kvarnásens alkalijarnamfibolskarn, torde 
otan dock vara berattigad t i l l  slutsatsen, att den vid pneumatolysen 
»fixerade» W-balten ar nágot storre u ti Yxsjogruvornas heden- 
bergitskarn an i Kvarnásgruvans alkalijarnamfibolskarn. For
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de h ittills  undersökta delarna av hedenbergitskarn-»strecken» 
kommer man sálunda t i l i  ett värde av c:a 1 % W 03, för alkali- 
järnamfibolskarnet i Kvarnasen t i l i  c:a 0.5 % W 0 3. Denna lägre 
W 03-halt synes emellertid vara mera l ik fo rm ig t  fördelad genom 
hela amfibolskarn-»lagret», under det att u ti hedenbergitskarn- 
»strecken» i Yxsjöfältets västra del vissa, mera W 03-rika partier 
omväxla med sädana av ringa W 03-kalt. Som redan omnämnt, 
torde även kopparkishalten i  de olika skarnbergarterna i stört sett 
visa samma förhallande. I  alkalijärnamfibolskarnet synes en rel. 
lag Cu-halt' vara mera l ik fo rm ig t  fördelad, u ti Yxsjögruvornas 
liedenbergitskarn-»lager» torde däremot, av allt att döma,mera koppar- 
kisrika delar omväxla med mera fattiga sädana. Det förut cite- 
rade uttalandet av D a n . T il a s  är i fu ll üverensstämmelse med en 
sádan uppfattning av kopparkiskoncentrationernas oregelbundna 
förekomstsätt u ti Yxsjögruvornas hedenbergitskarns-»streck».

S ch ee liten s  fö re k o m s ts ä tt i  s k a rn b e rg a rte rn a .

Av denna undersökning v il l det framga, som vore scheelitens 
uppträdande i Kvarnäsgruvans alkalijärnamfibolskarn nägot olika 
mot dess förekomstsätt u ti Yxsjögruvornas hedenbergitskarn. Lik- 
som den ringa mängden kopparkis i Kvarnässkarnet är mera l ik 
fo rm ig t fördelad i  detta utan nagra nämnvärt rikare koncentra- 
tioner, sä synes det även förhälla sig med scheeliten. I  Yxsjö
gruvornas hedenbergitskarn kan kopparkisen däremot lo k a lt  kon- 
centreras, och pä samma sätt torde även scheeliten här förhälla 
sig. Här nedan lämnas först en redogörelse för scheelitens upp
trädande i Kvarnässkarnet.

Makroskopiskt är det icke sä lä tt att u ti Kvarnässkarnet identi
fiera scheeliten pä grund av mineralets ringa storlek. Här och dar 
uti de rödlätta mikroklinpertitkoncentrationerna ses dock nägon 
gáng mellan fältspatindividerna en eller annan större, gravit schee- 
litindivid. I  ett fä ll mattes en sâdan av ända t i l i  10 x 4 mm 
storlek. Eljest äro scheelitkornen i amfibolskarnet av den storfeks- 
ordning, som nedanstaende tab. X X II  visar.

Tab. X X I I .

Mätning av kornstorleken hos sclieelitindivid uti Kvarnäsgruvans
amfibolskarn.

0 .0 4  mm  0 .0 8  x  0.18  mm
0 .0 6  » 0 .1 0  x  0 .1 0  >

0 .0 7  x  0 .1 0  » 0 .1 3  x  0 .1 3  »

[Jan.— Febr. 1922.
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Dg. 19. Scheelit (a) och kvarts (b) i amfibolskarn frân Kvarnâsgruvan i  Yxsjöfältet. 
Den mörka grundmassan bestâr av amfibol. Forst. 16 ggr. Ordinart ljus. I

0.14 mm 0.72 1CO

ÖX

0.19 X  0.13 i 0.79 X  0.52 »

0.21 » 0.85 X  0.72 »
0.26 X  0.19 » 1.05 X  1.98 >
0.33 X  0.39 » 1.32 X  1.40 »
0.39 X 0.73 » 1.50 X  2.00 »

0.46 X  0.92 » 2.50

OX

0.52 X  0.92 » 3.0 X  2.0 »
0.66 X  0.53 » 4 X  10 >

I  det rena arnfibolskarnet uppträder scheeliten vanligen pâ det 
sätt, som fig. 17 och 19 âskâdliggôra. Stundora âr scheeliten val 
idiomorft utbildad (fig. 17) gentemot amfibolmineralet, soin all- 
sidigt omsluter densamma. Den râdande formen hos scheeliten âr 
(len tetragonala pyramiden (111). Scheelitens utpräglade idiomorfi
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gentemot amfibolmineralet tyder pä att den är tidigare bildad an 
amfibolen.1

I  andra fa ll saknas tydlig idiomorfi hos scheeliten, som dá ligger 
som mera oregelbundet begränsade tavlor (fig- 19) i  den, i genom- 
gáende ljus nästan opaka amfibolmassan, vilken även delvis genom- 
sätter scheelitindividerna.1 2

Fi»-. 20. Scheelit (a) och flasspat (b) i faltspatrikt parti av amfibolskarn trän Kvarnäs- 
gruvan. Forst. 16 ggr. Ordinärt ljus.

Alla  av fürf. studerade preparat hänvisa pa det närmaste sam- 
band m ellan scheelit och flusspat. Manfinner nämligen öfta schee
liten som smä körn n t i  flusspatfälten mellan de övriga skarnmine- 
ralen. Antingen ligga därvid scheelitindividerna heit inuti fluss- 
spaten eller vid gränsen mellan flusspatfälten och andra mineral.

Fig. 20 visar särdeles tyd lig t scheelitens beroende av flusspaten.

1 Som redan anfört, torde amfibolen genom uralitisering framgätt nr bedenbergit.
2 Denna omständighet tyder pä, att amfibolen är sekundär.



Breparatet härstammar frän ett av d6 förut omnämnda mikroklin- 
pertitrika partierna i  alkalijärnamfibolskarnet.

. *g 18 (sid. 98) visar även en detalj av ett m ikroklinrikt parti 
Ufa Kvarnässkarnet. Scheeliten ligger här omgiven av m ikroklin- 
lndividerna men pä gränsen mot desamma uppträder a lltid  flusspat. 

Endast i undantagsfall har scheelit observerats som inneslutning 
mikroklin utan närvaro av flusspat mellan scheelit och mikroklin 

(%. 21).
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Hg. 21. Scheelit (a) innesluten i m ikroklin. Fältspatrikt parti i Kvarnäsgnivans 
amflbolskarn. Forst. 16 ggr. Ordinärt ljus.

T ill förklaring av det nära sambandet mellan scheelit och flusspat 
äterkommer förf. i  det följande.

Under det att, som nämnt, scheeliten i  Kvarnässkarnet i huvud- 
sak äger m ikroskop iska  dimensioner och därför icke förut här 
identifierats, uppträder scheeliten i den västra delen av faltet som 
individ av exceptionell storlek. De största scheelitkristaller, som 
förf. här uppmätt, ägde i största dimension en utsträckning av 80 mm.



Det grova hedenbergitskarnet ar speciellt hemvist for dessa stora 
scheelitindivid (fig. 15). Scheeliten ar señare bildad an hedenber- 
giten ocb upptrader rummen mellan de massformigt anordnade pyr- 
oxenindividerna. Sannolikt torde man fa uppfatta uppkomsten av 
scheelitens plats mellan hedenbergitindividerna pá sadant siitt, att 
fo rs t bildades den grova hedenbergitfelsen, och i  mellanrummen 
fanns kalcit ( jfr  fig. 14), en rest av det ursprungliga kalkstensub- 
stratet. Under ett nágot señare skede av pneumatolysen foljde sá

108 GUSTAF T. LINDROTH. [Jan.— Febr. 1922.

Fig. 22. Scheelit (ljusgril) i  andraditskarn f r ln  Smedgruvan i Yxsjofaltet.

tillforsel av -wolfram i  form av fiuorid, som med kalcit omsattes 
t i l l  scheelit och flusspat enl.

W iy  + 4 Ca C03 =  Ca WO, + 3 Ca F, + 4 CO,. 
Wolfram »fixerades» salunda i form av Ca-wolframat (scheelit) och 

darjamte bildades flusspat.
Det nara samband, som synes existera mellan flusspat och scheelit, 

far just sin forklaring i  ovan skisserade reaktionsforlopp.
Givet ar, att det i  skarnet aven maste Annas flusspat, som upp- 

kommit saval ur koppar-, jarn- och molybdenfluorid som ur i 
gaserna. narvarande fr i HF. Analysen av Ivvarnasskarnet (tab. 
XX) visar, a tt det i  Yxsjofaltet uteslutande varit fluorpneumatolys; 1

1 A r vid vanl. temp, en gas, den tyngsta av alia h itt il ls  kanda. J fr :  Die Metal- 
lurgie des Wolframs av H ans J Iennicke , s. 31.



Cl fôrekommer, soin synes, (tab. XX) endast mycket underordnat, 
^  »est i  apatit.

Ehuru det, som nâmnt, speciellt âr hedenbergitskarnet, som byser 
e stora scheelitindividerna, bander det aven, att man i det rena 

andraditskarnet understundoni antraifar dylika (fig. 22). Scbeeliten 
visar hàr, liksom i hedenbergitskarnet, begrânsning av (111) och 
synes hava kristalliserat fore andraditen.
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Dg. 23. Struktur hos scheelit i amfibolskarn frân Kvarnâsgruvan i  Yxsjofaltet. 
Mineralet visar tydligen genomgángar efter (111) och avbrutna genomgángar efter 

(101). Forst. 60 ggr. Ordinárt ljus.

Da arbetena for scheelitens utvinnande ur Yxsjbgruvornas heden- 
bergitskarn npptogos, torde man i allmanhet hava forutsatt, att 
scheeliten, atminstone t i l l  overvagande del, forekommit i makrosko- 
p isk t skonjbar storlek. Undersokningen har emellertid visat, att 
scheeliten aven i hedenbergit- och andraditskarnet upptrader i 
Individ av den storleksordning, som uppgivits i Kvarnasskarnet 
°ch i  nara relation t i l l  flusspat. En beskrivning av detta schee-
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litens upptradande uti hedenbergit- och andraditskarnet dr darfor 
overflodig, utan hanvisas t i l l  vad redan forut omnamnts rorande dess 
forekomstsatt i  Kvarnasskarnet.

Scheeliten i  Yxsjofaltet ar vanligen av ljus vitgra-morkgra farg. 
Sp. v. bestamdes i ett flertal fa ll och erholls som medeltal 5.998 
(t =  18° C). Optiska karaktaren ar den for scbeelit, vanliga nam- 
ligen positiv. w-e uppmattes approximativt t i l l  0.015. Genom- 
gangar efter (111) framtrada tydligt, avbrutna sadana efter (101) 
avensa (fig. 23.).

For att erhalla kannedom om Yxsjoscheelitens sammanSattning 
utplockades med lupp mojligast rent analysmaterial ur saval beden- 
bergit- soin andraditskarnet. Nedanstaende tab. X X I I I  visar ana- 
lysresultatet.

Tab. X X I I I .

[Jan.— Febr. 1922.

1 Mol. prop. 2 Mol. prop

S i02 . ................Spâr — 0.07 T-
Fe20 3 . ................0.10 — 0.14 —
CaO ................19.77 0.3526 19.54 0.3485

w o 3 . ................80.26 0.3459 80.34 0.3462

Mo03 . ................Spâr Spâr • Spâr —

B i20 3 • ................Spâr — Spâr —
MgO . ................0.02 — Spâr —

1.

2.

100.15 — 

Scheelit ur hedenbergitskarn. ' 
> > andraditskarn.

100.09

Genom benâget medgivande av cbefen for Sveriges Geol. Under- 
sôkning, Overdirektôr A. G a v e l in , utforde d:r R. M a u z e l iu s  k v a lita - 
t iv a  bestâmningar av Cu och Mo i tvenne av forf. insanda prov 
av Yxsjoscheelit. D:r M a u z e l iu s  meddelade fôrf., att i  proven endast 
antraifats »spar av Mo och knappast nágon Cu». Proven ifrâga 
hade av fôrf. granskats under mikroskopet, och darvid kunde icke 
markas nágon inblandning av sulfider eller gedigna metaller. Det 
blev darfôr en stor ôverraskning, dâ d:r M a u z e l iu s  meddelade fôrf., 
att i  de insânda proven antraffats Bi, i det ena t. o. m. angav 
d:r M a u z e l iu s  en B i20 3-halt av »nara 1 %». D:r M a u z e l iu s  t ill-  
lagger i  brev t i l l  fôrf. fôljande: »Dâ N i (fôrf.) granskat proven i 
mikroskop — — —, torde inblandningen av frammande bestânds- 
delar i  varje fa ll vara sa liten, att v ism ut mâste anses in gâ -i 
Yxsjoscheelitens sam m ansattning.

Med anledning av detta intressanta meddelande frân d:r M a u z e 
l iu s  undersôkte fôrf. de insanda proven k v a n t ita t iv t  â Mo, Cu och
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och i undersökningen medtogs dessutom prov av en gulaktigt 
V lt De bâda
els av en mörkgra varietet.1 Följande résultat erhölls:

Bd 44. H . 1— 2.]

I
ej spâr

spâr 
0.10 %

I I
ej spâr 

spâr 
0.97 %

I I I
ej spâr 

spâr
0.1 G %

I. V it  t i l l  yitgrâ scheelit frân Yxsjöfältet.
I I .  Môrkgrâ » » »

I I I .  G ulvit • » »

B>:r. M AUZELius och förf. hava sâlunda konstaterat, att en vismut- 
kalt finnes närvarande i  de analyserade proven. Som nämnt künde
yoder mikroskopet icke iakttagas vismutglans eller gedigen vismut 
1 proven. I  vilken form  vismut ingär, är därför ännu en öppen 
ii’äga. Man skulle visserligen vara böjd för antagandet, att vis- 
mut, liksom kalcium, vore bunden vid wolframsyran, men ä andra

üoggranna, fu lls tä n d ig a  analyser.
Vismut är sâlunda ytterligare en av de metaller,1 2 som tillfö rts  

vid pneumatolysen i Yxsjöfältet.

Säsom redan inledningsvis framhällits, uppträda i  Yxsjöfältets 
omgivning ett stört antal järnmalmsfyndigheter, vilka i vissa fall 
visa en intressant gruppering omkring de i det föregäende beskrivna 
gnejsgranitbatoliterna inom leptitomrädet ( jfr fig. 1).

Magnetit har, som nämnt, iakttagits i  Yxsjöfältets hedenbergit- 
skarn-»streck» och förekommer speciellt r ik lig t i  Ivvarnäsgruvans 
oinfibolskarn. Magnetiten är här fö r r  kristalliserad än alla silikat 
°ch sulfider i  säväl hedenbergit- som amfibolskarnet.

I  skarnet uppträder emellertid aldrig magnetiten sä samlad, att 
ßian kan tala om nägra koncentrationer (malmer). Det tillförda järnet 
har här t i l i  större delen förbrukats för hedenbergit-, andradit- och

1 Denna sistnämnda varietet har, ehuru oriktigt, förut av vissa, som makroskopiskt 
tesiktigat densamma, tagits för wolframit. W olfram it har förf. icke sett i  Yxsjöfältet.

2 Analys ä >helskäft» kopparkis u ti hedenbergitskarnet gav 0.4 gr. A u  och 110 
gr. Ag per tou, varav framgär, att, jämte vismut och övriga i  det föregäende om- 
oämnda metaller, även Au och A g  tillfö rts  genom pneumatolysen.

sidan är ju  en substitution av kalcium mot vismut oväntad. Förf. 
hoppas emellertid i  en senare uppsats fä äterkomma t i l i  denna 
fräga, sedan ytterligare prover av Yxsjöscheelit b liv it underkastade

J ä rn m a lm e r  i  y x s jö fä lte t .
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amfibolbildning. Den högsta halt magnetit, som bestämdes i  amfi- 
bolskarnet, var c:a 2 %.

En undersökningsort, som drivits frän Nävergruve-»strecket», vi- 
sade emellertid bl. a., att magnetit i vissa fa ll även förekommer 
i  form av smala band i kalkstenslagren ntan att vara ätföljd avnägon 
egentlig skarnbildning. Den h ittills  anträffade magnetitkoncentra- 
tionen (»malmen») är dock endast c:a 0.3 m. bred, »fältlängden» är

24. S truktur hos kalkig järnmalm frän Nävergruvan i Yxsjöfältet. L just =  kalcit, 
avart =  magnetit, grätt =  amfibol med inneslutna magnetitkorn. Forst. 35 ggr.

icke känd. »Malmen» saknar visserligen all praktisk betydelse men 
är frän m alm genetisk synpunkt av stört intresse, enär ett genetiskt 
samband bär föreligger mellan järnmalm och sulfider.

Bildningen i fräga är en kalkjärnmalm, närmast att hänföra t i l i  
»Sikbergstypen». Den uppträder utmed ena salbandet av en intru- 
siv lagergäng av amfibolit ( jfr  fig. 4).

Mikrostrukturen hos den kalkiga järnmalmen framgär av fig. 24. 
Magnetiten bildar oregelbundna kornaggregat, sammankittade av



k a l° it ,  och nägot do lom itspat. I  magnetitaggregaten förekomma 
s p a r s a m t  allotriomorfa, ljusgröna tavlor av en aktinolitisk amfibol.

enna är fullspäckad med smä magnetitkorn, och tyd lig t synes 
vara, att magnetiten bildats rel. t id ig a re  än amfibolmineralet.

Här och var o m k r in g  magnetitkornen uppträder s v a v e lk is  pä ett 
sadant satt, a tt k la rt framgär det dess bildning är senare än 
magnetitens.

Det intressanta med järnmalmen är, att, under det flusspat är 
en nk lig  beständsdel uti de förut beskrivna skarnbergarterna, sak- 
®as denna, sävitt av alla undersökta preparat kan konstateras, 
Uillständigt i  magnetitmalmen. Scheelit, som är flusspatens nära 
fäljeslagare, saknas även därför i  malmen.

V. M. Goldschmidt och J. H. L. V ogt hava framhällit, att i K ri- 
stianiafältets kontaktpneumatolytiska malmförekomster flusspat 
Diera sällan ätföljer magnetitmalmerna, däremot ofta järnglansen 
°cb speciellt zinkbländet. Förf. har kunnat konstatera, att sä även 
aT förhällandet ifräga om magnetit-malmen i Yxsjöfältet.

Under det sälunda flusspat r ik l i g t  uppträder tillsammars med 
su lfid e rn a  och scheeliten, och det därför är all anledning antaga, 
att metalltransporten här skett i  form av fluor-föreningar, är det 
däremot synnerligen svärt att fä nägra hällpunkter i  frägan, i 
vilken form jä rn e t i  magnetitmalmen tillförts.

Goldschmidt har diskuterat järntillförselns art, och förf. tillä te r 
S1g a tt frän nämnda forskares arbete citera följande:1

»Für den Verlauf der Eisenzufuhr bei den Magnetitlagerstätten 
kommen verschiedene Möglichkeiten in Betracht.

1. J. H. L . Vogt (»Om danneisen af jernmalmforekomster») ver
mutete, dass der Magnetit durch doppelte Umsetzung von Eisen
halogenid und Wasser entstanden ist, etwa entsprechend der be
kannten Zinnsteinsynthese. Diese Hypothese vermag es nicht zu 
erklären, dass der Magnetit so gut wie auschliesslich in Kalksteinen 
angereichert ist.

2. Man könnte annehmen, dass der Magnetit durch Umsetzung 
von Eisenhalogenid und Kalk entstanden ist, derart, wie es für 
Eisenglanz sehr wahrscheinlich ist.

3. Eine Hypothese, welche die beiden vorigen kombiniert, .ist 
von L eith und H arder aufgestellt worden. Sie nahmen an, dass 
Eisenchlorür und Wasser erst dann zur Reaktion kommen, wenn 
sie an Kalkstein gelangen, der die entstehende Salzsäure neutrali
sieren kann.
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1 1. c., s. 272-276.
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4. Eine weitere Möglichkeit wäre, dass Magnetit, entsprechend 
E b e l m e n ’s Synthese, durch Umsetzung von Eisensilikat und Kalk 
entstanden ist. Man könnte denken, dass der Kalk auf diese Weise 
Eisen direkt aus dem angrenzenden Schmelzfluss angereichert hätte. 
Dann müssten w ir aber erwarten, Kontaktlagerstätten von Eisen
erzen vorzugsweise an basischen, eisenreichen Tiefengesteinen zu 
finden, was nicht der Fall ist.

Die unter 2 und 3 aufgeführten Hypothesen sind gewiss die 
wahrscheinlichsten. Es is t  aber a u ffä llig , dass H a logenm ine
ra lie n  an v ie len  M a g n e titla g e rs tä tte n  der K o n ta k tzon en1 
fa s t v o lls tä n d ig  fehlen.1 2 An Lagerstätten von Eisenglanz finden 
w ir dagegen sehr oft Flusspat.

ln  solchen Fällen, wo Halogenmineralien nicht nachweisbar sind, 
muss man wohl annehmen, dass Chlor-pneumatolyse2 stattgefunden 
hat, während die Bedingungen zur Skapolitbildung nicht erfüllt waren.

Ob die Anreicherung des Magnetits nach dem unter 2 dargelegten 
Schema stattgefunden hat, oder oh Wasser dabei beteiligt war 
(entsprechend der Theorie von L e it h  und H a r d e r ), lässt sich schwer 
entscheiden. Ich möchte glauben, dass die Entstehung von Mag
netit durch direkte Umsetzung von Eisenhalogenid und Kalk am 
wahrscheinlichsten ist. Unter welchen Bedingungen dabei Magne
t i t  entsteht, unter welchen Eisenglanz, ist keineswegs aufgeklärt.»

Nägot Cl-förande mineral säsom skapolit har dock icke h ittills  
av förf. kunnat identifieras vare sig i  magnetitmalmen eller i 
skarnbergarterna u ti Yxsjöfältet.3

Da magnetit även är rel. r ik lig t närvarande uti det sulfidförande, 
flusspatrika amfibolskarnet i  Kvarnäsen, synes det icke möjligt att 
i  Y x s jö fä lte t  särskilja tvenne, geo log isk t talat, olika tidsperioder 
för skarnbergarternas, scbeelitens och sulfidernas bildning ä ena 
sidan och den beskrivna järnmalmens ä den andra. Men det v il l 
emellertid av vissa relationer framgä, a t t  b ild n in g e n  av jä rn - 
malmen t i l lh ö r  den fö rs ta  fasen av pneumatolysen, och a t t  
su lfid e rn a  t i l lh ö ra  en nägot senare. Under det att sulfidernas 
bildning tydligen är förenad med fluor-pneumatolys, är det däremot, 
som nämnt, omöjligt att avgöra, i  vilken form järnet tillfö rts  vid 
bildningen av magnetitmalmen, dar flusspaten synes saknas.

En av förf. utförd analys av magnetitmalmen visar följande 
sammansättning hos denna:

1 I  Kristianiafältet.
2 Kursivering av förf.
3 Här bör erinras om, att i Ryllshyttefältets zinkmalmer en ha lt av 0,28 % CI 

pävisats, liärrörande sannolikt av skapolit.

[Jan.— Febr. 1922.
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Si02
tío2 . ; ; .................
aia  . .  ...........

FeO . ................
Mno ,
Mgo .
CaO
P2Oä .
PeS2 . . ^  ' ' ’ '  ̂

GlMgn.forl. (C02 + H20)

9.42 %
Spä,r »
1.75 »

32.63 » ^ Fe löst i HCl 34.22 % Fe to ta llia lt i
15.90 » 1 magnetit, py rit och s ilika t 35.66 %.
0.36 » ]
3.31 » 1■ Mn 0.28 %, därav löst i HCl 0.17 %.

22.84 »
0.045 » P 0.018 %.

1.05 1 S 0.56 %
13.52 Ï

100.87 %

Av vad ovan anfôrts rôrande sambandet i  bildningstid mellan 
scheelit, sulfider och magnetit i Yxsjofâltet fôljer givetvis icke, att 
^etta pâstâende skall généraliseras betrâffande a lla  magnetitmalmer 
11A kalkstenar inom den mellansvenska leptitformationen. Forf. ba ri 
en fôregâende uppsats1 meddelat sina observationer betrâffande âl- 
ke rs fô rh â ll andet mellan sulfid- och jârnmalmer inom Garpenbergs- 
°tnrâdet. Hâr synes det i allmânhet forhâlla sig sâ, att jârnmal- 
n>erna âro rel. âldre an sulfidmalmerna (zinkblânde, blyglans och 
kopparkis). I  frâga om de inom nâmnda gebit upptrâdande, mangan- 
Uka jârnmalmerna av »Yikerstypen» torde aven geo log isk t sett, en 
aldersskillnad existera. Detta synes forf. aven vara i overensstâm- 
melse med fôrhâllandena inom Dannemora, dar en aldersskillnad 
existerai1 mellan jiirnmalmen, vars anlâggning icke torde kunna 
losslitas frân leptitformationens bildningstid, och zinkmalmen, som 
l i l i  den angrânsande Uppsalagraniten visar intressanta, genetiska 
ïelationer.

Y x s jö fy n d ig h e te rn a s  genesis.

Som bekant uppfattar J ohansson Grängesbergomrädets »skarn- 
förande granuliter» som m agm atiska bildningar och enl. denna upp- 
fattning skulle sälunda följa, att även Yxsjöfältets f ln s s p a tr ik a , 
hedenb e rg it- och am fibo lska rn  med sina malmmineral: magnetit, 
'uagnetkis, svavelkis, kopparkis, scheelit och molybdenglans skulle 
vara bildade pä samma sätt, enär Yxsjöomrädets leptiter äro fu ll- 
ständigt lika Grängesbergsomrädets »skarnförande granuliter», av 
vilka de endast utgöra en sydvästlig fortsättning.

Förf. har förut betonat, att, vad bildningssättet für Yxsjöomrädets 
leptiter beträifar, en magmatisk genesis icke är möjlig pä grund 
av bergarternas S tru k tu re lla  förhällanden och, vad Yxsjöfältets

1 Inlämnad för publicering i en minnesskrift, avsedd att ntkomma vid Bergshög- 
skolans i Sthlm ICKMrs jubileum 1920. J fr även G-. F. F., Bd 42, 1920, s. 81—83.
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skarnbergarter angär, tala dessa själva genom sin mineralassociation 
ett sä tyd lig t spräk, att deras bildningssätt absolut icke kan 
missförstas. Det f lu ssp a tr ika , scheelit-förande hedenbergit- 
skarnet lämnar, synes det förf., fü llt övertygande bevis för, att Yxsjö- 
fyndigbeternas bildning heit är att tillskriva en synnerligen intensiv 
fluo r-pneum ato lys , varvid de ileptitformationen vid Yxsjön inlag- 
rade kalkstenarna genom tillförsel av vissa ämnen heit eller delvis 
omsatts t i l i  kalkjärnsilikatfelser (skarn).

Bland utländska, klassiska, allmänt som pneum ato ly tiska  be- 
traktade skarnbildningar,1 torde det i själva verket icke finnas nägon, 
som i sin mineralsammansättning mera tyd lig t visar sitt bildnings
sätt än Yxsjöfältet, och bland den mellansvenska leptitforrnationens 
fyndigheter synes Yxsjöfältet avgjort vara det, som klart ädaga- 
lägger sin pneumatolytisk-metasomatiska genesis.

Genom sin generella arbetshypotes ifräga om de mellansvenska 
sulfidmalmernas bildning har G e ij e r  även tagit ställning t i l i  frägan 
om Yxsjöfältets genesis. I  likhet med E sko las  tolkning av sulfid
genesen i Orijärviomrädet söker även G e ij e r  visa, att de mel- 
länsvenska sulfidmalmerna u ti leptitformationen äro pneumatolytiska 
b'ildningar frän de »äldre nrgraniterna».

Yid en redogörelse för förf:s uppfattning av Yxsjöfältets bild
ningssätt bör först pneumatolysens a r t  klarläggas, vidare de vid 
densamma t i l l fö rd a  substanserna. Därnäst kommer frägan, vil- 
ken e rup tivbe rga rt, som förorsakat pneumatolysen.

Den analys, som utförts ä ett generalprov av Kvarnäsgruvans 
skarn»lager»,' visade 0.42 % F l och endast 0.05 % CI (tab. XX). 
Bestämning av F l och CI i  ett större prov (c:a 75 hg) av heden- 
bergitskarnet gav 0.60 % F l och 0.03 % CI. Undersökningar av 
talrika slipprov av hedenbergit-, andradit- och amfibolskarnet hava 
icke kunnat pävisa skapolit-m ineral närvarande, icke heller bor- 
förande mineral säsom t. ex. turmalm eller axinit. Av sädana 
skäl torde man vara fü llt berättigad draga den slutsatsen, att vid 
Yxsjöfältets bildning, som redan nämnt, endast fluor-pneumatolys1 2 3 
verkat. Sannolikt torde man även fä tillskriva  just den r ik l ig a  
tillgängen pä fluor i gaserna (mineralisatorer), att skarnet oftast 
uppvisar en ovanlig storlek hos mineralindividerna, speciellt hos 
hedenbergiten. Y a tten  har tydligen även varit närvarande i gaserna

[Jan.— Febr. 1922.

1 T. ex. u ti Kristianiafältet.
2 I  detta sammanhang kan erinras om, att vid zinkmalmernas bildning u ti Ryljs- 

hyttefältet säväl F l som Ci synas varit närvarande i  gaserna. Zinkmalmerna visa
nämligen i  ett generalprov av 1,000 ton 0.30 % F i och 0.28 % CI (skapolit), säledes 
ungefär lika  delar F l och Ci. J fr  även Cl-halten u ti Kristianiafältets zinkmalmer, 
Goldschmidt, 1. c., s. 256, analys frän Glomsrudkolien med 1.81 % F l och 0.12% Ci.



(se ric it- och epidot-bildning i  plagioklasen, uralitisering av 
hedenbergit t i l l  amfibol) ocb verkat som mineralisator.

Eör att kunna avgöra, vilka ämnen, som tillfü rts  under pneuma- 
tolysen, är det nödvändigt att känna det primara kalkstenssubstra- 
tets sammansättning. Under hänvisning t ill,  vad i det föregaende 
sagts om kalkstenarna, kunna vi med säkerhet antaga, att pneuma- 
tolysen áverkat mycket rena kalkstenar, sálunda icke märgliga 
sádana, ej heller dolomiter.

Den i tab. X X  anförda analysen av amfibolskarn»lagrets» i Kvarnás- 
gi'uvan ungefärliga genomsnittssammansättning ger en möjlighet 
att avgöra, vilka ämnen med säkerhet »fixerats» ur de framstrykande 
gaserna av kalkstenarna under skarnvandling. Dessa äro, angivna 
efter de kvantiteter, soin »fixerais», sâledes icke efter de mängder, 
soin Ursprungligen förefunnits i  gaser och lösningar: Si02, Fe, Al, 
S, K 20, Na20, HoO, W, Fl, Cu och Bi. N i och Mo uppträda endast 
som spar. Möjligen är även en del T i0 2, CI och P20 3 »adderade». 
Apatitindivid uppträda nämligen inuti magnetit- och svavelkis- 
individ, angivande, att de individualiserats nagot tidigare än mag
netit och sulfider. Likasa är, som förut nämnt, titanithalten rik- 
ligare, ju  mera silikat, som förekomma i kalkstenarna; salunda 
nröjligen angivande ett samband mellan tillförsel av TiO., och »addi
tion» av nu i silikat bundna ämnen. Huruvida nâgon »addition» 
av Mn, liksom av MgO, förekommit, är däremot svàrare att avgöra. 
En liten MnO-, liksom MgO-halt, torde väl Ursprungligen funnits i 
den primara kalkstenen, och denna halt, speciellt MnO, har anrikats 
och väsentligen ingátt u ti Silikaten.

Följande sammanställning ger en översikt av de ämnen, som 
tillfö rts vid pneumatolysen och de mineral, i vilka de genom 
reaktioner med kalkstenssubstratet »fixerais».

Bd 44. H . 1— 2.] STUDIER ÖVER YXSJÖFÄLTET. Ü 7

M e t a l l e r  M i n e r a l
F e .......................................... (Amfibol),1 hedenbergit, andradit, (b io tit) ,1

magnetit, magnetkis, kopparkis, svavelkis, 
(epidot),1 (Fe20 3 som pigment u ti plagioklas 
och m ik rok lin ).

- \ y ...........................................Scheelit.

B i . . ■ ..............................  »
C n ..........................................Kopparkis.

M o ...................................... Molybdenglans.

N i .......................................... (Spítr i  magnetkis).
K ...........................................M ik ro k lin , (amfibol),1 (sericit),1 hedenbergit,

(b io tit).1
N a ...................................... Plagioklas, (amfibol),1 m ikrok lin .

.......................................... (Am fibol),1 hedenbergit, andradit, fältspater,
(epidot, sericit).1

1 Sannolikt sekundär.
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S i0 2 ...................................... (Am fibol),1 hedenbergit, andradit, (epidot,
sericit),1 kvarts, fä ltspater.

S ...........................................Hagnetkis,kopparkis,syavelkis,molybdenglans.
H 20 ...................................... (Amfibol, epidot, sericit).1

F l ...........................................Flusspat.

T i0 2? . . . ......................T itan it, (amfibol, b io t it ) !

P205 ? ........................... Apatit.
C I? ...............................Apatit.
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Sedan pneumatolysens fluor-karaktâr och de vâsentliga dârvid 
tillfôrda substanserna bJivit klarlagda, kommer det malmgenetiska 
problemets otvivelaktigt inest intressanta frâga: vilken eruptivberg- 
art bar fororsakat pneumatolysen?

I  Yxsjofâltets skarnbergarter upptrâder ett minerai av synner- 
ligen stor betydelse for ett besvarande av denna frâga, nâmligen 
scheelit. A tt  samma eruptivmagma, som genom pneumatolys bildat 
scheeliten, aven âr uppliov t i l l  skarn-, snlfid- och jârnmalmsbild- 
ningen i fâltet, framgâr otvivelaktigt av scheelitens relation t i l l  
silikat, sulfider och magnetit.

Studerar raan den tillgângliga litteraturen over fyndigheter, som 
fora scheelit och wolframit (gângforekomster eller kontakt-metaso- 
matiska bildningar i karbonatbergarter), skall man finna, att dessa 
stâ i  genetisk relation t i l l  g ra n ite r.

Det mest typiska exempel harpâ utgôra de i  g ra n ite r  eller deras 
narhet upptradande tennmalmsgângarna, sâsom de i Cornwall och 
Sachsen, med angrânsande delar av Bôhmen. I  dessa tennmalms- 
fyndigheter aro, som bekant, schee lit och w o lfra m it  karakteris- 
tiska minerai, och att deras bildning hâr sammanhôr med en 
granit-magmas pneumatolytiska verksamhet torde vara stâllt utom 
a llt tvivel.

Aven ifrâga om fyndigheter av icke gângnatur, dar scheelit npp- 
trâder, finna vi, sâsom i det fôljande med nâgra exempel belyses, 
att deras bildning sammanhôr med en granit-magmas kontaktinver- 
kan. Man torde dârfôr knnna saga, att scheelit âr ett »ledmineral», 
utvisande att en pneumatolytisk inverkan frân en granit-magma 
âgt rum.

De leptitiska bergarterna i Yxsjôomrâdet aro av tu ffo g e n tu r-  
sprung och hava dârfôr icke kunnat utôva nâgon kontaktinverkan 
pâ de i dem inlagrade kalkstenarna. Aven de i leptiterna upp- 
trâdande amfiboliterna knnna icke heller varit orsak t i l l  pneuma-

1 Siinnolikt sekundär.
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tclysen, enär de dels äro av ringa storlek, dels dar de genomtränga 
kalkstenslagren längs strykningen visa sig icke hava utövat nägon 
pävisbar kontaktinverkan. Mineralassociationen flusspat och scheelit 
tyder för öviigt icke pä kontaktinverkan frän en basisk magma.

I  Yxsjöomrädet uppträda emellertid tvenne granittyper, vilkas 
ställning t i l i  skarn- och malmbildningen i Yxsjöfältet är en träga 
av mycket stört intresse. Som nämnt pekar scheelitens förekomst 
i skarnbildningarna avgjort pä, att det är nägon av dessa olika 
granittyper, som ästadkommit pneumatolysen. Frägan blir, enl. 
förf:s mening, endast den, v ilk e n  av de bäda granittyperna: gnejs- 
graniterna (=  de »äldre urgraniterna») eller Järnagraniten, är malm- 
hildaren.

Yad först gnejsgraniterna (de »äldre nrgraniterna») i Yxsjöom
rädet beträffar, sä finnas hos dessa vissa drag, som alldeles sär- 
skilt hänvisa pä, att man här säkerligen har att söka den malm- 
hildande eruptivbergarten i Yxsjöfältet. Dessa gnejsgraniter äro 
som omnämnt, i vissa fall rel. x'ika pä tlu sspa t (trakten av Pingsta- 
berg bl. a.) och visa en drüsig karaktär, egenskaper, som förf. icke 
äterfunnit hos Järnagraniten. Det är sälunda tydligt, att gnejs- 
granitens magma varit rel. r ik lig t fluo rfö ra nde , och Yxsjöskarnets 
rikliga halt av flusspat stär, enl. förf:s äsikt, i  sammanhang med 
gnejsgraniternas. Sporadiskt har magnetkis, pyrit och molybden- 
glans kunnat iakttagas i gnejsgraniterna. I  ett fa ll har ett scheelit- 
korn även observerats tillsammans med flusspat. Amfibolskarnets 
rikedom pä k a l ifä lts p a t  (mikroklinpertit) är även ett drag, som 
visar dess genetiska samhörighet med gnejsgraniterna, vilka kunna 
betecknas som kalifältspartika i  jämförelse med Järnagraniten.

Samma regionalmetamorfa karaktär, som tryckt sin prägel pä 
gnejsgraniterna, äterfinnes hos Yxsjöfältets skarnbildningar, speciellt 
Kvarnäsgruvans amfibolskarn. Det är därav tydligt, att skarnet 
icke kan vara yngre än denna regionalmetamorfos.

E tt av förf. observerat kontaktförhällande mellan de förut be- 
skrivna, intrusiva amfiboliterna och skarnbergarterna torde vara av 
intresse omnämna, enär det torde giva tillfä lle  t i l i  ett bedömande av 
skarnb ildn ingens ä lder r e la t iv t  grönstenarnas i fa lte t. Yid 
ett tillfä lle  iakttogs nämligen vid kontakten mellan en amfibolit och 
ett skarn, a tt längs öve rtvä rande  sprickor i  amfiboliten uppträdde 
nägra av de mineral, som anträffades i  skarnet, nämligen kalcit, röd 
fältspat (plagioklas och mikroklin) samt flusspat. Skulle man av 
denna observation väga draga nägon slutsats, b lir väl denna, att 
amfibolitintrusionen är rel. äldre än skarnbildningen. Sälunda torde 
iYxsjöfältet samma rel. äldersskillnad mellan sulfider och amfibolitei



120 GUSTA F T. LINDROTH.

kunna faststallas som i  det foregáende omnamnts frán de in tru
siva amfiboliterna i Garpenbergsomrádet (Ryllshyttefaltet).

A tt Jarnagraniten icke, enl. forf:s resultat, ar den sulfidmalm- 
bildande eruptivbergarten i  Yxsjofaltet, star i  overensstammelse 
med av G e ij e r  gjorda uttalanden,1 avensá framháller S u n d iu s  2 den 
lo ka la  karaktáren bos den kontaktpáverkan, som utgátt frán 
Filipstad- och Jarnagraniten i  Grytthyttefáltet, liksom den r in g a  
su b s ta n s tillfo rs e l, som varit forknippad med ifrágavarande 
granitintrusioner.

[ja n .— Febr. 1922.

S e h e e litfo ra n d e  fy n d ig h e te r  av m ed  Y x s jo fa lte t  an a lo g  n a tu r .

I  litteraturen finnas beskrivna ett stort antal scheelitfôrekom- 
ster av kontakt-metasomatisk natur, v ilka i  fiera avseenden erinra 
om Yxsjôfaltet. Det ar speciellt i  U. S. A. som dessa fyndigheter 
upptrâda. Intressant âr, att alla dessa fyndigheter synas gene tisk t 
sammanhôra med en granit-magmas pneumatolytiskt-metasoma- 
tiska inverkan pâ ka lks tenar.

K n o p e 1 2 3 har frân Lost River, Seward Peuinsula, Alaska, beskrivit 
en synnerligen intressant scheelitforande fyndighet av pneumato- 
lytisk-metasomatisk genesis. Genom kontaktinverkan pâ ka lks ten  
har en granit-magma bildat en smal, men lângstrâckt skarnzon i 
den forra. I  denna skarnzon upptrâda tu rm a lin , a x in it, lu d w i- 
g i t  ([B2 06] Mg3. [Fe2 04]. Fe), h u ls it  (Fe O-MgO-borat med ZnO och
H.,0) o’ch p a ig e it (FeO-MgO-stannoborat), vesuvian, flusspa t, 
s k a p o lit, chondrod it, pyroxen, b lyg lans, zinkblande, arse- 
n ik k is , m agnetkis, scheelit, m agne tit och k a s s ite r it.

I  Yxsjôfaltet âterfinnas av dessa minerai: flusspat, pyroxen, 
magnetkis, magnetit och scheelit.

Ovannâmnda forf.4 omnâmner aven scheelit fôrekomma som mi- 
kroskopiska korn i  av g ra n it  kontaktpâverkad ka lks ten  pâ Cape 
Mountain, nâra Cape Prince of Wales, Alaska. Frân Fairbanks 
D istrikt, Alaska, har M e r t h ie 5 aven beskrivit analoga forhâllanden.

De pneumatolytiskt-metasomatiska scheelitfôrekomsterna6 nâra 
Bishop, Inyo County, Californien, synas mycket erinra om Yxsjô-

1 Falutraktens berggrund, etc. s. 273.
2 G. F  . F. Bd. 38, 1916, s. 286.
3 Geology of the Seward Peninsula t in  deposits. U. S. Geol. Survey, B u ll. 358,

^ 4 1. c., s. 24, 30, 31. J fr. H ess, Fba.nk  L . Tungsten minerals and deposits. U. S
Geol. Survey, B u ll. 652, 1917, s. 43.

6 M e r th ie , J. B., jr. Lode m in ing in  the Fairbanks d is trik t. IT. S. Geol. Survey, 
B u ll. 662, 1916, s. 418 -424 . o i „  , TT D

6 K nope, Adolph . Tungsten deposits of North-Western Inyo  ( ounty, Cal. U. S.
Geol. Survey, B u ll. 640, 1917S s. 229—249.
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aro knutna t i l l  av g ra n it  kontaktp&verkade 
uppgives vara atfoljd av granat1 (andradit?), 

Pyroxen, amfibol, kvarts, epidot, phlogopit ock kalcit, det senare 
att uppfatta som en rest av det primara kalkstensmaterialet. 

^'nkblande och py rit aro sallsynta mineral i fyndigheterna. Nast 
Jdrn har wolfram spelat storsta rollen bland tillforda metaller.

Nevada1 2 hyser aven dylika, genom kontaktinverkan fran g ra n it  
pa ka lks ten  bildade scheelitforekomster. Mineralassociationen synes 
vara den nyss ovan angivna. Kalksten uppgives ligga i granitens 
harhet, och i  vissa fa ll genomskares den av aplitiska gangar fran 
denna.

Aven u ti Utah,3 i Box Elder County, upptrada analoga, t i l l  
k a lk s t en bundna scheelitforekomster, bildade genom kontaktinver
kan fran g ra n it.

I  New Mexiko,4 Apache N:o 2 mining district, f'orekommer 
scheelit under ungefar analoga forhallanden.

Fran Connecticut5 (Long H ill)  angives scheelit forekomma i 
ka lks ten  under betingelser, som erinra om ovannamnda scheelit
forekomster.

Det ur genetisk synpunkt gemensamma fór dessa ovannamnda 
scheelitforekomster ( t i l l vilka skulle kunna ytterligare anforas 
Hera), namligen en granit-magnias pneumatolytiskt-metasomatiska 
inverkan pa i omgivningen av densamma befintliga kalksten-fore- 
komster, har forf. funnit vara enda losningen av Yxsjofaltets malm- 
genetiska problem.

faltet. Fyndigheterna 
afkstenar. Scheeliten

S a m m a n fa ttn in g .

En av den mellansvenska leptitformationens mest intressanta och 
säregna malmfyndigheter torde Yxsjöfältet vara, beläget i  norra 
delen av Ljusnarsbergs socken, Yästmanland, icke längt frän järn- 
vägslinjen Hörken—Annefors, c:a 9 h n  frän förstnämnda Station 
ä Bergslagernas järnväg (fig. 1). Det torde otvivelaktigt vara 
Sveriges f. n. största, kända scheelitförekomst.

Berggrunden i Yxsjöfältet och dess omgivningar bestär av en

1 Granaten uppgives v id  anrikn ing  kunna extraheras med magnetisk separator 
(H ess, 1. c., s. 793). är sälnnda sannolikt en andradit.

2 H il l , J. M. Notes on some m in ing  d istricts in  eastern Nevada. U. S. Geol. 
Suroey, B u ll. 648, 1916. J fr  L indgren , M ineral Deposits, 1919, s. 742, och H ess, 
F rank , L. U. S. Geol. Survey, M ineral Resources of the United States, 1916, s. 
792— 793; tungsten minerals and deposits, U. S. Geol. Servey, B u ll. 652, s. 43.

8 H ess, Frank , L. U. S. Geol. Survey, M ineral Resources o f the United States, 
1916, s. 792—793; tungsten minerals and deposits etc., s. 43.

4 H ess. F r a n k , L. Tungsten minerals etc., s. 43.
5 H ess. F rank , L. M inera l Resources etc., 1916, s. 793.
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ljusgrá t i l i  rödlätt leptit av extremt natronrik karaktär (tab. I I I • 
IV , V). Delvis är bergarten p o r fy r is k t  utbildad, med endast »strö- 
korn» av kvarts (fig. 9) eller albitisk plagioklas (tig. 10), eller 
ock mera jäm nko rn ig . »Grundmassan» i  de porfyriska varieteterna 
bestär av kvarts, albitisk plagioklas, nágot biotit (klorit), titan it 
(leukoxen) och apatit.

Uti de leptitiska bergarterna äro k la s tis k a  strukturdrag (fig. 10) 
anträffade, vilka hänvisa pá, att leptiterna icke äro magmaberg- 
arter utan av tu ffogent Ursprung.

Säsom lagergangar av växlande mäktigbet (fig. 3 o. 4) uppträda 
uti leptiterna eller i de u ti dessa inlagrade kalkstensförekomsterna 
in tru s iv a , nu fullständigt omkristalliserade grönstenar (amfiboliter) 
av gabbroid sammansättning (tab. V I) men av obekant primär 
Struktur och mineralkombination.

Strax söder om Yxsjön, efter vilken malmfyndigheterna fatt sitt 
namn, förekommer u ti leptitomrädet en skarn-kalkstenskompleX 
som efter skarnets sammansättning kan délas i  tvá delar: en väst- 
lig, omfattande Norra- och Södra Yxsjögruvans utmal (fig. 2 och 
fig. 3) och en västlig, omfattande Kvarnäs- och Dammgruvornas 
utmäl (fig. 2).

Inom den västra delen hava primärt förefunnits fiera kalkstens- 
lager, vilka genom en pneumatolytisk-metasomatisk process delvis 
överförts i ett oftast grovstängligt hedenbergit-skarn(fig. 14 och tab. 
V II I)  eller mera underordnat i ett andradit-skarn (fig. 16 och tab.XI).

Uti hedenbergitskarnet, mera underordnat i  andraditskarnet, upp- 
träda koppark is, svavelkis, m agnetkis, molybdengians, mag- 
n e t it  och schee lit (fig. 15).

F lusspa t är överallt mycket r ik l i g t  närvarande i hedenbergit- 
skarnet. P lag iok las , m ik ro k lin  och k v a rts  inga även i dess sam- 
mansättning, likasá nágot ep ido t och se ric it, bada sannolikt om- 
vandlingsprodukter (hydrotermala ander malmbildningsperioden?) 
av plagioklasen.

Hedenbergitskarn-»lagrens» medelhalt av scheelit är icke med fu ll 
säkerhet konstaterad genom h ittills  i faltet utförda undersökningar. 
De med undersökning bearbetade gruvorna hava visat en medel
halt av c:a 0.7—1 % W 0 3 i brütet berg. Kopparhalten hos heden- 
bergitskarnkomplexen torde i medeltal understiga 1 % och sannolikt 
halla sig vid 0.3 / —0.5 %. L o k a lt kan emellertid kopparkisen samla 
sig i smä klumpar och strimmor i skarnet, sä att halten avsevärt 
överstiger ovannämnda, och det var tydligen dylika »koncentra- 
tioner» som i äldre tider eftersattes med gruvdrift.

I den östra delen av faltet, inom Kvarnäs- och Dammgruvornas

[Jan.—-Febr. 1922-
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3 uPP̂ r^ er endast e tt skarn-slager» av c:a 170 m längd och 
•• 1 3redd. ^ ar i)ar det primära kalkstenssubstratet fullständigt 

?r i ett amfibol-skarn med hög FeO-och rel. stör alkalihalt 
och tab. XX). Den FeO-rika amfibolen är bär seknn- 

c afi iramgängen genom uralitisering av hedenbergit.
Aven amfibolskarnet är synnerligen r ik t pä flu ssp a t (tab. XX). 

Q’alt dessutom pä m ik ro k lin ( -p e r t it ) .  Därjämte ingä scbee lit 
- S- 17 o. 19), m agnetit, m agnetkis, kop'parkis och svavelk is. 

ndradit förekommer underordnat, b io t i t  oftast i r ik lig  mängd. 
Amfibolskarnets medelhalt av W 03 torde, enl. förf. undersöknin- 

gar^uppgä t i l i  c:a 0.5 %, kopparhalten t i l i  0.2 %—0.3 %.
U ti Yxsjöomrädets leptitarea uppträda Hera, frän varandra i 

agytan isolerade, antiklinal-batoliter av regionalmetamorfoserad ur- 
granit (gnejsgranit), vilka äsformigt höja sig över leptitterrängen och 
därigenom ge landskapet en karakteristisk prägel. Förf. har funnit, 
at t  vissaförhällanden otvetydigt peka hän pä, att det är en pnenma- 
to ly t is k  m e ta so m a tisk in ve rka n frä n  denna gran itm agm apä 
de i le p titfo rm a tio n e n  b e f in t l ig a  ka lkstenarna, som är or- 
saken t i l i  skarn- schee lit- och su lfidm a lm sb ildn ingen  i Yx- 
sJö fä lte t. Sädana förhällandena äro: 1) urgranitens stundom dru- 
S1§a> flusspatrika karaktär; 2) sporadisk förekomst i graniten av 
vissa för Yxsjöskarnet utmärkande sulfider och scheelit; 3) Yxsjö- 
skarnets (amfibolskarnets) lokalt stora alkalihalt (förekomst av 
mikrolinpertit), v ilket överensstäminer med urgranitens mikrolin- 
pertitrika karaktär och som icke torde kunna förklaras annat 
än genom en a lk a l i t i l l fö r s e l  frän den kalirika magman.

Nägot samband mellan Järna-graniten (fig. 1) och malmbild- 
ningen i omrädet har förf. däremot icke  kunnat finna. Det fram- 
gär, att graden av metamorfos hos Kvarnässkarnet överensstämmer 
naed gnejsgranitens och icke med Järnagranitens. S karne t kan 
dä rfö r icke vara en med Jä rn a g ra n ite n  sam tid ig  b ild n in g .

Üd 44. H. 1— 2.]
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Über die Struktur des kristallisierten Quecksilbers

von

N. A lsön und G. A minoff.

In  der Literatur kommen sehr unsichere und sich zum Teil 
widersprechende Angaben über die Kristallform des Quecksilbers 
vor. So Wird von K ammelsberg1 angegeben, dass es nach drei recht
winkligen Richtungen spaltet. Nach H intze1 2 kristallisiert Hg in 
Oktaedern oder auch in nadeligen Kristallen und ist hexaedrisch 
spaltbar.

Der Zweck der vorliegenden Untersuchung war Kristallform und 
Struktur des Quecksilbers auf röntgenographischem Wege zu be
stimmen.

E x p e r im e n te lle  E in r ic h tu n g . Die einzige röntgenographische 
Methode, die im vorliegenden Falle zum Ziel führen kann, ist natür
lich die Pulvermethode.

Eine geschlossene Kamera aus Messing mit einem Filmdiameter 
von 60 mm  wurde angewendet. Die ganze Kamera wurde in festes 
Kohlendioxid eingebettet. Das Quecksilber war in einen Cylinder 
aus dünnen Papier eingeschlossen (innerer Durchmesser 0.9 mm).

Als Lichtquelle diente eine Metallröhre von dem Siegbahn-Had- 
dino-schen Typus. Antikathode aus Fe. (¿Fe« =  1.93 A  E, hefi =
1.7<T.) Expositionszeit 2 bis 3 Stunden bei c:a 40000 Volt und c:a 
10 M Amp. Drei Filme wurden exponiert, von denen jedoch keiner 
recht gut ausfiel. Die Linien waren verhältnismässig schwach- 
Keine ganz sichere Linie scheint von Reflexion mit Fe/; herzu
rühren.

1 Handbuch der Kryst.-Phys. Chemie I  (1881), S, 167.
2 Handbuch der Mineralogie, I  (1904), S. 327.



Berechnung des F ilm s . Die gemessenen Linien ergaben die Si
nusquadrate, die in der ersten Zeile der Tabelle angeführt sind, 

iese Sinusquadrate sind nicht m it kubischer Symmetrie vereinbar. 
ei einem Vergleich m it den von H u l l 1 veröffentlichten Diagram

men ergibt sich als einfachste Deutung eine hexagonale quadratische 
orm, entsprechend einem Achsenverhältnis von c:a~ 1.9:1.
Bei der Ausgleichung der beobachteten Sinusquadrate wird dann 

-eggender Ausdruck berechnet 
2 0 ,

sin -  =  0.0840 (H2 + I 2 + H I) + 0.01775 L 2 
z

H, I  und L  sind die Bravaisschen Indizes, bei Deflexion in hö
heren Ordnungen mit ganzen Zahlen multipliziert.
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D im en s io n en  des G itte rs .
/L2

Da 0.0840 =  ,2 - ; 0.01775
d d 100

wird dann berechnet

d100 ~  3.33 À. E.; 
ôoi 7-24 Â. E.

Da weiter a =  —bA__
n

— 3.84 Â. E. und c =  d001 =  7.24 Â. E. ist,

wird das Achsenverhältnis =  1.88 : 1.

A n z a h l d e r A to m e  im  E le m e n ta rb e re ie h .

Die Anzahl (hi) der Atome in dem Eie-
ßientarparallelepiped ergibt sich wie folgt: 
(Dichte =  14.2, Atomgewicht =  200, Gewicht

sir
Indizes

gemessen berechnetdes H-Atoms =  1.66 X 10- .24 gr)

ca2 1.66 X 200 w . 0.01775 0001
2 14.2 0.071 0.0710 0002

N =  3.97. 0.082 0.0840 10Î0
In  Elementarbereich befinden sich also 4 0.103 0.102 1011

Atome Hg. 0.155 0.155 1012
0.160 0003

M ö g lic h e  S tru k tu re n . Bei der Annahme, 0.240 0.244 1013
dass die vier Atome strukturell identisch 0.252 0.252 1120
sind, ergeben sich mit Hilfe der Nigglischen 0.270 1121

1 Phys. review. 17 (1921), S. 549.



126 N. ALSŹN UND G. AMINOFF. [Jan.— Febr. 1922.

■ 2 & 
SW 2 Indizes

gemessen berechnet

0.287 0.284 0004

0.321 0.323 1122
0.336 2020

0.359 0.354 2021
0.372 1014

0.407 2022
0.412 1123

0.444 0005

0.498 0.496 2023

0.526 0.528 1015

0.531 0.536 1124

0.589 0.588 2130

0.606 2131

0.620 2024

0.639 0006
0.659 2132

0.696 1125

0.723 1016
0.745 0.748 2133

0.756 3030
0.774 3031

0.781 0.780 2025
0.820 0.827 3032

0.8 70 0007
0.872 2134

Tabellen die möglichen hexagonalen Struk
turen. Vierzählige Lagen (orthohexagonal: 
8-zählig) sind in folgenden hexagonalen 
Raumsystemen möglich:

« 3  g l  5 ) 1  5 ) 6  5 ) 1  5 ) 2  5 ) 3  5 ) 4
6 y !  ^ C h *  ^ 6 h !  " ^ e h »  ~ ^ h >  ~ ^ 6 h >  " l / 6 h *

Die Atomkoordinaten in den Strukturen, 
welche vierzählige Lagen in obenstehenden 
Raumsystemen ergeben, werden nachstehend 
mit Origo in einem Atom angegeben. (Ge
wöhnliches Elementarparallelepiped.)

Q l : [[0 0 0]], [[0 0 ffi, [[§ h 0]], [[§ J ¿]] . . . ( « )
: [[0 0 0]], [[0 0 p]], [[f i  0]], [[§ * p]J . . .  (ß)

Ggh: a) Punktlagen an hexagonalen 
Schraubenachsen:

[[0 o 0]], [IO o p]], [[o o |]], [[0 o (p + i-)]]. . .  (y)

b) Punktlagen an trigonalen Drehungs 
achsen, die nicht hexagonale Schrauben
achsen sind:

[[0 o 0]], [[0 o (p+ B l  Di 1 1D,D! J pl] • • • (d)

5)®: a) Punktlagen an hexagonalen 
Schraubenachsen: =  (5|h a)

b) Punktlagen an trigonalen Drehungs
achsen, die nicht hexagonale Schrauben
achsen sind: =  (5gh b)

=  ®eh u n d

5)gh: a) Punktlagen 1 ohne Freiheitsgrad: =  
bj » 2 » * : =
c) » an hexagonalen Drehungsachsen: Q2h a)

©j!h: a) » 1 ohne Freiheitsgrad: =  (5j?v
b) * 2 '» » : =  Q l

c) » mit einem Freiheitsgrad: =  a)

©eh : a) * an hexagonalen Schraubenachsen: =  Ggh a)
b) » an trigonalen Drehungsachsen, die nicht hexa

gonale Schraubenachsen sind: =  Q26h b)



Bei dieser Untersuchung ergeben sich also 4 verschiedene Struk- 
turtypen, die oben mit «, ß, y, ä bezeichnet sind. W ir bemerken 
züerst, dass « ein Spezialfall von ß ist; y ist unbrauchbar, weil es 
'°n  Elementarparallelepipeden mit zwei Atomen und halber c-Achse 
ail%ebaut ist. Es resultieren daher nur zwei mögliche Struktur 
typen, nämlich:

ß: [[0 0 0]], [[0 0p]], [[HO]], [[H p ]] 
d: [[0 0 0]], [[0 0 i p + [)]], [[SH]], [[H p ]]

A n o rd n u n g  d e r A to m e  im  E le m e n ta rb e re ic h . Auf dem Eilm ist 
(1121) nicht vorhanden. Da die Struktur ß den Strukturfaktor null 
für (1121) nur bei p == Vs gibt, muss also p gleich Vs sein, wenn 
diese Struktur vorausgesetzt wird. In  diesem Falle aber zerfällt das
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Fig. 1. Anordnung der Atome in dem kristallisierten Quecksilber.

Elementarparallelepiped in zwei gleiche Teile, je m it halber c- 
•̂chse und 2 Atomen und demnach muss diese Struktur als sehr 

^wahrscheinlich angesehen werden. Hierzu kommt, dass alle In 
dizeskombinationen mit ungeradem L  den Strukturfaktor null haben, 
^as mit dem Vorhandensein von mehreren solchen auf dem Film 
üicht in Übereinstimmung steht. Struktur ß  ist also unbrauchbar.

Eine Untersuchung der Struktur d gibt als Resultat dass der 
®üukturfaktor null wird für Indizeskombinationen, bei denen

4H  + 2 I  + 3 L  =  3 + 6z
(z =  0, 1, 2, 3 . . . .)
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In  der Tat treten auf dem Film keine Interferenzlinien auf, deren 
Indizeskombinationen die vorstehende Formel erfüllen, das heisst 
z. B. (0003), (1121), (1123), (0005).

Aus dem vorstehend Gesagten geht hervor, dass die »Struktur S* 
höchst wahrscheinlich ist. (Fig. 1.)

Eine Bestimmung des Parameters, p, ist unmöglich, da die 
Schwärzung der Linien auf dem Film nicht mit genügender Sicher
heit bestimmt werden kann.

Bei hinreichender Eigensymmetrie der Hg-Atome bekommt diese 
Struktur dihexagonal-bipyramidale Symmetrie.

Bei einem Vergleich der Hg-Struktur m it den Strukturen von 
chemisch verwandten Elementen bemerkt man, dass, wenn man aus 
den Schwerpunkten von je zwei über einander gelegenen Hg-Atomen 
eine Struktur konstruiert, diese m it den von H u l l 1 bestimmten 
hexagonalen Strukturen von Cd und Zn analog ist. Auch das 
Achsenverhältnis ist beinahe dasselbe. (Zn =  1.86 : 1, Cd =  1.89 : 1, 
Hg =  1.88 :1.)

W ird das eine von zwei über einander liegende Atome durch ein 
anderes Atom ersetzt, so resultiert eine Struktur von demselben 
Typus wie die Strukturen von ZnO und AgJ.

Mineralog. Institut der Stockholmer Hochschule, Januar 1922.

1 Phys. review. 17 (1921), S. 549.
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Tvft geologiskt intressania platser i Klövedal, ßolmslän.

'  Av

IVAR I). WÁLLERIUS.

Fig. 1. Karta över västra delen av Klövedals socken, Tjörns 
liärad. V id  S Stenviks jä ttegry tfä lt, K  Kyrkesund, L  Linne- 
vikens skaigruslokal. E fter Generalstabens kartblad Göteborg 

(1 : 100,000).

1. Jättegrytfält vid Stenvik á Herrón.

Bohuslän är bekant för sin rikedora pä jättegrytor. Redan de 
gantla beskrivningarna över landskapet sysseksätta sig med dem 
°cb frágan om deras bildningssätt. Av P. K alm finnes en kort 

9—220270. G. F. F. 1922.
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uppsats i K. V. A. H. 1743 !Om de sa kallade Berg- eller Jätte- 
grytor i Bohus-län». Sedan han anfört nägra exempel pä dylika, 
Säger han: »Orsaken t i l i  desse Bergs- eller Jättegrytor föregafs af 
somligom vara denna; at som sädana altid äro pä sidorna af berg, 
sä hafva de förorsakats af vatnet, som runnit ned frän bergen, ock 
pä det stallet, der Bergsgrytorna äro, giort en hvirfvel; de mente,' 
at sä nog kunnat ske, om ei snart, dock pä sä mänga hundrade 
ärs tid, ty gu tta  cavat lapidem  non sed saepe cadendo. Men 
hvarföre lins da ei sädana pä alia orter? En,vid namn A n c k a r - 

STRöm, har lä tit upgräfva nägra af sädana Jättgrytor, som varit 
fulla med Jord, ock fnnnit i somliga krukor upfylte med aska och 
ben.» I  sin »Chorographia Bahusiensis» (1746) har J. Oedman ut- 
talat sin a tankar ocksä om jättegrytorna. Han förmenar dem vara 
människors verk. »Jag tror, at ingen utan i Krigs tid betient sig 
af them, ock thet antingen för Torst skuld at samla watn i them, 
eller at koka i them, ty  intet watn ge the af sig sielfwa, utan 
hwad frän Himmelen ock Bärgen, som ligga öfwer them, kan i 
starckt regnväder falla theruti: Hwilcket är min oförgripeliga me- 
ning, then jag dock med mera gärna hänskiuter t i l them, som i 
P hys ic is  & arte hyd rau lica  äro mera lemma än jag.» A. E. H olm- , 
berg ägnar ett par sidor i »Bohusläns historia och beskrivning» 
(1842—45) ät jättegrytorna, som i de bohuslänska bergen förekomma 
»tili ett antal af flera tusen». Ocksä han opponerar sig mot äsik- 
ten, att de bildats genom vattnets inverkan. Han tror dem vara 
»ögonblickligen tillskapade», mahända innan jordens yta var full- 
komligen stelnad. En mera vetenskaplig behandling av de bohus
länska jättegrytorna möter oss hos E. W. Olbers, som jämväl av- 
bildat nägra bland dem.1

Numera hänföras Bohusläns jättegrytor övervägande t i l i  de fluvio- 
glaciala bildningarna. Tvä alternativ äro da tänkbara: antingen 
ha de ästadkommits av vattenfall frän älvar ä isens y ta  (»Gletscher
mühlen»), eller ock äro de bildade av subg lacia la  strömmar, vilkas 
hydrostatiska tryck gäller säsom ganska kräftigt. Beträffande de 
lä g t belägna jättegrytorna i Bohuslän anser G .  D e  G e e r  det förra 
bildningssättet omöjligt, enär havsytans dävarande nivä legat 100
_150 m högre än den nuvarande, ett argument, som synes över-
tygande nog. Han tillskriver dem i stallet de subglaciala älvarnas 
verkam2 Men har icke nyssnämnda argument tillämpning ocksä 
pä detta tolkningssätt? Dessutom skulle ju  de mängfaldiga jätte-

1 E. W. Olbers, Bidrag t i l i  Güteborgs och Bohus läns geologi (1870), s. 123—125.
2 G D e Geer , Quaternary Sea-bottoms in  Western Sweden, G. E. F. 32 (1910): 

1143.
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Srytf6rekomsterna i Bohuslan fOrutsfttta, att har en gáng varit en 
^^rk lig  rikedom pá isalvar. Men detta motságes av landskapets 
synnerliga fa tt ig d  om pá isa lvssed im ent.1

man máste val fraga, om ej havet haft nágot att betyda for 
dessa jftttegrytors tillkomst, vilka i sá stort antal just i Bohuslan 
ñnnas vid' eller obetydligt over den nuvarande havsytan. líedíin 
^Werenborg bar sokt en fiirklaring t i l l  jattegry tornas bildning i 
havets lorelser.1 2 3 4 I  ñutida sammaníáttandé framstállningar riirande 
.lftttegrytor brukar ocksá havet namnas sásom faktor.'1 Direkta iakt- 
tagelser av jattegrytbildning genom havets verkan ánforas irán 
Ustersjons stránder'1 men synas ej foreligga frán vastkusten.

B d 44. H . 1 — 2 .] TVÁ GEOL. INTRESSANTA PLATSER I  KLOVEDAL.

Fig. 2. Jattegry Ifáltets üslra del, sedd frán S. V id  +  de á íig. 5 
avbildade játtegrytorna. Lángre át h. en markerad dioritgáng. I  
íorgranden t. h. k lippa rtie t á iig. 9. (Fotograiierna tagna av forf.

1921.)

Den betydande jattegrytforekomst —■ sakerligen en av várt lands 
fornamsta — frán vilken nágra iakttagelser nu skola meddelas, ger 
visserligen ej' direkta bevis pá jattegrytbildning genom havets rü-

1 Se beskrivningarna t i l l  hitliorande geol. kartblad.
2 E n lig t A. G. Nathokst, E manuel Svedenborg s&som geolog, G. F. F. 28 (1906): 

362.
3 T. ex. E. Erdmann, art. Jattegrytor i  Nordisk Familjebok, (1910); F. Svenonius, 

Bidrag t i l l  jattegrytornas morfologi och forekomstsatt, G. F. F. 40 (1918): 731.
4 E rdmann, anf. st,.; G. L indstrom, Om jattegrytor, bildade av liavet vid Hoburg

pd Gotland, G. F. F. 3 (1876 -77 ): 336.
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reiser men foreter dock enligt min mening ratt sá starka indicie- 
bevis for ett sádant bildningssatt.

. H e rro n  ar belágen V om Tjorn och dr skild frán denna o av 
Kyrkesund, dar Bohuskustens stora farled gar fram. Sasom synes 
á kartan, fig. 1, ligger den hastskoformiga ons sydvastligaste del, 
som nár en hojd av 40—50 m, alldeles iippen fOr ha vet át V  och 
SY. N om den har i vástlig riktning utskjutande udden Herrohuvud 
finnes en liten vik, i trakten kand under det betecknande namnet 
StenviJc. Narmaste omgivningen har en sádan gestaltning, att stora 
vattenmassor i storm kunna vrakas lángt upp pá land och bilda 
formliga forsar vid sitt áterfall. Djupa Idyftor, lodrata branter, 
stora blocksamlingar gora terrangen ganska svárframkomlig, och 
att landa frán sjosidan i V  ar ofta svárt eller omojligt. Da har- 
t i l l  kommer platsens avskilda iage — sallan synes nágon manniska 
pá dessa odsliga strander — ager den redan ett ganska effektivt 
»naturskydd».

Berggrunden Sr overvagande grá gneis med brant-lodrat stup- 
ning. Strykningsriktningen ár ej enhetlig inom Stenviksomrádet, 
eljest ar den i  dessa trakter forharskande nordostlig. Hdr och dar 
forekomma d io r itis k a  bergarter. En i landskapet skarpt framtra- 
dande gang av massformig diorit ar synlig á fig. 2.1

C:a hundra já tte g ry to r  finnas vid Stenvik á en areal av efter 
ogonmátt bortát Va hektar, daribland nágra submarina.1 2 De fiesta 
antráffas, ofta grnppvis, á nOTra och ostra sidorna av viken, dür 
stranden 8r som mest utsatt for havets váldsamhet. De langst inát 
land belágna finnas pá ung. 40 m avstánd frán vikens ostra strand. 
Mynningarna ha i regel en val rundad form, men grytorna aro 
ofta fyllda av vatten eller átminstone nedtill av hárdt samman- 
packade stenar, sá att en narmare nndersbkning forsváras eller 
omojliggores. Nágra »lopare» ha ej pátraffats. Játtegrytornas stor- 
lek ar vanligtvis ej anmarkningsvard. Flertalet nár ej 1 m i dia
meter, manga ej ens 0,5 ni. — En helt isolerad jattegryta finnes 
SO om Stenvik vid en brant bergvágg mot V.

Vad som ger Stenviksforekomsten dess speciella intresse ar ej 
blott játtegry tornas talrikhet utan ock de bidrag har kunna hamtas

1 A t t  doma av strykningsriktningarna hos gnejsen, i  den mán dessa framtrada á 
Miden, foreligger en skarp d is k o rd a n s  mellan gnejspartierna á omse sidor om d iorit- 
gángen. Pá avstánd har denna gáng en egendomlig likhe t med en lavastrom.

2 Endast typiska já ttegryto r aro medráknade, inga »tvetydiga*.
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tiü  besvarande av frägan om deras uppkomst ävensom det formliga 
■ lnventarium, som här gives ä dessa bildningars typer och stadier, 
saseni den fö ljande framställningen torde antyda. Frau den första 
anläggniDgen säsom en ring- eller delvis spiralförmig ursvarvning 
a bergytan t i l l  de efter erosionens arbete äterstäende nischformerna 
1 bergväggen kan man här följa jättegrytornas historia. De finnas, 
sasom nämnt, over och under havsytan, enstaka och gruppvis, enkla
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Fig. 3. Den minsta jättegrytan. H ätte t därbredvid är 0.5 m.

\

Fig. 4. Längdprofil genom 
jättegrytan â fig. 3. Mo.

och dubbla med mellanvâggen mer eller mindre borteroderad, â 
plana bergytor och branta klippvâggar saint i en mângfald olika 
storlekar.

Den markligaste av alla iStenviks jâttegrytor ar nog den m insta 
bland dem, avbildad â fig. 3. Eundade och skâlformiga erosions- 
gropar av ânnu mindre dimensioner kunna visserligen pâtraffas, 
men dâ denna ar en fu llt cylindrisk, fint ursvarvad jattegryta, hôr 
den sâkert t i l l  de minsta dylika, som overhuvud âro môjliga. Dess



diameter är 0,13 m  — själva mynningen är nâgot vidare — dess 
största djup 0,28 m. Bottnen visar den egendomliga form, som 
fig. 4 ungefäriigen äterger, liknande bottnen â en butelj. Den an- 
tyder, hur smâ de topare varit, som roterat i- grytan ocb kunnat 
âstadkomma en sâdan effekt. A  fig. 3 synes längst t. v. nägonting, 
som kan tydas sasorn ett misslyckat försök t i l l  en ännu mindre 
jättegryta. »Dvärggrytan» befinner sig a ett lägt strandparti N 
om viken, dar även de submarina jättegrytorna äro belägna. En 
del av denna strand är endast vid gynnsamt väder ocb vattenstând 
tillgänglig.

Fig. 5 för oss t i l l  den högre, 9—11 m ö. h. belägna delen av 
jättegrytfältet. Anmärkningsvärd är bär själva bergytans beskaf- 
fenhet. Denna har pätagligen icke varit utsatt för nägon vidare 
avnötning vare sig av havet eller av andra agentier efter de bär 
befintliga jättegrytornas bildningstid.1 Man kan ännu skönja, huru- 
som jättegrytbildningen i vissa fall varit lokaliserad t i l i  sprickor 
ocb erosionsgropar i berggrunden. Den närmast liggande förkla- 
ringen t i l i  denna jämförelsevis väl bevarade relief torde vara den, 
att landets höjning här försiggatt relativt fort vid tiden för dessa 
jättegrytors bildning och närmast därefter, sä att den litorala ero
sionen ej bunnit avsevärt inverka pä ytformerna. Jättegrytor av 
dessas storlek behöva ej heller nägon lang tid för sin tillkomst.

Pa den plata, dar nu nämnda jättegrytor äro belägna, träfifar man 
fortfarande bär och dar pä dylika, om man gär i riktning mot berg- 
kullen i bakgrunden á fig. 5, tills  man nâr den stora dioritgängen. 
A  dess y ta synes ingen enda. Tydligen bar gnejsens ytstruktur 
varit särskilt gynnsam för jättegrytbildningen, i  motsats t i l l  den 
vida mer bomogena dioritens. Sa snart man passerat gangen, pâ- 
träfifas i  samband med en erosionsspricka i kontakten mellan diori- 
ten ocb gnejsen en tämligen stör men grund jättegryta, belägen i 
den branta sluttningen mot S ocb delvis synlig â fig. 2. Dess 
läge pä gränsen mellan bâda bergarterna ger den ett egendomligt 
utseende. Ännu ett par jättegrytor finnas högre upp â gnejskullen 
O om dioritgängen, men därmed äro de ocksä slut ât landsidan.

Inom den del av jättegrytlokalen, som ligger S om det â fig. 2 
avbildade omrädet, anträffas jämförelsevis fätaliga, sporadiska gry- 
tor, som ej erbjuda nâgot särskilt av intresse.

Antaget nu, att jättegrytorna vid Stenvik äro bildade av bavets 
virvelrörelser, säkerligen ej â nâgot större djup, sä kan man förut-
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1 Man jämföre bergytan â fig. 5 med densamma â bilder frän själva stranden, t. ex. 
fig. 3 och 7.
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sätta, att de subm arina grytorna, som varit utsatta för ett läng- 
varigare havets arbete, sedan strandlinjen b liv it relativt stationär,1 
skola uppvisa betydligt större dimensioner an de ä högre niväer 
belägna. Detta slär ocksä in i nästan överraskande grad. Under 

att de sistnämnda t i l l  stör del mäta c:a 0,5 m ocb därunder ,i 
genomskärning, visar en submarin jättegryta, som kan anses säsom 
typisk, den ä fig. 6 avbildade, en diameter av 2,5 m. Dess myn- 
wmg är nästan cirkelrund, men den utät havet vända randen linger 
aägot under vattenytan och är därför ej synlig ä bilden, som dock 
är tagen vid gynnsamma förhällanden, lägt vattenständ och jäm-

Bd 41. H . 1— 2 .]  T V l GEOL. INTRESSANTA PLATSER i  KLÖVEDAL.

Fig. 5. Bild, frän jä ttegrytfä lte ts högre del.

förelsevis svagt vägsvall. I  lugnt väder företer denna jättegryta 
en verkligt praktfull naturbild, som man gärna dröjer vid, när man 
lyckats komma dit.

T ill den jättegrytan ansluta sig ät SO de submarina grytor, som 
Annas ä fig. 7, sä att stranden här är formligen kantad med under- 
vattensgrytor. Den bortre av de ä denna bild synliga har ansen- 
liga dimensioner, likasä en annan, som ej är avbildad. Längre ut 
under vattnet pä c:a 1 m djup iakttogs ä den tängbeklädda bottnen

1 J fr  H o l m b b b g s  uppgifter o m  Tjörn i  dettii hänseende, även aufördu i beskriv- 
ningen t i l i  kartbladet Göteborg, S. G. U. Ser. Ac N :r 4 s. 10.



en urholkning, som syntes antyda förekomsten av en jättegryta med 
betydligt större dimensioner an de nu nämndas.

Mätning av de submariua jättegry tornas verkliga d jup  bindras 
av stora stenblock, som uppfylla deras undre delar. I  jättegrytan 
ä fig. 6 var största mätbara djupet 1,4 m, i en annan kom man ned 
t i l i  1,63 m.
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Kan man ännu spära nägot av jättegrytbildande verksamhet hos 
. havsvägorna vid Stenvik? Icke sä, att nägon jättegryta nu kan 
iakttagas vara under utbildning. Detta är icke heller att vänta,

Fig. 6. Submarin jä ttegryta  vid lägvatten. Virvelbildningar ä liavs-
ytan.

da ju  havet pä en plats, som t i l i  den grad är utsatt för dess kraft, 
mäste ha hunnit slutföra sitt verk i denna del under den langa tid 
det haft ungefärligen sin nuvarande nivä. »Sjön trüttnar inte», S ä 

ger fiskaren.
Dock kunna nägra iakttagelser anföras, som pęka i positiv rikt- 

ning t i l i  besvarande av den iippställda frlgan. Forst mä nämnas 
den tendens t i l i  virvelbildningar, som ännu märkes ä vattenytan 
vid Stenvik och som säkerligen betingas^ av vikens läge samt av 
strandens och bottnens konfiguration. A  fotografier bli dylika 
virvelbildningar ej gärna tillfredsställande ätergivna, men man kan 
dock skönja dem ä havsytan ä fig. 6 ävensom over den submarina 
jättegrytan t..h. ä fig. 7.
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^'n intressant form av virvelbildning sâsom foljcl av havets vâg- 
rörelse künde direkt observeras pâ nära hall. Fürloppet framställes 
Schematiskt â fig. 8. En i havet ât V utskjutan.de klippa âr av- 
skuren av en ganska rätlinigt förlöpande klyfta, vars botten bildar en 
jamn ränna med ändarna nâende t i l i  havsytan. När vattnet hôjes 
av eQ ingâende vâg, st’römmar det in frân bâda sidor, och strôm- 
3iarna motas pâ en viss punkt, ej fü llt â rännans mitt. Vid mötet 
uppstâr en synnerligen väl utbildad v irv e l, soin varar, tills vattnet 
V1d nästa vâgdal âter rinner ut. Fenomenet upprepades med en 
precision, som om det heia varit ett vâlordnat experiment. Och

B(1 44. H. 1— 2 .]  TVA GEOL. -XNTRESSANTA ELATSER I  KLÖVEDAL.

just dar virveln bildades, syntes en rundad, nágot avláng fordjup- 
ning, som mojligen kunde vara borjan t i l l  en jattegryta, men nágra 
stenar funnos dar icke, och det nara liggande forsoket att lSgga dit 
en sádan av lamplig storlek forbiságs tyvarr vid tillfallet. Vad 
som har sker i liten skala, kan ju  val tankas aga rum i storre mátt 
under lampliga forhállanden, och da bćira forutsattningar for en 
jattegrytas uppkomst vara forhanden. I  detta sammanhang ar det 
darfor anmürkningsvart, att á fig. 6 en tydlig rünnbildning synes 
hitom den stora jattegrytans mynning.

Denna jattegryta synes ock annu i dag forete efterdyningar av 
den virvelrorelse, genom vilken den b liv it bildad. Man ser á fig. 6

Fig. 7. Strand, med submarina ja ttegrytor.
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hurusom táng- och Baianusranden, som annars äterfinnes även i 
den mest utsatta bränningszonen, är alldelés bor ta  just i själva 
svängen i grytans mynniDg. Och ä väggarna under vattnet förete 
J^fCMsexemplaren det förkrympta utseende, som man igenkänner 
irán bränningszonen särskilt á smä skär i öppna havet. 1 denna 
jättegryta maste alltsá ännu förefinnas en osedvanligt kräftig  ver- 
kan av vágsvallet. Men t i l i  stenblocken á grytans botten stracker 
den sig dock ej i nämnvärd grad, att döma av deras nórmala täng- 
vegetation.

Fig. 8. Virvelbildning i  klippränna i  följd 
av havets vägrßrelso.

Ännu ett skede i jättegrytornas historia har man tillfä lle att stu- 
dera vid Stenvik, nämligen de förändringar, som en señare erosion 
ästadkommit i deras form. Big. 9 visar ett jämförelsevis fr itt  lig- 
gande klipputsprang av en mera granitisk bergart, varest finnas 10 
jättegrytor, alia synneiligen vackert rundade. Detta klipparti, det 
mest iögonfallande, när man kommer t i l i  platsen, ligger tämligen 
lagt och företer strandklippornas avnötta ytformer. Fiera av de pá 
dess utsidor befintliga jättegrytorna äro föga djupa men ha en 
nischformig fortsättning uppät. Ytterkantens kontur är da ocksá 
mer eller mindre rundad nedät, vilket särskilt framträder hos de 
bäda jättegrytorna t. h. ä fig. 9.1 Antagligen ha vi här för oss

1 Vissa konturer ä bilden äro nägot förstärkta, enär belysningen vid fotograféringen 
ej va rit fü llt  tillfredsställande. Detta gäller ock om samma parti ä flg. 2, dar det del- 
vis är synligt.



olika stadier i erosionens arbete pä att ombilda jättegrytor i lämp- 
'®a t i l i  n ischi'orm iga fördjupningar i bergväggen.1 En lik-

artad urholkning iakttages över en submarin jättegryta ä dg. 7, 
0(̂ h ätskilliga undervattensgrytor skiljas frän havet av jämförelse- 
v,s smala klippbarriärer, som desto snaraie knnna .betvingas av 
erosionen.
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Antagandet, att jättegrytorna vid Stenvik t i l i  sitt Ursprung äro 
farina, tinner ett stöd — om än mera indirekt — i bela traktens

Eig. 9. K lippa med delvis nischformiga jä ttegrytor.

to p o g ra fi i dess stora drag, som gor det osannolikt, att nagon sub
glacial alv skulle ha tagit sin vag just over Herron. Man beakte 
terranglinjerna a kartan. Och om en sadan strom verkligen natt 
train t i l l  ons sydvastra arm, varfor skulle den valja vagen over

1 Forekomsten av en t i l l  stor del nischformad ja ttegryta  o m e d e lb a r t ovan  en annan 
liknande (t. h. 8, fig. 9) litter ej garna forena sig med tolkningen ay nischformerna s&- 
som delar av ja ttegrytor, vilkas ovriga partie r nrsvarvats i isen . Aven av andra skal 
foretaller denna to lkn ing mycket osannolik. Materialet ar val a lltfo r lieterogent, for 
a tt s& regelbundna bildningar sknlle knnna uppkomma p& delta satt: 8 ena sidan fast 
berg, a, andra sidan is, och d a rtill is v id  smaltpunkten. Denna temperatur m&ste rim- 
lig tv is forutsattas hos isen n n d e r  strommande vatten; kanske dessutoni hydrostatiskt 
tryck  medverkar och n e d s a tte r  dess smaltpunkt. Det la r da vara mera tro lig t, a tt 
isen nnder s8dana forh&llanden efterhand smalter bort, an a tt den skulle deltaga i 
ja ttegrytors utformning.
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dennas högsta del, som just är den, ä vars strand jättegrytfftltet är 
beläget? Härvid kan ock erinras o'm det förut berörda f ö r h ä l l a n -  

det, att isälvsavlagringar äro sällsynta i Bobuslän; sädana äro icke 
a lls  kända frän Tjörn, lika lite t som frän den övriga bohuslänska 
skärgärden. —

Om nu ett och annat kunnat anföras säsom bidrag t i l i  förklaring 
av jättegrytornas bildning vid Stenvik, sä star dock ett frägetecken 
kvar, när det gäller orsaken t i l i  deras ovanliga ta lr ik h e t inom ett 
sä begränsat omräde. Ingen enda jättegryta är känd frän strän- 
derna N och S om den här beskrivna lokaliteten vid Stenvik, ej 
heller frän den stigande terrängen österut.

I  alia fa ll tala nog fakta övervägande för den uppfattningen, att 
Stenviks jättegrytor äro ha vets verk. Och bland Bohusläns mänga 
jättegrytor lära de ej vara ensamma om detta Ursprung.

2. Skalgruslokalen vid Linneviken á  Tjörn.

Ä  geol. kartbladet Göteborg (S. G. II. Ser. Ac n:r 4) finnes denna 
förekomst utmärkt med teeknet för skalgrus med nordsjöformer, men 
i beskrivningen nämnes intet därom, ej heller ser man den anföras 
i diskussionen om de bohusländska skalbankarna. Den är dock sä 
betydande och intressant, ej minst genom sin karaktär av ursprung- 
lighet och överskädlighet, att den säkerligen är värd en närmare 
undersökning. I  syfte att främja en sädan meddelas här nägra an- 
teckningar om lokalen.

L in n e v ike n  ligger 0 om Kyrkesunds södra inlopp och utgär i 
nordlig riktning frän Krossíjorden.1 N om densamma gär en dal- 
gang — ett forntida sund — tämligen jämnlöpande med Kyrke- 
sund; med sin nordända när den en utvidgad del av sundet. Bott- 
nen i denna c:a 650 m länga dal utgöres t i l i  stor del av skalgrus. 
Detta kan följas sammanhängande mer än 400 m  i dalens riktning, 
men dessutom paträffas ocksá mera isolerade förekomster. I  sin 
smalaste och tillika  högsta del är dalgängen endast 18 m  bred, S 
härom vidgar den sig t i l i  120 m . 2 Det är denna sydligare del, som 
erbjuder mest av intresse. Pä rätt länga sträckor är dalbottnen 
här plan nästan som ett golv, och den tunna jordbetäckningen, som 
säkerligen aldrig varit uppodlad, äterger tröget skalgrusets ytformer. 
Ganska höga och branta berg begränsa dalen i V  och O.

1 >Korsf]ärden> ä kartan.
Kartan äterger ej noggrant dalgängens konturer.



141

Platsen âr lâtt tillg iinglig: frân Kyrkesunds ângbâtsbrygga vid 
r̂a ^ e(len Grôteborg—Marstrand—Lysekil ar det ej fu llt en kvarts 

^mmes promenad t i l l  Linnevikens skalgruslokal. Man fôljer lands- 
Vfigen (finnes ej â kartan!) over en bergsrygg, dâ man snart far se 
' ' a‘grus gâ i dagen pâ bâda sidor; kort dârefter tager en korvag 
av h., som leder t i l l  det i Linnevikens skalgrus anlagda, râtt 
tidstrackta grnstaget, mycket anlitat for vagarna i trakten. Vid

U J  44. H . 1— 2 .]  TVA GEOL. INTRESSANTA PLATSER I  KEOVEDAL.

Fig. ]0. Profil i Linnevikens skalgrus. Nederst oskik- 
tat skalgrus 1,7 m  + , däröver flnskiktat 0,4 m . ôverst 

0,1 m  jordbetäckning.

rnitt señaste besök var profilen bär ej mindre än 60 m läng, men 
blott c:a 2 m djup. ]\lan finner det nämligen bekvämast att gräva 
vidare i gruset med bibehällande av den nuvarande bottennivän. 
Skalgrusets bela mäktigbet uppgär här sannolikt t i l i  över 4 m.

Profilen i det stora grustaget gär i Y in till berget, dar gruset är 
mycket stenblandat och orent. Sedan ter sig genomskärningen pä 
en längre sträcka sä, som fig. 10 visar. Underst ligger ett alldeles 
oskiktat, i hög grad sönderkrossat skalgrus med en och annan 
mindre sten, eljest mycket rent. Enstaka heia skal anträffas däri
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förnämligast av de tjockskaliga och större arterna, säsom den här 
sparsamma Ostrea och den fläckvis talrika C yp rina  is lánd ico . Over 
detta oskiktade grus ligger ett c:a 0,4 m  mäktigt, fint skiktat, san- 
digt skalgrus. I  motsats t i l i  förhällandet i det underliggande lagret 
äro fossilen ofta väl bevarade; musslorna ha ej sallan bada skalen 
ännu hopsittande. Faunan är icke närmare undetsökt, Saxicava  
och M y a  förekomma överallt i lagerserien. L ito r in a  lito rea  före- 
faller vara talrikare i det skiktade skalgruset än i dess underlag, 
kanske även M y tilu s  eäu lis .* 1

Längre ät 0 inträder lokalt ett tunnt, fossilfritt le rlager mellan 
det oskiktade och det skiktade skalgruset. Dess stürsta mäktighet 
är 0,1 m, och det utkilar tämligen likformigt át bada sidor. Vid 
profilens östra ända sänker sig grusets övre nivä, och pä samma 
gang tilltager det skiktade gruset i mäktighet. Lagringen blir här 
delvis diskordant, och fiera smä lerlager uppträda.

G-ränsen mellan det oskiktade skalgruset och det skiktade härrör 
sannolikt frän den tid, da landhöjningen fortskridit sä längt, att 
sundet upphörde och här blev en jämförelsevis lugn havsvik. De 
nyss nämnda förhällandena i profilens östligaste del tyda kanske 
pä, att dar i det längsta funnits en äterstod av sundet.

I  grustagets västra del, N om den nu beskrivna profilen, pa
trañas invid berget massor av Ostrea ed itlis , formliga ostron- 
bankar.

U nderlaget t i l i  skalgruset anträffas sannolikt vid en källa i om- 
rädets sydvästligaste del, ej längt frän stranden. Terrängen sluttar 
sakta ät detta hall, och här gär le ra  i dagen. Undersökningar pä 
denna plats försväras därigenom att marken är mycket vatten- 
sjuk.

Inom dalgängens nordligare del finnas ätskilliga gropar med blot
tat skalgrus, ävensa ett grustag, ung. 2 m djupt, strax N om lands- 
vägen. Däri synes endast oskiktat. skalgrus av samma beskaffen- 
het som i det stora grustagets undre del. Marken är inom detta 
norra omrädet delvis odiad, och skalgruset synes mest vara samlat 
vid bergen i V.

1 Säsom i nägon män kompletterande de i  litteraturen om skalbankarna ofta synliga 
uppgifterna om M y t i lu s ’ nnvarande förekomstsätt bifogas här ett par notiser därom.
I  de grunda snudeu och lagunerna SV om Linneviken färekommer den ta lrik tpä  slam- 
bot ten i anmärkningsvärt stora exemplar. I  G ö t a ä l v  Annes den innanför utloppet i 
Älvsborgsfj orden ett gott stycke inät Göteborg sä ymnigt, att tiskare frän Tjörn fär- 
dats ända dit för att hämta »skal» t i l i  agn. Liknande är förhällandet i  Nordre älv- 
Detta enligt uppgifter av en erfaren fiskare, K a r l  J a k o b s s o n  frän Kyrkesnnd.



j\yrkesund kan ock tagas t i l l  utgângspunkt for besok med bât 
Vl en annan betydlig skalgruslokal, belâgen â Stigfjordens sodra 
* raml i dess vastligaste del. Y  om den som sjomarke kânda, stat
ua klippan Bjôrnshuvud utgores sjalva stranden en lâng strâcka 

a'  skalgrus. Friskôljda skal darifrân betacka t i l l  stor del strand- 
nidden, dâribland den ej h ittills  vid Linneviken antraffa.de Pecten 

is lündicus râtt ta lrikt i stora ocb vaekra exemplar.
Grëteborg, december 1921.
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Ett par ty ud av bison fnln Östergötlaml i ny belysning.

Av

H e n r . M u k t h e .

Â r 1888 om talar H o l s t 1 i  korthet lämningar av en »nroxe», som 
träffats vid Mjölby i Östergötland av prosten O. W. R e d e l iu s  och 
av honom som gáva överlämnats t i l l  Linköpings liiroverks museum. 
Meddelandet innehâller en del av R e d e l iu s  lämnade uppgifter om 
fyndomständigheterna, men som dessa nágot avvika trän dem, denne 
lâ tit atfölja fyndet t i l i  Linköping, komma dessa señare att anföras 
här nedan.

Jag fick anledning att söka närmare npplysningar om fyndet i 
fraga vid utarbetandet av den kvartära delen av beskrivningen t il i 
det geologiska kartbladet »Mjölby», vilket f. n. är under tryckning, 
och tillskrev därför min gamie vän och studiekamrat lektor H a r a l d  
S chott i Linköping med anhâllan om ett par fotografier av fyndet, 
vilka künde vara lämpliga att medtagas i kartbladsbeskrivningen. 
S chott har godhetsfullt tillmötesgätt denna min anhâllan och i sam- 
band härmed upplyst om, att professor E in a r  L ö n nberg  vid ett 
besök i museet sistlidna sommar uttalat sasom sin mening, att kra- 
niet, pâ grund av pannans byggnad, sannolikast var en bison. 
Detta har ocksä t i l i  fallo bekräftats vid den nyligen verkställda 
undersökningen av fynddelarna, vilka S chott varit av godheten till- 
sända mig. Och da överhuvudtaget, sasom vi skola se, fynd av 
bison i Norden höra t i l l  sällsyntheterna, har jag trott, att en nâgot 
utförligare redogörelse för detta fynd än det för kartbladsbeskriv-

1 N. 0. Holst: Om ett fynd av uroxe i Mkneby, Ityssby socken, Kalmar län. 
G. F. F. Bd X (1888): 467.
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Ringen avsedda korta omnämnandet künde försvara sin plats i För- 
eningens Förhandlingar.

A idare har jag ansett, att i  anslutning härtill lämpligen künde 
mnas en avbildning och närmare datering av det andra kraniet 

av bison, som förut omtalats frän Östergötland, nämligen frän Hage- 
5 !öga, enär detta kranium, som tillbör Sveriges Gfeologiska Un- 
ersöknings museum, är vida bättre bibehället än det frän Mjölby.

Jen ovan antydda redogörelse för fyndomständigheterna, vid Mjöl- 
y-lokalen, som prosten Redelius bifogat gävan t i l i  Linköping, är 

Ry följande lydelse:2 »Kvarlefvorna af uroxen paträffades i Juni 
. S80 pä ägorna t i l i  Dufvelund eller Mjölby prestgärd i Mjölby soc- 
ven i Östergötland vid graining af ett utloppsdike i  den s. k. Bruns- 
niossen.3 Pä platsen var ett 5—6 fot mäktigt dylager pä mergel- 
landad du sand. Lokalen var uppfylld af källfly och säledes myc- 

*et vattensjuk. Pä gränsen emellan dy- och sandlagret, säledes pä 
omkring 6 fots djup, paträffades följande ben afBosurus: a) Pann- 
benet, sönderhugget, hvilket arhetaren, som först päträffade det, 
gjorde vid upptagningen i tanke att det var en stubbe; b) bäda hör
nen, de iure eller de s. k. kvickarne, det ena afhugget; c) första 
halskotan, som är sammanväxt med kraniet, eller det s. k. nack- 
benet; d) nägra skadade delar af ansiktsbenen. De senare päträf- 
fade jag vid sökande efter käkbenen eller heia skelettet. Benen 
lägo nedtryckta i sanden. Hornspetsarne voro nerät vända. Yid 
graining pä platsen efterät träffades fast sand och tat dy öfverallt 
omkring och ingen synbar anledning att päträffa flere ben, som 
künde haft sammanhang med de funna.»

H ärtill är först att märka, att, säsom S chott i  brev t i l i  mig framhal
ler, »med första halskotan» tydligtvis avses nackbenets ledknap- 
Par, vilka jämte närmast omgivande delar av kraniet finnas i behäll.

Enär kraniet frän Hagebyhöga, det övre ä fig. 1, är fullständi- 
gRre än det frän Mjölby, det nedre ä fig. 1, omtalas detta först; 
bärigenom underlättas nämligen i väsentlig grad uppfattningen av 
bet senare. T ill jämförelse meddelas en avbildning av ett kranium 
av nroxe (fig. 2), varmed de bäda östgöta-kranierna förväxlats. 4 

Säsom synes, är övre delen av Hagebyhöga-kraniet synnerligen 
v’äl bibehället och representerat av bl. a. nära nog heia pannbenet

2 N. 0. Holst i föredrag inför Geologiska Föreningen 6/ i2 1888. (Se G. F. F. Bd 
2̂ ®"') — Förntom kraniet föreligger frän denna lokal ett överarraben.

Ur Harald Schott: Linköpings H. A. Läroverks Naturhistoriska Museum. H i
storik och katalog. Linköping 1909, s. 30.

Brunsmossen ligger, enligt Redelius’ t i l i  H olst lämnad uppgift c:a 500 m N om 
Mjölby kyrka och strax N om Svartän.

4 Detta kranium, som tillhör S. G. U., är funnet i Svarte mosse, Östraby socken, 
Seol. bl. »Övedskloster», Skäne. Det är omnämnt i  G. F. F., Bd 26 (1904): 505.

10—220270. G. F. F. 1922.
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A . H j.  Olsson fo t. ,  G. L i l je v a ll  re t.

Fig. 1. Fragmentariska kranier av b ison , d e t ov re  M n  H a g e b yho g a  d e t undre, 
M n  M jo lb y .  1/s av nat. storleken.

A . H j.  Olsson fo t. ,  O. L i l je v a ll  re t.

Fig. 2. Kraniet av en n ro xe . Svart mosse, Óstraby socken, Sk&ne. 1/s.
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med de bäda ho rnkv icka rna , av vilka dock den vänstra är nägot 
skadad, vilket även är fallet med angränsande delar av vänstra 
pannbenshalvan. Däremot är högra sidans ögonhä'la delvis kvar. 
^ oehäll och synlig ä figuren är vidare nackbenets övre s tä rk t 
välvda eller hjässdel.

Mjölby-kraniet är, som synes, betydligt mera defekt; dock finnas 
de huvudsakliga av Hagebyhöga-kraniets nyssnämnda delar repre- 
senterade, med undantag för ögonhälan.

•Ä- bäda kranierna framträda bland andra följande för bison i jäm- 
iörelse med uroxen utmärkande karaktärsdrag: den breda, k u ll-  
r 'ga pannan, mellan vars övre del nackbenets översta, s tä rk t 
ansvällda b jässparti inskjuter; vidare de jäm före lsev is  korta  
°ch h a s tig t avsmalnande, med ty d l ig t  avsatta ska ft för- 
sedda hornkv ickarna, v ilkas  bas bar s it t  läge framom nack- 
benet- Enbart Hagebyböga-kraniet visar dessntom den ena (högra) 
s tä rk t utstäende ögonhälan och det ka ra k te ris tiska , korta  
avständet frän  denna t i l i  hornbasen; detta avständ är föga 
längre än ögonhälans diameter, bos uroxen däremot nära dubbelt sä 
stört.1 Vidare kan tilläggas, att kvickarnas spetsar bos uroxen äro 
nägot bakätböjda, vilket däremot icke är fallet med bisonoxens.

Eöljande komparativa matt ä' nägra delar av de fossila kranierna 
frän Lunds zoologiska museum (L), Hagebyhöga (H) ocb 
M jö lb y  (M) synas giva vid handen, att det skänska exemplaret, som 
beskrives av L il l j e b o r g , 2 varit nägot större än de bäda östgöta- 
djuren, vilka’ sinsemellan synas ba varit av närmelsevis samma 
storlek.

L H M

mm . mm mm

K ra n ie ts  b re d d  m i t t  e m e lla n  h o rn s k a fte n  
och ö g o n h ä lo r n a ................................................... 348 290 —

K r a n ie ts  b re d d  m i t t  e m e lla n  h o rn k v ic k a r -  
nas b a s e r ................. ................................................... 348 c:a 320 c:a 315

K ra n ie ts  b re d d  v id  b a k re  k a n te n  av ö g o n 
h ä la n  ............................................................................. 351 c:a 345 —

H o rn k v ic k e n s  lä n g d  u te f te r  b a k re  s id a n  . . 375 330 330

H o rn k v ic k e n s  o m k re ts  v id  b a s e n ................. 287 285 280

K v ic k e s k a f te ts  lä n g d ............................................... 42 c:a 40 c:a 40

1 Detta framträder icke t illrä c k lig t ty d lig t ä fig. 2, enär kraniet v id  fotograferingen
icke hade ett ve rtika lt ntan bakät lutande läge, detta för a tt hörnen skulle komma 
mera t i l i  sin rä tt. _

2 W. L i l l j e b o k g :  Sveriges och Norges ryggradsdjur. I. Däggdjuren. lo74, sid. o / l  
—följande.
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Tillaggas ma, att suturerna a kraniet fran Hagebyhoga i allman- 
het icke eller blott svagt framtrada, medan de a Mjolby-kraniet 
komma skarpt t i l l  synes (se figurerna). Detta motsat^fOrhallande ar 
emellertid att anse sasom skenbart ocb beroende darpa, att det 
senare kraniet ar vida mera vittrat an det forra. Bada djuren ha 
med all sannolikhet varit vuxna.

Det sasom »uroxe» forut omtalade fyndet vid Mjolby bar alltsa 
visat sig vara av en bison, och darigenom har antalet fynd av detta 
senare djurslag i Ostergotland okats t i l l  tva .1 I  Sverige for ovrigt 
dr det blott Skane, som har att uppvisa fynd av denna djurart, och 
detta t i l l  ett antal av 4 eller 5, medan i Danmark h ittills  blott ett 
fynd (kraninm) av bison synes vara kant.

Har Ostergotland nu »berdvats» ett fynd av uroxe, aterstar dar- 
stades emellertid e tt dylikt fynd, en hornkvicke, som finnes a 
Biksmnseets zoopaleontologiska avdelning och harstammar fran 
Odensfors. E. 6. ar i vart land ett fynd kant fran Bakneby N om 
Kalmar (H olst, anf. st.) och ett fran Oland,2 medan Skane, som 
bekant, har att uppvisa ett stort antal sadana.3

Yad t i l l  sist betraffar t id p u n k te n  fOr de bada bisonexenipla- 
rens upptradande i O stergotland, har statsgeologen L. von 
P ost darom godhetsfullt meddelat foljande.

»En analys av de starkt torvimpregnerade, porosa benpartierna pa 
Hagebyhoga-kranie ts insida gav foljande resultat.

Torven ar en dyig starrtorv med Uagot Phragm ites. Pollenet dr 
fataligt (i medeltal 13 pollenkorn pr preparat 18 x 32 kvmm). Pol
lenet ar visserligen kollaberat men ej korroderat. Nagon forstoring 
av pollen synes alltsa icke hava agt rum. Atta sinsemellan myc- 
ket val overensstammande preparat med tillsammans 103 skogstrad- 
pollen gavo:

1 Det fortjanar pSpekas, a tt aven bison-fyndet frdn Hagebyboga forut, innan H olst 
tick hand om detsamma och bestamde det t i l l  denna art, omtalats s^som »uroxe» nam- 
ligen forst av L illjeborg, anf. st., sid. 876, som hamtade uppgiften u r tidningen >Up- 
sala Snallpost* fo r 1870, och sedan av C. F. N obdenskiold i  A. R iddebstads Histo- 
riskt, geogr. och statistiskt lexikon over Ostergotland, del I ,  Norrkoping 1875— 1877, 
sid. 186, b lda angivande n&gra m ktt, som overensstamma med det foreliggande kraniets. 
Misstaget i  frdga om artbestamningen ar a tt t illsk riva  den omstandiglieten, a tt icke 
L illjebobg och sannolikt icke heller N obdenskiold sett kraniet. Skelettdelarna funnos 
v id  H olsts besiik (1888) hos upphittaren forvarade under golvet t i l l  en loge, oaktat 
fyndet gjorts s& tid ig t som 1865.
.. 2 H enr . M u n th e : Om nya daggdjursfynd i  Sveriges kvartar. 2. U ro x e -------- fr&n
Oland. G. F. F. 1902: 56. (Aven i  S. G. U., Ser. C, n:r 190.) A t t  doma av horn- 
kvickarna har Olandsexemplaret va rit ej obetydligt storre an det har avbildade sk&nska 
och det fr&n Odensfors.
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P in u s .........................................  92 %
B etu la .........................................  5 %
Ekblandskog (T ilia  1 %+ Quercus 2%) 3%

100%

C o ry lu s ......................................  12 %

I  och för sig angiver detta pollenspektrum nägot av jien post- 
arktiska värmetidens tidigaste skeden som den tid, under vilken 
bisonresterna inbäddats i torven.

För att emellertid om möjligt skarpa aldersbestämningen analy- 
serades provserier ur S. G\ U:s torvprovsamling frän tvä torvmar- 
kfcr i närheten av fyndplatsen, nämligen den stora mossen straxNO 
0Qi Hagebyhöga kyrka (W om Appelby) ock Tranberga mosse SO 
ora Yästra Stenby kyrka. Provserien i den förra mossen är tagen 
2 km frän bisonfyndplatsen, provserien i Tranberga mosse 6 km 
frän densamma. Pollendiagrammen frän bäda dessa mossar visade 
s>g kunna t. o. m. i detaljer otvetydigt konnekteras säväl med var- 
andra som med förut upprättade diagram frän Dagsmosse och Tä
tern, 20—25 km ät SSW.

Pollenspektret frän bisonkraniet äterfinnes pä ekvivalenta niväer 
i pollendiagrammen frän säväl mossen NO om Hagebyhöga kyrka 
som Dagsmosse. Det skulle dock bliva för vid lyftig t att här i detalj 
framlägga detta pollenanalytiska material.

Undersökningen visar emellertid, att b ison fynde t t i l lh ö r  fö r- 
sta skedet av Täkerns bo rea l-a tlan tiska  transgressiont 
e ller, närmare bestämt, tiden innan Täkerns lägva tten - 
y ta , v ilk e n  v id  början av boreal t id  stod 3,50 m  under sin 
atla n tis k a  n ivä, nädde en n ivä  2,25 m under denna. Jämförelse 
Jned pollenspektra fö r to rv  under A ncy lus-g ränsva llen  v id  N. 
Freberga (12 km NW  om fyndplatsen) och R a g n ilto rp  (1 km 
WSW om fyndplatsen) visar vidare, att den angivna tiden rätt nära 
torde sammanfalla med tiden  för A. Gr.-vallens uppkomst. Huru- 
vida bisonfyndet är nägot äldre eller yngre än A. G.-vallen eller 
fü llt samtidigt med denna, kan jag dock ej för närvarande avgöra. 
Förekomsten av ek i bisonfyndets pollenspektrum behöver icke ovill- 
korligen betyda, att fyndet är yngre äu A. G.

B ison fynde t frän  Brunnsmossen v id  M jö lb y  har däremot 
icke kunnat pollenanalytiskt dateras. Stycken av den torv, i  vilken 
fyndet legat, funnos visserligen pä detsamma (med vivianit pä 
kontaktytan), men visade sig vara en parvocaricetumtorv utan 
pollen.»
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T ill vilket tidsskede bison fortlevat i várt land, ar en oppen 
fraga. Arten lever, som bekant, annu i Polen och Kaukasus. Dar- 
emot synes det vara sannolikt, att nroxen, som var allman, sftrskilt 
i Skáne, redan under ancylustiden, fortlevat i sodra Sverige átmin- 
stone in i  g á n g g rifts tid , detta att doma av fynd i kulturlagret vid 
den intressanta pálbyggnaden vid Alvastra i Óstergotland.1 Ánnu 
under 1500-talet levde detta státliga djur i Polen, men torde suart 
darefter ha fullstandigt utrotats. Under vilket skede dess saga blev 
all i várt land, ar daremot en fraga, som annu ar holjd i dunkel.

A. Pib a  i  O. F bo din  : En svensk pálbyggnad frán stenlldern. Fornvannen 1910.
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T ill frägan om kiselgurens genesis.

A v

B e r t il  E .  H a l d e n .

Under en för Sveriges Geologiska Undersöknings räkning utförd 
resa i Västerbotten är 1919 anträffade jag vid Innertavle i  Väster- 
botten (c:a 7 hm öster om Umeä) en omkring centimetermäktig, föga 
uthällande strimma av kiselgur, inlagrad i  sanden pä östra sidan 
av Tavleän. Kiselguren bade ett för sädana bildningar fa llt typiskt 
utseende och visade sig vid mikroskopisk undersökning synnerligen 
ren, bestäende nästan uteslutande av heia eller krossade diatomace- 
skal. En analys av arterna (se nedan sid. 154) gav vid handen, 
att diatomaceerna ntgjordes uteslutande av sädana arter, som föra 
ett mer eller mindre epifytiskt levnadssätt, vanligen pä högre 
växter.1 #

Av frän Sverige tidigare kända marina kiselgurförekomster er- 
bjuder särskilt en av Sernander vid Enköping funnen avlagring 
mycket stör likhet med ovan skildrade.2 Yid Enköping var lager- 
följden i de postglaciala bildningar, som avsatt sig i en äsgrop, av 
följande utseende:

a) 5 cm (efter avschaktning) sand,
b) 2 cm kiselgur av diatomaceer (se nedan sid. 154),
c) 2,5 cm sandig och lerig svämtorv (mest av tallgrenar),
d) 25 cm sandig och gyttjig  lera med växtrester i ränder, grus- 

och svämtorvlinser.. Bland fossilinnehället märkas tallbarr samt 
lämningar av M y tilu s  edulis,

e) stenig lera.

105, s. 52.

1 J fr  G. F. F. Bd 43 s. 510.
2 ,S. G. U., Ser. C, n:r 193, sid. 12. J fr  S. G. U., Ser. Aa, n:r
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S e r n a n d e r  pávisar, att svamtorven vid Enkoping ar en marin 
»anhopning av bottensjnnken drift». Av sarskilt intresse for den 
jamforelse, jag v ill uppdraga mellan Innertavle- och Enkopings- 
fynden, ar vidare, att den frán samma rullstensás vid Enkoping 
funna Zostera -fórande lerans fossil kunna betraktas sásom ungefar 
liktidiga med svamtorvens. Sjalva kiselguren, lag b), utgores med 
undantag máhanda for de sallsynt fOrekommande N avícu la  humerosa 
och N . peregrina, av idel fastsittande eller vidhaftande diatomacéer 
(epifyter).

Kiselgur tillhor en grupp av jordarter, vars uppkomstsatt av allt 
att doma ar synnerligen heterogent. Av olika tankbara bildnings- 
satt má har fOljande ánforas:

1. Kiselgur nppstár av bottenformer in  s itu  eller av direkt bot- 
tenfallda planktonformer eller epifyter av diatomacéer eller andra 
med pá organisk vag urskilda kiselbildningar forsedda organismer, 
sálunda som en vanlig gyttjebildning eller stundom sásom en tel- 
matisk (d. v. s. oversvamnings-)bildning. Kiselguren »renas» genom 
att humusbestándsdelarna sonderdelas t. ex. vid genomluftning, an- 
tingen sedan avlagringen bragts ovanfor grundvattenniván eller suc- 
cessivt vid periodisk torrlaggning inom ett oversvamningsomráde 
(■autokton Tciselgur).

2. Kiselgur uppkommer genom bottenfallning pá skyddade plat- 
ser av i  vatten uppslammade och transporterade diatomacéer etc. — 
Som ett specialfall harav kan i viss man raknas:

3. Kiselgur uppkommer sásom residuum efter hopsvámmade, med 
diatomacéoverdrag forsedda vaxtdelar, vilka sjalva fullstandigt son- 
derde^s.

2. och 3. representera allolcton Tciselgur.
En marin kiselgur, lát vara ej fu llt fárdig, uppkommen enl. 1., 

ar den under namn av P a ra lia -g y t t ja 1 frán Halland omtalade. Den 
utgores i torrt tillstánd av en grá—svagt brunaktig, latt massa av 
moartad konsistens. Den relativt obetydliga halt av amorf humus, 
som jamte pollen och enstaka mineralkorn finnes bevarad i denna 
bildning, skulle sakerligen varit ytterligare reducerad och avlag- 
ringens frandskap med en gyttja varit omojlig att direkt iakttaga, 
darest denna avlagring i likhet med moleret pá Jylland under langa 
tider legat utsatt for atmosferiliernas verksamhet. Man kauner ju  
f. 6. frán moleret just en sádan brun avart, sannolikt funnen vid 
borrning efter kol.1 2 Detta bruna moler, av a llt att doma funnet 
under grundvattenniván, synes ha sin bruna farg av tánglamningar.

1 G. F. F. Bd 43 sid. 512 och 516.
2 H e i b e k g  : Conspectus criticus diatomacearum danicarum. Kopenhamn 1863, sid. 19.
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Det innehäller bättre bevarade men ätminstone delvis samma arter 
som »det hvide Moleer». Detta »brune Moleer» är alltsä att betrakta 
som en mindre stärkt »renad» kiselgur i likhet med den halländska
paraliagyttjan.

De ovan anförda förekomsterna av kiselgur frän Västerbotten och 
Lnköping äro av kelt annat slag. Artlistorna och förekomsternas 
uppträdande som inlagringar i sand (och svämtorvavlagringar) visa 
direkt hän pä det med 3. betecknade uppkomstsättet. Särskilt En- 
köpingsfyndet synes mig pä detta satt fä en enkel förklaring. I  
dsgropen nedsvämmades först de vedrester, som bilda huvudparten 
av den marina svämtorven. Senare insvämmades marina växtdelar, 
säkerligen Zostera, möjligen ocksä Fucus, Characeer, potamogetoner 
etc., vilka pä sin yta varit mer . eller mindre överdragna med dia- 
tomaceer. Av vägor eller strömmar ha slutligen sand nedspolats i 
äsgropen över dessa växtrester. Glenom landhöjning bragta över 
vattenytan ha de marina växtdelarna — varav Zostera  dock torde 
ha varit mest resistent — sä smäningom fullständigt sönderdelats, 
sättningar ha ägt rum i den överlagrande sanden, som slutligen 
sammantryckt diatomaceresiduet t i l i  en tunn strimma. Liknande 
förklaringssätt kan tillämpas för Innertavle-fyndet.

Für att i nägon man söka pröva sannolikheten av ovan fram- 
ställda hypotes om svämtorv som kiselguralstrare har jag under- 
kastat ett frän Sveriges Greologiska Undersökning bekommet prov 
av »täng» en undersökning i  detta avseende. Provet var insamlat 
är 18(58 av E . E r d m a n n  i havssanden vid Barsebäck söder om 
Landskrona och visade sig bl. a. innehälla rester av Zostera m arina . 
E tt tftmligen luckert stycke härav av dimensionerna 3. 1. 1 cm för- 
brändes med konc. svavelsyra pä vanligt satt.1 Det residuum, som 
härav eihölls, packades medelst en glasstav i ett cylindriskt glasrör 
med 5 mm diameter, varefter höjden av residuumpelaren mattes 
(2,2 mm). Tankes denna volym utbredd och lika hart packad pä 
det ursprungliga torvstyckets yta 300 mm2, erhälles ett skikt 
av c:a 0,14 mm  tjocklek. E tt torvskikt av i runt tal 1,4 m  mäk- 
tighet och samma luckra konsistens borde alltsä förslä för bildandet 
av ett 2 cm mäktigt residuum.

Den mikroskopiska analysen av ovannämnda torvresiduum, som 
fullkomligt liknade naturlig kiselgur t. ex. genom att förete —• 
utom heia diatomaceer — massor av diatomacefragment samt en- 
staka smä mineralkorn, utvisade, att även här förelägo diatoma
ceer, som samtliga äro att räkna t i l i  de epifytiska (se nedan sid.

Bd 44. H. 1— 2 .] T ILL  FRAG AN OM KISELGURENS GENESIS.

1 G. F. F. Bd 16 sid. 17.
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154). En jamforelse av de olika bildningarna ger vid handen, att 
slaktena Cocconeis, E p ith e m ia  och Synedra dominera sával i En- 
kopingsfyndet som i tangen frán Barsebdck; Innertavlebildningen 
bestár t i l l  omkring 90 % av representanter for slaktet E p ithe m ia  
(incl. Ithopa lod iá ). I  detta sammanhang fortjanar att nanmas, att 
T e il in g  i  en pá Zostera- ocb Characélamningar r ik  brunalgforande 
lera pá Ekero1 funnit en diatomacéflora bestáende av E p ithe m ia  
tú rg id a  (ymnig), Ehabdonema a rquatum  och G ram m atophora ma
r in a  (vanliga) samt med enstaka D ip lone is  in te rru p ta , Coscinodiscus 
ra d ia tu s  och Campylodiscus echineis . 2 Av denna floras bestánds- 
delar aro de fyra forstnamnda epifytiska arter.

[ ja n .— Febr. 1922.

Innertavle
kiselgur

Barsebcick
residuum efter 

»havstáng»
Enltoping

kiselgur

(procent) (procent)

Cocconeis Pedicu lus ........................ I ■ c
— Scute llum ........................ 44 c

Diploneis in terrupta ........................
Epithemia (Rhopalodia) gibba . . . . 3 1

rr

— — Musculus . 0,5
— Sorex............................... 8 2 4-
— tú rg ida ........................... 79 22 ccc

Gomphonema sp................................ 2
Grammatophora oceánica .............. 2 8 rr
Hyalodiscus scoticus........................ 6
Mastogloia S m ith i i ........................ 1

— — v. lacustris. . . 3
Melosira B o r r e r i ........................... 1

— J iirg e n s ii........................ 2
Navícula hum erosa ........................ rr

— p e re g rin a ........................ rr
Ehabdonema a rq u a tu m ................. 0,5
Rhoicosphenia curvata..................... 3
Synedra a f f in í s ............................... 2 9 c

— p u lc lic lla ........................... c

S:a 100 % 100 %

1 G. F. F. Bd 31 sid. 58.
2 J fr  aven Cleves (hos Munthe) uppgift i  G. F. F. Bd 32, sid. 52, a tt mycket 

allmänt nppträdande av E p ith e m ia  tú rg id a  antyder, a tt Vattnet va rit r ik t  pä högre
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^Den procentuella beräkningen av diatomacéerna i tabellen â sid. 
dö4 är ntförd genom individräkning (bortât 200 individ räknade) 
Pa generalprov. Beträffande Enköpingslokalen citerar jag efter 
Se r n a n d e r : ccc =  ymnig, c =  allmän, + =  tftml. allmän, rr =  säll- 
synt).

Med framställningen av »konstgjord kiselgur» genom förbränning 
av >}täng» har jag endast velat visa, att mäktigheten av de »sväm- 
torvlager», som mäste förutsättas för uppkomsten av de bäda an- 
iörda kiselgurförekomsterna (Enköping och Innertavle), icke över- 
stiger rim lig storleksordning.

Vid havsstränderna uppkastas som bekant ofta mäktiga täng- 
bäddar, som kunna b li länge kvarliggande i skyddade vikar. Dessa 
tângbankar bestä av dels Zostera, dels olika slag av brunalger 
samt en och annan rödalg.1 Tängvallarna äro enl. H o lm g r en  un- 
derkastade en liv lig  förruttnelse, som tar sin början i bottenlagren 
och dar under vissa betingelser kan övergä t i l l  gyttja. Da H o l m 
gren  hetecknar gyttjan som ett slutstadium, »kulmen pä sapro- 
peliseringen», fâr väl detta anses gälla de processer, som ntspelas 
pa ett fatal är. Tängbankar ha säkerligen under stor del av Lito- 
rinatiden uppkastats vid baltiska havets kuster, även i sädantläge, 
att det bort kunna inbäddas i sand, och ännu större torde väl 
förutsättningarna ha varit för tang att nedsvämmas i sänkor pa 
bavsbotten och därpa överlagras av sand. Kända äro exempelvis 
Fucus vesiculosus, P y la ie lla  lito ra lis , Sphacelaria  raccmosa och 
(sannolikt) en Po lys iphon ia  frän ovannämnda lera pâ Ekerö 9,4 m 
ö. h. Marina Potamogetoner, J iupp ia , Z an iche llia , Zostera och 
Characéer m. m. äro kända fran betydligt äldre lager. Icke 
desto mindre sakna de baltiska sandavlagringarna — möjligen 
med undantag för de allra yngsta, nära havsytan befintliga — 
sä gott som alla spar av säväl »tänglager» som därav deriverad 
gyttja (se t. ex. S. G. TL, Ser. C, n:r 180, s. 34).

Om man i glasrör förvarar havsalger, börja dessa redan efter 
nagon dag att inträda i liv lig  förruttnelse. Det är väl san
nolikt, att i tängbankarna först havsalgerna raka i förruttnelse. 
Detta i sin tur torde vara att tillskriva cellväggens kemiska 
beskaffenhet. Hos brunalgerna utgöres denna utom av cellulosa, 
som finns i mindre mängd, av pektinämnen (algin och fucin), 
som lätt utlakas av vatten och sannolikt lätt angripas av för- 
ruttnelsebakterier. 2 Förmodligen ryckas tid igt nog även de re-

1 V. H o l m g r e n ,  Bidrag t i l i  tängävjans ekologi, Bot. Not. 1921, s i d .  49.
a K ylin , Untersuchungen über die Biochemie der Meeresalgen. — Hoppe-Seylers 

. Zeitschrift fü r ’ physiologische Chemie 1915.
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latLvt resistenta ¿fosćerabitarna med i sönderdelningen. Det verk- 
liga slutresul tatet blir, ätminstone om sönderdelningen fär slut- 
föras ovanför sjö- eller grundvattenytan, icke en gyttja ntan 
Jciselgur, bestäende av kiseldelarna bos de organismer, särskilt 
diatomaceer, som levat epifytiskt pä de tängbankarna konstitue- 
rande högre växterna.
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Oin en genetisk indelning av tie kvartara bildningarna

Av

Gerard D e Geer.

For att en indelning av de kvartara bildningarna ej blott skall 
stanna pa papperet utan ocksa bava utsikt att komma t i l l  allman 
°cb bestaende anvandning, maste den givetvis ute i  naturen verk- 
ligen kunna tillampas och lyckligt besta de manga skiftande prov, 
som bast framtrada vid en omfattande kartlaggning.

Den i flera avseenden fortjanstfulla indelning, som ar 1858 vid 
Sveriges Geologiska Undersoknings tillkomst pa forsok lades t i l l  
grund for dess kartering av jordlagren, visade vid tillampningen i 
fait efter hand naturligt nog behovligheten av vissa forandringar.

FOrf. av dessa rader, som sedan 1878 deltagit i kartarbetena, 
sammanfattade salunda for sin del — vid en ar 1888 av tjanste- 
mannen vid Undersokningen hallen diskussion — de onskemal som 
faltarbetena syntes honom pakalla och framlade med avseende pa 
de kvartara bildningarna ett forslag t i l l  en genetisk huvudindel- 
ning med petrografiska och topografiska underavdelningar.

Fijr denna indelning, som ar 1893 anvandes pa den geologiska 
jordartskartan over Hallands lan,1 redogjordes 1891 vid femte int. 
geol. kongressen i Washington, 1892 vid 14 natf.motet i Koben- 
havn och med avseende pa de petrografiska underavdelningarna 
1902 vid nord. natf. motet i  Helsingfors.

De tva senare redogorelserna atergivas har nedan, den forsta under 
rubriken: A, fran  Kdbenhavnsmotet 1892, den sista — i over- 
sattning fran tyskan — kallad B, fran  H e ls ing fo rsm ote t 1902.

Yidare bifogas ett forut otryckt yttrande av forf. enligt proto-
1 Fyra kartblad i  skalan 1:100000. S.G.U. Ser. C. N:o 131.
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kollet over en andra âr 1895 av dávarande chefen for S.Gr.U. pâ- 
bjuden diskussion mellan tjänstemännen.1 Detta yttrande bär ö ver
steiften: C, frâ n  diskussionen â S.G.U. 1895.

Slutligen följer ett schema over den föreslagna indelningen, vil- 
ket upprättades âr 1888 och här áterges med högst obetydliga till- 
lägg-

A, fràn Köbenliavnsniötet 1892.
F ö rs la g  t i l l  e t t  n a tu r lig t  system  fö r  de k v a r tä ra  b ild n in g a rn a .

Geologien sásom vetenskap hade uppstâtt, dâ man fann, att de 
olika bildningar, av vilka jordskorpan bestär, förekomma i en be- 
stftmd ordningsföljd. Man hade därav föranletts att t i l i  tiden paral- 
lellisera motsvarande led i denna följ d ; och alltsedan hade den 
kronologiska klassiükationen varit sä gott som allenarädande. Den 
vore emellertid ingalunda naturlig, da lagrens bildning varit kon- 
tinuerlig, och alla diskordanser mäste vara mer eller mindre lokala, 
samt därför inga naturliga periodgränser verkligen kunna identi
fieras over större sträckor. Den kronologiska klassifikationen kan 
därför ej genomföras, sä snart man v il l fortgá utöver den första 
grova approximationen. Harpa hade arhetet vid de internationella 
geologkongresserna lämnat blott alltför tydliga bevis. Särskilt 
framstod pä det skarpaste omöjligheten att för närvarande genom- 
föra densamma, dâ det gällde de yngsta Systemen och i främsta 
rummet det kvartära, emedan man därom numera känner för mycket 
för att kunna bibehalla den illusionen, att a llt är väl bestallt med 
tidsparallelliseringen inom detsamma.

Vid kartläggning hade man sälunda för t i l i  namnet kronologiska 
avdelningar i själva verket använt sädana av genetisk och petro- 
grafisk natur, i det t. ex. moränbildningar och vanliga flodbild- 
ningar, vilka var för sig säkerligen uppstâtt under loppet av heia 
kvartärperioden, liksom de fortfarande uppsta, dock uteslutande 
hänförts t i l i  var sin tidsavdelning. Fiera exempel anfördes pä, 
huru den kronologiska indelningen ofta tviügade den kartläggande 
geologen att göra vâld pä naturen, och det stundom mot sitt bättre 
vetande, dâ systemet ej utan större rubbningar i kartornas konti- 
nuitet medgave införandet av de ändringar i tidsgränserna, som tid 
efter annan betingas av vetenskapens framsteg.

Sedan fiera âr hade föredraganden därför arbetat pa ett naturligt 
genetiskt system för de kvartära bildningarna och hade vid den 
sista geologkongressen i Washington haft den tillfredsställelsen, att

1 Protokollet forraras i S .G .tls  arkiv, varjämte alla elva deltagarna e rhä llit kopior.



tvenne av Förenta Staternas mest erfarna kvartärgeologer Tn. C h a m - 
Be r l in  och W. J. M e  G ee  kommit t i l i  samma résultat och fram- 
a<4e var sitt förslag t i l i  en genetisk klassifikation av nämnda hild- 

uingar. För dessa förslag lämnades en kort redogörelse, varjämte 
hänvisades t i l i  kongressens förhandlingar. Härefter förevisades en 
tabla Over föredragandens förslag, för vilket nu närmare redogjor- 
^es- Huvudindelningen vilade pâ genetisk grund, vilken är. den 
enda, som lämnar naturliga och objektiva samt därför oföränderliga 
avdelniugar. Varje genetisk huvndklass borde pâ kartorna erhálla 
en särskild färg. Däremot borde de petrografiska och topografiska 
Rnderavdelningarna inom samma klass utmärkas, de förra med olika 
fergstyrka, avtagande med materialets grovlek, samt de señare med 
tecken. I  de fall, da kronologiska bestämningar künde göras, borde 
dessa betecknas med bokstäver, som — i man av behov — efter 
Land lä tt künde ändras.

De atta genetiska klasserna künde hänföras t i l i  fyra olika grup- 
Per: I, m oränb ildn inga r, ntgörande en särskild klass, som bil- 
dats genom landisens direkta verksamhet; I I ,  vattensedim ent, med 
tre klasser bildade av: l)  älvar och sjöar som varit uppdämda av 
landis, 2) vanliga älvar och sjöar, samt 3) hav; I I I ,  lu ftsed im en t, 
med tre klasser, bildade 1) utan vindens tillb jä lp säsom ras eller 
talusbildningar, 2) säsom vindsediment och 3) säsom fasta erup- 
tionsprodukter; IV , magmabildningar, utgörande en klass av smält- 
eller slamflytande eruptionsprodukter.

Underavdelningarna inom flertalet av nämnda klasser tillhörande 
tva skilda slag: A) petrografiska formationer och B) topografiska 
landformer- De förra voro dels a) mekaniska, säsom klapper, grus, 
sand, stoft och slam, dels b) biogena, säsom gyttja, torv och skal- 
grus, dels c) kemiska, säsom kalktuff, bleke och myrmalm. Land- 
formerna ater vore uppkomna genom dels a) erosion och dels b) av- 
lagring. Erosionsformerna indelas i: bergmärken, säsom refflor, 
jättegrytor etc.; residua, säsom frisköljda block och hallar; samt 
erosionsterasser. Avlagringsformerna äro dels ackumulations- 
terasser och deis vallar, säsom änd- och radialmoräner, asar, strand- 
vallar och dyner.

Färgen pâ de tecken, som utmärka ovannämnda landformer, bör 
heist, da det av ekonomiska och utrymmesskäl är möjligt, angiva 
den genetiska klass de tillhöra, formen ater i sä fall endast den 
topografiska underavdelningen.

Bci 44. H . 1— 2.] INDELNING AV KV ARTÄRA BILRNINGAR. ] 59
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B, frän Hälsingforsmötet 1902.

F ö rs la g  t i l i  in d e ln in g  av k la s tis k a  jo rd -  och  b e rg a rte r .

De klastiska jord- och bergarterna hava i allmänhet behandlats 
ganska styvmoderligt av vara petrografer, troligen emedan deras 
huvudsakliga uppmärksamhet varit inriktad pä de eruptiva berg
arterna. Detta är väl ocksä orsaken, varför mineralogiska indel- 
ningsgrunder, som egentligen borde vara avgörande endast för 
kristalliniska bildningar, ej sällan även de för de klastiska erhällit 
en enligt min mening olämplig användning och därigenom i sin 
man bortskymt den för dessa bildningar naturliga indelningen. 
Ty vid närmare eftertanke torde väl ingen förneka, att mekaniska 
Sediment i första rammet mäste indelas och benämnas efter den 
mekaniska sortering som betingat deras nppkomst eller med andra 
ord efter kornstorleken; de kemiska likaledes efter sin kemiska 
sammansättning, som väl ocksä mäste bli avgörande för de biogena 
bildningarna, dä jn  dessa närmast kunna betraktas säsom ett sär- 
skilt slag av de kemiska. Pä sädant satt vore det möjligt att för 
de klastiska Sedimenten lata det ur genetisk synpunkt väsentliga 
fü llt göra sig gällande.

Dä det är värt syftemäl att utröna, under vilka förhällanden 
hithörande bergarter uppkommit, sä mäste dessa sä längt ske kan 
indelas i överensstämmelse med motsvarande ännu icke stenvandlade 
jordarter, vilkas sammansättning och bildningssätt ju  hast och 
fullständigast kan ntrönas.

Slutligen mäste man försöka skaffa t i l i  stand en indelning, som 
är sä enkel och allmängiltig, att den har utsikt att vinna allmän 
anslutning, dä endast därigenom tillfredsställande jämförelser mellan 
förhällandena i skilda trakter kunna möjliggöras. Detta hindrar 
dock ej, att man pä skilda hall säsom underavde ln ingar kan 
använda växlande, mera komplicerade och för lokala behov särskilt 
avpassade indelningar.

Med avseende pä jordlagrens mekaniska sediment har man i 
senare tid  genom talrika mekaniska analyser erhällit en översikt 
av deras sammansättning, ehuru man i skilda länder tyvärr ej 
sällan använt sä olika metoder och indelningar, att närmare jäm
förelser knappast kunna göras. Emellertid har man ofta i huvud- 
sak fö ljt den av de nordtyska geologerna införda, förtjänstfulla 
indelningen av finjordens kornstorlekar, vilken väl ocksä med vissa
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iorenklingar har mesta utsikten att bli allmänt an tagen. I  Geolo- 
gröka föreningens i Stockholm förhandlirigar fö r '1887 föreslog jag 
salunda, vid en petrografisk undersökning av en kritbergart, att 
man hos oss liksom hos tyskarna skulle begränsä kornstorleken 
grus (— Grand} t i l i  över 2 mm; sand (== Sand) t i l i  mellän 2 och 0.05 
mm; s to ft (— Staub) t i l i  mellan 0.05 och 0.01 mm och slam 
1= Schlamm) t i l i  under 0.01 mm. 1

Efter hand har jag senare funnit behövligt dels att indela sand 
i grovkornig, över 1 mm; medelkornig, 1—0.5; och finkörnig under
0-5 mm; dels att sätta övre gränsen för grus t i l i  1 cm, att avskilja 
ännu grövre mkterial säsom klapper (=» Geröll), vilken indelas i 
s to rk lapper över 2 din; m edelklapper 2—0.5 ■ dm och smä- 
k lapper under 0.5 dm.

Emellertid är det icke nög a t t ' fastställa en lämplig och l'ull- 
ständig indelning efter storleken av sedimentkornen, emedan dessa 
i naturen nästän aldrig förekomma med värje storlek ens till-  
närmelsevis sorterad för sig, utan i blandningar av mycket väx- 
lande sammansättning. Det är sälunda nödvändigt att därjämte 
fastställa en norm för indelning och benämning av sädana bland
ningar; och jag v ill därför förslagsvis nämna de principer jag här- 
vid sedan flera är fö ljt Vid mina föreläsningar.1

I  motsats t i l i  h ittills  vanliga, mer eller mindre godtyckliga nor- 
mer för indelnihgen av ifrägavarande blandningar, är huvudregeln 
att lata deras namn bestämmas av den rädande beständsdel, det 
v ill säga kornstorlek — eller för de kemiska och biogena Sedi
menten: den kemiska beständsdel — som utgör mer än 50 '■’% av 
blandningens vikt.

Dock även denna regel, vilken torde vara lika rationell som lätt 
att följa, dä det gäller blandningar med blott tvä beständsdelar, 
kräver, dä dessa äro flera, närmare bestämmelser. Det har sälunda 
av flera skäl synts mig ligga närmast t i l i  hands att först avgöra 
om i en given blandning fin jo rd e n  i sin helhet betraktad säsom 
en grupp (blandningsdel) eller ä andra sidan grus + klapper, som 
gemensamt künde kallas grovjorden, vore den rädande. Därefter 
fastställer man inom den rädande gruppen namnet pä majoritets- 
blandningen; inom finjorden, som omfattar tre underavdelningar, 
betraktas först de tvä Anaste eller stoft och slam tillsammans sä-

1 V id  Naturforskaremötet i  Stockholm 1898 redogjorde jag in för e tt antal skandi- 
naviska geologer för nämnda principer och har haft den tillfredsställelsen, a tt en av 
dem K . O. B jö rlykke  nyligen i  e tt arbete »Om Jordärternes Klassifikation» [Norges 
Landbrugshöjskoles Skr. N :r 1; K ris tian ia  1902, sid. 23—31], i  det väsentliga upp- 
tao-it min indelning, ehnrn han i  tillämpningen gätt nägot för längt och delvis icke 
fö ljt  indelningsprinciperna.

11—220270. G. F. F. 1922.
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som en grupp gent emot sanden, varefter den rädande gruppens 
kornstorlek bestämmer namnet, dock sä att en stoftrik jordart kallas 
m jäla, av mjöl, och en slamrik lera.

Sä v itt jag kan finna erhäller man pä detta satt naturliga och 
tillfredsställande benämningar pä de skilda mekaniska sedimentenr 
emedan inom vart och ett av dessa, just pä grund av bildnings- 
sättet genom sortering efter grovlek, t i l i  varandra gränsande korn- 
storlekar ocksä t i l i  sin kvantitet mäste komma varandra närmast 
och säledes den rädande kornstorleken i  viss man ocksä mäste 
representera de närstäende. De bilda nämligen inom varje enhet- 
lig t sedimentparti en serie med avtagande kvantiteter ät bäda hall 
frän det medelgrova materialet, som betingats av strömstyrkan hos 
det vatten som avlagrade sedimentet.

Med hänsyn t i l i  metoden för de mekaniska analyserna gäller detT 
att för det grövsta, stärkt växlande materialet använda raskt ut- 
förda uppskattningar, som lätt kunna upprepas pä mänga stallen. 
Sälunda torde stenar, större än 0.5 m. i kvadrat, bäst bestämmas 
genom uppskattning och hopräkning av de skilda stenarnas tvär- 
snittsareal i procent av en uppmätt fyrkant pä jordytan. Smärre 
stenar kunna uppskattas inom mindre fyrkanter i  goda skärningar 
antingen omedelbart eller med polarplanimeter pä fotografier; grus- 
och sandmängden bestämmes genom sällning, varvid ofta en om- 
sorgsfull mätning i graderad glascylinder kan ersätta vägaing; under 
det slutligen stoft- och slamkvantiteten bestämmes genom slamning. 
som väl för närvarande (1903) bäst utföres med S chönes apparat.

T ill bestämning av ej alltför omvandlade mekaniska sediment- 
bergarter använder man komparation med normalblandningar av 
skilda kornstorlekar, som representera gränsvärden mellan skilda 
jordarter, eller ocksä med motsvarande fotografier i naturlig storlek.

C, frän diskussionen ä  S. G. U. 1895.

O m  t id  e lle r  b ild n in g s s ä tt säsom  in d e ln in g s g ru n d  fö r  jo r d a r te r n a
i  Sverige.

Yid Sveriges Geologiska Undersöknings uppkomst var det heit 
naturligt, att man även för underavdelningar av de kvartära bild- 
ningarna skulle försöka använda tiden säsom indelningsgrund, da 
ju  detta alltid varit vanligt för större geologiska avdelningar, och 
da man ännu ej künde pä förhand känna de betydande svärigheter,



s°m efter hand visat sig vara forbundna med verklig tidsparalleli- 
ŝ 1Qg — ej blott da det gäller större avdelningar, utan framför 

b da det är fraga om sä obetydliga och omedelbart i varandra 
°^ergäende bildningar som de g lac ia la  och postg lac ia la .

*^v den erfarenhet de gängna 40 ären lämnat synes framgä, att: 
i alia de fa ll där den gamla indelningen verkligen kunnat 

genomföras, har den i själva verket icke — utom t i l l l  namnet — 
v a rit grundad pä tiden  utan ju s t pä b ild n in g ssä tte t;

2) i ett fall, gällande nästan a ll sand (utom svämsand), har, 
i följd av omöjligheten att vid kartläggning ätskilja glacial och 
postglacial sand, t i l l  säväl tid som bildningssätt mycket skilda 
sandslag b liv it hopslagna under det väl obestämda namnet »mosand» 
oder »sand», och säledes nästan all sand fätt gälla säsom postgla- 
°ial; det samma gäller nästan a l l t  sva llg rus, som alldeles utan 
avseende pä bildningstid hänförts t i l i  »glaciala» bildningar;

3) slutligen har i e tt enda fa ll, angäende 1era (utom svämlera) 
försök gjorts att genomföra en tidsindelning och ätskilja glacial 
och postglacial lera, eller varvig och äkerlera, men det torde nu- 
mera vara uppenbart, att detta försök icke krönts med framgäng, 
utan lett t i l i  ganska omfattande misstag.

I  punkten 1) äsyftade bildningar äro:
Biogena bildningar: mosstorv, to rv d y ,1 g y t t ja  vilka alia 

blivit urskilda pä grund av sitt organiska b ild n in g ssä tt, utan 
att vid kartläggningen för varje fa ll kunnat undersökas, vilken 
bildningstid de tillhöra. De hava ka lla ts  för (yngre) postglaciala, 
men tillhöra skilda tider.

Vanliga älf- och insjöbildningar (sediment): svämlera, sväm
sand (vartill borde läggas: svämgrus). Även för dessa är det, 
som vid konturläggningen faktiskt iakttagits, alls icke bildnings- 
tiden utan uppkomstsättet, avlagring inom omräden som kunna 
eller kunnat översvämmas av vanliga vattendrag med sött vatten. 
¡Säsom det v ill synas hava stundom, utan nägon bestämd regel, 
sankare belägna smärre partier av marina lager hitförts; ibland 
säsom i Skäne pä grund av den vilseledande uppfattningen att, 
da de vila pä torv, de mäste vara mycket unga, och iföljd härav 
hava identiska marina lager i mell. Sverige ansetts säsom äldre och 
i Skäne säsom yngre postglaciala. Inga marina lager borde i min 
tanke betecknas säsom svämbildningar.

Grlaciärälvs- och issjöbildningar ru lls tensgrus (äsgrus) (var
t i l l  borde läggas; vitäsand, ässand och vitä lera). T ill rullstens-

1 Mosstorv ocli torvdy torde väl härefter säsom pä kartorna i 1:200000 sainmansläs 
säsom: torv.
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grus liava ej sällan. da för mycben yib t lagts vid grusets petro- 
grafiska beskaffenhet, hänförts bildningar frän ganska olika tid, 
säsom verkligt asgruSj strandgrus äldre och yngre, samt svämgrus. 
Den enda tillfredsställande' norm för kartläggningen, som synes 
möjlig, är att dit bänföra endast bildningar ur av is uppdämda 
glaciärälvar (och- sjöar); vilka säledes förutsätta andra hydrografiska 
förhällandeü än de nuvarande.

Moränbildningar, (jöke lle ra , jöke lg rus). Även dessa hava 
alltid kartlagts blott pä grund av bildningssättet, och det är svärt 
att inse, huru man i landets centrala delar skall kunna avskilja 
glaciala moränbildningar frän posigläciala och ännu pägäende.

Givetär att alla dessa och övriga geologiska bildningar av olika 
uppkomstsätt oavbrutet fortgätt ander heia kvartärperioden, ehuru 
ej alltid heia tiden pä samrna Ställen. E tt tillfredsställande färg- 
schema mäste därför lämna tillfä lle att betecka dem alla och att pä 
alla stallen där det är m ö jlig t angiva deras bildningstid. Da 
detta — särskilt med den ringa tid, som stär t i l i  buds vid rekogno- 
sering — visat sig omöjligt att verkligen för varje kontur eller ens 
i regeln genomföra, synes det riktigare att ä färgschemat direkt an
giva, att bildningssättet är den indelningsgrund, som faktiskt b liv it 
genomförd, ander det bildningstiden, där den kan bestämmas, angi- 
ves- med- bokstäver.

Man behöver da ej fastläsa färgernas användning vid den tids- 
indelning, som fö r ögonb licke t kan synas tjänligast; och det bör 
framhällas, att, ganska olika äsikter funnits och iinnas om den 
tidpunkt, som lämpligast bör begränsa den glaciala tiden frän 
den postglaciala. Eörändras nu den av Sveriges Geologiska Under- 
sökning omfattade äsikten i denna fräga, sä kommer antingen kon- 
tinuiteten hos kartorna att rubbas, sä att senare kartblad ej komma 
att överensstämma med eller kunna sammansättas med äldre; eller 
ocksä är man av färgschemat — säsom ofta h ittills  — bunden att 
fortsätta med en indelning, som man vet är olämplig, oriktig 
eller blott pä papperet möjlig att genomföra.

Med bildningssättet erhäller man för färgindelningen en objektiv 
indelningsgrund, som aldrig behöver förändras; och med bokstäver 
för tidsbeteckningen erhäller man möjligheten att — allt efter ut- 
vecklingen av vära kunskaper — ändra denna utan att vara hind: 
rad av eller behöva rubba kontinuiteten i  kartornas utseende och 
färgbeteckning. Man blir även i tillfä lle att v id 1 behov beteckna 
nya tidsgrupper utom g (glaciala) och p (postglaciala), säsom exem- 
pelvis. a (Ancylusbildningar).

Särskilt mä framhällas, att i punkten 1) äsyftade bildningar ej

• i GÉRARD DE GEER.



INDELNING AV KV ARTÄRA B ILD N ISGAR. 165Bd 44. H. 1— 2.]

nimdre än 10 av samtliga de 12 lager, sóm enligt det ä provkhrtorria 
anVända färgschemat över huvud skulle komma att. utmarkäs med 
skilda färger. . .

I  själva verket har man därför redan för de allra fiesta jordsla- 
8'en uteslutande ahvänt bildningssättet säsom indelningsgrimd, och 
vü  konsekvent övergäng t i l i  denna, behövde man därför i dét över- 
vä’gande. flértalet fa ll icke göra nägra nämnvärda förändringar i je- 
kognoseringssättet, endast i färgschemat och färgernas användning 
äagiva den indelningsgrimd. soln i  faltet faktiskt b liv it följd.

Vad angar punkterna 2) och 3), eller ätergivandet av sediment: 
l'WS, sand och gras, vilka-.icke b liv it avsatta av de vanliga vaD 
tendragen säsom svämbildningar, sä hava h ittills  i  nämnvärd. om- 
iattning försök att skilja glacialt irán postglacialt b liv it gjorda 
blott med avseende pä leran. Men da man även vid västkusten 
träffar för bildningstiden upplysandei fossil endast i ytterst fä fall, 
jämfört med de sträckor, som mäste kartläggas, sä har följden b li
v it den, att man vid konturläggningen i regeln varit hänvisad ute
slutande t i l i  lerans utseende. Detta är vid västkusten, der varvig- 
ket oftast saknas, för glacial öch postglacial lera sä lika, att de 
vid kartläggning i min tanke ej kunna ä tsk ilja s . I  östra Sver 
rige later det sig göra i de tämligen fä fall, da oförvittrade lager 
träfias i skärningar o. d., men de lager som skola kartläggas, och 
som gä i dagen, hava i regeln genom vittring undergätt sä likar- 
tade förändringar, att de likä lite t här kunna ätskiljas.

Yad man kartlagt säsom postglacial ' (äker-) lera, har i själva ver
ket varit vittringsprodukter av säväl postglacial som glacial lera; 
och den señare har endast markerats i dagen i de fä fall, da den 
varit föga vittrad (exempelvis i skärgärdarna).

Detta har ingalunda lett därtill att giva nägot Ökat värde ät de 
för övrigt nästan uteslutande efter bildningssättet uppgjorda kar- 
torna, Tvärtom hava i stora trakter, säkerligen betydligt mer än 
100 □-m il, inom delar av Vester- och Östergötland, Närike, Upp- 
land och Södermanland samt även Smäland, leran i följd av omöj- 
ligheten att endast efter dess utseende bestämma bildningstiden, 
b liv it beteclmad säsom postglacial, oaktat det numera är visat, att 
inom nämnda trakter i postglacial tid ej funnits nägot hav eller 
annat vatteh, som kunnat avsätta leror i  sädant läge.

Sainma anmärkning gäller mosanden och detta i ännu större om- 
fattning, da här svärigheten att ätskilja glacialt och postglacialt 
varit sä patäglig, att man säsom ovan framhällits nödgats samman- 
slä snart sagt a ll sand (utom svämsand) under benämningen postgla-
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cial. A llt  svallgrus har likasä fätt gä under rubriken g la c ia lt. 
även da det förekommer ända nere vid den nuvarande havsytan, 
emedan nägon tidsgräns ej heller för detta varit möjlig att upp- 
draga.

Tillämpas nu i stallet även i dessa fa ll — i överensstämmelse 
med alla de övriga, för vilka tidsindelning aldrig b liv it försökt — 
indelning efter bildningssättet, sä rednceras svärigheten frän faktisk 
omöjlighet t i l i  att utan nämnvärda olägenheter kunna genomföras.

A ll i havet avsatt lera erhäller nämligen da samma färg, likasä 
all marin sand, och om man verkligen tror sig om att med sär- 
skild kontur avskilja det marina graset frän ä ena sidan sanden, ä 
den andra jökelgruset, skulle svall- eller bättre strandgraset även fä en 
färg, varemot jag för min del av rent praktiskt-kartografiska skäl 
i  stallet förordat endast tecken för strandgraset.

Kekognoseringsregeln för kartläggningen av de marina lagren t i l i  
skillnad frän övriga künde bliva kortfattad och lä tt att följa:

a) ovan den m arina gränsen, som redan är bestämd pä ett 
ganska stört antal punkter inom landets skilda delar samt vid be- 
hov lätt nog kan kompletteras, lägges a ll lera, .sand och grus 
säsom g lac iä rä lvs [&  s jö jb ildn inga r, da de ej tillhöra de van- 
liga, av is icke uppdämda, vattendragens översvämningsomräden, 
eller med andra ord ej som vanligt avskiljas säsom svämbildningar.

b) nedom den m arina gränsen lägges a ll lera, sand och 
grus säsom m arin, da man saknar sä rsk ilda  skäl a tt an- 
taga annat b ildn ingssä tt. Naturligtvis nrskiljas även här alla 
svämbildningar liksom hittills. Äsgruset likasä. Som inom de 
marina omrädena knappast nägonstädes (möjligen rent undantags- 
vis i Skäne) träffats nägon t i l i  bildningssättet supramarin glaciär- 
älvs[& sjöjlera, torde heia risken av ovannämnda kartläggningsregel 
komma att inskränka sig t il i :  möjligheten av att inom det fak- 
tiskt av havet en gang övertäckta omrädet nägot t i l i  äsbild- 
ningen hörande sandparti künde komma att betecknas säsom 
marint, ifa ll sädan sand inom det marina omrädet skulle gä i  dagen 
men förbises.

Härvid bör erinras, att sädan sand ej he lle r fö ru t varit urskild 
eller ens med det gamla färgschemat kunnat urskiljas, vilket nu 
b lir möjligt och ovan den marina gränsen alltid genomfört.

I  intet fa ll skulle den nya kartans beteckningar för marint Sedi
ment lämna oriktiga antydningar om havets forna utbredning, da 
de ju  aldrig förekomma därutom.

För övrigt har det av de senare ärens sammanställningar pä det 
mest pätagliga sätt visat. sig, att, med mycket fä och obetydliga
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undantag, snart sagt all sand och lera äro bundna t i l i  omräden, som 
*,lSSa nägot under den marina gränsen, och att därför deras ojäm- 
or i§t övervägande huvudmassa är marin. Det är blott i mycket 

eDstaka fall, säsom vid Hässleholm och vid Stenshuvnd, varest ma- 
r ‘n och supramarin sand komma i kontakt med varandra och dar 
saledes gräns behöver uppdragas, antingen de direkt kunna särskil- 
Jas, eller de erhälla den marina gränsen t i l i  kontur. Sädäna rena 
undantag torde därför vara utan betydelse, jämförda med den ge- 
nomgäende regeln, att sedimentet upphör redan ett stycke under 
den marina gränsen, och att därför kontur mellan marint och supra- 
mRrint ytterst sällan kan förekomma.

Pä heit annat sätt skulle det ställa sig, om man ville beteckna 
allt  Sediment nedanför den postglaciala gränsen säsom postglacialt- 
Väl funnes den likheten mellan bägge fallen, att, ovan vardera 
gränsen, man vore säker att icke träffa dithörande marint Sediment. 
Men däremot funnes den högst väsentliga skillnaden, att nedom 
den postg lac ia la  gränsen sediment av bägge slageD utan tvivel 
pä massor av stallen skulle gä i dagen i omedelbar kontakt med 
varandra, och huru da skilja dem? Ty det saknas alldeles skäl 
att antaga, att det postglaciala sedimentet, i rak motsats mot det 
strax ovanför liggande glaciala, skulle bilda ett sammanhängande 
täcke. Tvärtom framgär det redan av de talrika konturerna för i 
dagen gäende berg och jökelgrus, att även det postglaciala sedi- 
menttäcket har otaliga häl, genom vilka tydligtvis även mycket 
glacialt sediment mäste gä i  dagen. Om nu allt detta skulle un- 
dertryckas, och, dä det faktiskt ej kan vid kartläggning urskiljas 
trän det postglaciala, skulle sammansläs med detta, dä stode man 
ju  pä samma punkt och hade icke kunnat genomföra tidsindel- 
ning.

Ytterligare finnes den stora skillnaden, att dä det glaciala marina 
sedimentet endast i mycket enstaka undantagsfall skulle komma i 
kontakt med supramarint, enär ju  i regeln a llt sediment upphör 
redan nedanför den marina gränsen, sä äro vid den postglaciala 
gränsen ater förhällandena i högsta grad olika, Som nämligen sist- 
nämnda gräns framgär nere pä slätter, vilka just uppkommit genom 
avlagring av glacialt sediment, skulle man snart sagt överallt ut- 
med den postglaciala gränsen nödgas draga rent teoretiska konturer 
mellan det, som skulle fä gälla säsom glacialt och postglacialt.

Genom ett sädant förfaringssätt skulle man tydligen icke hava 
löst knuten, utan blott avhuggit den genom att göra väld pä natu- 
ren, dä man ju  fortfarande icke kan ätskilja själva de glaciala och 
postglaciala Sedimenten utan endast motsvarande havsomräden
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i s tqrt. Men detta är ju  en uppgift, som vida battre och korrek-: 
tare kan tillgodoses genom översiktskartor, dar man ej behöver lata 
detaljkonturer uttrycka annat än vad färgschemat angiver.

För övrigt torde det knappt behöva nämnas, att jag nr rent teo- 
retisk synpunkt anser det vara av största intresse, att de glaciala. 
och postglaciala sedimentens utbredning och inhördes lagringsför- 
hällanden, sä ofta det verk ligen la te r sig göra, noga utforskas 
och, med bokstäver, â kartan angivas, men detta är en heit annan 
sak, än att med tidsfärg beteckna saväl fatalet t i l i  tiden bestäm- 
bara som flertalet alldeles obestämbara konturer och därmed bort- 
blanda och undandölja direkta och för framtida undersökningar 
värdefulla iakttagelser bland massor av godtyckliga beteckningar. 
Likasä är dettyd lig t, att jag — i olikhet med â ena sidan Sveri- 
ges Gleologiska Undersöknings hittillsvarande uppfattning och â 
den andra den, som omfattats av Munthe och Nathorst — för min 
del även byser den äsikten, att den teoretiska gränsen mellan gla
cial- och postglacialtiden hör förläggas t i l i  tidpunkten för den post
glaciala, intramarina höjningens maximum, dâ jag ju  själv fram- 
ställt denna asikt. Däremot är jag bestämt övertygad om, att även 
denna teoretiskt viktiga tidsgräns ails icke kan användas säsom 
norm för konturläggning.

Även om det vore aldrig sä önskligt, är det i själva verket lön- 
löst att ens diskutera frägan härom, da det oaktat flerariga lörsök 
icke lyckats att pävisa och bestämma den postglaciala gränsen an
nat än i landets allra sydligaste del eller inom knappt 2 av 11 
breddgrader. Detta beror bland annat och ej minst därpa, att en
dast inom den sydligaste delen den postglaciala gränsen är belägen 
pa sä jämna och öppet liggande slätter, att själva gränsstrandlinjen, 
oberoende av lokala förhällanden, kunnat utbildas sä väl, att den 
frän de övriga kan urskiljas. Detta synes icke vara fallet inom 
landets övriga delar; och säsom exempel därpa ma framhalias själ
va norra Bohuslän, eller den del av heia landet, som är ojämförligt 
rikast pa postglaciala fossil. Det oaktat har det varit .mig lika 
o m ö jlig t att ens dar kartografiskt ätskilja glaciala och postglaciala 
lager, som att ens kunna pävisa gränsen för de señare. I  de smala 
trânga dalarna íinnas sallan strand vallar och dá de finnas äro de 
rent lokala, sä att ej minsta utsikt synes finnas för att pävisa själ
va gränslinjen.

Ännu svarare blir detta naturligtvis inom de vidsträckta trakter, 
dar fa eller inga fossil finnas., A llra  betänkligast är emellertid, att 
det ännu är oavg jort, hu ruv ida  nagon u tp räg lad  postg lac ia l 
o-ränslinie överhuvud existerar inom det skandinaviska
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omradets centra la delar, eller huruvida hojningen hdr fortgatt 
oavbruten, under det oscillationerna endast varit periferiska.

A tt under. sa ovissa forhallanden grunda ett helt kartverks for 
anga tider avsedda fargindelning pa den postglaciala gransen, vore 

1 111111 tanke ett alltfor aventyrligt experiment, som man snart skulle
fa angra, A tt säsom nödfallsatgärd tillgripa den minimihöjd, t i l l
vilken för varje 'trakt säkra postglaciala bildningar pävisatte, later 
S1g alls icke göra, pá den grund att sädana minimisiftror ftro rent- 
tillfälliga och tydligtvis ej kunna beteckna punkter av ett och 
samnia, regelbundet upplyftade plan, varför interpolation med iso- 
haser naturligtvis ej künde ifrägakomma. De niväer som i sädant 
ia ll skulle fá för tillfä lle t gälla säsom norm för färgernas fördelning 
Pa kartan — saväl vid de sällsynta, oregelbundna minimisiffrorna- 
som i de stora träkterna mellan dessa — bleve därför ytterst god- 
tyckli ga; och det behövdes blott ett enda nytt fynd av postglaciala. 
fossil pä högre nivá för att bjärt belysa det oriktiga i en sädan 
iadelning. ilan  hade da att välja mellan att för sambandét med 
föregäende kartblad bibehalla den gamla, för oriktig bevisade niväh,. 
eller att heit tvärt överga t i l i  en ny, högre, men lika osäker och 
godtycklig nivá. Yid närmare eftertanke: tordé nog ingen vilja  fast- 
halla en sädan indelning. .

Pili sist v ill jag erinra därom, att den marina sandén och leran 
äro de enda 2 bildningar av .de pä det nya schemat upptagna 12, 
för vilka det ens ifrägasatts ätt försöka en tidsindelning. Da jag 
RU tror mig hava pävisat, att en sädan ej ens för dessa tvä är 
taöjlig att genomföra vid kartläggningen i faltet; och da det värken 
gjorts nagot som helst framgängSrikt försök att genomföra en sädan 
indelning och ej heller framlagts nägon genomtänkt plan för en 
sädan, anser jag det för min del i högsta grad önskligt, att ur färg- 
schemat borttages en tidsindelning, som endast finnes pä papperet,. 
och att det uttryckligen angives, att den in d e ln in g  v i h i t t i l ls  
fö l j t  och, med obe tyd liga  fö rändringar i sak, även fram- 
äeles böra fö lja  i  ve rk lighe ten  avser b ildn ingssä tte t.

Efter den diskussion, vid vilken ovan anförda förslag framlades,. 
förenade sig tio av de elva deltagarna om ett motiverat uttalande, 
som liv lig t tillstyrkte övergäng frän den förutvarande tidsindel- 
ningen t i l i  den föreslagna genetiska indelningen av de: kvartära 
hildningarna,

Som nu sedan dess ett trettiotal är förflutit, utan att nägon an- 
ledning yppat sig att i nagot avseende ändra den föreslagna in 
delningen, har detta synts förf. vara ett sä pass betecknande vittnes-
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börd om den genetiska indelningens objektiva natur, att den ur- 
sprungliga motiveringen ordagrant ätergivits. Tyvärr är det här 
icke tillfä lle att belysa de ouppbörliga förändringar, som mera 
subjektiva indelningar varit underkastade, men: sparen avskräcka.

A n m a rk n in g a r t i l l  schem at over de k v a r ta ra  b ild n in g a rn a .

Sásom ovan framhállits ásyftar schemat, att varje naturlig, gene- 
tisk grupp, sáledes alia beteckningar pá samma rad for báde for- 
mationer och landformer, utmftrkes genom samma eller likartad 
farg, det señare for de biogena och kemiska formationerna.

Bland de skilda grupperna má sarskilt framhállas deis landis- 
bildningarna, som lamnat materialet t i l l  de ovriga, deis havsbild- 
ningarna, vilka sásom belagg for den genomgripande skillnaden 
mellan land och hav och en magd darav beroende fragor bora skarpt 
avskiljas frán vanliga insjobildningar inom lokala, slutna backen. 
Da det ar massfórflyttning inom olika genetiska media, som be- 
tingar uppkomsten av sjalvstándiga nya bildningar, vilka kráva 
motsvarande namn, bora t i l l  dem ej raknas skilda jordarters mer eller 
mindre ntpraglade vittrings- eller urlakningsskorpa in sitn. Sásom 
avskrackande exempel kan erinras om de vilseledande forvaxlingar, 
som uppkommit darigenom att man under det intetsagande namnet 
»ákerlera», definierad med rena vittringskaraktarer, sammanslog 
vittrad ishavs-, ostersjo- och morSnlera, under det man trodde sig 
■urskiija en enhetlig bildning.

Materialets petrografiska beskaífenhet och sarskilt grovleken av 
det mekaniska sedimentet betecknas a llt efter avtagande kornstorlek 
med avtagande fargstyrka, sá att stenigt och grusigt material, 
oberoende av bildningssatt och targ, framtrader genom sin mdrka 
ton och daremot lera genom sin ljusa. Vid indelningen efter mate
rialets grovlek, fá gránserna icke bestammas blott á laboratoriet 
efter ftn sá behjartansvarda onskemál, vare sig agrogeologiska, forst- 
liga eller geotekniska. Man má blott tanka sig ett forsok att med 
en artificiell laboratoriegrans uppdela den i naturen synnerligen 
enhetliga, vidt utbredda mjala-loessgruppen. Om man icke forst 
utroner och rattar sig efter den i naturen faktiskt forekommande 
fOrdelningen, sá kan indelningen aldrig genomforas.

Á  schemat angivas inga tidsbeteckningar, utan, dar sádana kunna 
goras, utmarkas de genom bokstaver, som i man av behov och utan 
forandring av kontinuiteten mellan aldre och nyare kartor latt 
kunna andras.
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Notiser.

D e n  taa ltiska issjöns ta p p n in g  och  n iv ä fö rä n d rin g arn a .

Av

E r n s t  A n t e v s .

Genom omständigheternas makt blev min just publicerade uppsats om 
Nordens senkvartära niväförändringar 1 i ett par avseenden föräldrad, redan 
innan den gick i  press. Därför má i korthet framhällas, i  vad man de 
av G. LDNDQVIST1 2 3 * 5 och W. Ü A M S A Y8 offentliggjorda sakförhällandena för- 
ändra mina, siffror, liksom huru de synas bestyrka mina asikter.

Sedan LuNDQVIST lyckats bestämma den för förstäelsen av niväförändrin
garna särdeles viktiga tappningen av den baltiska issjön vid Billingens nord- 
ända t i l i  17 m, har. en ny minimisiffra erhällits för sydöstra Östersjöns 
höjdläge i  äldre finiglacial tid. Da Darsser Schwelle mellan Falster och 
tyska fastlandet när ett djup av 18 meter, sä lag nämligen denna vid tid - 
punkten i  fraga minst 17 + 18 =  35 m högre än nu. S itt högsta sen- och 
postglaciala läge intog Nordtyskland sannolikt vid tiden för befrielsen frän 
istäcket, men det föreligger inga hällpunkter för beloppet.

Den av mig uttalade förmodan, att den markerade strandlinje i  södra 
Finland, som av RAMSAY tolkats säsom marin gräns öfter issjötappningen, 
snarare är en finiglacial transgressionsgräns, synes vinna i  sannolikhet ge- 
nom RAMSAYS och L ü NDQVISTS nya siffror. — Vid Billingens nordända 
bestämde LUNDQVIST den baltiska issjögränsen t i l i  c:a 149 m höjd, den 
marina gränsen t i l i  132 och den finiglaciala t i l i  117— 119 m. Niväskill- 
naden mellan de baltiska och finiglaciala gränserna är följaktligen 30— 32 m 
och mellan de marina och finiglaciala 13— 15 m. V id Karlsborg ligger 
baltiska gränsen vid 153 1 och den finiglaciala vid 118 123 m. Skill- 
naden i  niva är 30— 35 m. —  Pä inre Salpausselkä fann RAMSAY vackert

1 E. A ntevs, Stockholm, Geol. Foren. Förhandl., Bd 43, 1921, ss. 642 6o2.
2 G. L undqvist, Ibidem, Bd 43, 1921, ss. 381—385.
3 W. R a m s a y ,  Ibidem, Bd 43, 1921, ss. 495—497.
1 H. M u n t h e ,  Geol. Foren. Förhandl., Bd 32, 1910, pl. 47.
5 S iffror: I I .  H edstköm, Sveriges Geol. Unders., Ser. C, No. 188. Tolkning: G. 

QVIST 1. c.

L und-



utbildade strandlinjer, som han tolkar sâsom marin grâns, 31— 34 m under 
baltiska issjogrânsen, och (nâgot norr om Salpausselkâ) andra terrasser, en- 
lig t RAMSAY betecknande avbrott i  tappningen av issjon, c:a 12— 13 m ovan 
de just nâmnda. —  RAMSAY och LUNDQVIST kunna naturligen ej bâda ha 
râtt. och LUNDQVISTS tolkning av strandlinjerna har tvivelsutan sannolik- 
heten pâ sin sida. Sâlunda synes RAMSAYS »marina» grâns battre uppfattas 
sâsom finiglacial grâns och hans sâmre utbildade terrasser sâsom marin 
grâns efter tappningen. Om siffror forelâge frân punkter battre motsva- 
rande varandra i  forhâllande t i l l  tappningen, skulle overensstâmmelsen tv i
velsutan vara ândâ storre.

New York 1 febr. 1922.
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N ä g ra  o rd  m ed  an le d n in g  a f  D r  I v a r  D . W a l l e r iu s ’ n otis  om  a u r i-  
p ig m e n t frä n  svensk fy n d o rt.

Av

N il s  Z e n zé n

Med anledning av det i  ovan anförda notis (G. F. F., Bd 43, 1921, p. 
6 7 l) lämnade meddelandet om ett uppgivet fynd av auripigment (»Rausch
gelb») frán Svartviks gruva i  Svärdsjö socken, i  samband varmed paminnes 
om den gamla uppgiften om förekomsten av samma mineral vid Rotendal 
i  Älvdalep, v ill jag omnämna, att jag i en för Publikation pä annat hall 
avsedd uppsats mera ingáende behandlar spörsmälet om de förmenta fynden 
av ej blott auripigment, utan aven arsenolit (Arsenikblüthe) vid svenska 
malmförekomster, men det kan kanske synas lämpligt att jag nu, da sär- 
skild anledning därtill givits, även i  G. F. F. omnämner de resultat, som 
jag kommit t il i.  Dessa äro:

1. Uppgiften om auripigment eller »Rauschgelb» frán Rotendal härrör 
Ursprungligen frán D a n ie l  T il a s  ár 1737, ehuru den först ár 1747 synes 
áterfinnas i tryck, nämligen i  J. G. WALLERIUS’ bekanta Mineralogía. Det 
har visat sig, att TILAS därvidlag gjort ett i  själva verket mycket förlatlig t 
misstag, i  det att han kommit att felaktigt beteckna ett auripigmentliknande 
och uppenbarligen endast i  heit ringa mängd förefintlig t Z in k b le n d e  säsom 
»Rauschgelb».

2. Den senast av G. F l in k  för ett tiotal ár sedan omnämnda »arseno- 
liten» frán Löfasen i  Dalarne (Bidr. t. Sveriges mineralogi, 2, K. V. A., 
A rkiv f. Komi, Bd 3, N:o 35, 1910, p. 42) har visat sig vara en vid »till- 
makning» (eldsättning) nere i  gruvan bildad sönderdelningsprodukt av ar- 
senikkis och beskrevs sásom sádan redan ár 1744 i  K. V. A. Handl. av 
D a n ie l  T il a s .

3. I  áldre samlingar forekómma dessutom prov av arseniktrioxid och 
sásom »Rauschgelb», »Auripigment» och »Realgar» betecknade produkter, 
som bildats vid rostningen i  hyttan av arsenikkishaltig malm vid Löfasens 
gamla silver- och kopparverk. Man hade därstädes pá sin tid, t. ex. pä -



Bd 44. H . 1- -2. NOTISER. 173

1 7 6 0 -ta le t, e n lig t T lLA S  t. o. m . en sä rsk ild  a rs e n ik h y tta  fö r  t i l lv e r k n in g  
av a rse n ik fö re n ing a r.

4. Enligt vad prof. QüENSEL, som av Dr. I. D. WALLERIUS benaget 
bereits tillfä lle  att närmare undersöka det förmenta »auripigmentet» frän 

vartviksgruvan i  Svärdsjö, haft vänligheten meddela mig, har det visat 
Slg> att detta i verkligheten utgöres av blyglete. Lokaluppgiftens riktighet 
synes det däremot icke finnas nägon anledning att draga i  tvivelsmäl; vid 

vartviksgruvan i  Svärdsjö lär nämligen bl. a. ha förekommit lite t 'silver- 
laitig blyg]anSi och blygletet tyckes ju  sälunda mycket väl kunna tänkas 
larröra frän avdrivningen av det ur malmen erhällna silverhaltiga blyet.

A t t  b lyg le te  pä d e tta  sa tt i  gam la  dagar k o m m it  a t t  betecknas säsom 
ddauschgelb», är m ö jlig e n  ic ke  n ägo t enastäende fö rh ä lla n d e . S ä lunda  
fö rvaras h ä r pä R iksm u se e t e t t  U rsp ru n g lig e n  säsom »aurip igm ent»  
e tik e tte ra t p ro v  av b ly g le te . D e tta , som pä s in  t id  h ö r t  t i l i  Sveriges 
G eologiska U n d e rsö kn in g s  m in e ra ls a m lin g , ä r fö rm o d lig e n  g a m m a lt, m en 
saknar i  sä fa l l  O r ig in a le tik e tt, i  d e t a t t  den nuva rande  e t ik e tte r in g e n  e j 
Bgger m änga ä rtio n d e n  t illb a k a . L o k a lu p p g if t  saknas, och b ly g le te t ha r 
en  rä t t  s tä rk t g rö n a k tig t g u l a n lö p n ing s fä rg , u n d e r d e t a t t  D r .  WALLERIUS 
p rov, v i lk e t  p ro f. QUENSEL lä t i t  m ig  se, ä r b ru n g u lt  a n lö p t. F ö rö v r ig t 
äro e m e lle r t id  bäda p ro ve n  s y n n e rlig e n  l ik a  va rand ra , e j b lo t t  t i l i  s i t t  a ll-  
n iänna  utseende och S tru k tu r, u ta n  även t i l i  s to rle k . D e  passa dock e j 
tillsa m m a n s , och ku n n a  pä g ru n d  av fä rg o lik h e te n  e j h e lle r  antagas h ä r- 
starnm a frä n  samm a stycke . E m e lle r t id  ä r d e t n a tu r lig tv is  e j o m ö jlig t,  
a4t de ku n n a  va ra  f rä n  sam m a s ta lle  och h ä rrö ra  f rä n  sam m a m in e ra l-  
sam lare, m en därom  ä r d e t g iv e tv is  o m ö jl ig t  a t t  u tta la  nägon bestäm d 
n ien ing .

Riksmuseets Mineralogiska avdelning, Stockholm, febr. 1922.
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Anmälanden och kritiker.

Svar
pa d:r Bertil Haidens inlägg’ med auledning av min avhandling «Über die 

spätquartäre Geschichte etc.»

Av

U n o  S u n d e l in .

Doktor B. H a l d e n  har i  H. 5 Bd 43 av G. F. F. diskuterat och kriti- 
serat vissa punkter i  min 1919 publicerade avhandling »Uber die spät
quartäre Geschichte der Küstengegenden Üstergötlands und Srnälands». 
Huvudsakligen riktar sig Halden mot en del uttalanden, vari jag hyllat en 
frän hans egen avvikande mening, medan jag beträffande avhandlingen i 
allmänhet fär erkännandet att hava »förstätt att pä ett i  stört sett lyckat 
sätt kasta nytt ljus över svärtolkade lagerföljder samt sätta niväförändrin- 
garna i  samband med vegetationens utveckling».

Inlägget motiveras av H a l d e n s  oro, att vissa mina villomeningar —' 
d. v. s. frän hans egna avvikande —  börjat citeras i den geologiska lit-  
teraturen och genom att ater och ater anföras hota att slä igenom. Kunde 
inte denna fara förutsetts och i  tid  förebyggts av d:r H a l d e n ? Ehuru det 
varit angenämare för mig, om jag fä tt ventilera de ifrägavarande spörs- 
mälen, när min avhandling utkom, och de voro aktuella för mig pä ett 
annat sätt an nu, da heit andra uppgifter upptaga min tid  och mina tan- 
kar, v ill jag ej undandra mig en diskussion, helst denna i  vissa stycken, 
som H ALDEN säger, rör sig om »för förstäendet av de baltiska kusternas 
utvecklingshistoria betydelsefulla principiella frägor».

H ALDEN skän ke r m in  m ed hans egen överensstäm m ande to lk n in g  av de 
le r la g re n  m e lla n lag ra n de  sand- och g ru s s k ik te n  s i t t  obe tingade  g illa n d e , 
m en  ha n  ka n  in te  i  a llo  de la  m in  m o tiv e r in g . Jag  h a r n ä m lig e n  a n fö r t  
frä n v a ro n  av a lla  v it tr in g s fe n o m e n  i  och u n d e r sand- och g ru s s k ik te n  som 
e t t  s töd  m o t o sc illa tio n s te o rie n . H ä r  fö l je r  en d iskuss ion , h u ru v id a  ja g  
m ed »v ittr in g s fe n o m e n »  m en a t »gul- e lla r  ro s tfä rg n in g  pä g ru n d  av lim o -  
n itb ild n in g »  e lle r  »b le k jo rd sb ild n in g a r» . V a d  ja g  n ä rm a s t to rd e  h a f t  i  ta n -
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l'-iirna var blekjordsbildningar. Da dessa, som H ALDEN själv säger, »än> 
kanda för att ofta vara mycket resistenta», kan jag verkligen icke inse, att. 
Dg begatt nägot fei genom att framhalla deras fränvaro som ett stöd gent- 
emot oscillationsteorien. I  Kalmarsundstrakten, dar transgression av Li
na vet förekommit, har jag iakttagit vissa fenomen. som torde vara att 
lanföra t i l i  de nämnda vittringsföreteelserna: blekfärgad sand med sönder- 
allande stenar (»kavelbacke») under en mäktig litorinaavlagring. Frän- 

varon av vittringsföreteelser var ju  f. ö. endast ett av de skäl, jag anförde 
mot oscillationsteorien. I  en annan uppsats (Om en stenäldersboplats vid 
jtorinagränsen i  Östergötland, Rig 1920) har jag dessutom i vissa avseen- 

1 eR an utförligare motiverat min äsikt.
Huruvida HALDEN opponerar sig mot m itt frän honom hämtade argu-

roent, att fränvaron av ett andra sandskikt »i viss man» även talar mot. 
oscillationsteorien, framgär ej klart —  jag förmodar, att det icke är menin- 
gen. Vad som däremot är tydligt, är H a l d e n s  missbelätenhet med min 
*polemiska not» i  ämnet. Som ett uppmärksamt genomläsande av denna 
torde ge vid lianden, är emellertid noten ifräga knappast avsedd att vara 
Polemisk utan utgör fastmer ett av m itt eget klarhetsbehov förestavat ut- 
redande av förhällanden, som i H a l d e n s  framställning icke erhâllit en för 
roin begränsade fattningsgava klargörande formulering. Det är ju  ocksä 
roöjligt, att det finnes en eller annan, för vilken m itt lilla  päpekande icke 
säsom för H a l d e n  innebär »självklara sakförhällanden». H ur nu än för- 
häller sig med den saken, vare det mig fjärran att vilja  göra H a l d e n  
säran» stridig att hava upptäckt, att distala strandgrusskikt kunna utebli i  
en lagerföljd! Som av ordalydelsen (»es scheint a p rio ri gegeben» . . .) i 
roitt uttalande framgär, var detta en sak, som jag fann självklar och alltsa 
älls inte künde vara föremäl för nagra ärofulla upptäckter. Eftersom saken 
emellertid icke är pâpekad i  det sammanfattande kapitlet rörande dessa 
frâgor i  H a l d e n s  arbete utan endast finnes omnämnd en passant i den 
speciella delen, kan upptäckten lä tt nog förbises, nägot som jag —  f. ö. 
utan alltför stört skuldmedvetande —  bekänner mig skyldig tili.

H a l d e n  uppger i  sin gradualavhandling L. G. i  Bergsjö s:n i  Helsing
land t i l i  »minst 114 m.» ö. h. Han hänvisar härvidlag (jämte t i l i  en dia- 
tomacétabell i  avhandlingen) t i l i  en uppsats i ämnet i  G. F. F. 1916, 
varest han närmare redogör för sitt bestämningsförsök. Av denna uppsats 
framgär, att emedan HALDEN icke funn it nagra spar av brackvattensdia- 
tomacéer i en tjärn, belägen 115 m. ö. h., medan sädana —  nämligen 
Mastogloia elliptica —  sällsynt iakttagits i  en 500 m. därifrän avlägsen 
tjärn, belägen 113 m. ö. h., anser han sig kunna fixera L. G. i trakten 
t i l i  »c:a 114 m. ö. h.» HALDEN förargar sig nu över, att jag vid omnäm- 
nandet ( i indirekt form) av denna bestämning räkat utelämna »c:a» framför 
siffran 114. Eftersom emellertid gränsen säges ligga under 115 men över 
113 m. ö. h. (dessa siffror äro även hos H ALD E N  utan nägot »c:a»), kan 
det ju  tyckas tämligen oväsentligt, om siffran 114 für ett »c:a» eller ej i 
sällskap. A tt inte därför avses précis pâ centimetern eller millimetern 114 
ro., är ju  en självklar sak. Nog tycks att v i künde finna nagra viktigare 
ämnen för diskussion! — A tt även Mastogloia Sm ithii v. amphicepliala i 
en av gradualavhandlingens diatomacélistor uppges säsom sällsynt förekom- 
roande i  tjärnen â 113 m., bryter icke udden av min lilla  k r it ik  angäende 
lämpligheten att lägga Mastogloia-arteraa t i l i  grund för en fixering av L. G.



Ej heller a tt ; diatomaceerna ifräga t i l i  art- och individantal successivt av- 
taga ovan cly'peusgränsen. Jag vidhäller alltjämt, att det är ytterst svärt 
och vanskligt att pä grundval av de högsta, sällsynt uppträdande Masto- 
gloia-ärterna fastställa en Mastogloia-litorinagräns (se- f. Ö. längre fram). H A L - 
DENS mer svävande uttryck »minst 114 in» rörande höjden av L . G. igradual- 
avhandlingen tyder möjligen pä, att han själv numer är nägot osäker om sakcn- 

M in metod att, dar isoleringskontakten (I. K.) framträder ute i  faltet, 
taga för diatomaöeiindersökning avsedda prov frän det baltiska sedimentet, 
-omedelbart under kontakten —  ej som H ä l DEN ett' generalprov frän kon- 
taktzonen, varigenom enligt min mening i  vissa fa ll en Mbestämning kan 
tänkas ske, pä grund av att en del svagare brackvattensformer. säsom jnst 
Mastogloia elliptica under värmetiden undantagsvis förekommit även i  in- 
•sjöar — ger H a l d e n  anledriing att ställa t i l i  mig kuggfrägan: »Hur kan 
.SüNDELIN egentligen veta, var I. K. ligger?» Jag behöver endast kasta 
frägan ater t i l i  sin framställare: H ur kan H ALDEN det? I  HALDENS 'gra- 
■dualavhandlihg s. 15 säges nämligen bl. a. att: Hagungyttjans direkt i  fa lt 
urskiljbara övre begränsningsyta inotn ett backen1 är sanitidigt utbildad . . • 
Dess kontakt mot överliggande sötvattensgyttja, ’isoleringskontakten’, mot- 
:'svarar sannolikt den tidpunkt, da paäspunkten liöjts över havets högvat- 
tensnivä». Denna isolering har ocksä medfört en förändring i  Sedimenta
tionen, ej blott med hänsyn t i l i  det mikroskopiska fossilinnehället utan 
ocksä i mänga fall ifräga om makroskopisk beskaffenhet och utseende. 
Lagungyttjorna äga ju  sälunda, som ocksä IlALDEisr framhällit, ofta en 
karakteristisk gulgrön eller grägrön färg, under det att insjögyttjan ej säl- 
lan med brunaktiga färgnyanser tvärt överlagrar lagungyttjan. En hastig 
bläddring i H ä LDENS gradualavhandling har ocksä övertygat mig om, att 
H a l d e n  själv ofta —  i  överensstämmelse med sitt nyss citerade uttalande 
i  gradualavhandlingen, men i  motsats t i l i  vad som säges i det polemiska 
inlägget — iakttagit en i  faltet urskiljbar gräns mellan lagun- och insjö
gyttjan. —  En annan sak är, att man naturligtvis ej med nägon absolut 
visshet kan veta, att den förmodade I. K. ocksä är den verkliga. Detta 
fär givetvis den senaro mikroskoperingen avgöra. Härav hindras emellertid 
pä intet vis den av mig förordade och använda metodens praktiska t il l-  
lämpning. Provtagning kan och bör naturligen ocksä ske i  säväl den för
modade kontakten, som i gyttjan däröver. Itisken att ej fä med de yngsta 
baltiska Sedimenten b lir sälunda ingen —  endast tillförlitligheten blir 
■större. Är nu detta en »circulus in  demonstrando»f —  A tt kontakten 
understundom är »maskerad» känner jag väl. Da fär naturligen den mikro- 
skopiska analysen ensam fälla utslaget. I  realiteten, tror jag, ha H a l d e n  
och jag tillämpat tämligen likartat förfaringssätt. Vad jag emellertid i 
motsats mot HALDEN gjort gällande och alltjämt vidhäller, är det s. a. s. 
principiellt oriktiga i  att grunda »litorinagräns»bestämningar pä diatomace- 
utslaget i  generalprov frän isoleringskontakten. Menar man med »litorina- 
gräns» clypeusgränsen, är visserligen risken även enligt den HALDENska 
metoden sä gott som ingen, dä Campylodiscus clypeus sä v itt känt aldrig 
levat i  vära insjöar. Om man ater med »litoriagräns» avser mastogloia- 
gränsen, finnes dar en viss risk, eftersom Mastogloia-aTter av ifrägavarande slag 
anträffats även i  otvivelaktiga insjögyttjor. 1
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1 Kurs, av mig.



Härmed är jag framme vid fragan om litorinagränsens identifiering med 
clypeusgräns eller mastogloia-gräns eller ev. med ingendera. I  praktiken 
synes H a l d e n  hava valt detaadra altemativet, teoretiskt ater omfattar han 
det sist nämnda. Han formulerar nämligen — i överensstämmelse med 
tidigare F r it z  J onsson —  sin uppfattning av begreppet L . G. sä: »L. G. 
är inom ett visst omräde den i  nutiden högst belägna niva, t i l i  vilken 
Baltikum nätt, räknat fran den tidpunkt, da dess vattenyta t i l i  fö ljd  av 
den postglaciala landsänkningen bragtes i nivä med Atlanten, salunda 
oavsett huruvidci vaitnet i  Baltikum vid denna sin maximinivä var sott, 
bräckt eller sa lt1 samt oavsett, huruvida denna högsta nivä uppnätts t id i
gare (säsom i  norra och mellersta Baltikum, dar ingen säker sänkning kon- 
staterats) eller ' senare (säsom i  södra Baltikum, dar ifrägavarande strand- 
lin je  näddes vid sänkningens maximum».

Sävida den hävdvunna uppfattningen rörande östersjöns utvecklings- 
historia i huvudsak är riktig, är ju  ingenting att anmärka pa denna Stand
punkts teoretiska berättigande. Som bekant har emellertid nyligen (ANTEVS 
1917) gjorts gällande, att Ancylussjön befunnit sig i  nivä med Atlanten. 
Um sä tilläventyrs varit fallet, undras just var H ALDEN i  enlighet med 
s'n definition v ill lägga L. G.?

Men även om den nämnda uppfattningen icke skulle ha nägon grund 
för sig, torde ett fixerande av L. G. i  överensstämmelse med den Jons- 
son-Haldenska definitionen stöta pä oöverstigliga praktiska svärigheter. Hur 
skall man nämligen inom den norra och troligen även mellersta delen av 
värt land, dar med all säkerhet ingen transgression av L-havet förekom- 
m it och följaktligen inga transgressionsvallar e. d. kommit t i l i  utbild- 
ning, kunna bestämma en L. G. »oavsett huruvida vattnet i  Baltikum vid 
denna sin maximinivä var sott, bräckt eller salt»? Med diatomaceernas 
hjälp lär det inte vara möjligt. T ill dess HALDEN lä rt oss, hur detta 
skall ske, lära v i beträffande den av transgression ej drabbade delen av 
värt land vara hänvisade t i l i  den av HALDEN själv liksom av mig o. a. 
använda metoden att söka fastställa den högsta niva, vartill L-havets om 
bräckt vatten vittnande organismer nä —  vare sig man bestämmer sig för 
Mastogloia-arter eller Campylodiscus clypeus.

Som  av d e t sagda to rd e  fra m g ä tt, överensstäm m er HALDENS id e n t i
f ie r in g  av m astog lo iag ränsen  m ed lito r in a g rä n s e n  n ä ppe ligen  m ed hans 
te o re tis ka  S ta n d p u nk t i  frag a n . V id a re  fin n e s  en m ö jlig h e t t i l i  fe lb e - 
s tä m n in g  av m astog lo iag ränsen , pä g ru n d  av a t t  ifrä g a va ra nd e  Mastogloia- 
a rte r  u n d e r  vä rm e tid e n  fö re k o m m it även i  vissa in s jö a r  (a tm iD stone  om  
m an  använder HALDENS »genera lprovm etod»). O ch  s lu t lig e n  är, som ja g  
päpekat, och som ja g  e j ka n  f in n a  a t t  H a l d e n  ve d e rla g t, en f ix e r in g  av 
m astog lo iagränsen pä g ru n d  av MasfofirZrna-arternas o a n se n lig lie t och fä ta lig -  
h e t i  de b a ltis k a  a v la g rin g a rna  ä högre  n iv a e r m y c k e t vansk lig .

A t t  dä re m o t en c lypeusgräns i  a llm ä n h e t u ta n  svä righ e t kan  fas ts tä llas  
m edgives även av HALDEN. M in  id e n t if ie r in g  av c lypeusgränsen och l i t o 
rinag ränsen  fö rk la ra s  e m e lle r t id  vara  m in d re  ve te n ska p lig  än HALDENb 
id e n t if ie r in g  av m astog lo iag räns och lito r in a g rä n s . A t t  de pä högre
n iv a e r än Campylodiscus clypeus u p p trä d a n de  ü iasfo(/Zoia-arterna, n ä r de 
t rä ffa s  i  b a ltiska  a v la g rin g a r, v e rk lig e n  ange, a t t  b rä c k t v a tte n  b ö r ja t upp - 1
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komma i  Baltikum, är ju  nägot, som jag själv fram hällit (Über die spät
quartäre etc. s. 2 0 7 ). Jag tillskriver dem liksom »die nun verschwin
dende Eunotia Clevei und die nun auftretende Nitschia scalaris» ett över- 
gängsstadium mellan Ancylussjön och Litorinahavet. —  Även om minimi- 
siffran för Campylodiscus clypeus’ saltkrav mähända snarare bör sättas t i l i  
1 än t i l i  V* pro m ille ,1 avspeglar clypeusflorans första uppträdande tyd- 
ligen lika fu llt den första invandringen av en egentlig litorinal fiora, efter- 
som »Campylodiscus clypeus so gut wie überall diejenige Brackwasserart 
ist, die —  abgesehen von den Mastogloien —  am höchsten reicht» (1. c. 
s. 203). Under clypeusgränsen träffas däremot vanligen med ens ett 
flertal andra verkliga brackvattensdiatomaceer, ofta i  stör individrikedom, 
visande att Baltikum nu b liv it ett inhav med brückt vatten.

Jag vägar tro, att m itt fixerande av det egentliga Litorinahavets inbrott 
t i l i  clypeusflorans uppträdande (med klart angivande av att en begyn- 
nande saltningsprocess dessförinnan börjat) är fü llt  ut lika vetenskapligt 
och välgrundat som HALDENS äsikt, att samma hav har tagit sin bör- 
jan i  och med de sporadiskt uppträdande Mastogloia-arterna. Detta sä 
mycket mer som HALDENS av begynnande sälta karakteriserade »praktiska 
Litorinahav» näppeligen kan ha gjort sitt inträdo samtidigt som hans — 
ätminstone inom Baltikums nordliga delar —  t i l i  en början utan tvivel 
fullständigt färska »teoretiska Litorinahav».

Under det att Halden finner det »väl djärvt» av mig att identifiera 
clypeusgräns med litorinagräns, antager han, att isobaserna för förstnämnda 
gräns, i  stallet »markera nägorlunda synkrona strandlinjer frän tiden' för 
sänkningens maximum». Detta antagande grundar han pä det förhällandet, 
att elypeusfloran, enligt vad jag (»pä som det v ill synas goda grunder») 
gjort sannolikt, invandrat ej sä läng tid  före litorinasänkningens maximum. 
Detta HALDENS antagande synes emellertid mig väl djärvt, och jag anför 
i  min avhandling skäl, som tala mot en sädan tolkning. Den stärkt steg- 
rade gradienten i  isobassystemet N  om Västervikstrakten förmodas näm- 
ligen av mig t i l i  en viss grad fä sin förldaring av den landhöjning, som 
här försiggätt under tiden mellan clypeusgränsens utbildning och litorina- 
transgressionens maximum i söder. Denna min förmodan har nyligen 
upptagits av RAMSAY (G . F. F. 1 9 2 0  s. 2 5 6 ) säsom den ev. förklaringen 
även t i l i  motsvarande egendomlighet i landhöjningsgradienten i  trakterna 
öster om Östersjönü

tlALDENS betygande av s in  agnostiska S tandpunk t rö rande  orsaken t i l i  
p o lle n fö rs k ju tn in g e n  k r in g  iso le r in g s k o n ta k te n , s a m tid ig t som g ru n d va le n  
fö r  m i t t  to lk n in g s fö rs ö k : ekb landskogens lo k a lt  gynnade  s tä lln in g  i  ku s t-  
zonerna, m edg ives vara  »en m yc k e t reg e lb u n d e t ä te rkom m nnde» fö re tee lse , 
ge r m ig  ic k e  a n le d n in g  t i l i  nägra  ko m m e n ta re r. 1 2

1 Det av mig äberopade arbetet är ej tillgängligt för mig, och jag kan därför ej av- 
göra,. om jag stött mig pä de av H alden förmodade sakuppgifterna eller nägra ändra.

2 Eftersom jag omöjligen kan veta, vad H alden  äsyftar med s itt ta t om min »be- 
handling av de fossila diatomaceerna», kan jag natnrlig tv is ej ingä pä nägot egentligt 
svaromäl i  saken. A t t  e tt eller annat skriv- eller tryckfe l kan förekomma (säsom be- 
träffande det lä tt genomskädade fa lle t med Clicetoceras seiracanthum) är naturlig t 
och nägot, som jag förmodar även H alden  ibland räkat u t för. E ller kan det vara 
pluralisformen »Mastogloien» eller kanske m itt förfarande a tt stava samtliga latinska 
artnamn, med undantag av dem, som utgöras av personnamn, med liten begynnelsebok- 
stav, som väckt H aldens misshag?
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• klutligen levererar ÜALDEN en liten batalj, riktad mot mina uttalanden 
ragan om sjoarnas igenváxning och vattenstandets sekulára vaxlingar i 

samrna. Den uppmarksamhet, Ü ALDEN i  sitt inlagg iignar dessa fragor, 
ar icke i  nágon som helst proportion t i l l  det utrymme, samma fragor

berett:s 1 min uppsats (2 sidor av ett 40-tal). Den knapphändiga behand-
min framställning hade sin grund deis däri, att vissa andra spörs- 
sásom üstersjöns niväförändringar och den subfossila växtvärldens

Bngen i
mal -

felationer t i l i  landhöjningsstadierna — i högre grad fängat m itt intresse, 
s ater däri att möjligheterna att med ledning av Strandkarrens och 

mossarnas stratigrafi utröna vattenständets växlingar i sjöarna pä grund 
Jv i  avhandlingen (s. 233) meddelade omständigheter här voro vida min- 

rei än fallet varit med de stora inlandssjöar, jag tidigare behandlat. I  
overensstämmelse härmed har jag endast uttalat mig i  tämligen allmänna 
ordalag om, i  vilken riktning mina erfarenheter peka.

Bl. a. vänder sig H a l d e n  mot, att jag i  likhet med L .  V. POST nämner 
fflagnocaricetumtorven bland telmatiska torvslag. A tt »magnocaricetumtorv 
a)r rotfilttyp» kan bildas gungflyartat spec. i  höglandssjöar och kusttraktens 
i’indskyddade smä bassänger förnekar jag ej. Däremot delar jag ingalunda 
H a l d e n s  uppfattning, att dylik torv »aldrig bildas telmatiskt vid sjöars 
igenväxning». Det synes mig ocksä nägot egendomligt, att H a l d e n  sä 
kategoriskt avvisar tanken, att »den relativt svagt humifierade magnocarice- 
tumtorven av rotfilttyp» skulle kunna vara av telmatiskt Ursprung, när han 
samtidigt, säsom av fortsättningen framgär, räknar don genom övergängs- 
former med den förra utan tvivel förbundna kärrdyartade magnocaritcetum- 
torven t i l i  telmatiska bildningar. —  F. ö. inskränker jag mig t i l i  en hän- 
Hsning dels t i l i  vad jag i  denna sak tidigare anfört (G . F. F. 1918 
s- 81 ff. ) ) (je]s t i l i  v. POSTS och HALDENS diskussion i  ämnet (G . F. F. 
1920 s. 55).

Min äsikt, att ett lägt vattenständ rätt även i  kusttraktens sjöar under 
värmetiden, grundar sig icke blott pä läget av telmatiska torvslag av olika 
leskaffenhet, säsom de även av HALDEN som telmatiska uppfattade »hög- 
humifierade, kärrdyartade bildningarna, vilkas moderformationer tydligen 
mycket väl kunna vara magnocariceta», utan ock pä förekomsten av semi- 
terrestrisk och terrestrisk torv (olika slag av skogstorv) »auf abnorm nie
drigen Niveaus in den Seebecken, teilweise auf fester Tonunterlage unter 
den natürlichen Passhöheh». Kunde det inte möjligen betecknas som ett 
lite t »egendomligt siitt att citera» att alldeles förbigä denna för den av- 
l'andlade frägan ingalunda oväsentliga passus?

*A tt sjöars igenväxning med fräkentorv är en företeelse, som framförallt 
ar knuten t i l i  det nordiska, relativt humida klimatet» är ju  nägot som bra 
stämmer med min iakttagelse, att denna igenväxningstyp varit rel. vanlig 
under det fuktiga och jämförelsevis kyliga »primatlantiska» skedet. Även 
°m denna igenväxningstyps försvinnande (detta är väl HALDENS tankegäng) 
närmast skulle sammanhänga med det kyliga klimatets upphörande, för- 
klaras dock ej därav fränvaron under den följande tiden av den normala 
igenväxningstyp, som inledes genom vass eller säv. Sädan igenväxning 
förekommer denna dag i mänga sjöar även i  kusttrakten.

Jag bcr fä päpeka, att tolkningen av de »oförmedlade» igenväxnings- 
kontakterna säsom tydande pä to rrt och varmt klimat, vattenminskning i 
sjöarna och hastig igenväxning genom telmatiska växtsamhällen icke ema-
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nerar irán mig utan frän L. V. POST, som aven av mig áberopas. Av 
H a r d e n s  framställning kan man nämligen fá den uppfattningen, att jag 
vore upphovsmannen t i l i  nämnda tolkning. Äras den, som äras bör! — 
Lat mig fá erinra min vän HALDEN om, huru vi gemensamt haft nöjet 
att nnder d:r v. POSTS ledning studera págáende igenväxning av ifrágava- 
rande slag vid Tâkerns stränder sásom en följd av dess sänkning. Det 
är ju  ett näraliggande analogislut, att denna igenväxningstyp även i  gángna 
tider uppkommit i  samband mod vattenminskning i  sjöarna. Men det 
synes mig lämpligt, att HALDEN fortsätter diskussionen rörande denna 
sak med d:r v. POST. —  Det dar om »stilistisk art» skall jag däremot 
inte vara oartig nog att vidarebefordra utan fâr väl hàlla t i l l  godo med 
för egen del.

M à  d e t t i l l  s is t t i l lâ ta s  m ig  u tta la  m in  höga ta n ke  om  HALDENS vä rde - 
fu l la  insa ts  s ä rs k ilt  rö rande  de m a rin a  sed im entens b ild n in g s h is to r ia  och 
k la s s if ik a tio n . H a n s  a rbe ten  kom m a u ta n  tv iv e l a t t  i  â ts k illig a  avseenden 
b l i  g rund läggande  fö r  kom m ande  fo rs k n in g a r  pâ dessa om râden . V id  u t-  
a rbe tande t av m in  a v h a n d lin g  h a r ja g  ocksâ h a f t  r ä t t  s tö r t  gagn av H a r 
d e n s  ju s t  p u b lice ra d e  a rb e ts re su lta t f râ n  H ä ls in g la n d .1 J u s t em edan 
a rb e ts fä lte t ä r re l. n y t t  och obearbe ta t, äro e m e lle r t id  n a tu r lig e n  ic ke  
HALDENS vare  s ig  m e to d e r e lle r  ré s u lta t ( l ik a  l i t e t  som m in a  egna) h ô jd a  
ove r d iskuss ion , och d e t to rd e  ocksá va ra  tä m lig e n  s jä lv k la r t ,  a t t  o lik a  
â s ik te r sko la  göra s ig  gä llande.

Falun i  december 1921.

Y tte rlig a re  e tt p ar ord

om d:r U. Sundelins avhandling: »Über die spätquartäre (îescliiclite etc.»

Av

B e r t il  E . H a l d e n .

E h u ru  d :r  SUNDELINS svar pâ m in  k r i t ik ,  som ju  s jâ lv  t i l l  s to r de l va r 
avsedd som e t t  bem ötande av SUNDELINS a n m ä rk n in g a r m o t m ig , i  högre 
g rad  u tg ö r  p ro v  pâ o rd r ik  re to r ik  än fö rs ö k  t i l l  s a k lig t bem ötande, to rd e  
ä nnu  nagra  o rd  i  dessa fra g o r  va ra  a tt  t il lä g g a  i r á n  m in  sida.

Jag har opponerat —  och opponerar a lltfort —  mot en del av d :r  SUN
DELINS arbetsmetoder. Häri v ill jag inräkna icke minst SUNDELINS satt

1 Möjligen överskattar dock H a l d e n  i nâgon mân sitt arbetes inflytande pâ min 
undersöitning att doma av ett uttalande i  ett diskussionsinlägg, refererat i G. F. F. 1920, 
s. 228. De fàltarbeten, som ligga bakom min avhandling hava nämligen gâtt jämsides 
med H a l d e n s  arbeten i Hälsingland och voro i  huvudsak avslutade sommaren 1916. 
Señare ha endast nâgra kompletteringar skett. Det är sâlunda mindre med hänsyn t i l l  
arbetsmetoder än beträftande vissa synpunkter vid avhandlingens utarbetande (spec. 
rörande uppkomsten av vissa baltiska Sediment), som jag stâr i  tacksamhetssknld t i l l  
H a l d e n .



att r °ra sig med litteraturcitat. A tt andras motiveringar och slutsatser bli 
— lát vara oavsiktligt —  felaktigt refererade, är en fara, som icke kan 

idrebyggas var framför a llt sádana »villomeningar», jag velat fasta
uppmärksamheten pá, ehuru jag själv átminstone delvis är part i  malet.
 ̂ t t  en »neutral» person fö re ta g e r s ig  a t t  k o rr ig e ra  sádana fe la k tig h e te r  är 

näm ligen  —  ty v ä r r  —  en l ik a  s ä lls y n t fö re tee lse  som a tt  en fö r fa tta re  
spon tan t e rkä n n e r s ina  ev. m isstag. D ä re m o t be r ja g  d : r  SUNDELIN vara  
o \e rtygad  om, a t t  despotism  och s jä lv t i l lrä c k lig h e t in o m  en vetenskapsgren 
a i”  l ° r  m ig  l ik a  osym pa tiska  som fü r  d :r  SüNDELIN.

Kärnpunkterna i  mina anmärkningar finner jag alltsa sta oemotsagda i 
( :r  SUNDELINS »Svar». Detta gäller sálunda t i l l  en början m itt pápekande 
a\ det egendomliga, som ligger i  att SüNDELIN citerar Coch därtill felaktigt.) 

i  notisform framställt preliminärt meddelande med undertryckande av 
señare, bättre motiverat och tydligare formulerat uttalande (angaende

G.), som SüNDELIN dock varit i  tillfä lle  att taga del av. När jag sá
lunda utbytt uttrycket »c:a 114 m» mot »minst 114 m», har jag lämnat 
°sagt, hur stört fei, som är att räkna med. Mahända uppgár det t i l i  10 
m eller mer. SüNDELIN talar om centimetrar eller millimetrar. lö ra t tp ä  
sa satt söka förlöjliga detta m itt spontana förtydligande —  som tyvärr i  
formuleringen ännu kunnat ge anledning t i l i  missförständ omtalar S ü N 
DELIN, att »gränsen säges ligga under 115 men över 113 m l Detta är 
emellertid en produkt av SUNDELINS egen skapande fantasi, varom eil 
opartisk lasare lä tt han övertyga sig.

För att komma ifrán den besvärande circulus in  demonstrando, som 
hotfullt svävar över SUNDELINS bestämning av isoleringskontakterna, later 
Sundelin nu veta, att prov böra tagas även o van f ör den förmodade »I. K.», 
som därtill bör mikroskopiskt kontrolleras. Ja, har SüNDELIN gjort det 

vilket icke framgär av hans avhandling da skingras tydligen den 
hotande faran. V id generalprovtagning kring den förmodade I. Iv. (avm ig 
benämnd kontaktzonen, alltsa ej =  kontaktlinjen eller kontaktytan) är 
denna fara tydligen ocksa stärkt begränsad. Generalprovsmetodens ofull- 
komlighet —  dess otvivelaktiga förtjänster förtigas eller erkännas ej av
SüNDELIN __ pápekade jag redan i  den meromnämnda notisen 191G, som
3ag själv rubricerade som ett »försök8.

T ill frágan om Mastogloia-gränsen etc. kan jag endast framhálla den 
ohjälpliga motsats som ligger i  á ena sidan SUNDELINS ständigt omtalade 
*fixering» av L. G. och den identifiering av Mastogloia-gräns och L. G., 
som SüNDELIN tillskriver mig, á andra sidan mina försök att meddela 
minimivärden, som —  Mastogloia M iptica  i  Smáland t i l l  trots torde 
vara tillförlitliga, men som kanske kunna ligga ett eller annat tiotal meter 
högre än de fixerade gränsvärden, t i l i  vilka man pä SUNDELINS mer god- 
tyckliga men bekväma väg kan komma. Angaende Campylodiscus Glypeus 
och dess saltkrav har jag endast att konstatera, att SüNDELIN pá sin tid 
('Big 1920) varit mer angelägen att sprida sin nya upptäckt (artens saltkrav 
likväl ytterligare reducerad t i l i  0,03 %) i  vidare kretsar, än han varit att 
före publicerandet av s itt »Svar» kontrollera den rättelse i berörda avseende, 
s°m jag gjort i  min kritik .

För upplysningen om Chcetoceras seiracanthum är jag och sannolikt 
uaanga andra —  tacksam. Själv tillstár jag gärna min ofullständiga be- 
kantskap med det synnerligen artrika Chastoceras-släktet. Beskyllningen för
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smáaktigt anmärkande pâ tryckfel faller pâ sin egen orimligliet. Hade 
syftet varit ett sádant, skulle jag absolut ha saknat anledning att icke 
päpeka SUNDELINS »Amphiphora», ett släktnamn, som ehuru felaktigt ej 
behöver âstadkomma nägon tvekan.

För k r it ik  rörande uppfattningen om sjöarnas igenväxning känner sig SUN- 
DELIN trygg bakom v. POSTS auktoritet och ger mig direktivet att med 
denne fortsätta diskussionen. A tt inärka är emellertid, att SUNDELIN 
hänvisar t i l i  sádana v. POSTS uttalanden, som gjorts innan dessa fragor 
börjat att mera ingáende debatteras bland svenska geologer, uägot som mig 
veterligt ägde rum offentligt första gangen vid ventilerandet av d:r S üN - 
DELINS gradualavhandling ( jf r  G. F. F. Bd 39 sid. 723). Det är icke minst 
mot bakgrunden av dessa sakförhällanden som SUNDELINS bevisföring 1919 
(överst pâ sid. 234) för mig ter sig mer som en stilistisk vändning. Min 
k rit ik  vände jag uttryckligen mot uppfattningen av vissa som telmatiska 
tolkade torvslag sâsom registratorer av laga vattenstánd, däremot icke mot 
den övriga delen av SUNDELINS motivering (av mig därför förkortningsvis 
betecknad med • »etc»). I  detta sammanhang har SüNDELIN i  s itt »Svar» 
en passus, som, om den är allvarligt menad, är mig alldeles obegriplig. 
V id en gemensam exkursion t i l i  Täkernstranden säger sig SüNDELIN  ha 
tillsammans med mig studerat pâgâende igenväxning av ifrägavarande slag 
(d. v. s. hastig igenväxning genom telmatiska växtsamhällen i  samband 
med vattenständsminskning). Ja, nog sägo vi dar vackra telmatiska Mag- 
nocariceta —  ehuru av heit annan sammansättning och ekologisk valör än 
de fossila, som bildat magnocaricetumtorven under Dags mosse —  och nog tror 
jag, att dessa nágot bidraga t i l i  Täkerns igenväxning. Vad SüNDELIN  f. ö. 
säg vid Tákern under den minnesrika exkursionsdagen i  jun i 1917, vet jag 
ej. Själv har jag varken da, tidigare eller señare därstädes sett annat, än 
att ifrägavarande Magnocariceta — Täkerns egenskap av eutrof slättlands- 
sjö t i l l  trots — t i l l  dato icke bildat sa mycket som en millimetermäktig 
magnocaricetumtorv av rotfilttyp. Analogislut kunna utföras pá olika sätt. 
Mig synes det naturligaste analogislutet vara det, att icke heller i  äldre 
tider nägon rotfilttorv bildats telmatiskt! Och under ett varmare och tor
rare klimatskede böra t. o. m. förutsättningarna för en intensiv humifie- 
ring i  det periodiskt blottlagda översvämningsomrädet ha varit ännu större 
än nu och alltsä rotfilttorv ha haft ännu sváraró att uppstä telmatiskt! 
Den omständigheten att jag stur tämligen ensam i min äsikt har föranlett 
mig icke att kategoriskt underkänna V. POSTS av SüNDELIN och manga 
andra delade moderna uppfattning utan endast att uttala m itt tvivel och 
att e fte r ly s a  telmatiska rotfilttorver (G. F. F. Bd 42 sid. 55). Innan sá
dana verkligen b liv it kända frän nutiden, känner jag det tryggare att bc- 
tvivla deras existons under gângna tider.

Slutligen ett ord om »ärofulla upptäckter». SüNDELIN vet väl, att jag 
aldrig velat utge mig för att först ha funnit, att mellanlagrande sandskikt 
kunna saknas, dar de annars normalt förekomma; SüNDELIN erkänner själv,' 
att jag nämnt min iakttagelse »en passant». Upptäckten —  gärna för mig 
ärofull —  var nämligen gjord längt tidigare och sakförhällandet föreligger 
exempelvis är 1895 (hos E. EßDMANN, geol. bl. Grisslehamn) i  följande 
form: »Sandlagret kan stundom vara ganska tunnt eller möjligen fattas,
men dess närvaro torde likväl fâ anses som regel.»
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Gcolognylt.

Betraf fände de synpunkter Föreniugen bcslutat göra gällande med an- 
ledning av det i  föregäende hafte omnämnda cirkuläret frän belgiska orga- 
nisationskommitten, hänvisas t i l i  mötesförhandlingarua av den 13 januari 
(sid. 185), dar Föreningens skrivelse i  donna fraga finnes in  extenso ater- 
given.

Prof. V. M. GOLDSCHMIDT meddelar i  brev, att den under bans ledning 
planerade Stavangerexkursionen koramer att äga rum i början av jun i 
mänad. Exkursionen startar frän Kristiania enligt provisoriskt uppgjort 
Program den 8 jun i och uppehäller sig i Stavangeromrädet t i l i  omkring 
den 15 juni. En eventuell fortsättningsexkursion över Bergen, inre Sogn, 
och Jotunheim skulle taga ytterligare 14 dagar, men b lir blott möjlig under 
gynnsamma snöförhällanden.

Direktorn för Geologiska kommissionen i Finland, professor J . J . S e d e k - 
HOLM, vistas sedan november 1921 i  Albanien säsom ledamot av en av 
Polkens förbund utsedd kommission, soiri har att avgiva utlätande om 
särskilda frägor rörandc gränserna mellan Albanien, Serbien och Grekland.

Under sommaren har den gamle ryktbare »Fossil Hunter» CHARLES H. 
St e r x b e r g  för Uppsala universitets paleontologiska institution företagit en 
särdeles lyckad 47  a mänaders expedition t i l l  det förut föga exploiterade 
kritomrädet i  New Mexico. Samlingarna, 17 stora packlärar, innehällande 
113 olika nummer, ha anlänt under januari och bestä av sköldpaddor, 
säsom Adocus, Aspideretes, Baena m. fl., samt lämningar av dinosaurier 
av flora olika slag, Ceratops, Triceratops, en rovdinosaurie samt en Tracho- 
dont. Av den senare, som lyckligtvis icke är a llt för stör, finnes även 
ett  heit skelett, fördelat pä- 7 lärar. Sämlingen har kostat omkring 
16 000 kr. Medien ha anskaffats av överintendenten Axel L agrelUJS 
°ch Stockholm— Amerika-linjen har beviljat halv frakt. • 0. W.
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Bland nyutkommen utlandsk litteratur (1920— 21) märkas:

Per N is s e n : Ökonomisk-geogr. Atlas over Norge. (Kristiania 1921.)
K. A n d r é e : Geologie des Meeresbodens. Bd I I .  Die Bodenbeschaffen

heit und nutzbare Mineralien am Meeresboden. (Borntræger 1920. 
Mk 92.)1

W. HOMMEL: Systematische Petrographie auf genetischer Grundlage. Bd I.
Das System. (Borntræger 1920. Mk 28.)

Em . IvAYSER: Lehrbuch der Geologie; Allgemeine Geologie 1— 2; 0. ver
mehrte Auflage. (Stuttgart 1921. Mk 222.)

L. K o b e r : Der Bau der Erde. (Borntræger 1921. Mk 88.)
P. N lG G L I: Die leichtflüchtigen Bestandteile im Magma. (Preisschrift d.

Jablonowskischen Gesellschaft; Teubner, Leipzig 1920. Mk 22.)
—  — : Lehrbuch der Mineralogie (se ref. G. F. F. 1920 p. 388. Born

træger 1921. Mk 180.)
F. R i n n e : Die Kristalle als Vorbilder des feinbaulichen Wesens der Ma

terie. (Borntræger 1920. Mk 27.)
A. L a c r o ix : Mineralogie de Madagascar. T. I. (Challamel, Paris 1922. 

För bäda delarna Fr. 200.)
L. D e L a ü NEY: Géologie de France. (Armand Colin, Paris 1921. Fr. 40.) 
T. R. C. R e e d : The Geology of the British Empire. (Arnold, London, 1921. 

40 sh.)
W. H. EMMONS: Geology of Petroleum. (Mc Graw, New York 1921. S 0.)
B. L. M i l l e r  och J. T. S in g e w a l d : Mineral Deposits of South America.

(Me Graw, New York 1919. $ 5.)
G. O. Sm it h : The strategy of minerals. (Appleton, New York 1919. 

$  2.50.)
J. L .  S P U R R :  Political and comercial Geology and the worlds mineral 

resources. (Me Graw, New York 1920. $ 5.)

Red. motser tacksamt frán Foreningens medlemmar bidrag t i l l  G eolog
ii y t t  i form av varjehanda uppgifter ang. resor, samlingar, befordringar, 
forflyttningar, offentliga och onskilda uppdrag, sammankomster, cxkursio- 
ner, nyutkommen litteratur m. m.

1 Samtliga priser angiviia utan alia tillägg.
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Motet den 13 januari 1922.

Lârvarande 46 personer.

Lrdfôranden hr H. B ackstrôm meddelade att H. K. H. 'K ron- 
PRINSen behagat mottaga kallelsen t i l l  Foreningens fô rs ta  ledamot.

Sedan fôregâende sammantrâde hade foreningens ledamot lektor 
^ • A lfverguen i  Stockholm avlidit.

T ill medlem i fôreningen hade styrelsen invalt fil. mag. T ord 
H enschen, Stockholm, fôreslagen av hr G. Frôdin.

T i l l  prof. A. G. H ôgbom hade pâ hans (55-ârsdag avsânts ett 
lyckonskningstelegram frân Fôreningen.

Ordfôranden framfôrde prof. W . C. B roggers tack for den adress, 
varmed Fôreningen uppvaktat honom pâ 70-ârsdagen, och som ord- 
feranden enligt Foreningens uppdrag personligen ôverlâmnat i 
Kristiania.

Sekreteraren meddelade, att Styrelsen, i samrâd med styrelserna 
for de geologiska Fôreningarna i Danmark och Norge, beslntat fôre- 
slâ Fôreningen att, med anledning av ett cirkulâr frân »comité d’or
ganisation» av den internationella geologkongressen i Bryssel 1922, 
vari bl. a. meddelas att de lânder, som varit i krig med Belgien, 
e,î inbjudits deltaga i kongressen, tillstâlla kommittén fôljande skri-
velse:

A u  Comité d’ O rganisa tion  

du Congrès In te rn a tio n a l en Belgique 1922.

La Société géologique de Stockholm, après avoir consulté des 
sociétés de plusieurs autres pays au sujet de la circulaire du con
grès géologique de Belgique en 1922, envoyée en novembre 1921
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par le comité (l’organisation, croit devoir faire les observations sui
vantes :

Dans la circulaire, on a proposé en changement très considérable 
dans le caractère universel et purement scientifique qui a marqué 
tous les congrès précédents sans aucune exception: les géologues 
d’un certain nombre de pays en seraient complètement exclus.

Bien que nous comprenions parfaitement la grande difficulté qui 
existe pour les nations qui ont le plus souffert de la guerre à in
viter dès à présent tous les pays à une assemblée xrniverselle, et t 
sans vouloir aucunement exprimer quelque sympathie pour les puis
sances qui ont imposé la guerre à la Belgique, nous avons néan
moins la conviction que les intérêts de l ’humanité exigent tout ce 
qui est en notre pouvoir pour réaliser enfin l ’idée de la paix. I l  est 
important que la collaboration universelle et réellement internatio
nale, interrompue pendant la guerre, soit rétablie aussitôt que pos
sible dans le but de favoriser la culture et la solidarité humaines.
I l  faut pour cela que toutes les nations puissent s’entr’aider pour 
la reprise de cette collaboration mondiale.

Toutefois, personne ne saurait demander que la Belgique, si peu 
de temps après la guerre, soit tenue, contre sa propre volonté, 
à renouveler l ’invitation faite en 1913 à toirtes les nations qui t 
participaient au congrès du Canada. Aussi, avait-on préparé 
une conférence préliminaire ayant pour objet de discuter ce qu’i l  
serait à propos de faire dans cette occurence, lorsque la Belgique 
a envoyé son invitation pour le dit congrès où l ’admission était 
limitée par des principes non scientifiques.

I l  faut rappeler ici que le droit de prendre des décisions de cette 
nature n’appartient qu’aux congrès internationaux eux-mêmes et que 
le comité cité comme autorité pour la dite décision — lequel n’était 
représenté que par quelques uns de ses membres —, a été élu à 
Toronto non pas pour prendre des résolutions quelconques mais seule
ment pour présenter au congrès suivant des propositions au sujet 
d’une organisation plus effective des congrès.

Nous avons convenu de demander au comité d’organisation belge, 
s’i l  ne consentirait pas à changer le nom officiel du congrès, pour 
que celui-ci ne soit pas compté dans la série des congrès universels.
Le plus simple serait de supprimer les mots »NUI session». Le 
congrès aurait ainsi le caractère d’une réunion indépendante des 
congrès antérieurs. Un changement analogue a été apporté au con
grès de mathématiciens, à Strasbourg en 1920.

De cette manière nous serions fidèles, même en ces tristes temps, 
au grand et généreux principe émis déjà par les éminents géologues



MOTET KEN 13 JA N U A llI 1922 . 187Bd 44. H . 1—2.J

français au premier congrès géologique international, tenu à Paris 
ea 1878: . . . »que la science n’est d’aucune nation et qu’i l  ne peut 
•Y avoir, entre ses adeptes, d’autre rivalité que celle qui résulte de 
la poursuite de la vérité.» Ainsi, on ne fit »aucune distinction de 
nationalité, car i l  était de la plus haute importance que cette oeuvre, 
Sl véritablement internationale dans son origine, conservât de carac- 
tère jusqu’à la fin».

I l est certain qu’une démarche respectant ces principes serait 
reçue par nous avec beaucop de reconnaissance et affranchirait en 
même temps, nos délégués du devoir peu enviable de soulever au 
congrès, en Belgique, une discusssion sur cette matière.

Nous espérons, cependant, que la bonne volonté de nos collègues 
^g e s  aura écarté un malentendu dont le résultat pourrait être de 
diminuer le nombre des participants au congrès qui devrait jouir de 
foute la sympathie dont on voudrait voir entourer une telle entre
prise.

Föreningen som i a lit gillade de synpunkter, styrelsen hävdat i 
S!tt förslag t i l l  skrivelse, beslöt att skrivelsen i Foreningens namn 
skulle tillställas organisätionskom mitten i Bryssel.

Hrr B. H alden och Simon J ohansson höllo inledningsföredrag t i l i  
diskussion om Svenska jo rda rte rs  k la s s if ik a tio n  och term i- 
ß ologi.

Herr H alden anförde t i l i  en början nägra exempel pä jordarts- 
system och nomenklatur frán 1850- och 1860-talen. I  ett av de 
grundläggande arbetena pä detta omráde, H. von P osts »Kort be- 
skrifning om medlersta Sveriges Jordmäner» (1855), indelades jord- 
arterna i I  Jordaflägringar under Diluvialperioden och I I  Jordaf- 
lägringar under Alluvialperioden. Huvudindelningen är alltsägjord 
efter kronologiska principer. För den förra av de bäda grupperna 
genomföres indelningen vidare efter bl. a. petrografiska, topogra- 
dska, stratigrafiska men även dynamiskt-genetiska principer (t. ex. 
resp. varvig lera, tallmosand, undre mosand, krossgrus och rullstens- 
grus). För alluvialperiodens jordarter har v. P ost velat genomföra 
ea indelning efter topografiska synpunkter (»hafs-, söttvattens- och 
Ißndbildningar»), varjämte framhälles ett särskiljande mellan äldre 
°ch yngre. v. P osts klassifikation av dessa jordarter i 1. alluvial- 
Saßd, 2. alluviallera o. s. v. visar dock tydligt, att smädelarnas be- 
skaffenhet i sedimenten stundom varit en avgörande synpunkt vid 
ißdelningen.

Uknande kronologiska synpunkter áterfinnas i A. E kdmanns 
Bi drag t i l l  kännedomen om Sveriges qvartära bildningar» (1868). Här
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representeras glacialperioden av 1) aldre (supramarina) bildningar 
t. ex. krosstensgrus och 2) yngre (submarina) bildningar t. ex. 
ru lls tensg rus  och g lac ia lle ra . Postglacialperioden har att upp- 
visa 1) aldre (submarina) bildningar t. ex. pos tg lac ia lle ra  och 2) 
nyare och ñutida (supra- och submarina) bildningar t. ex. svamm- 
sand, hafslera, h a fsg y ttja . Aven om alltsá kronologien har ar 
den grundlaggande principen — belysande ar forsta raden i E r d - 
MANNS kapitel om mosanden: »Mosand ar den yngsta av postglacial- 
periodens aldre bildningar» — intaga dock de genetiska frágorna 
har en framskjuten stallning, áterspeglad deis i  benamningen »bild
ningar», vari innefattas hade jordarter och landfornier (bland post- 
glacialperiodens aldre submarina bildningar uppraknas exempelvis 
postglacialsand (mosand), rullstensásarnas sista tillrundning och ás- 
gropar), deis ocksá i en och annan nydefinierad jordartsbenamning 
t. ex. svammsand, svammlera och svallgrus.

Samma kronologiska anda genomgár N athorsts  och f. o. flertalet 
av señare geologers arbeten. Málet har tydligtvis varit att soka 
utreda och med benamningar í'astslá, under vilket geologiskt skede 
den ena eller den andra jordarten bildats. Fóredr. pápekade det 
markliga i att ett kronologiskt system lagts t i l l  grimd aven i ett 
arbete med utprdglat praktisk syftning sádant som H. v o n  P osts 
»Grundlinier t i l l  ákerbrukskemien» (1878), dar man finner indelnin- 
gen I  Alluviallager, I I  Postglaciallager, I I I  Glaciala lager.

For att ytterligare belysa de tendenser, som utom de kronologiska 
gjort sig mer eller mindre gallande i den svenska jordartsnomen- 
klaturen, átervftnde foredraganden t i l l  namnanalysen, som mángen 
gáng tydligare an auktorernas uttalanden angáve de principer, efter 
vilka benamningarna kommit t i l l  stand. Exempel pá dynam iskt- 
genetiska ñama vore sálunda de redan i det foregáende anforda 
ru lls tensgrus, krosstensgrus (krossgrus), svamsand och 
svallgrus. Topografiska namn vore backlera, ákerlera, ta ll-  
mosand och flodsand; hartill ansióte sig m orfo log iska benam
ningar sádans som terrass-sand ( T o r e ll ) och p latá lera ( W es - 
te r g a r d ). S tra tig ra fis k a  benamningar vore undre grálera, 
ovre ishavssand, m ellersta mosand. Lokalbenam ningar: 
Stromsholmslera, nordsjolera. Slutligen hade man de mer eller 
mindre exklusivt pe trogra fiska  — vartill de mer allmant fysio- 
gnomiska eller beskrivande ansióte sig — i vilka ofta nog icke en- 
dast namnens señare del (-sand, -lera etc.) utan aven deras forra 
del ásyftade bestándsdelarnas egenskaper, t. ex. g ran itg rus, var- 
v ig  lera, svartlera, syrsand. Fiera av dessa vore att anse sásom



folkbenämningar. Ytterligare exempel pä sädana vore pinnmo, 
örjord, fimma, b jö rk le ra , danglera.

Av de ovan anförda principerna för namngi vning av jordarterna 
de stratigrafiska varit av sä att säga provisorisk karaktär, d. v. s. 

man bar sökt ersätta de stratigrafiska namnen med exempelvis kro- 
nologiska (undre grä le ra  — ancvlnslera). En del lokalbenäm- 
ningar ha t i l i  en början haft karaktären av provisoriska ,typnamn 
(Strömsholmslera), medan andra (t. ex. nordsjölera, östersjö- 
^era), äro av topografisk eller snarare regional karaktär. Anmärk- 
ni°gsvärt är, att man inom jordartsnomenklaturen i mycket mindre 
utsträekning än beträffande bergarter använder lokalbenämningar, 
vare sig säsom egennamn eller typnamn.

De beskrivande — pe trog ra fiska  — benämningarna hade 
man däremot tillagt högre systematisk valör. Jordartssystem, grun- 
dade pä iakttagbara och mätbara egenskaper, vore exempelvis de, 
som indelade jordarterna i jämvärdiga huvudgrupper sädana  ̂som 
sandjordar, g rus jo rdar, to rv jo rd a r o. s. v. Man fär pä sä satt 
gruppnamn (»familjenamn») för species med liknande kvalitativ och 
kvantitativ sammansättning — jämför graniter, dioriter etc. inom 
bergartsläran — men för vilka den genetiska samhörigheten mäste 
Uppgivas i ännu högre grad än för nämnda bergartsgrupper. Den 
längre gäende indelningen av dessa grupper — i facies, varianter 
etc. — plägar utföras efter olika praktiska synpunkter t. ex. petro
grafiska (granitsand), kemiska (kalksand), efter kornstorlekarna 
och därav betingade egenskaper (finsand, m jäla, g rov le ra  etc.). 
De deskriptiva jordartssystemen erbjöde f-ö. i mängt och mycket an- 
knytningspunkter t i l i  den moderna växtsociologien, en vetenskaps- 
gren, vars just nu sä liv lig t diskuterade klassifikationsprinciper 
vore sä mycket mer beaktansvärda, som ju  en mängd jordarter ut- 
gjorde ännu igenkännbara, autoktona växtsamhällen (eller växtbe-
ständ).

Den genetiska riktningen inom jordartsnomenklaturen künde 
sägas arbeta efter L y e l l s  bekanta princip: »Det närvarande är nyc- 
keln t i l i  det förflutna.» Vid Y I I  internationella geologkongressen 

p i Petersburg 1897 uttalades samma tanke av W a l t h e r  i följande 
»grundsats» (i hans »Versuch einer Classification der Gesteine auf 
Grund der vergleichenden Lithogenie»): »Die lithogenetische Ent
stehung recenter Ablagerungen und die directe Beobachtung actu- 
eller Vorgänge ist das grundlegende Princip der Classification.» 
En ofta anförd indelning av Sedimenten, vilken ätminstone delvis 
grundar sig pä genetiska principer, är uppdelningen i marina och 
kontinentala, den senare omfattande fluviatila, glaciala, eoliska och
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lakustrina. Ännu vanligare är en stundom som genetisk betecknad 
indelning av jordarter (och bergarter) i mekaniska, kemiska och or- 
ganiska (organogena.) samt vulkaniska. Emellertid räda högst olik- 
artade meningar om innebörden av dessa begrepp. Sälunda anses 
ofta — kanske oftast — med mekaniska Sediment sädana, som bil- 
dats av fasta, olösliga förvittringsprodukter, d. v. s. huvudvikten 
lägges vid beständsdelarnas egenskaper samt deras mer eller mindre 
avlägsna uppkomst vid förvittring. Andra däremot pointera anhop- 
n ingen av partiklarna säsom det väsentliga. För sistnämnda, sär- 
skilt av amerikanare omfattade askadningssätt gör sig K ayser  (i 
Lehrbuch der Geologie) t i l i  tolk i följande definition av de meka
niska Sedimenten: »Ablagerung von Gesteinsbruchstücken oder Kör
nern, die durch mechanische V e rfrach tung  an ihre heutige 
Stelle gelangt sind.» Skiftande betydelse tillägges ocksä begreppet 
organiskt (organogent) Sediment, i det att härmed i allmänhet av- 
ses beständsdelarnas närmaste Ursprung frän den organiska värl- 
den, dokumenterad genom mer eller mindre tydligt igenkännbar 
organisk Struktur, medan däremot benämningen organogent Sedi
ment frän deciderat dynamiskt-genetisk Standpunkt bör reserveras 
för sediment som hopats genom organismers verksamhet, oavsett 
materialets beskaffenhet (t. ex. järnockra, som utfällts och anhopats 
genom järnbakteriers verksamhet).

Föredr. omnämnde ett par exempel pä inkonsekvens vid jordarts- 
benämningar. Man vore sälunda säkerligen ganska enig om att 
benämna den produkt, som uppkom vid mekanisk vittring av ex- 
empelvis en granit — sedan en mängd bestandsdelar bortförts —- 
med ett nytt namn av hög systematisk valör, t. ex. vittringsgrus. 
E tt residuum av en morän däremot, uppkommet genom vägors be- 
arbetning och bortsköljning av en mängd bestandsdelar, ginge där
emot fortfarande ofta nog under namnet morän, lat vara med till-  
lägg av »urtvättad», »omlagrad» etc., och detta, fastän dessa avlag- 
ringar i samband med »urtvättningen» ofta nog künde visas ha un- 
dergätt transport i horisontalriktningen.

Konsekvensen härav vore, menade föredr., absurd nog: man borde 
nämligen da med samma rätt knnna benämna det fina, ur morä- 
nerna utslammade lermaterialet för morän (det ledde nämligen sitt 
Ursprung direkt frän moräner!). Tydligtvis vore den mrtvättade», 
»omlagrade» moränen minst lika förtjänt av ett nytt namn — som 
ju  redan A .  E r d m a n n  giv it ät densamma — och att betraktas som 
en alldeles ny jordart som exempelvis en isälvssand, vilken av vin- 
den omlagrats och sorterats, och som man ocksä — trots dess 
igenkännbara Ursprung av i detta fa ll en isälvssand — i all-
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Biänhet benämnde t. ex. flygsand  och betraktade som en »ny» 
jordart.
. b*en genetiska jordartsnomenklatnren tenderar alltsä att benämna 
jordarterna icke efter deras igenkännbara Ursprung i en närmare 
eller avlägsnare existensform utan efter den faktor som si st om- 
gestaltat de dominerande beständsdelarnas inbördes läge.

I  ett genetiskt j  or darts system komma de topogra fiska  sÿnpunk- 
terna t i l i  sin rätt pâ ett naturligt sätt, i det att landskapets topo
grafiska detaljer kunna anses verka modifierande och reglerande pa 

Sedimenterande processerna. Den lagerstruktur, som sedimenten 
uPpvisa, och för vilken växlingarna i kornstorlek utgöra ett mät- 
bart uttryck, betingas ju  sä att säga av resultanten t i l i  den trans- 
porterande kraften (tyngdkraften, vinden, vágorna etc.) och det mot- 
tryck, som utövas av de topografiska detaljerna. Växlingarna i 
den transporterai!de kraften (tankt oberoende av förhällandena pa 
sedimentationsplatsen) kunna vara av saväl periodisk som tillfä llig  
karaktär. De lokala (topografiska) faktorerna förändras dessutom ofta 
lïler pävisbart pa kontinuerligt sätt i  bestämd riktning: En a, som ut- 
r^ynnar i en sjö, utgrundar den señare successivt, varigenom det 
ntfallande âvattnet kommer att möta mindre och mindre motständ 
frän sjöns vattenmassa. Eller en -skärgärd uppstiger tack vare 
landhöjning utanför en kust och bryter mer och mer vagornas kraft. 
I  lagerföljden äterspeglas förloppet genom förändring i kornstor- 
leken som — oavsett smärre periodiska eller tillfä lliga växlingar — 
1 forra fallet i  stört sett ökas, i señare fallet minskas, ju  högre 
lvPP man kommer i lagerserien.

Tidigt nog sparas i de svenska berg- och jordartsbeskrivningarna 
iörsök t i l l  klassifikation efter dynamiskt-genetiska principer. Som 
exempel anförde föredr. A. E r d m a n n s  »Vägledning t i l l  bergarternas 
kännedom» (1855), dar man finner bergarterna uppdelade pâ tvâ 
klasser: I. Bergarter bildade pâ kemisk väg och I I .  Bergarter bil- 
dade pâ mekansk väg1.

Eöredr. ville beträffande användbarheten av de tre oftast till-

1 (Señare tillägg.) Sedan denna tid  hade vid jordartsbeskrivningar av säväl rent, 
^etenskaplig som mer praktisk art gâng efter annan de genetiska principerna satts i 
pänista rammet. Särskilt hade G . De G e e r  (i Beskrifning t i l l  geologist jordartskarta 
öfver Hallands län, 1893) och Simon Johansson (i Agrogeologisk undersökning av Ul- 
tana egendom, 1916) uppträtt som livliga förespräkare för klassifikation efter genetiska 
Principer. — T ill följd av den strängt begränsade tiden fö>- diskussionen säg sig föredr. 
■Salden tvnngen att vid föredragets framförande i  ännu högre grad än vid ntarbetan- 
'iV  därav ur historiken och litteratnren anföra huvndsakligen sädana exempel, som 
,oredr. själv för dagen ställde nuder speciell debatt. Ovanstäende arbeten (jämte det 
1 n°t 1 sid. 192 anförda) voro emellertid M n  börian inarbetade i  föredr:s disknssions- 
'»ledning.

Bd 44. H. 1— 2.]
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lampade —  och oftast omdebatterade —  k lassifika tionsprinc iperna
sora sin mening framhalla:

Det kronologiska systemet har ett starkt stod i stratigrafien, 1 
vaxt- och djurvarldens utveckling och invandringshistoria samt 
sekuldra klimatforandringar m. m., som kunde avlasas i  jordarts- 
bildningen, och vore darfor mest anvandbar vid skildring exempel- 
vis av. ett lands utvecklingshistoria. D e sk rip tiva  (petrografiska 
etc.) system med tyngdpunkten lagd pa iakttagbara (och matbara) 
egenskaper vore framfor allt vardefulla for den tillampade geo- 
logien och f. o. mangen gang de lattast genomforbara (exempelvis 
for torvjordarter), medan slutligen ett dynamiskt-genetiskt system 
med petrografiska och topografiska underavdelningar gave en klar 
oversikt av och ett naturligt samband mellan ett omrades olika 
jordarter. Det kunde aven framhallas den praktiska betydelse 
som ett urskiljande av dynamiskt-genetiska sedimentgrupper sa- 
tillv ida kan ha for geotekniska arbeten, for jordbruk och skogs- 
bruk m. m., som ett klarlaggande av dessa synpunkter lftmnar 
god ledning t i l l  bedomande av underliggande lagers beskalfenhet 

• och foljaktligen om dessas stabilitet, inverkan pa vattenhushall- 
ning m. m.1

Efter denna oversikt av olika grunprinciper overgick foredr. t i l l  
den speciellt svenska terminologien, at vilken anpart av dagens dis- 
kussionsdmne foredr. for egen del riktat storsta intresset. T ill led
ning for framstallningen anvandes harvid nedanstaende oversikt av 
Sveriges jordarter, vars gruppering uppgjorts i samrad med d:r 
S im o n  J ohansson ,1 2 och vari ett urval av huvudsakligen i gangse 
bruk varande termer forekom. Foredr. bad sarskilt att fa betona, 
att denna oversikt icke hade karaktaren av ett utarbetat system, 
vilket bast framginge av de manga »exempel», som dar anvandes.

I. Landlsens avlag,riiig'ar: rnoran (t. ex. blockrik, grusig, sandig, 
lerig; morangrus, moranlera)

II. Isalvnrnas (fran inlandsisen) avlagringar: Isa lvsk lappe r el- 
ru lls ten , isa.lvsgrus, isalvssand (-mo, -m jala) isSlvs- 
lera el. g lac ia lle ra  (t. ex. asklapper, asgrus, assand, 
varvig lera, issjolera)

HI. AlvavlagTing'ar, vanliga (strommar, aar, backar etc.), t. ex. 
aklapper, a lvgrus, illvsand, backm jala, alera.

1 (Senare tillagg.) J fr Statens jarnvagar, geotekniska meddelanden 1. Yagledning vid 
jordborrning for jamvagsandamdl, utarbetad av Statens jarnvagars geotekniska kom- 
mission, 1917, sid. 11. Jfr aven noten d sid. 191 i  detta hafte av Forhandlingarna

2 Schemat i ndgot varierad form publicerat av Simon Johansson i  »De humusfria jord- 
arternas, speciellt lerornas, klassifikation». — Beretning om Nordiske jnrdbrngsforskeres 
Forenings Kongres i  Kobenhavn, jn li 1921. Sid 180.
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1. Avlagringar i  a) strida vattendrag: t. ex. strömklapper,
älvgrus, äsand; b)lugnare vattendrag t. ex. älera (äbotten- 
lera).

2. Avlagringar vid översvämning: t. ex. svämsand, svämlera.
3. Avlagringar i bav eller insjöar: deltaavlagringar t. ex.

fjordmjäla, fjordlera (el. deltamjäla, deltalera) svämtorv 
(delvis).

Sjüavlagringar (utsköljda av vägor i bav ocb insjöar).
1. Strand- eller svallbildningar: strandklapper, strand-

grus el. sva llgrus, strandsand el. sjösand (t. ex. 
issjöklapper, bavsgrus, skalgrns (alloktont, delvis) insjö- 
sand, postglacial bavssand, svämtorv (delvis).

2. Relativa lugnvattenbildningar: sjömo, sjömjäla, sjölera
skalgrus (alloktont, delvis), svämtorv (delvis) — t. ex, 
bavsmjäla, insjölera, svämlera ( jfr  I I I  2), gyttjelera 
(glaciallera se II).

V. Tiudavlagringar: Flygsand, löss.
I I .  Yittringsjord, autokton.

VII. Kemiska sediment t. ex. bleke, limonit.
VIII. Or ganogena sediment t. ex. torv, gyttja.

Vad själva gruppperingen under de olika avdelningarna beträffade, 
vore att märka, att en del sediment künde ba exempelvis tvä »olika», 
samtidiga processer att tacka för sin uppkomst, t. ex. kemiska och 
°rganogena, samt att benämningen sväm torv vore en kollektivbe- 
nämning av bög ordning nägorlunda jämförlig med benämningen 
^sedimenterat bergartsmateriel» e. d., vadan »svämtorv» i ett gene- 
tiskt schema1 mäste äterkomma pä Hera ställen. Jämför harmed be- 
Sreppet »svämlera», som i ovan angivna bemärkelse bar ett mycket 
Hier begränsat omfäng.

Rörande landisens avlagringar uttalade föredr. bl. a. sin sympati 
för de nordiska benämningarna krossgrus och jöke lg rns  (T orell), 
vilka benämningar under de senare decennierna mer ocb mer ut- 
trängts av namnet morän med sammansättningar t. ex. morängrus 
(morängrus nämnes redan i E r d m a n n s : Sveriges qvartära bildningar).

För de grövsta isälvslagringarna bade föredr. upptagit den gamla 
benämningen rullsten. Yad de grusiga ocb sandiga formerna be- 
träffade, tenderade det geologiska spräkbruket pä senare tid tydligt 
t i l i  övergivande av de spräkligt föga tilltalande benämningarna 
>>rüllstensgrus» ocb »rullstenssand» t i l i  förmän för benämningarna 
isälvgrns ocb isälvsand. Den pä kronologien syftande benämningen

. 1 kö r a tt markera svämtorvens genetiska ställning har Sernander  i  s ta lle t föresla- 
heaämningen driftavlagring.

13—220270. G. F. F. 1922.



»glaciallera» (A. E r d m a n n ), som ju  f .  8. sprakligt sett lika val borde 
kunna omfatta den s. k. moranleran, skulle gott knnna utbytas mot 
isa lvs le ra  pa samma satt som glacialsand (A. E r d m a n n ) — d. v. s. 
den fran isalvar tydligen uppkomna — samt hvitasand ( T o r eld ) 
och den fran utlandet bamtade benamningen diluvialsand numera 
vanligen benamnas isalvsand (eller issjosand). Fragan om att ut- 
byta namnet glaciallera mot isalvslera vore kanske dock av mindre 
aktuellt intresse pa den grand att benamningen glaciallera i  de 
fiesta fa ll kunde ersattas med benamningen varvig lera.

Alvavlagringar bade i jordartsbeskrivningar ofta kallats flodav 
lagringar. For svenska jordarter, som ju  fragan gallde, vore enl. 
foredr. benamningen alvavlagringar att foredraga, enar flod i be- 
tydelsen (storre) vattendrag vore en visserligen gammal men osvensk 
benamning, ocb det inbemska flod i  stallet bade betydelsen h8g- 
vatten. Svamsand ocb svamlera (A. E r d m a n n ) avse i buvudsak 
sediment, som avsatts vid tillsvallning eller oversvftmning av vatten
drag ocb sjoar, ocb raknas av E r d m a n n  t i l l  bans »nyare ocb nutida 
bildningar». Sedermera har man med dessa benamningar i  allman- 
bet betecknat yngre (recenta etc.) jordarter, sedimenterade av aar, 
backar, etc. (stundom aven av bavet). S im o n  J ohansson  (i Ultuna- 
avbandlingen) foreslar ocksa dessa benamningars slopande sasom va- 
rande grundade fornamligast pa tiden for deras bildning. Da 
emellertid saval namnen sjalva som E r d m a n n s  beskrivning av dessa 
jordarter, efter vad foredr. kunnat finna, i forsta band asyfta bild- 
ningssattet — framfor allt vid bogvatten — ansag foredr., att dessa 
benamningar val fortjana att bibeballas i namnda ursprungliga be- 
markelse.

Benamningen sjoavlagringar for sediment, som anbopats genom 
vagsvallet i bav eller insjoar, hade tidigare anvants av S. J ohansson  
(i anforda avb.). En sadan anvandning av beteckningen sjo 
som gemensamt namn f6r bav ocb insj6 finner stod i svenskt sprak- 
bruk, som i sammansattningar ofta bar att uppvisa sjo i betydelsen 
hav. I  norrlandska kustlandskap kallas exempelvis bavsbotten 
ofta »sjobotten», en benamning som f. o. ocksa anvandes for jord
arter, sarskilt lergyttja, som bildats pa bavets botten.

I  fraga om de olika sjosedimenten uppeholl sig foredr. sarskilt vid 
de i oversikten alternativt anforda benamningarna strandgrus el. 
svallgrus. Benamningen »svallgrus» (A. E r d m a n n ) asyftade icke 
nagon narmare bestamd geologisk faktor utan anvandes som be
namning pa ett grovt moranresiduum, uppkommet pa stallet genom 
att de finare partiklarna pa ett eller annat satt bortforts av rin- 
nande vatten, medan daremot »strandgrus» (E .  E r d m a n n ) avsage ett
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gras (eller sammanfattning ay klapper, grus och sand), som sedi- 
menterats av vagorna vid en strand. Benamningen svallgrns i st. f. 
strandgrus (sensu E. E rdmann) vore pa senare tid en icke sallsynt 
foreteelse i geologisk litteratur, och likaledes kunde manga exempel 
anforas fran geologiska beskrivningar pa »svallgrus», som undergatt 
transport, d. v. s. nedskoljts t i l l  lagre niva. »Svallgrus» syntes 
foredr. vara den mest adekvata benamningen pa en jordart,'bildad 
genom sjoarnas mest pafallande geologiska arbete namligen vag- 
svallet. Yid valet mellan dessa bada benamningar komme alltsa 
sprakliga synpunkter i viss man i konflikt med en prioritetsfraga.

emellertid bendmningen svallgrus ursprungligen avsage aven, 
°ch sannolikt oftast, de av E. E rdmann sasom strandgrus benamnda 
avlagringarna, ansag foredr., att aven den aldre benarriningen svall- 
gras kunde brukas i sagda bemarkelse.

Under benamningen »mosand» hade i Sverige beskrivits sa v£Ll 
isalvssand som alvsand och framfor a llt sjosand, utskoljd av hav 
eller sjoar fran moraner eller isalvsavlagringar. A. E rdmann 
sokte begransa begreppets omfang t i l l  dylika bildningar fran post- 
glacialtiden. Savitt foredr. kunde finna, hade benamningen »mo- 
sand» numera huvudsakligen historiskt intresse.

Foredr. ingick icke narmare pa de ovriga grupperna i ovanstaende 
bversikt av jordarterna.

Herr Simon J ohanssons inledningsföredrag komme att publiceras 
i utvidgad form i S. G. U:s publikationer ser C.

Med anledning av föredragen yttrade sig G. De Geer, V ester
berg, Gunnar A ndersson, H esselman och H alden.

H r G. D e GEER framhöll, att i  och för lokala detaljundersökningar i  
skilda riktningar givetvis behövdes ur skilda synpunkter uppställda detalj- 
mdelningar av jordlagren.

När det áter gäller en allmängiltig, naturlig och vid kartering i  fä lt 
verkligen genomförbar indelning, mäste nog i  främsta rammet den gene- 
tiska indelningsgrunden följas.

Redan är 1888 hade tal. uttryckligen betonat detta vid en officiell 
överläggning, som hölls mellan tjänstemännen vid Sveriges Geol. Und., 
varvid han framlade ett naturligt genetiskt system för de kvartära bild- 
ningarna. För detsamma redogjordes sedermera vid den 5:te internatio- 
nella geologkongressen i  Washington är 1891, vid det 14:de skandinaviska 
naturforskarmötet i  Köpenhamn 1892 och vid en förnyad officiell och 
Protokollförd överläggning mellan S. G. U:s tjänstemän är 1895. Är 1893 
tillämpades samma indelning pä den av tal. redigerade geologiska jordarts- 
kartan över Hallands län med smärre jämkningar föranledda av S. G. U:s 
‘fä rädande nomenklatur.

I  Statens Järnvägars särtryck n:r 179, Geotekniska Meddelanden I, hade
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tal. är 1917, säsom förslag t i l i  geoteknisk indelning av jordlagren lämnat 
ett för den första undervisningen och praktiken avsett sammandrag av den 
geotekniska huvudindelningen med sina alltifrän början föreslagna petro- 
grafiska underavdelningar. Särskilt rörande dessa senare hade tal. pa Nor- 
diska Naturf orskarmötet i  Helsingfois 1902 framställt förslag, som hänför- 
de sig t i l i  de i  naturen faktiskt förekommande blandningarna av skilda 
kornstorlekar, vilka ju  vore det, som ute i  naturen mäste avgränsas och 
urskiljas, varemot de olika kornstorlekarna icke förekomma i  naturen var 
för sig, och en indelning av jordlagrpn därför ingalunda kan hänföra sig 
t i l i  dem, hur stört teoretiskt intresse deras omsorgsfulla undersökning 
an mä äga ur exempelvis rent fysisk, hydrografisk, geoteknisk eller växt- 
fysiologisk synpunkt.

V a d  ta l. f r ä n  b ö rja n  ä sy fta t, h a r v a r i t  a t t  u p p s tä lla  e t t  a llm ä n g ilt ig t ,  
n a tu r l ig t  System, v i lk e t  s k u lle  o m fa tta  a lla  b ild n in g a r , som ku n n a  tänkas 
fö re ko m m a , m en  v i lk e t  e j s k u lle  k räva  sädana tä ta  fö rä n d r in g a r , som a ll-  
t id  ä t fö lja  m era  a r t i f ic ie l la  och o t i l l r ä c k l ig t  g e n o m tä n k ta  in d e ln in g a r.

Särskilt för den grundläggande karteringen av heia länder säväl som för 
internationeilt bruk är givetvis en rationell indelning, möjliggörande kon- 
tinu ite t för längre tid, av väsentlig vikt.

Y id den första indelningen av vära jordlager trodde man sig heit na
tu rlig t bade böra och kunna följa en kronologisk norm. Vid de anförda 
dikussionerna ä S. G. U. hade tal. gentemot den förut rädande föreställ- 
ningen framhällit, att indelningsgrunden, ehuru man ansett och betecknat 
den säsom kronologisk, i  verkligheten varit genetisk i  alla de fall, dar den 
ej varit rent illusorisk och allvarligt vilseledande. Underavdelningarna 
borde bestämmas av sammansättningen. En huvudindelning grundad pä 
denna och som förste inledaren tycktes föredraga, torde väl ej vid när- 
mare eftertanke pä allvar kunna ifrägasättas och skulle betyda en ätergäng 
t i l i  geologiens första prim itiva och planlösa, rent artificiella kartor med 
sädana heterogena »familjer» som k a lk  (t. ex. lokalmorän av skilda kalk- 
stenar, kritsand, skalkalk och bleke; (grus) t. ex. äsgrus, strandgrus, sväm- 
grus) m. fl. Betecknande nog hade inled. ej ens gjort nägot försök t i l i  
en sädan indelning.

Det framlagda förslaget grundade sig väsentligen pä den ovan omtalade 
genetiska indelningen, över vilken tal. t i l i  jämförelse framlade en större, 
detaljerad tablä, som han sedan ett 30-tal är använt vid föreläsningar och 
även vid föredrag i  Geologiska föreningen. 1

Emellertid funnes nägra avvikelser, som ej künde anses som förbätt- 
ringar, jämte en mängd enskildheter rörande säväl historik som nomen- 
klatur, vilka krävde närmare belysning. Som tiden ej medgav nägon 
egentlig diskussion mäste detta dock sparas t i l i  ett annat tillfä lle.

H r  V e s t e r b e r g  päpekade, a t t  den länga  t id ,  c:a 1 vecka, som e n lig t 
d :r  JOHANSSONS fö re d ra g  s k u lle  e rfo rd ras  fö r  bes täm n in g  av jo rd a rte rs  h y - 
g ro s k o p ic ite t, sä ke rligen  s k u lle  ku n n a  v ä s e n tlig t fö rk o rta s  genom  lä m p lig a  
a n o rd n in g a r v id  provens m ä ttn in g  m ed v a tte n  i  exs icka to r öve r 10 -p ro ce n - 
t ig  svave lsyra . M a n  b ö r h ä rv id , lik s o m  i  a llm ä n h e t v id  u tto rk n in g s - , resp. 
v a tte n m ä ttn in g s fö rs ö k  m ed hyg roskop iska  äm nen, k r is ta l lv a tte n h a lt ig a  sa lte r

1 Hithörande data och termer äro lä tt tillgängliga genom den av E. D e Geeb  i G. 
F. F. för 1918 ntgivna bibliografien.

[Jan.—-Febr.
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°- dyl.f anvanda sardeles laga och vida torkflaskor eller rattare torkskalar 
samt sa sma iuvagningar, att pulvret, som skall uttorkas. resp. vatten- 
mattas, bildar ett m yo ke t t u n t  lager, av hogst 1— 2 mm:s tjocklek.

e hoga vaggarna hos de a laboratorierna vanligen anvanda torkflaskorna 
utgora ett vasentligt hinder for den nodvandiga luftcirkulationen over pro- 

och flaskornas ringa diameter gor, att pulvret bildar ett hogt lager, 
' ars _undre delar endast langsamt kunna komma i  jamvikt med atfnosfa- 
ren i  exsickatorn. —  Betraffande nomenklaturen for jordarter erinrades 

arom, att av de 3 kommissioner, som tillsattes vid den andra Agrogeolog- 
konferensen i  Stockholm 1910, en just hade t i l l  uppgift att utarbeta en 
Domenklatur for jordartstyper inom Vasteuropas moranomradeK Denna 
commission utgjordes fran borjan av d:r B. FltOSTERUS (Finland) som ord- 
orande samt foljande medlemmar: prof. J. G. ANDERSSON (Sverige), d:r 

0. B j o r l t k k e  (Norge), prof. K. F. G l in k a  (Ryssland), d:r V. M ad- 
REN (Danmark) och geheimrat F. WAHNSCHAFEE (Tyskland). For en del 
ay denna kommissions arbeten har sedermera redogjorts i  publikationer av
Drosterus och Gl in k a .

Senare tillagg: Den i  dagarna utkomna redogorelsen for Nordiska Jord- 
bruksforskares Forenings kongress i  Kopenhamn 1921 innehaller ett myc- 
ket intressant, utforligt foredrag av d:r FROSTERUS om »Jordartsklassifika- 
tion», jamte andra foredrag om samma amne av K .  0 . BJORLTKKE, H a - 
Ra l d  r . C h r is t e n s e n  och S im o n  J o h a n s s o n .

T ill inforande i Foreningens Forhandlingar anmalde sekretera-
ren:

Gr. L indroth, Studier over Yxsjofaltets geologi och petrografi.

Motet den 2. felmiari 1922.
Kürvarande 42 personer.
Ordforanden, hr B ac kstr o m , meddelade, att sedan forra samman- 

tradet foreningens ledamot f. d. statsgeologen, fil. d:r E. Sv e d m a r k  
avlidit, samt erinrade om den langa foljd av ár, den bortgángne sá- 
S01R sekreterare och redaktor av forhandlingarna agnat sin arbets- 
kraft át foreningen och med levande intresse stiidse sokt beframja 
dess syften. Styrelsen hade beslutat i  Foreningens namn sanda en 
krans t i l l  den bortgángnes bar.

■Hr G. A m in o f f  holl foredrag om anvandning av rontgen- 
strá ln in g  v id  undersdkn ing av m inera l i pu lverform . Med 
Ibntgenstrálningen.s tillh jalp ar det numera mojligt att kristallo- 
grafiskt undersoka aven sádana mineral, som ej upptrdda i val 
uH ilda¿e kristaller. Det stora antalet av jordformiga, finkristalli- 
niska och delvis aven av s. k. amorfa mineral, infor vilka forsk-
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ningen tidigare stod tämligen maktlös da det gällde kristallografiska 
bestämningar, är vid bruk av de moderna mineralogiska undersök- 
ningsmetoderna tillgänglig for en fullständig kristallografisk under- 
sökning, omfattande säväl fastställande av kristallsystem och kri- 
stallografiska element som bestämning av atomernas lägen i kristall- 
struktnren samt avständen dem emellan. Det möter nnmera intet 
principiellt hinder att verkställa en sädan undersökning pä ett i 
kristallografiskt hänseende heit och hallet okänt mineralpulver, obe- 
roende av huruvida de smä kristallerna eller kristallbrottstyckena 
ligga over eller under gränsen av vad som kan iakttagas i mikro- 
skopet. En förutsättning är emellertid att mineralets kemiska sam- 
mansättning och dess speciiika v ik t äro kända. Uppgiften försväras 
i samma man mineralets symmetri är lag och dess kemiska sam- 
mansättning komplicerad. Den strandar i sä fa ll lä tt därpa att 
beräkningarna bliva for omfattande.

Det är uppenbart att införandet av, dessa metoder har mycket 
väsentlig betydelse för den mineralogiska forskningen. Sä gott som 
alia mineral bestä av kristallmateria, men endast ett förhällandevis 
lite t antal av dessa förekommer i naturen i sä väl ntbildade kri- 
staller, att de med äldre metoder kunna göras t i l l  föremäl för kri- 
stallografisk undersökning. Tack vare de nya metoderna intaga de 
väl kristalliserande mineralen ej längre nägon särställning. A lla 
mineral äro lika tillgängliga för undersökning med röntgensträlning 
och därmed för ingäende kristallograiiskt Studium. Da den mine
ralogiska vetenskapens uppgift är undersökning av de naturliga 
arterna av kristallmateria — mineralen — komma härigenom begrep- 
pen mineralogi och kristallografi att i högre grad än förr sammanfalla.

Samtliga undersökningsmetoder av kristallmateria med röntgen
strälning gä i  första hand u t pä att bestämma de vinklar, under 
v ilka den infallande röntgensträlen reflekteras mot bestämda atom
plan i kristallstrukturen. Ä r da väglängden i det använda rönt- 
genljuset känd, kan ur den BRAöGska reflexionsekvationen 1

2 d  s in  cp =  r h ................................... (1)

avständet mellan likvärdiga atomplan, parallella med en viss kri- 
stallyta (hJcl) beräknas.

Har man t i l i  sitt förfogande tillräckligt stora kristaller, kunna 
dessa — exempelvis med tillh jälp av goniometer — orienteras pä 
bestämt sätt i  förhällande t i l i  röntgensträlningen. Man kan dä

1 d  =  avständet mellan likvärdiga atomskikt, f  =  reflexionsvinkel, l  — röntgensträl- 
ningens väglängd, r  =  0, 1, 2, 3 . . .  .

[J a n .— Febr.
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genom att vrida kristallen pröva ut de mot olika plan i densamma 
svarande reflexionsvinklarna. Ur (1) kunna sedan atomplansavstân- 
dena i de olika riktningarna beräknas.

Dà kristallerna aro smà blir givetvis detta arbetssätt ej längre 
användbart. En även för de minsta kristaller eller brottstycken av 
Kristaller användbar metod angavs 1916 av D ebye. Dess innebörd 
ar följande: Man later röntgensträlning av bestämd vaglängd pas- 
sera ett skikt av kristallpulver. Sannolikheten för att de smä kri- 
stallsplittrorna intaga alla möjliga lägen är naturligtvis större i 
samraa man pulvret är tint. V i v ilja  nu vid den närmare redo- 
görelsen för enkelhetens skull antaga att kristallpulvret tillhör ett 
reguljärt mineral. Mot varje art av atomplan —■ parallella med kub- 
ylor, (100), rombdodekaederytor, (110), oktaederytor, (111), o. s. v. — 
refiekteras den infallande strälen endast da den bildar en viss vin- 
Kel med atomplanet. (Biktigare: vissa bestämda v in k la r .1) Da 
kristallerna i pulvret intaga alla lägen i rummet mäste dar ocksa 
finnas sädana som med röntgensträlen bilda de för reflexion mot 
(100), (110), 111), o. s. v. erforderliga vinklarna. E tt plan kan emel- 
lertid vid olika lägen i rummet bilda samma vinkel med en linje. 
(Här =  röntgensträlen.) Dessa olika lägen kunna konstrueras ur ett 
av dem, om man tänker sig att planet vrides omkring linjen (rönt
gensträlen) sâsom axel. Det mäste ocksâ finnas kristallkorn, som 
intaga en stor del av dessa lägen. Den för reflexion mot exempel- 
vis (100) erforderliga vinkeln med den infallande strâlen bilda alltsâ 
ett antal kristallkorn, sâ belägna sinsemellan att de mot deras 
kubytor reflekterade strâlarna bilda ett koniskt knippe med den in
fallande strâlen t i l l  axel ocb spetsen i pulverskiktet. Da dessa 
strâlar träffa en fotografisk plat uppstâ ett antal fläckar, belägna 
Pâ omkretsen av en cirkel. Flâckarna ôvergâ i varandra och en 
sammanhängande cirkellinje uppstâr, dâ pulvret är mycket fint. Pâ 
samma sätt reflekteras nu den infallande röntgensträlen mot (110)-, 
(lll)-p lanen o. s. v. De härvid uppkommande cirklarna äga 
större radie. Pâ plâten uppstâr alltsâ ett system av koncentriska 
cirklar. Ur dessas radier samt avstàndet mellan mineralprovet och 
plâten kunna nu reflexionsvinklarna beräknas.

Vanligen användes film i stallet för plat och denna böjes sâ att 
den i form av en cylinder omger provet, som placeras i kamerans mitt.

Ur de mot de olika cirklarna svarande reflexionsvinklarna kunna 
(ie för beräkningen av Strukturen nödvändiga uppgifterna erhâllas. 
Vanligen angivas vinklarna i form av s in 2cp, dar cp är halva vin- 
Kgln mellan den infallande och den reflekterade strâlen. Ä r mine-

1 Vid interferens i  högre ordningar.
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ralet nu reguljärt, förhalla sig s in2cp för de olika reflexionsvinklarna 
sâsom en serie hela tal. Denna sats kan härledas pâ följande satt. 

Ekvationen (1) kan, om den kvadreras, skriyas

s in 2 q> =  r~ -ji ................................. ( I a)
4 d

För reguljära strukturer är avständet mellan likartade atomplan, 
parallela med (JilcV)

dm =  ..............................^
dar a är avständet mellan de likartade atomplan, som äro parallella 
med kubsidorna (100). Insättes detta värde i (1 a) erhälles

s in 2 q> — “ 2 (?"2h2 + r2^2 + r ^ 2S)4 a
eller, om med H , K , L  betecknas rh , r k  och r l

s in 2 cp — -^ 2  ( H 2 +  K 2 +  L 2) ...................... (3)
4 a

Varje sadant yttryck (3) med olika H , K , L  svarar mot en viss

cirkel pâ plâten. -—§ är en konstant. (H 2 + K 2 +  L “) maste vara

ett heit tal, dâ nämligen r  är ett heit tal samt h, 1c och l  (Mil - 
LERska indices) äro hela tal, inklusive noli. De mot olika reflexions- 
vinklar svarande sinuskvadraterna mäste alltsä förhalla sig som 
hela tal.

Om Strukturen är den enklast tänkbara reguljära struktur, d. v. s. 
utgöres av ett enkelt kubiskt rymdnät, bliva sinuskvadraterna föl
jande, varvid början göres med den minsta:

sirfcp j =  ^ ( l 3 + 03 + 02) =  | ^ r l

s in 2cpn  =  ¿ 2  ( ! 2 + 12 + °2) =  ¿  - 2

s it fc p m =  ^ 2  ( l 2 +  i 2 +  i 2) =  “ 5 • 3

0. S. V.
Ur varje sâdan ekvation, motsvarande en viss linje pâ filmen, 

kan nu a beräknas.
Pâ en film av klorkalium, som kan anses representera ett enkelt 

kubiskt rymdnät, kan denna serie sinuskvadrater uppmätas. A r 
den reguljära Strukturen däremot ej enkelt kubisk, utan äro fiera
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enkla kubiska rymdnät placerade i varandra, bortfalla vissa linjer 
pa filmen och Serien av heia tal b lir alltsä en annan, t. ex. för 
rymdcentrerade kubiska strukturer 2, 4, 6, 8 o. s. v. För en viss 
strukturtyp är en viss talserie karakteristisk.

De för strukturer med lägre symmetri gällande uttrycken pä s in  2<p 
härledas pä samma sätt som ovan ur (1 a), om i stallet för (2) in- 
sättas motsvarande formel för andra strukturer. Mera komplicerade 
uttryck erhälles da; för trik lin  symmetri b lir s in  '<[> ett uttryck, 
vari sex konstanter, innehällande vaglängden jämte rymdnätets di- 
mensioner och vinklar, äro multiplicerade med olika kombinationer 
av H , K  och L .

Med anledning av föredraget yttrade sig hrr B äckström , H o l m - 
Qü ist  och föredraganden.

Efter föredraget demonstrerades a-v föredragshällaren Mineralo- 
giska Institutionens nya röntgenanläggning för 1) ebne  - upp t a gn i n - 
gar, som genom frikostiga anslag av Stockholms Högskolas Styrelse 
och Ingeniörsvetenskapsakademien under sommaren förvärvats och 
installerats.

B d  44. H . 1— 2 ],

T ill införande i Förhandlingarna anmälde sekreteraren:
I. W a l l e r iu s : Tvä geologiskt intressanta platser i Klövedal, Bo- 

hus län samt
H. Münthe: E tt par fynd av bison frän Östergötland i ny be- 

lysning.
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Introduction.

Tlie Mans jo Mt. is situated in the parish of Loos, in-the pro
vince of Halsingland, in northern Sweden, and forms there the eastern 
oundary of Lake Mansjo, a lake-like expansion of Lo-an, a tributary 

0 the river »Woxnan».
On the side towards the lake, the mountain falls near its crest in 

Precipitous cliffs probably representing an ancient fault in the moun- 
j'a’n massive, even i f  this last statement cannot be directly proved 
y the presence of a crush-breccia. Lower down, nearer the shore of 

the lake, the foot of the mountain is buried beneath a layer of mo- 
raine material several metres deep, while, towards the north-east, 
after passing a small swamp-filled valley, the h ill merges into the 
8'reat mountain-aggregate called Hassjaberg-Hornsberg.
_ The Mansjo Mt. is easily accessible from the Lobonas railway sta

tion, on the Woxna-Lobonas line, whence the highway runs some 
eight kilometers to the neighbourhood of Mansjo farm. From this 
sPot there is a cart road up to the farmhouse itself, while a . con
venient foot-path leads from there to the summit of the mountain 
(Plate L X Y I).

The first time the Mansjo Mt. is spoken of is in the Mineral Sur
veyor’s Reports (»bergmastare relationerna») for 1748, where men
tion is made of ancient iron ore workings, which had, however, been 
soon abandoned as exhausted.

Then we find Mansjon in C. O s t b e r g ’s Mineralogical description 
°f Farila, Ovanaker and Woxna parishes, published in »The Annals 
of the Iron Institute of Sweden» (Jarnkontorets annaler) for 1838, 
where it  is stated that a number of separate tria l workings had 
once been begun but afterwards deserted, an iron ore blastfurnace 
which it had been the intention to build at Lobo not having been 
erected. In  1837 the claims had been taken up again in the hope of 
finding the ore easily reducible (»lattgangen») lying, as it  did, in 
the same mountain in which there existed a considerable layer of 
Primitive limestone. This hope was defeated, however, as may be 
seen by the analysis published in the »Jarnkontorets annaler» for 
1838, p. 264, and the mines were definitely abandoned.

According to O s t b e r g , the limestone in question still continued to 
he quarried, however, although »on a very small scale, as the peasants 
°f Ore and Rattvik parishes, in the province of Dalecarlia, supply
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southern Halsingland with the needful amount of material for mor
tar, and as the peasantry are still ignorant of the use that can be 
made of lime for farming purposes».

A t a later date, the limestone quarries were worked more exten
sively by the owners of the Woxna Ironworks, who employed the 
stone both for blastfurnaces at the works and also for the farmlands. 
Even as late as the Swedish geologist B lo m be r g ’s visit in 1890, in  
connection with the geological survey of the district of Gavleborg, 
one of the three existing quarries was still being worked, but all 
operations ceased entirely a short time afterwards.

During the course of an investigation of the ore resources of the 
Woxna Ironworks, my attention was drawn to the Mans jo iron mines 
by the above-mentioned paper in the Annals of the Iron Institute (42), 
and during the summer of 1920 I  visited the mines for the purpose 
of examining them in some detail. An approximative magnetometrie 
survey showed an extremely weak deviation of the compass, and the 
whole investigation pointed to the mines’ being economically worth
less and to the »ore» mainly consisting of e u l y s i t e .  However, I  
employed the opportunity to visit the old limestone quarries, too, and 
found them completely overgrown with timber of some th irty  years’ 
growth. On taking a sample rock from the side of the hill, I  ex
posed a limestone intersected by beautiful sky-blue and yellow mine
ral veins. I  now determined to submit the limestone quarry and the 
surrounding rocks to a detailed geological and mineralogical investi
gation.

For this purpose, the quarry was cleared from timber and the rock- 
surfaces, exposed by former blasting, from moss and lichens. The 
surrounding fundamental rock was freed from earth at every tenth 
metre, over an area 200 metres in length and 200 in breadth, while 
the contacts between the limestone, eulysite and the neighbouring rock 
were exposed by means of fresh blastings. In  order to map out the 
results, a 500-metre long base-line was staked out along the crest 
of the mountain in a NW — SE direction. In  addition to this, a 
contour was drawn around the whole of the limestone area by means 
of »one-metre» equidistance-curves, in order thereby to be better able 
to show the connection that was seen to exist between the geological 
structure and the topography of the mountain. I  am desirous to 
gratefully acknowledge here the help I  received in this work from 
Mr. B j e l k e  and Mr. L ind attr e , Chief Foresters.

During the course of this field-work, which went on in the autumn 
of 1920 and the summer and autumn of 1921, results were obtained 
of such interest that, in order to verify my final deductions, I  deter-
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mined to have recourse to diamond-drilling for the purpose of ob
taining a profile through the rock-system of the Mansjo Mt. The 
iirst drill-hole, which happened to follow an overflexed part of the 
unestone which was not observed in the field, was unsuccessful; the 

second, on the other hand, gave the profile wished for.
he drilling, which was carried out under somewhat diffi'cult con- 

j 10ns> m consequence of all the water for the machinery having to 
« n * d  up the mountain, was concluded just before Christmas,

. ^ le tó l l  cores, and the sample material were afterwards exam- 
i led during the winter of 1920—21 and the autumn of 1921, partly 
‘d •'he Mineralógica! Institute of the Stockholm University and partly 
m my own laboratory at Ljusne. In  these investigations, the optic 
determinations of the minerals were carried out, in accordance with 

Edoroff’s method, with my microscope of F u ess ’ new theodolite- 
model. Two different sets of glass hemispheres were employed 
With a refractive index of 1.515 and 1.673, and all the correc
tions for minerals with different refraction have been executed 
graphically on diagrams constructed by me in accordance with 

edoroff (23. pp. 149— 150) and on a scale large enough to permit of 
correction within a deviation of one minute. A t first I  employed a 
turning stage that had been mounted on the L e it z  microscope (of the 
latest model) employed for the other optical investigations, but ceased 
to use it, in consequence of insufficient possibilities for adjustment, 
it being impossible to satisfactorily co-ordinate the optic axis of the 
microscope and the two -vertical rotation axes of the stage, and also 
on account of an insufficient rotation angle for the horizontal I-axis 
(cfr. 23).

While carrying out the above-mentioned corrections, the refractive 
indices of the respective minerals —, to the extent that they have 
not been determined separately by the refractometer ( F uess ’ construc- 
Imn), by prism (the method of least deviation) or by immersion -—- 
"ere determined to two places of decimals by N i k i t i n ’s method 
1^3. p. 214). According to the formula:

nx — cos q \n /  — Mj2 • sin2 J  +  n 1 sin J  • sin q

|ke index sought for, 1IX, was calculated from the Canada balsam 
index n e, the index, n1? of the glass hemispheres, and the rotation 
nngles, q and J , which a fissure filled with balsam, and arranged 
Parallel with one of the Nicol planes, gives for the least breadth and 
total reflexion (invisibility), respectively. In making the determina
tions, only straight and level fissures have been chosen.
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The exactness' thus gained is sufficient to obtain a fu lly  satis
factory correction-constant in the case of refractions of mean value.

The results of the> readings of the theodolite microscope have been 
projected on a stereographic net, to the extent that construction has 
been necessary in the determination of an axial angle in instances 
where only one emerging axis has been observed, or for the purpose 
of checking the position of traversing- and twinning planes in respect 
to other crystallographical- and optical directions, etc. N i k i t i n ’ s 

hemisphere has been employed in some instances, but its use was 
afterwards rejected, its employment not allowing the preserva
tion of the construction records.

The birefrigence of the minerals has been determined by means 
of B a b in e t ’s compensator on F uess ’ microscope and B ereK S 
compensator on L e it z ’s microscope.

A ll determinations of specific weight have been carried out by 
weighing in benzol, partly on an ordinary analysis scales and, in the 
case of the estimation of small quantities, on a microchemical scales 
correct to one-thousandth part of a milligramme. Mr. G-. F l in k , Ph. 
D., has kindly placed his great experience at my disposal in the prac
tical equipping of the scales for these determinations.

I  have had the advantage of having the chemical analyses carried 
out by Professor J. P etri n̂  and Miss N. Sa h l b o m , Ph. D. I  have 
executed some few analyses myself at my own laboratory. In  these 
instances, there have always been made two parallel analyses for 
each determination, while, in the case of the agreement being unsatis
factory, there has been executed a third analysis. The mean of the 
determinations Bung within permissible variations has been taken as 
the analysis finally accepted. When calculating the molecular pro
portions I  have in all instances used 'O saN n ’s tables.

Last year, on the occasion of the 50-years’ Jubilee of the Geologi
cal Society, of Sweden, I  communicated the preliminary results of my 
labours in a short lecture, a reference to which is made in the Trans
actions of the Swedish Geological Society. (G. F. F. 1921, PP- 
489—495).

During the course of the subsequent work of investigation, such 
interesting results have been gained, both from a petrographical and 
mineralogical point of view, that I  now consider it  advisable to 
publish the survey of the Rocks and Contact Minerals of Mansjo 
Mt., which constitutes the results of the investigations hitherto car
ried out.1

U Certain differences between the statements in my lecture concerning the tectonic 
occurrences of the rocks and those given here, are due to new facts brought to lig 1 
during the subsequent mapping of the field.

[Mars— A p ril 1922.



I t  is true that much labour remains to be done before all the Mansjo 
"It. minerals have been exhaustively analyzed and determined, but 
. h°Pe to have opportunities in the future to contribute to the execu

tion of a part, at least, of these investigations.
Before passing to a view of the geology of Mansjo Mt. I  beg to 

express here my deep-felt thanks to Professor P. Q u e u s e l , both for 
be Permission I  have enjoyed to have at my free disposal the instru- 

inents and apparatus of the Mineralogical Institute of the Stockholm 
university, and also for the great interest with which he has followed 
•tie results of my investigations, and the highly necessary criticisms 
^ ith  which he has corrected my final deductions and work in general, 
ly  special thanks are due to my former teacher Professor P. J. 

B olmquist for all the interest he has shown in my present investi
gations. I  also owe a debt of gratitude to Mr. G. A m in o f f , Ph. D., 
tor much good advice and valuable hints during the course of the 
mineralogical work. G. A h l m a n f t , M. E. has been kind enough to 
superintend and direct the blasting- and excavation work carried out 
during the summer of 1921 for the purpose of revising the geological 
chart of the mountain; in addition to which, he has, at the same 
hme, assisted me in the collection of the rock specimens. Finally, I  
have to thank C. W. Carlssoft, Preparator at the Stockholm Univer- 
sity, and A. R. A ftdersbon , Preparator at the University of Upp- 
sala, both of whom, with their well-known skill, have made the 350 
thin-sections that have formed the basis of the microscopical deter
minations.

On the petrological map of the Mansjo Mt. I  have kept the 
Swedish names of the localities. Unnamed localities are referred to 
hy combining the contour intervals and vertical lines imagined drawn 
from the capitals inserted along the upper and lower margins of 
fhe map.

I f  a locality happens to be situated on a contour interval between 
two capitals, it  is indicated by mentioning both the letters, for in
stance A—B_32.
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General description of the rocks of the Mansjo district.
The rocks around Lake Mansjo, like all those along the valleys of 

the Rivers Woxnan and Loan, are, geologically, scarcely known or 
described.

Sv e d m a r k , in 1891 (35) has given some rather incomplete and 
fragmentary »Geological Communications» from a journey in these 
districts, in which he mentions the occurrence of »some diorite», an-
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cient ironmines and limestone at Mansjo, but the map he has drawn 
shows, south of the greenstones and shales of the Loos-district, 
nothing but gneiss, without stating anything as to its character.

When B l o m b e r g , somewhat later (1895) published his geologi
cal description of the province of Gavleborg, he collected all the 
gneisses of the province into one geological whole, although he allowed 
the existence of a great variety of »colours, grains and composi
tions», and also distinguished between gray gneiss, red gneiss and 
red porphyritic gneiss. A  detailed description is wanting, however. 
The Mansjo Mt. in B l o m b e r g ’ s map, lies in the gray gneiss district, 
from which there has been isolated, west of Mansjo, a smaller occu
rence of red gneiss. Northwards, the gneiss-field is bounded by the 
eruptive rocks and shales of the Loos district, and by the serarcluean- 
granite mountain massive around Lake Daasen; southwards, the uni
formity is broken only by a little green dot at Lobonas, this, accord
ing to the legend of the map, showing diorite or gabbro.

In T o r n e b o h m ’s large geological survey chart(1910), the mapping 
is essentially the same; the little  patch marking the greenstone at 
Lobonas has been taken away, the same being the case with the 
red gneiss west of the Mansjon, while, on the other hand, to the east, 
the central parts of the red porphyritic gneiss districts have been 
transferred -— and most probably correctly so — to the oldest 
granites. W ithin the Loos district, T o r n e b o h m  appears to have 
followed B l o m b e r g ’ s map.

I t  is not my intention, in this connection, to endeavour to give even 
a summary description of the rocks of the province of Halsingland, 
but, during my excursions through this neighbourhood, continued 
through a course of several years, I  obtained a strong impression that 
the real condition of things is considerably more complicated than 
would appear from the maps hitherto published, and that a revision 
of the geological map of this district is quite necessary.

As long as such a revision remains an unrealized hope, the Man
sjo district described below cannot be arranged with sufficient 
accuracy in geological agreement with the rocks of the surrounding 
district as a whole, especially as the filling  of the Loa- and Woxna 
valleys with morainic boulders, glacial sand and gravel has left 
nothing but the crown of the mountains uncovered; all connections, 
consequently, having to be made across great distances.

Of special interest is the close neighbourhood of the Mansjo Mt. 
to the eruptives of the Loos field, which are exposed in Hjarpberg, 
only five km north-west of Mansjo farm. South-east from Man
sjo, on the six km distant Loberget, I  have found a small, not yet
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definitely determined, greenstone occurence which possibly, in con
sequence of the existing erratic blocks, has been the source of the 
Sabbro occurence, assigned by B l o m b e r g  to Lobonas, but which, as 
far as I  have been able to discover, it  is impossible to locate in that 
place, in consequence of the morainic coverings.

On the north-east slopes of Loberget there occurs eulysite, of which 
more w ill be said later on (p. 253).

Still farther to the south-east, at »Sodra Svensbo», half-way be
tween Mansion and the Woxna Ironworks, I  found, in the autumn 
°f 1920, an outcrop of uralitisized greenstone in the immediate 
neighbourhood of a quartzitic schistose rock with which graphite 
ls strongly associated, but time has not yet allowed of any detailed
examination of this.

The stretch of h ill forming the south-west side of the valley of 
fke River Woxnan, encloses along its crown, south-west of the Woxna 
Ironworks at Gymasberget, an ore deposit of hematite in amphi
bolitic schists. The amphibolite alternates with gray, granitic gneiss, 
sometimes of a leptitic or micaceous schistose character, together 
with which it  is strongly folded. During the course of two borings 
with diamond drills carried out by me at an earlier date right across 
the ore-deposit, it  was proved that both the gneiss and the amphibolite 
is penetrated by an acidic gneiss-granite which, of femic constituents, 
carries merely a little  biotite and which, besides, both microscopically 
and megascopically, agrees completely with the Mansjo gneiss- 
granite described below.

North-west of the Woxna Ironworks, in that part of the stretch of 
h ill which goes by the name of Kilberget, there is found a beautifully 
developed migmatitic gneiss, which had been exposed during the 
quarrying of stone for house-building purpose.

I  have in but few places seen the fusion of an older rock by a 
younger one better illustrated in our Swedish primitive rocks than 
here.1

Apparently, a highly stratified gneiss -— possibly the same cry
stalline schist as that described below at Mansjo Mt. -— has been 
fused by a salic granite-magma, the light coloured grain of which 
strongly recalls both the gneiss-granite dykes in the Gymasberget, 
and also the Mansjo-granite described below. A ll transitions can be 
observed, from sharp-angled fragments of gneiss to S e d e r h o l m 's so- 
called »ghostly traces». (28). - I t  is my intention, after the thin sec
tions have been manufactured and the analyses carried out, to give a

1 I  have presented a large slab of this rock to the collections of the Mineralogical 
Uept. of the University of Stockholm.
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detailed account of this beautiful occurrence, in connection with a 
general revision of the geology of the upper part of the Woxna 
valley.

Immediately north of Kilberget, the c liff called Gymasklitten, 
which to the east forms a perpendicular precipice, consists af a 
greenstone, whose extension is as yet undetermined, and which is pro
bably an uralitisized gabbro. The perpendicular face of the h ill 
constitutes a fault in the fundamental rock, formed between the 
greenstone and the eastern gneiss-granite, and is covered by a breccia- 
crust, consisting of greenstone fragments cemented together by quartz 
and flesh-red feldspar. The quartz is filled with druse cavities which 
are occupied by glass-clear or milky-coloured, beautifully crystallized 
quartz prisms.

A t the south foot of the Gymasklitten there occurs a peridotite dis
covered by me, but which has, as yet, been but superficially investiga
ted. In  part, it  is pretty nearly a pure d u n i  t  e, but seems, as a 
rule, to have a l h e r z o l i t i c o r  h a r z b u r g i t i c  composition, 
with colourless olivine, rhombic and monoclinic pyroxenes, ore-mine
rals, and beautifully green idiomorphic crystals of spinel.

Three miles north of the Gymasklitten there occurs in the Kakar- 
svedjan h ill a gray, fine-grained granite of the Stockholm type. The 
granite is of a fu lly  homogeneous structure, and is apparently rich 
in microcline. Its relation to the gneiss-granite exposed eastwards, 
in Enfotaberget, on the other side of the Woxna valley, is unknown, 
but its freedom from all observable indications of gneiss-meta- 
morphism, seems to refer i t  to a considerably younger period. 
Possibly, a future investigation, in connection with the previously 
mentioned detailed revision of the geology of the Woxna valley, w ill 
show that, like the Stockholm granite, it  can be referred to the ser- 
archgean groups.

In  the Blommaberg heights, north of the Gymasklitten, the rocks 
consist of gneiss-granite which is, however, traversed by greenstone 
dykes of a characteristic olive-green colour — probably old diabases, 
which are metamorphosed to metabasite. The same dykes have been 
observed by the writer to cut through the amphibolite in the Lober- 
get. On the crown of the sharp rocky ridge east of Lake Stortjarn, 
there is visible, in solid rock, a red leptitic rock which, beneath the 
microscope, shows clastic structure; originally, it  probably formed 
an agglomeration of weathered salic rock material, indicating an old 
land surface, possibly the same one that underlies the western Dale- 
carlian porphyry formations.

I f  we return to the Mansjo ML, along the western valley slope of



the Loan, there can be observed, just opposite Loberget, on the 
crown of the so-called Nilsberg ridge, a fine-grained, salic, gray 
gneiss and, on the eastern slope of the same hill, a gneiss-granite 
traversed by veins of pegmatite.

A t a distance of eight km north of the above tract, in the 
Ayttarklitten, opposite the Mansjo Mt., there is found, south of the 
Hjarpberget-greenstones, the red gneiss earlier observed by B l o m - 

b E r g , but not described by him.
This red gneiss appears to me to be most correctly interpreted as 

a red gneiss-granite which has resulted from the crystallization of 
the granite under great pressure. Quite the same rock — from a 
niegascopical point of view — is found on the coast of the province 
°f Halsingland (N. Sweden) in the valley of the River Ljusnan, 
where its connection with a red porphyritic granite of undoubted 
primary fluidal structure is established. I  have not yet, however, any 
microscopical or chemical proofs for this assumption of mine.

Petrographic Description of the Rocks of the Mansjo Mt.

T h e  Y o u n g e r M a g m a tic  Series.

The Eeil Contorted Gneiss of Mansjo Mt.

As already pointed out, the rocks of the Mansjo Mt. are exposed 
nowhere but along the upper crown of the mountain.

The first exposed rock encountered on ascending the h ill fiom the 
shore of Lake Mansjo, directly eastwards, consists of gneiss, of a red 
colour recalling the Ryttarklitten gneiss, but it  is coarser in structure, 
with contorted schlieric biotite and coarsely crystalline, red pegma
tite exudations.

I t  is traversed in several directions by knife-edged gray-black 
amphibolized diabase dykes, a few decimetres broad, which, in itself, 
is a rather rare phenomenon in the rocks of the province of Hal
singland.

A general sample was taken from the exposed surface of the rock 
and analysed by Miss N. Sa h l b o m , Ph. D. The result is given in 
the Table below.
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%
Mol.
prop. Mol. % M o d e %

Si02 ............................... ... 60.80 101.43 69.6 Quartz . . . . . . 23.4

T i02 ................................... 0.8G 1.07 — Microcline. . • . . 26.2

L " , ................................... 0.17 0.12 — Plagioclase • ■ . . 17.1
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% Mol. Mol. % M o d e %prop.

A1203 ............................... 19.06 18.69 12.6 Lepidomelan . . . 16.7
Fe203 ............................... 1.00 0'62 — Chlorite . . . . . 10.7
F e O ................................... 5.76 8.00 6.4 Sillimanite . . . . 5.5
M n O ............................... 0.11 0.15 — Apatite . . . . . . 0.3
C a O ............................... 1.54 2.75 1.9 Zircon . . . . . . 0.1
M g O ................................... 2.59 6.47 4.3
K „ 0 ............................... 5.57 5.92 4.0
Na20 ............................... 1.11 1.79 1.2
h 2o ............................... 1.46 8.11 —

109.09 'j lOO.oo lOO.oo 1

OsAisnsr’s system gives the following values:
s = 69.6 A = 5.2 a = 9.0 n = 2.3

C = 1.9 c = 3.0 k =  1.5
F = 10.7 f  = 18.0

which refers the rock to type Haut clu Faite (s69 a8.5 c4.5 f ,7) and to 
G r u b e n m a n h ’s Kata-alumina-gneiss group, (Sillimanite-gneisses). 

Using the qualitative system, the norm of the rock is:
Quartz............................................  22.44 %
Orthoclase...................................... 32.80 »
A lbite................................................  9.43 > -  Sal. 80.11 %
A north ite .........................................  6.67 » !
Corundum.........................................  8.77 » J
Hypersthene..................................  15.08 >
Magnetite.........................................  1.39 »
Ilmenite............................................. 1.67 S fem- l 8-45 5B
A p a tite ............................................  0.31 »J
H20 ...................................................  1.46 >

100.02 %

which brings the rock into the following position in the qualitative 
classification:

Class I I  Dosalane
Order 4 Austrare
Rang 2 Dacase
Sub-rang 2 —•

The gneiss consists chiefly of the minerals mentioned above, under 
the mode. Their proportions were calculated from the analysis, on



'the basis of a microscopical examination, and then checked by seve- 
ral determinations on different tliin-sections according to the Rosi
r a i method.

-The FeO, MgO and MnO were assumed to enter proportionally into 
Ike mica and the chlorite. The H20, Si02 and A120 3 were allotted ac
cording to the formulae:

Biotite =  2 H20 • K20 ■ 6 MgO • 3 A l202 • 9 Si02
Chlorite = 2 1I20 • 3 MgO • 2 Si02 • 4 (2 I i 20 • 2 MgO • A1203 • Si02) =  SpAt4

The amesitic composition of the chlorite has been chosen on ac
count of the large angle of the optic axes, and because the chlorite 
ls lormed by the decomposition of the highly alumina-rich mica. As 
mentioned below, however, no exact optical determination of the chlo- 
rhe has been possible.

A ll the T i0 2 was assumed to enter the mica as rutile-needles, and 
the Fe203 was allotted to the feldspars to account for the red pigment 
°f the latter. Beneath the microscope, the structure of the rock seems 
to be granoblastic.

The M i c a .  The high percentage of FeO shown by the analysis, is 
found in the considerable proportion of iron pointed to by the optical 
examination. The mica, when traversed by a ray of polarized light, 
aPPears of a greenish brown, and shows very decided pleochroism : « 
^  light greenish-brown <  ft =  y — brownish-black, almost opaque. 
I t  is partly greatly chloritized and contains sparse zircon crystals, 
"With irregularly developed pleochroic haloes.

The angle of the optic axes is scarcely noticeable in convergent 
light, and it  has not been possible to measure it  on the turning stage. 
T.y means of the axial angle scale it  has been determined to within 
a maximum of 2 degrees. The biotite is evidently a lepidomelan, and, 
as no titanite was observed, the rutile needles noticed in the biotite 
Probably form the whole titanium-percentage of the rock.

The C h l o r i t e  is a product of alteration of the lepidomelan, but it 
ls so intimately intergrown with the latter that it  has been impossible 
to make any reliable optical determinations. The angle of the optic 
axis varies from 65° up to 75°; the dispersion is clearly Q <  v 
and the colour is a strong green with pleochroism in yellowish green. 
The axial plane is parallel with (010). The composition probably 
ües between SpAt3 and SpAt4, where Sp is the serpentine- and A t 
the amesite-molecule.

The M i c r o c l i n e  is fa intly perthitic and exhibits beautiful 
twinning. I t  encloses somewhat rounded idiomorphic quartz-grains, 
Wlth faint undulous extinction.
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The P l a g i o c l a s e ,  according to the analysis, has the mean 
composition Ab59 An41 i. e., somewhat higher than is shown by the 
optical-examination. Microscopically it  is found as small crystals, 
chiefly in the biotite-streaks, and extinguishes zone-wise, with a maxi
mum extinction in symmetrical sections in the kernel of about 22° and 
in the shell of about 15°. Its refraction being higher than that of 
quartz, the composition, therefore, varies between An32 and An40. 
A t its contacts towards the quartz, the plagioclase, which is always 
greatly pigmented, is, as a rule, bordered by a narrow belt of micro
line.

Besides occurring idiomorphic in the microcline, q u a r t z  is also 
found xenomorphic between the feldspars, with strongly undulous 
extinction. M y r m e k i t e  was observed in some few places.

A p a t i t e  occurs as stray crystals, chiefly in the biotite streaks. 
S i l l i m a  n i t e  was observed in some few »synneusis-accumulations» 
(36. V ogt, p. 321) of short broken crystals prisms, or in elongated 
»fluidal» streaks of rather long crystal needles, chiefly in the neigh
bourhood of the mica.

In  a contact against the above-mentioned metabasitic dykes pene
trating the gneiss, there were observed in the fiu idally structured 
metabasite, stray-fragments of a myrmekitic plagioclase, and also, 
along the knife-edged contact, a very evident contact-action, there 
having been crystallized along the contact a narrow band of very 
undulous quartz, in addition to which, a transformation had occurred 
within the gneiss, immediately at the contact, and in such a way 
that the quartz and the feldspar had been recrystallized, simultane
ously with the formation of a row of myrmekitic »warts» along the 
contact-line and with the sinuous border-lines turned away from the 
contact (fig. 11).

I f  these observations be compared with the myrmekite found, even 
i f  sparsely, in the mica streaks, there is gained the impression that 
this latter myrmekite, too, is secondary.

Both the bordering lines of the highly pigmented plagioclase, the 
contorted and schlieric mica streaks, and the fluidal detritus-like ac
cumulations af broken and often fragmentary sillimanite needles, as 
well as the new-crystallized, unpigmented microcline around the pla
gioclase, all point to a fusion of an older rock, richer in alumina and 
lime, by a more acidic and younger granite magma. Part of the 
alumina may also have been added through pneumatolytic action, 
indications of which are found in the often coarse pegmatitic struc
ture.

Further evidence of this is given, too, by the above-mentioned ana-
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Ijsis of the rock which, of course, from a purely chemical point of 
view, refer the gneiss to the quartz-mica-syenite group in the quan
titative systems i. e., to a primary magma, the presence of which in 
this case could hardly come into question. The analysis, therefore, 
With its low percentage of silica and its high proportion of alumina, 
wust point to a fusion and assimilation of a material with a very 
1Jgh percentage of alumina, by a more acidic primary magma.

-Possibly, therefore, these red, contorted gneiss rocks on the west 
sl°Pe of the Mansjo Mt., point to a locality where fusion has taken 
kloce between the red gneiss granite of the Ryttarklitten, the Mansjo 
Mt. highly potassic light gneiss-granite, and the crystalline schists, 
nvith their large percentage of alumina. (See pp. 218 and 309.)

The red colour points to the first-named,, (the red gneiss-granite), 
the light coloured gneiss-granite is recalled by the beautifully twi- 
ne<i, pigment-free and somewhat perthitic microcline with its inclu
sions of corroded but plainly idiomorphic quartz grains without un- 
ilulous extinction, while, finally, the schlieric sillimanite- and mica 
streaks appear to consist of remains of the crystalline schists.

An additional support for this interpretation of the genesis of the 
r°cks is given by the metabasitic dykes. As w ill be shown later on 
(pp. 231, 232) these dykes are, it  is true, younger than the light 
Pegmatitic granite, but only to such a degree that this granite, on their 
intrusion, was still so warm as to allow of the formation locally of 
»floating» contacts. On the passage through the crystalline schists, 
°n the other hand, the contacts not only form microscopically knife- 
edged chilled contacts, but also show no sign whatever of contact 
notion on the wall-rock.

This is not the case, however, with the red contorted gneiss. Even 
if  the contacts are microscopically knife-edged, still, as already men
tioned, a not unimportant action has taken place on the wall-rock, 
even when the original diabase has been intruded into contraction- 
fissures of the gneiss, only some few centimetres wide. As, after the 
cooling of the diabase, the rocks could not possibly have been ex
posed to any regional metamorphism that could lead to a later ex
change of material between the metabasite and the wall-rock -— as, 
in such an event, it  would have been possible to prove a similar meta- 
morphism in the crystalline schists too — the only reasonable explana
tion is, that, at the time of the diabase-injection, the red gneiss still 
fetained considerable heat, although it  was not quite so warm as the 
iight-coloured gneiss granite.

The red gneiss must also have been in this condition, of course, if, 
as has been surmised, it  arose through the injection of the Mansjo



gneiss-granite into the crystalline schists, accompanied by the more 
or less complete fusion of the latter.

I t  has been impossible to determine whether the red gneiss-granite 
of the Iiy tta rk litten  has also been assimilated by the Mansjo-gneiss- 
granite, or whether the former has partaken in the fusion as a d iffe 
rentiated part cf about equal age of the same granite magma, but 
w ith a larger iron-percentage. To do this i t  would be necessary firs t to 
determine the age-relationship between the two gneiss-granites, but 
as the contact between them has not as yet been reliably observed, 
this problem must be le ft for future investigations to decide.

The Mansjo Gneiss Granite.

I f  we continue from the red, contorted gneiss up the slope of the 
hill, we encounter, after some few score metres, both in block and as 
solid rock, the white gneiss-granite of the Mansjo Mt.

Westward, this granite is bounded by the red gneiss; eastward it 
is encountered as the youngest rock everywhere in the outcrops all 
the way to Hassjaberget. I t  is found both in great massives east 
and south-east of the synclinally folded, older Mansjo gneiss forma
tion, the outcrop of which runs along the crown of the Mansjo Mt., 
and also penetrating this synclinal in innumerable large pegma
tite dykes and small apophyses, enclosing fragments of crystalline 
schists and related limestone, amphibolites, peridotite and eulysite. 
The eulysite fragments are derived from the occurrence of this rare 
rock mainly along the north-eastern crown of the hill, ( =  north
eastern limb of the syncline).

The above-mentioned occurrence of gneiss-granite on the western 
slope of the Mansjo Mt. ought probably to be regarded as injected 
pegmatitic magma-flows between the dislocated beds of the older 
gneiss series, embracing crystalline schists, amphibolites and limestone 
—- a deduction which is confirmed by the section through the hill 
obtained by the diamond drilling (PL L X V I I ) . Specially powerful 
has been the penetration of the pegmatite magma of the gneiss-granite 
along the bedding surface betw-een the underlying crystalline schist 
and the limestone, whence the magma has further penetrated the 
limestone layers with numerous highly pegmatitic apophyses. Herebj^ 
the limestone has, so to say, »floated» on top of the pegmatitic magma, 
and the latter, by the action of heat and mineralizers, has given rise 
to the magnificent contact-mineral formations which are described 
later on (p. 823).

The pegmatite dykes have, in their turn, by the addition of lime
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from the limestone layer, and of iron from the eulysite, besides pneu- 
niatolytic loss of alkalis, magnesia and alumina, been subject to 
important alterations before solidification. Of altogether special inte
rest are the several decimetres broad »eruptive» apatite- and pyroxene 
i'ykes, which appear as the last forms assumed by the pegmatite 
apophyses cutting through the limestone, and which are described in
detail below (p. 336).

Other mineralogical changes in the composition of the pegmatite 
ykes are described in connection with the rocks they intersect.
Megascopically, the gneiss-granite is, as a rule, of a homogeneous 

massive structure, occasionally with local schlieric facies, pretty near
ly white and rather coarse-grained, consisting chiefly of potassic feld
spar and quartz, together with a few flakes of biotite, and a beautiful 
l3ght-red garnet which appears in the form of small, sharp crystals 
distributed uniformly and sparsely in a characteristic way in the 
granite. The granite is very rich in pegmatitic segregations and veins, 
which locally give it  a gneissous appearance. Its wealth of minerali- 
Sers, the injective power of its pegmatitic rest-solutions and its mine
ral formations, pointing to high pressure, all show that the gneiss- 
granite formed the last portion of a salic differentiated magma, where 
Ihe volatile components have been enriched by the earlier crystalli
zation of the solid phases.

Near the contact to the gneiss and amphibolite, the granite often 
assumes a sugar-grained aplitic appearance; at the limestone and 
eulysite contacts, on the other hand, its habit becomes more coarsely
e r y s t a l l i n e .

Professor J. P e t r é n  has had the kindness to execute for me an 
analysis of a general sample taken from the gneiss granite on the west 
slope of the mountain. I t  is given below ( I) ,  in company with 
other analyses of nearly related rocks.

Bel 44. H .  3— 4 .]  ROCKS AND MINERALS OF THE MANSJO MT.

I I  a I  b I I I I I

« 0 2 ................................... 74.16 % 123.60 81.00 % 73.91 % 71.25 %
^ 2 ^ 3 ............................... 15.22 % 14.92 9.80 % 13.90 % 16.09 %
i \ 0 3 . . . ___ — 0.14 % 0.32 %
FeO . 2.23 % 3.10 2.16 % 1.01 % 1.56 %
MnO . 0.13 % 0.18 — tr 0.18 %
MgO . . . . 0.20 % 0.50 0.39 % 0.28 % 0.28 *
CaO . 0.47 % 0.84 0.54 % 1.00 % 0.66 %
Ka0 . . 7.10 % 7.55 4.96 % 6.53 % 7.96 %
Na20 .  . 1.08 % 1.74 1.15 % 2.42 % 0.81 %
TiO, . ___ — 0.22 % —
h 2o . . ........................... — — — 0.52 % —

100.59 % lOO.oo % 00.93 % 00.11 %

1 6 — 220270. G. F. F. 1922.
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I. Mansjo gneiss-granite; Anal. J. P e t r é n .

I  a. Molecular proportions of J.
Ib . Molecular percentages of I.
I I.  “ Pernio”  granite, Orijârvi (Finland) district; Anal. P. E s k o l a , Bull. d. a

Com. Geol. d. Finlande, N:o 40, p. 18.
I I I .  Stockholm granite. Ensta; Anal. E. E r d m a n , Bull. o. Geolog. Instit. o f  Upsala,

Vol. V I I ,  p. 259.

Osann ’s system gives the following values:

s =  81.00 A =  6.11 a =  20.0 n =  1.8 T =  3.2
C =  0.54 c =  1.6 k =  2.0 M =  0.0

F =  2.55 f  =  8.5

and refers the rock to Type Quincy (s80 a20.5 c0 f9.5 ). A  calcula
tion of the O s a n n  values by compensation for the alumina according 
to O s a N H ’s method N:o 3 (25. p. 16), leads to the same type.

The norm of the quantitative system and the mode given by the 
analyses, supported by the microscopic investigations, are as follows-

Norm M o de

Quartz . . . 36.9G Q u a r t z ........................... 36.9 %

Ortlioclase . 42.26 Microcline +  9 % pertitic
40.3 %

Albite . . . 9.43 2 Sal. 95.64 % albite ............................

Anorthite . . 2.50
Plagioclase Ab68 An32 . . 8.4 %

Corundum . 4.49
Lepidomelan.................... 2.5 %

Hyperstliene 4.52} 2 Fern. 4.85 ^ M uscov ite ........................
A lm a nd ite ........................

3.0 % 

4.5 %
100.49 % Andalusite ........................ 4.3 %

Zircon...............................
> 0.1 %Orthite, Apatite . . . .  

Diopside-microlites . . • J

109.0 %

A verage  
size o f  

C ry s ta ls

2  mm

2 mm

0.3 mm

1 mm

0.5 m m

1 mm

2 m m

Í0.05
<0.05
[0.05

mm
mm
mm

In  the qualitative system, therefore, the gneiss granite belongs to:
Class I  Persalane 
Order 3 Columbare 
Rang 1 Alaskase 
Sub-Rang 2 Magdeburgose.

Together with certain extreme analyses from the Stockholm granite 
_like that given above in I I I  — the Mansjo granite, therefore, pro
bably shows one of the greatest excesses of potassium atoms in pro
portion to the sodium atoms occurring among the Swedish granites.
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In this respect, i f  we neglect the higher percentage of alumina, it  
iocalls the Klinzenberg (Magdeburg) quartz porphyry (38. pp. 57—■ 

classified in the same sub-rang. The chemical agreement with 
the Stockholm granite does not, however, extend to the megascopic 
nnd microscopic features, where the types are altogether different.

In spite of the low sodium-content, we find, on the other hand, a 
certain marked agreement between the Mans jo granite and the Fin- 
tand microcline granites (Analysis I I ) ,  e. g., the microcline pre
dominates; garnet occurs in both as a constant component, and femic 
Minerals are subordinate and hardly ever prominent.

The component minerals are those mentioned above under »Mode», 
the andalusite and sillimanite replacing and excluding each other. 
In the sillimanitic granite, the percentage of muscovite, too, appears 
t° he lower; the consequence, most probably, of muscovite being in 
Part a transformation product of andalusite.

With regard to the various minerals, the following observations 
have been made;

Q u a r t z :  This occurs in three generations. The earliest crystalliz
ed quartz consist of idiomorphic crystals enclosed in the microcline, 
with angles rounded by corrosion. This generation extinguishes 
almost entirely without any undulous shadows.

Ihe second generation presents idiomorphic boundaries towards the 
microcline, without being enclosed by the latter; this quartz is without 
the first generation’s prominent characteristic of corrosion. I t  seems,
°u the other hand, to have itself corroded the feldspar.

The third generation consists of the last crystallisation-remainder 
°f the magma, and fills  the interspaces between the other quartz and 
the feldspars. I t  is strongly undulous, although not parallel to the 
c'axis, but irregularly in various directions.

The oldest quartz seems to be almost entirely free from all inclu
sions, while the gas- and liquid-filled minute cavities (libellae ob
served) increase as the age decreases.

F e l d s p a r s :  The m i c r o c l i n e ’s perthitic formation is most 
Magnificient, often in a characteristic »reflex structure», the closest 
resemblance to which are the light reflexions of waves along the side 
°I a vessel (fig. 6).

The albite »strings» often show evident lamellar twinning ac- 
eording to the albite-law and, in the microcline, are orientated paral- 
lel to (100). The specific weight of the perthitic microcline was 
determined, in a somewhat large, »reflex-structured», isolated cry
stal at 2.556. I f  the specific weight of the microcline is put at
2-540 and that of the albite at 2.624 (according to R osenbitsch)



there is thereby obtained an estimated composition of the perthiti" 
microcline of

Ab23 Or75.

To check this, the volume percentage has been determined, accor
ding to R o s iw a l ’s method, of a thin section of the same crystal, 
and from this the weight percentage has afterwards been calculated, 
the same values being employed. This gave:

A b 25-* 0 r 74-C.

The agreement, then, being fu lly  satisfactory, the average perthitic 
composition for the microcline in a considerable number of thin 
sections has been accordingly determined at

Abg Ol’gj.

The microcline extinguishes on sections cut parallel to (010) 5° 0 
with reference to the traces of (001) ;  its refractive indices, measured 
by total refraction, are found to be:

aNa =  1.5177 /?Na =  1.5225 yNa =  1.5247 

and its axial angle has been determined on the turning-stage at

2 FNa =  69°01'

Consequently:
(;/ —  a)ua =  0.0070 
(Y —  P)x a =  0.0022 
(ft — a)x a =  0.0048

These give as checking result:

is r„  =  |  / j ^  r „  =  84W

.; 2 Fxa =  G8T2'
The not fu lly  satisfactory difference between the observed and the 

calculated angle of the optic axis is probably due to the influence oi 
the albite strings on the results of the readings.

The p l a g i o c l a s e  evidently varies very much chemically. R s 
maximum extinction in symmetrically cut sections varies zonally from 
5 ° or 6° up to 18° or 20°, i. e., from An24 to An38. I  have therefore 
considered any more detailed optical determinations of the plagioclase 
characteristics to be of no great value.

.Where it  is in contact with the microcline, the plagioclase is, as a
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3ule, surrounded by a thin shell of albite which, contrasted with the 
t agioclase, somewhat pigmented by alteration, appears clear and 
unchanged. In fu ll agreement with E sko la ’s and M a k in e n ’s ob
servations in respect to the microcline-granite of Finland, this albite 
= m 1S WantinS> however, at the limits towards the quartz.

he plagioclase appears, almost without exception, to have cry
stallized before the microcline, in which latter it is wholly or partly 
enclosed (fig. 7).

n this respect there is a close agreement with the Finland Pernio- 
Manites where, according to E sko la  (11. p. 24), the plagioclase also 
appears idiomorphic in respect to the microcline, although the latter 
°ught to have been the first to crystallize from an eutectic Or—Ab.

Bi the case of the Mans.jd pegmatite granite, the state of things is 
s° Pregnant, that it  is d ifficu lt to accept E sko la 's explanation of a 
second supersaturation- and corrosion-period having been the cause of 
he xenomorphic formation of the microcline in relation to a later crys

tallized plagioclase.
Combined with quartz, the plagioclase also occurs sparsely as a 

coarse-structured myrmekite.
G a r ne t. In  thin sections, the garnet is of a very beautiful 

light red, with sharp crystal edges. I t  is free from enclosures and, 
together with the mica, appears to be the first link in the chain of
crystallisation.

Its refractive index has been determined, according to N i k i t i n , at
1-80, and its specific weight at 3.996. The garnet, consequently, is 
Probably an almandite.

Mi c a .  The gneiss-granite contains two different micas; the one 
{host evident in the field is a ferro-magnesia-mica, strongly pleochroic, 
133 accordance with the absorption:

a =  light brownish green >  ft =  y =  brownish black

ai3d is evidently a lepidomelan. The angle of the optic axis was 
determined by the axial angle scale at about 3°. The crystals are 
as a rule, corroded, and zircon enclosures occur rarely, with scarcely 
uoticeable pleochroic haloes. Lepidomelan is found enclosed in all the 
other minerals except garnet and together with the latter forms the 
first link in the chain of crystallization. In  part however, the lepi
domelan is in course of transformation into chlorite. In  certain soli- 
ary instances it  is fu lly  chloritized.

. In addition to the magnesia-mica there occurs, unevenly distributed 
111 fire rock a colourless, strongly double refractive potassium-mica. 
ts Percentage in the rocks is specially increased in the pegmatitic
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forms of tlie gneiss-granite, as well as in those parts of the latter
containing andalusite.

While, in the first instance, the mica is of a muscovitic character 
with an observed axial angle of 2 E =  68°— 69°, it  shows, in the 
second case, a closer relationship to sericite, the axis-angle falling to 
2 En& = 2 5 °  — 30°. This sericitic mica evidently forms an alteration 
product of the andalusite and, in the rock, is talc-like and greasy 
to the touch, in distinction from the glittering muscovitic mica.

This latter appears, like the biotite, idiomorphic in respect to the 
other minerals, while the micas, in regard to each other, are xeno- 
morphic.

A n d a l u s i t e .  In  the diamond drill-hole N :o 1, there was encoun
tered in the gneiss-granite, at the depth of 70 meters, immediately 
before the termination of the drilling operations, prismatic crystals 
8— 12 mm long and 2— 3 mm square; the surface wore a beautiful 
silken sheen, the fracture was vitreous and the mineral a delicate pink 
colour. In the fracture, the mineral, megaseopically, is verj. similar 
to the light-red garnet, and was at first mistaken for the latter.

I t  was found to be a rose-red andalusite, the crystal surfaces of 
which were covered with a thin film  of sericitic potassium-mica.

A  crystal section was ground at right angles to the prismatic cleav
age and was examined on the turning-stage. The refraction was 
determined, in accordance with N ik it in , to 1.640. By immersion it  
was fixed at 1.638. This value was employed for correction in deter
mining the angle of the optic axis, when there was obtained:

2 FNa =  ( - )  85°5'

W ith B a b i n e t ’ s compensator there.was found:
( y  —  lS)xa =  0.006
(/? — a)Na=  0.006

from which, consequently, there was calculated:

I  have obtained by direct measurement on my refractometer (F uess s 
model):

A  checking determination, by means of this, of the 2 V, in accor-

aNa=  1.632 (cal.) 
/Sna= 1-638 (obs.) 
yKa =  1.644 (cal.)

a  =  1.633

dance with the approximate formula



=  (—) 90°, i .  e., 4° 55' too h igh  value, a deviation, however, th a t 
lies w ith in  the perm issible range o f exactness o f the B a b in e t  com
pensator fo r  the low  b irefringence in  question.

Dispersion is evident, w ith  v  >  Q-
Pleochroism is scarcely noticeable, w ith the light-ray which oscil

lates parallel to the c-axis a fa int red, and that swinging at right 
angles, on the other hand, colourless.

Absorption «> /?  =  /.
The rose-red colour disappears on heating. By means of a quali

tative analysis-test it  has not been possible to determine the presence 
of anything with certainty but silica and aluminium. A  faint blue 
shade, on fusion together with salpetre, may point to the presence of 
manganese as the cause of the coloration. There was not, however, 
sufficient material at hand to allow of a complete qualitative ana
lysis.

The specific weight is 3.097, a value which is possibly somewhat 
loo low, this being the result of the andalusite enclosing microscopic 
sericite lamellae.

In addition to the prismatic surfaces (110) and the basal plane 
(001) there has also been observed (O il) . The angle 110:110 has 
been measured to 89° 15' (cfr. R o s e n b u s c h : 89° 12'). The cleavages 
along the prism-surfaces and (100) are clearly visible beneath the 
microscope; the basal cleavage, on the other hand, is irregular and 
poorly developed:

The potassium-mica surrounding the andalusite shows very 
plainly beneath the microscope its character of an alteration-product, 
us it  traverses the andalusite-crystals along the cleavages, (fig. 9.)

In  a rather large andalusite crystal there was observed an enclosed 
idiomorphic quartz-crystal belonging to the »oldest generation», non- 
undulous, and with its c-axis parallel to that of the andalusite.

In all the thin sections examined, the andalusite crystals have 
mainly been surrounded by quartz of the »second» or »third genera
tion». Whenever plagioclase and potassium-mica have occurred, the 
crystal boundaries have become irregular and the crystal surfaces 
Partially or entirely obliterated.

In  this respect, the mineral shows a complete agreement with the 
andalusite described by E s k o l a  in the heterogeneous brecciated 
quartz-mica rocks from Orijarvi (11. p. 215). This agreement also 
extends to the colour of the mineral and to its optical characteristics, 
as w ill be seen by the following comparison:
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2 V (Obs.) 
2 V (Cal.) 
« N a  (Obs.)

(Obs.) 
/Na. . . .

Mansjon: 
( E c k e k m a n n ) 

. (—)85’5'

. (—)90°0 
1.633 
1.638 
1.644 cal.

O rijàrvi:
( E s k o l a )

(—)82°50'
(—)80°34' 

1.6348 
1.6403 
1.6443 obs.

In  the thin-sections of gneiss-granite which proved to contain 
andalusite, it  has not been possible, on the other hand, to detect 
sillimanite.

S i l l i m a n i t e ,  seems therefore, to replace andalusite in certain 
parts of the rock. I t  appears together with lepidcmelan and potas
sium-mica, in irregular fibrolite aggregates which are sometimes of an 
undulous fluidal extension, just as in the typical sillimanite-gneiss, 
although, in other respects, it  is impossible to detect in the rock any 
crystalline schistosity. (fig. 8.)

A p a t i t e  appears accessorily together with long threadlike 
microlite needles, probably consisting of diopside, which, especially 
in the neighbourhood of the contact with the limestone and crystalline 
schists, are found especially numerously within the microcline, tra
versing it  in various directions, although, as a rule, in the same direc
tion within the same crystal. I t  has not been possible, however, to 
prove any definite crystallographic orientation.

The sequence of crystallization of the above-mentioned minerals, 
taken in connection with my previous observations, seems to have been 
as follows:

[andalusite ]
epu ome an l ^¿ jomorp}1jc non-undulous quartz- . o r  } -

almandite f | sillimanite |

, . , f microcline 1 , • ,-plagioclase-1 ... , .  , , , } -xenomorphic quartz.1 6 [ ldiomorphic undulous quartz |

A ll these minerals, with the exception of the last crystallized 
quartz, present more or less corroded contours which, however, cannot 
be taken as a proof of the existence of a later metamorphism, but 
which must constitute a primary structure of consolidation. I  have, 
in this respect, come to the same opinion with regard to the Mansjo- 
granite, as that arrived at by E s k o l a  respecting the Pernio micro- 
cline-granite of the Orijarvi (Finland) district. A ll the arguments 
he has brought forward there (11. p. 21 et seq.) can be applied 
directly to the Mansjo-granite.

Even i f  the two granites megascopically present marked diffe-
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ronces — the Finland granite being a coarse-grained porphyritic 
granite, while the Swedish is fine-grained and of uniform structure 
' ‘ still, both the chemical composition and the micro-structure of 
the mineral constituents are in such agreement that they can very 
v.ell be considered as equivalents.

This is especially the case i f  the comparison be extended to the 
chemically equivalent, smooth-grained, gray Finland Hiitis-granite, 
which is geologically related to the Pernio-granite and gradually 
grades into the latter.

The only real difference probably lies in the Mansjo-granite’s 
Percentage of sillimanite and andalusite — the latter a mineral which 
ls entirely absent from the Finland microcline granites. According 
to E s k o l a , sillimanite occurs sparsely around the biotite-flakes, but 
apparently in much smaller amount than in the Mansjo-granite.

This may possibly be connected with the latter’s somewhat higher 
Percentage of alumina, a fact which, in its turn, may be the result 
of the gneiss-granite, on making its appearance, having in a higher 
degree fused and assimilated older rocks with a very high percentage 
of alumina. Besides this, a pneumatolytic addition of alumina, as 
previously pointed out when discussing the contorted red gneiss, may 
also have played a part. ■ . “

As Sedert-io l m  (28. p. 20) andEsKOLA (11) have shown, the pre
sence in the Finland microcline-granites of a considerable excess of 
alumina, and the alamandite crystals which have crystallized in the 
rock, may find a possible explanation by the assimilation just men
tioned.

Even i f  this line of argument, from a general point of view, is not 
always in agreement with the actual condition of things, still there 
exist, in this instance, several observations and analogies that support 
the supposition in question.

Just as E s k o l a  proved the occurrence in the Orijarvi district of 
a granite with cordierite- and andalusite constituents, rich in alumina, 
which may have been assimilated at deeper levels by the granite- 
magma, so, in the Mansjo Mt., too, there exist older rocks with high 
alumina percentages — such as diabase, and crystalline schists — 
which have been penetrated by the gneiss-granite. The most probable 
explanation in this instance would seem to be the assumption that it  is 
the garnetiferous gneiss, connected with the limestone-beds, that have 
chiefly been assimilated, especially as there can be observed in many 
places fragments of this rock in various stages of fusion. In  this 
connection special mention should be made of the outcrop south-east
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of the path leading to »Utsikten» (The View), immediately before 
it crosses the contact between the gneiss-granite and the eulysite (see 
map, PI. L X V I), where the rock consists of such a fragment.

An analogy showing all the fusion stages up to complete assimila
tion, in what is probably the same granite-magma, is also found in 
the previously (p. 21) mentioned migmatite in Kilberget at the 
Woxna Ironworks.

Towards the contacts of the non-migmatitized garnetiferous gneiss 
close to the limestone, there can also be seen how the percentages of 
garnet and sillimanite increase rapidly when approaching the contact.

The explanation of the problem why the excess of alumina — nor
mally appearing as sillimanite —, within certain limited parts of the 
gneiss-granite, is entirely transformed into andalusite, is more d iff i
cult, however. I t  is true that the existence of this andalusite-bearing 
granite is known only from the diamond drill-hole, the writer not 
having yet succeeded in proving its existence in the samples from the 
surface-rocks, but still the observations made go to clearly show that 
the andalusite formation here is not a metamorphic feature, but a 
primary mineral-product in its original consolidation structure. I t  
seems to occur in the larger masses of the gneiss-granite injection- 
beds in the garnet-bearing crystalline schists, and the granite itself 
appears to be characterized by a lower proportion of lepidomelan and 
a higher one of muscovite, and also by a fine-grained, but pegmatitic 
structure.

The idea cannot be entertained, therefore, that we have before us 
fragments or layers of an andalusite quartz-mica rock such as occurs 
at O rijarvi and which there is supposed by EsKOLA to consist of 
pneumatolytically transformed amphibolites, and this although the 
andalusite mineral itself shows a marked agreement in both in
stances.

The Mansjo Mt. »andalusite-bearing rock» may rather be described 
as an alumina-pegmatite of NlGGLl’s third type and, among the 
examples stated by N ig g l i , to be most nearly in agreement with his 
garnet-andalusite pegmatite from Breitenhain (22. p. 173).

As the pegmatitic facies of the gneiss-granite have been especially 
rich in halogens, especially fluorine — as is seen by the extensive mi
neral formations along the pegmatite dykes traversing the limestone 
— and, as w ill be shown later on (p. 335), as a considerable trans
port of alumina has taken place in the form of aluminium-fluoride, 
between the same dykes and the limestone, i t  appears quite probable to 
me that the excess alumina in the andalusite-bearing pegmatitic
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gneiss-granite sills has also originally existed chiefly as aluminium- 
fluoride.

A t the alteration in pressure accompanying the intrusion into the 
Sneiss, an interchange has taken place between the fluoride and the 
alkali- and alumino-silicates of the pegmatite solutions, during the 
course of which the andalusite has crystallized. This interchange 
^uuy be supposed to have taken place in accordance with the formula:

2 AlFj + H2Si03 + 2H20 = A l2 SiO, + 6 HF

2 A l2 Si05 + K2 A l2 Si60 lc + 2H20 = 2 K.H2 Al3 Si30 12 + 2 Si02 
Andalusite Microcline Muscovite Quartz

This confirms the observations formerly mentioned, according to 
which the andalusite, firstly, is only partly surrounded by muscovite 
and quartz, and, secondly, does not occur in contact with the micro
cline. There exist no absolutely reliable standpoints, based on ex
perimental studies, for determining the conditions under which anda
lusite, sillimanite and disthene are formed: the only thing that is 
definitely known appears to be that, at high temperatures, anda
lusite and disthene are transformed into sillimanite, but that, at lower 
temperatures, all three minerals are stable.

As increased pressure can be supposed to move the transforma
tion-point higher up the temperature-scale, there follows that anda
lusite can have been formed in those pegmatitic residual solutions of 
gneiss-granite that were under higher gas- and liquid pressures, while, 
simultaneously, sillimanite was crystallized from the approximately 
equally warm main part of the magma. The relative impenetra
b ility  of some of the intruded gneiss-layers to the volatile com
ponents of the pegmatite, and the formation of gas-pockets which 
easily results from such impenetrability, w ill, then, probably explain 
the local limitation of the andalusite-formation process to some cer
tain sills of the intruding gneiss-granite, while at the same time, the 
pegmatitic facies of the granite outside the gneiss-district show 
absolutely no trace of andalusite.

I t  is possible that the formation of andalusite can, at the same time, 
be assumed to be related to the alumina concentration in the magma; 
the thin sections of the andalusitic gneiss-granite showing, as a rule, 
a somewhat greater percentage of andalusite than the proportion of 
sillimanite exhibited by the thin-sections of the main rock.

This increased proportion of alumina can, it  is true, be a primary 
concentration-product in the pegmatitic residual magma, but, even 
in this case, the greater probability would seem to be that the con
centration in question is a result of a primary assimilation of the
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garnetiferous gneiss and a secondary pneumatolytic enrichment 
during the course of the concentration of the pegmatitic magma- 
phases and its »squeezing off» from the main part of the magma.

Finally, as another argument for regarding the excess of alumina 
as a product of assimilation (both in the andalusite- and the silli- 
manite-granite) there may be adduced another probability, as I  be
lieve I  am in a position to place the variation which I  have observed 
in the occurrence of myrmekite in the gneiss-granite, in connection 
with the assimilation process.

Just as in the neighbourhood of fu lly  determinable fragments of 
crystalline schists and »skarn», enclosed in the gneiss-granite, the 
formation of myrmekite is inconsiderable or none — as is the case, 
too, in the pegmatite-apophyses — so, too, there are found patches 
within the gneiss-granite massive where no determinable fused-in or 
assimilated fragments are discernible, but where there is the same 
absence of myrmekite.

I  have previously shown, in the description of the red, contorted 
gneiss, how, in consequence of an increased temperature and without 
any addition of silica, the formation of myrmekite had become pos
sible along the contact of a diabase dyke cutting through the gneiss. 
Analogously, it  should be possible to make the deduction that, in 
the gneiss-granite — where the temperature- and pressure-con
ditions have been such that myrmekite-formation constitutes a nor
mal link of crystallization during the latter stages of the solidifica
tion of the magma — a sudden decrease in the temperature »fixes» 
the structural position above this eutectic crystallization-boundary 
and excludes the myrmekite.

The above-mentioned, more or less myrmekite-free patches in the, 
in other respects, megascopically homogeneous granite, constitute in 
this way a possible criterion for the existence of a local, greater con
sumption of heat, caused by the assimilation of older rock material.

The logical deduction of this course of reasoning, then, is that the 
excess of alumina must chiefly exist in those patches, i. e. that garnet, 
sillimanite and andalusite w ill be met with there to a preponderant 
degree.

On a microscopic investigation, this deduction has, too, been proved 
by the thin-sections I  have examined. In  order to be free from the 
possibility of any subjective mistake, I  have measured, by means 
of an ocular-net, the volume-percentage of myrmekite, garnet and 
sillimanite in a number of thin-sections from different parts of the 
gneiss-granite.

W ith the myrmekite-percentage and the combined percentages of
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the garnet and sillimanite as co-ordinates, each thin section examined 
las been entered in the accompanying Fig. 10. Even i f  the observa
tion points thus obtained do not allow of their being united by one 
continuous curve, still it  seems to me that the result unmistakably 
Points to a confirmation of my deduction.

The Meta-Diabase.

Undoubtedly younger than the garnet-gneiss is a diabase-like green
stone which cuts through it with knife-edged contacts in dykes that 
can be as much as a couple of decimetres broad. As the diabase 
cuts directly across the folds of the crystalline schists, it  is evidently 
of later date than the orogenic movements that caused these folds and, 
consequently, is also younger than the amphibolites and limestones 
Partaking of the folding. I t  is younger, too, than the eulysite, the 
latter being intersected by the gneiss-granite; this, again, as w ill be 
shown below, being approximately of the same age as the diabase.

I t  was, however, impossible to prove any direct contact between the 
diabase and the eulysite.

The diabases also appear to have been mainly localized in that part 
°f the crystalline schists in which the limestone is embedded.

One narrow surface-exposure has proved the existence of a 
somewhat large diabase dyke, almost one metre in breadth, opposite 
the largest limestone quarry in the foot-wall of the limestone, but 
separated from this by an intrusive pegmatite-granite several metres 
wide.

The knife-edged contact between the gneiss and diabase is wanting 
on the side towards the granite; the pegmatite-granite and the diabase 
there having almost undergone fusion into coalescence.

I t  has been d ifficu lt for me to decide whether the granite or the 
diabase is the younger, there being no visible enclosures of the diabase 
m the granite, or vice-versa. Both the granite and the diabase have 
Penetrated along the plane of stratification between the limestone and 
the crystalline schists, this being the explanation of the occurrence 
°f diabase in the foot-wall of the pegmatite.

From the conditions existing in the field, the impression is gained 
that either the diabase has come, as a jmunger formation, into contact 
with the hardly solidified granite mass, or else that the granite has 
Partially fused the older diabase. In  favour of the view that the dia
base is the older, wTe have the fact that no traces of diabase dykes have 
been observed anywhere else in the gneiss-granite, although they 
exist in the amphibolite and garnetiferous crystalline schists. For
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its being the younger there speak, on the other hand, the circumstances, 
first, of its high percentage of potassium, which has possibly been 
assimilated from the gneiss-granite, and also, to a certain degree, i t3 
microscopical structure. The latter, as regards those parts of the 
diabase intersecting the crystalline schists, is very dense, forming an 
extremely fine-grained mass of biotite, hornblende, feldspar and a 
little  quartz — a determination of the constituent parts of which JS 
difficult, even with the aid of the most powerful objectives — and 
which shows a distinctive fluidal structure. There is sometimes found 
in the neighbourhood of the contacts, scattered »accidental» plieno- 
crysts of the plagioclase and quartz, which have been mechanically 
broken loose from the wall rocks. The nearer one comes to the 
pegmatite-granite, however, the coarser-grained does the crystalliza
tion become; at the same time that this latter partially assumes the 
ophitic solidification structure of the diabases. The structure never 
becomes fu lly  typical, it  is true; still, the lath-like feldspar is distinc
tive, or is replaced by recrystallized granular feldspar, where the 
arrangement of the grains in rows shows the old lath-structure.

I f  we were dealing here with a previously quickly solidified dense 
diabase which had been recrystallized by means of an accretion of 
heat, this secondary crystallization could hardly make its appearance 
otherwise than as a hornfels-structure, and not as an ophitic. A  
diabase, the slower consolidation of which had been caused by the 
vicinity of a warmer rock would, on the other hand, give the observed 
structure.

Without further observations it  w ill probably be impossible to 
assume a definitive position in this matter. I  prefer, however, to 
continue for the present to consider it  most probable that the diabases 
are younger than the pegmatite granite-gneiss, but that they have in
truded at a period when the latter was not yet fu lly  consolidated and 
while it  still retained a great portion of its heat. On account of the 
partial recrystallization the diabase has consequently rrndergone, I  
have distinguished it as a m e t a d i a b a s e .

An analysis of the metadiabase, executed by Dr. N. S a h l b o m  w ill 
be found under I  in the following table.
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1 l a i r I I I IV V

Si02 , 51.20 % 85.33 52.03 % 51.15 % 49.94 % 52.61 %
Ti02 ................ 1.10 % 1.37 1.59 % 0.44 % 0.58 % 0.50 %

.................... 0.40 % 0.28 0.19 % — 0.37 % 0.30 %
■^a03 ................... 17 .1 9  a 16.85 15.28 % 15.92 % 16.13 % 14.64 %

................... 2.20 % 1.37 3.59 % 9.34 % 1.11 % 1.36 %
FeO 7.20 % 10 .0 0 8.73 % 2.87 % 6.38 % 6.75 %
MnO . 0.07 % 0 .1 0 0.30 % 0.09 % — 0.30 %
CaO 9.70 % 17.32 7.59 % 10.40 % 12.82 % 7.30 %
% 0 ................... 7.39 % 18.47 5.37 % 6.48 % 9.14 % 7.20 %
K20 ................ 1.93 % 2.05 1.12 % 1.61 2 1.38 % 0.95 %
Na20 .................... 0.53 % 0.85 2.46 % 1.19 % 0.37 % 0.82 %
S 0.25 * 0.78 FeS2 0.14 % — FeS2 0.14 % S.0.10 %
c o 2 .................... 0.12 % 0.27 — 0.06 % — 3.40 %

a 2°  + . . 0.G0 * 3.33 1.34 % 0.11 % 1.45 % 2.70 %
HjO — 0.15 % — — — 0.20 % —

100.03 * 99.73 % 99.66 % 100.01 % 98.93 %

/ O II CG 0.09 % 0.04 %

99.94 JIS 9S.89 %

Specific weight: 2.986 (Eckekmann) 3.19.

k  Metadiabase f r o m  Mansjon. Anal. N. S a h l b o m .

1 a. Molecular proportions of I.

Quartz-diabase from Kallsholm, FoglS. Anal. AY. AYa iil .

■ H I. Quartz-diabase, granopbyric. Seven Pagodas, Madras, East Indies ( R o s e n b u s c ii).

IV. Diorite from Dillburg, Hessen. Anal. K, M. J e n e .

V. Chersantite f r o m  Laveline, Vosges ( R o s e n b u s o h ).

Os a n n ’s system gives:

s =  56.0 A  = 1.9 a =  2.0 n =  7.3
C =  8.9 C =  8.0 lr =  1.1

F =  22.4 f  =  20.0

which places the rock nearest the type 87 Baste (s30.5 a2 c; 5 £>0-5) 
although the s-value is too high. In  Os a n h ’s last work (25) there 
are placed within this group, norites and gabbros, while nearest in 
imposition comes the bronzite-norite from Crystal Falls, Michigan.
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A ve ra g e  s ize
M o de  o f  C ry s ta ls

Quartz . . . 7.02 Q u a r tz ................ . . 14.1 % 0.10 m m

Orthoclase . 
Allrite . . .

11.68
4.72 2 Sal. 62.06 %

Plagioclase . . . .  
Ab14 An86 . . . .

' j-33.4 % 0.3 0 >

Anorthite . . 38.64. B io t i t e ................ . . 19.1 % 0.20 »

Diopside . . 
Hypersthene.

5.41
24.95

U r a l i t e ................
Hornblende. . . .

' J-29.5 % 0.30 »

Magnetite . . 3.25 A p a t i te ................ . . 1.0 % 0.05 »

Ilmenite . . 2.13 2 Fern. 37.11 % P y r ite .................... . . 0.5 %■ 0.10 »

Apatite . . . 0.93 Ilm e n ite ................ . . 2.2%. 0.15 >

Pyrite . . . 0.44. 99.8 %■

n 2o + . . . . . . 0.60 % Excess H 20  . . . . . 0.1 %

C02 . . . . . . . 0.12 % Excess C02 . . . . . 0.1 %

5)9.89 % 100.0 %

In  the quantitative system, therefore, the metadiabase w ill lie on 
the border between.

Class I I ,  Order 5, Rang 4, Hessare and sub-rang 1—2 and 
Class I I I ,  Order 5, Rang 4, Auvergnase and sub-rang 1—2.

There it  cannot be arranged by the sides of any previously classi
fied analysis, just as little as it  can be in O s a n n ’s . That which 
specially distinguishes the Mansjo diabase is its high percentage of 
potassium as compared with the proportion of sodium. The diabase, 
given for the sake of comparison under I I ,  from the Finland lime
stone deposits, shows in this respect the normal reverse condition. 
Under I I I  and IV , on the other hand, I  have given a quartz-diabase 
and a diorite, where the potassium-percentage is predominant. While 
in the quartz-diabase from Seven Pagodas this excess of potassium 
does not equal that of the Mansjo diabase, the latter finds a qualita
tive counterpart, however, in the diorite from Dillburg. This latter 
analysis is quoted from W a s h in g t o n ’s work (38) where it  w ill be 
found under Class I I ,  Order 5, Rang 4 and sub-rang 4.

The dyke-rock from Mansjo, consequently, is chemically closely re
lated to the granodiorites, and the relationship with the lamprophyres 
of the latter becomes clearly visible too in the analysis of the cher- 
santite from the Vosges, given under V. An apparent pseudo-cher- 
sentitic microstructure can, too, be sometimes observed in the vicinity 
of the gneiss-granite, by the occurence in the fine-grained groundmass 
of rather large biotite crystals, the secondary crystallization of which 
is probably due to the addition of potassium.



-The mineral composition also lies on the border between the cher- 
santites and the uralitic quartz-diabases. I t  is given in the mode 
above, which has been obtained in the following way:

The feldspar- and quartz-percentages were first determined geo- 
Metrically by some ten thin-sections, the figures thus obtained being: 
feldspar 33.4 %; quartz 14.1 %, and the mineral composition was cal
culated from the analysis with the assistance of these figures. In 
working out the problem it has been assumed that the entire potas
sium-percentage was associated with the biotite, and the whole of the 
sodium with the albite. The biotite has been calculated as being 
extremely potassic, in accordance with the schematic composition: 
H2O . 2K20 . 3A120 3 . 12MgO . 12Si02, while the hornblende has, 
correspondingly, been assumed to possess the following composition:

f 2 MgO • CaO • AL,03 • 2 Si02 
| CaO ■ 3 FeO • 4 Si02 
( 2 H.,0 • A1203 • 4 Si02

The C02 percentage has been disregarded.
The mode determined by the above method agrees astonishingly 

well with the geometrical checking determination, which gave:
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Hornblende and B io tite  . . . : . ■ 49.0 %

Ilm enite and P y r ite ..................... . 2.8 %

A p a t i t e .......................................................  1.0 %

The somewhat too low feldspar percentage, and the somewhat too 
high hornblende-biotite percentage probably result from the error that 
May exist in the suppositions regarding the distribution of the al
kalis.

I t  is very probable that the biotite contains some little  part of the 
sodium, and the hornblende both a little sodium and some potassium. 
As separate analyses of those two minerals are wanting, however, I  
have kept to the estimated quantities.

The characteristics of the minerals are as follows:
The Q u a r t z  is the last crystallized constituent and occupies the 

intervals between the granulated feldspar »laths». As a rule, it is 
non-undulous.

Quartz also occurs as undulous phenocrysts near the contacts to
wards the gneiss-granite, these phenocrysts consisting of quartz- 
crystals that have been mechanically pried loose from the wall- 
rock.

The P l a g i o c l a s e  has been determined as possessing the mean 
composition; Ab i4 Ansc i. e., it  constitutes a basic bytownite. On

17—220270. G. F. F. 1922.
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microscopical examination, the composition has been found to v a r y  

between An92 and An78, the shell always being more acidic than the 
kernel. No determination, therefore, has taken place of the angle 
of the optic axis.

The bytownite occurs primarily in poly synthetic, twin-lamelledi 
lath-shaped Carlsbad twins. As already pointed out, however, this 
primary structure has been for the most part obliterated as a result 
of the contact action of the gneiss-granite, and has been replaced by 
a secondary granulation, where the phenocrysts of feldspar lie in rows 
in the spaces of the ancient laths. These spaces are also marked by 
the surrounding hornblende and biotite, similarly to the Atvidaberg 
(Sweden) metamorphosed diabases described by S U N D IU S  (33, 
p. 24).

The h o r n b l e n d e  is pale green, with pleochroism in blue-green- 
Its composition, calculated from the mode, is that given under I, 
viz:

[Mars—  A p ril 1922-

I I I

S i02 .......................... . 46.6 % 47.3 %

A I2O3 +  Fe20 3 . . . . 13.7 % 16.6 %

FeO +  MgO +  CaO . 38.8 % 34.7 %

h 2o .......................... . 0.9 % 1.4 %

109.0 % 100.0 %

For the sake of comparison I  have given, under I I ,  a similar 
analysis of hornblende from the amphibolite of the Orijarvi (Finland) 
field, carried out by E s k o l a  (12. p. 56) d

The maximum extinction of the hornblende in the prismatic sec
tions is 17°. The mineral is optically positive, and has a maximum 
birefringence (y — «) =  0.019. I t  is found in columnar prisms, often 
lying parallel to each other, the larger of which exceptionally shows 
pyroxenic limitation, thus characterizing the hornblende as an urali- 
tisized augite. The uralitisation may probably be ascribed to regional 
metamorphic influence from the gneiss-granite.

In  addition, hornblende also occurs as short green needles in the 
feldspar and among the grains of quartz.

The b i o t i t e ,  as compared with the hornblende, occurs to an in
ferior degree, but, in the neighbourhood of the gneiss-granite, towards 
the previously mentioned »fluidal contact», this condition of things 
is altered, and the biotite increases essentially at the expense of the 
hornblende. Simultaneously, zoisite is new formed in the contact,

Recalculated by me on a to ta l o f 100.



zircon is added and the quartz percentage is increased. The ophitie 
structure is completed obliterated.

i t  is evident that potassium has been supplied from the granite- 
ruagma, probably in the form of microcline-molecules, which, to
gether with the hornblende, have crystallized into biotite, zoisite and 
quartz.

In those parts of the metadiabase that intersect the gneiss, on the 
°ther hand, the biotite is exclusively primary and, as a rule, fluidally 
orientated along the direction of flow of the diabase (fig1. 12). I t  
lakes the form of small, brown, strongly pleochroic crystals without 
any very pronounced idiomorphism. But here, too, some few biotite- 
Prisms are larger and produce the above-mentioned apparent cher- 
santitic holocrystalline porphyritic structure.

I  he biotite composition calculated from the mode, gives the follow - 
1Rg values, as stated under I :
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I 11

Si02 ........................ . 39.9 % 37.98 %

AI2O3 +  Fe20 3 . . . . 21.5 % 19.39 %

FeO + MgO + CaO . . 26.8 % 29.54 %

K 20 + Na20 . . . . . 1 0 .8  % 7.39 %

H 20 ........................ . 1 .0  % 2.61 %

1 0 0 .0  %

Under I I ,  there is given, for the sake of comparison, an analysis 
of biotite from the chersantite from Gailbach, Aschaffenburg (Ro- 
SENb u s c h , E. d. G. p. 288) and the resemblance becomes at once
a p p a r e n t .

The o re  m i n e r a l s  consist of the ilmenite and pyrites stated 
nnder the mode. The ilmenite is in part surrounded by leucoxene, 
Specially towards the contact to the gneiss-granite. In a thin-section, 
there have also been observed some plainly developed grains of 
Utanite.

As the ilmenite chiefly occurs as idiomorphic tabular prisms within 
the hornblende, an explanation can be found of the intense titanite- 
leucoxene formation close to the gneiss-granite in the above-mentioned 
decomposition of the hornblende on reaction with mierocline, in which 
Process, a part of the CaO and Si02 which otherwise is engaged in 
the zoisite, is combined instead with the T i0 2 of the ilmenite. The 
remaining part of the iron in the ilmenite appears partly to be taken 
up by the leucoxene and also to contribute to the formation of small 
greenish-yellow grains of epidote.
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Summarizing the result of the examination of the Mansjo meta- 
diabase it  may be said, therefore, that, both structurally and from 
a mineralógica! of view, it  stands primarily on the border be
tween the quartz-diabases and the chersantites, while chemically d 
shows a marked consanguinity with the melanocratic dyke-rocks of 
the diorites.

This last circumstance carries one’s thoughts to the effusive diorito 
rocks of the neighbouring Loos-field, and it  appears not improbable 
that future investigation may lead to the determination of a genetic 
connection between the latter and the Mansjo metadiabase dykes. I n 
such a case there would also possibly be obtained an age-determina
tion which would place the gneiss-granite of the Mansjo Mt. in a defi
nite time-relationship to the Loos-field eruptives.

T h e  M an s jo  M t. S y n c lin a l Series.

As I  have already pointed out, the gneiss-granite envelopes and 
cuts through the whole of the older rock-series, which consists of con
cordant, alternating strata of g a r n e t i f e r o u s  c r y s t a l l i n e  
s c h i s t s ,  a m p h i b o l i t e s ,  p y r o x e n  e-g n e i  s s e s and 
l i m e s t o n e ,  intruded by h a r z b u r g i t e  and e u l y s i t e .

These rocks form the main massive of the north-west portion of the 
Mansjo Mt., where they occur in a great synclinal fold, the folding- 
axis of which strikes NW —SE, with a pitch of 20°—25° towards 
the NW.

As is seen by the map (PI. L X V I) the syncline is cut off in the 
south-east and north by the gneiss-granite, and fragments of the 
rocks of the former are found everywhere along the contacts (fig- 3, 
21). The gneiss-granite here (as far as the mountain has been map
ped) has followed the north-eastern border of the eulysite, quite 
as i f  the strongly femie composition of the latter should have con
stituted an essential obstacle to the intrusion of the salic magma. 
Possibly, the formation of iron-anthophyllite through the fixation of 
quartz by the fayalitic eulysite (p. 269), has locally increased the 
basicity of the gneiss-granite magma, i. e., has simultaneously in
creased its melting-point and caused its local solidification along the 
eulysite contact. In  support of this supposition there are two ana
lyses, carried out by me on samples of gneiss-granite taken two 
decimetres outside the contact (at points F—41 and H—41 on the 
map). They gave 68.55 % and 67.68 % Si02 respectively, which shows 
a considerable decrease in silica as compared with the value found

[Mars— A p ril 1922.
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by Petrén in normal gneiss-granite, viz.: 74.16 % Si02. I t  is probable, 
lowever, that the main cause of the gneiss-granite, on its intrusion, 
ollowing the eulysite contact is the sharply marked tectonic bound- 

ary the latter towards the easily assimilated pyroxene gneiss, gar
netiferous crystalline schists and the limestone connected with them.

On the farther side of the eulysite and towards the south-west, on 
the other hand, the syncline is beautifully preserved, although here 
and there splintered and intruded by the gneiss-granite and its pegma- 
titic dykes (fig. 2). Only the more important and reliably trace
able granite dykes have been entered on the map.

-fhe folding of the syncline is specially marked in the field by 
tbe green amphibolites and the garnetiferous »skarn»-belts surround- 
lng them, as well as by the weathered surface of the eulysite which 
'vith its low percentage of manganese, recalls that of the diabases. 
The direction of strike of the different rocks — with some small de
viations the result of unimportant secondary foldings — is every
where NW— SE, but the dip varies very much. A t the synclinal bend 
(about L—38 on the map,) it  is, practically speaking, undetermin
able, being dominated entirely by the smaller folds of the synclinal 
trough, while, on the other hand, the pitch of the synclinal axis there 
i'5 sharply marked (about 20°). I f ,  for example, we follow the 
north-eastern outcrop of the eulysite, the dip becomes steeper and 
steeper towards the south-west and, at the boundary of the mapped 
area, approaches 90°. I f  we follow the south-western outcrop of 
the eulysite, again, the dip increases in the same way towards the 
north-east.

The oldest rock at the bottom of the synclinal formation, is the 
garnetiferous crystalline schist, containing the interstratified lime
stone. I t  is true that the limestone is found only along a short stretch 
°f the strata-series but i t  is substituted in the continuation by py
roxene-gneiss, which latter, as may be seen both by the stratigraphic 
Position and also by the chemical and mineralogical composition (de
scribed later on) must be regarded as a lacustrine equivalent — richer 
in silicates -— to the more purely marine limestone deposit.

Intersected between the garnetiferous crystalline schists at the 
bottom and the pyroxene-gneiss higher up, lies the eulysite, which, 
from the observations and deductions mentioned later on, I  consider 
to be a younger intrusive in the stratified rock-system of the syncline.

Within the eulysite there appears in two localities — in the very 
bend of the syncline and also in the south-west limb — an undoubtedly 
eruptive magnesia-olivine peridotite which is intruded by the pegma-



titic  dykes of the granite-gneiss and, consequently, is older than the 
latter.

The pyroxene-gneiss covering the eulysite probably also consisted 
primarily of lacustrine marl. I f  we neglect the slight differences in 
the mineral composition which is the result of later metamorphic in
fluences of various kinds, there exists no essential difference, as w ill 
be shown later on, between the two pyroxene-gneiss layers, which, 
consequently, are genetically connected.

To the upper pyroxene-gneiss succeeds a garnetiferous crystalline 
schist strongly injected by pegmatites which, concordantly with the 
stratification, is traversed by amphibolites, which I  consider to be 
metamorphic intrusives. This pegmatitisation of the crystalline 
schists is evidently partly of essentially earlier date than the last 
intrusion of the microcline gneiss-granite, and must be fixed to the 
time of the development of the schistosity of the amphibolites and the 
folding of the syncline, as the injected gneiss has been cut across 
later on, with sharp contacts, by dykes of the gneiss-granite (fig. 4).

W ith the amphibolite and the crystalline schists alternate garnet- 
skarn beds which can be traced in the field as characteristic lines, 
the garnet-crystals through weathering of the rock, having been 
exposed at the surface; their different sizes, closeness and position in 
each horizon remaining unaltered for long distances (fig. 42).

The garnet-»skarn» constituting the reaction-zone between the 
amphibolite and the gneiss, assumes partially the type of a well de
fined garnet-rock, and its breadth, besides the distinctly marked con
tacts, justifies its entering on the map as a separate rock (fig. 43).

The north-western part of the mapped district of the Mansjo l i t 
is traversed at almost right angles to the line of strike by a distinctly 
marked fault which, consequently, is younger than the formation 
of the syncline.

The various rocks show an evident slip along the fault which can 
be observed in the field on the exposed garnet-»skarn» near the path 
from Mansjo Farm, just to the east of the charcoal-burners’ hut (»Ko- 
larkojan»), (fig. 43).

Younger Basic Eruptives.

The Harzhurgite.

The intrusive magnesia-olivine peridotite consists chiefly of olivine, 
hypersthene and hornblende, and can, consequently, be most imme
diately referred to the h a r z b u r g i t e s .
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I t  is exposed in its typical form close to Toppgruvan (Topp-Mine) 
v nere it is limited toward the eulysite by a surrounding belt of horn- 
 ̂cn e-rock, some centimetres broad (fig. 20). I t  is there intruded 
c a lei to the strike of the syncline, and is on every side surrounded 

by eulysite.
l i ^  a Secon<̂  locality, where it  has been exposed in the south-west 
1111 of the syncline, it  is greatly metamorphosed, and only the centre- 

parts contain the remains of the original peridotite, which is sur- 
r°unded by pyroxenitic marginal facies.

be following analyses I  and I I  of the pyroxenite and the original 
Peridotite, have been carried out by Dr. S a h l b o m :
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I I  a I I I I  a I l l IV V
% % % % % % %

SiOj . 45.17 75.28 44.57 74.28 42.96 47.09 43.85
TiOj . . . . 1.30 1.62 2.00 2.50 1.27 — 1.88
A120 3 . . . 10.09 10.48 10.12 9.92 8.11 16.99 9.07
^ e2^3 • • . 0.95 0.59 4.54 2.84 3.31 1.62 —
PeO . 8.25 11.46 8.34 11.58 10.36 3.60 10.75
MnO . . . . 0.12 0.17 0.12 0.17 0.23 — —
CaO . . . . 7.70 13.75 8.90 15.89 9.65 9.20 7.90
MgO. . . . 23.51 58.87 20.52 51.30 19.30 19.92 23.40
K 20 . . . . 0.19 0.2 0 0.22 0.23 0.11 0.25 0.54
Na20 . 0.47 0.76 0.72 1.16 0.24 0.50 1.30
PA -  . . . 0.22 0.15 0.10 0.07 — — 0.38
s ............ 0.53 1.65 0.06 0.19 0.06 — —
h 2o . . . . 0.59 3.28 0.15 0.83 3.46 0.83 1.62
Cr2o3 . . . O.oo — O.oo — 0.24 — —
V . O.oo — trace — I120 0.05 — —

99:69 100.36 99.35 lOO.oo 100.69
- o = s . . 0.19 0.02 0.02

99.50 100.34 99.33

Spec. wt. .
(Eckekmann)

3 . io o 3.206

b Pyroxenite from locality G — 12, Mansion, south-western syncline-limb. Anal 
N. Sa h l b o m .

t  a. Molecular proportions of I.

tb  Harzburgite from Toppgruvan, Mansjoa. Anal. N. S a h l b o m .

H a. Molecular proportions of I I.

t i l .  Peridotite (Rossweinose) from Pyhalampi, Suomisjarvi, Finland. Anal. P. E s k o l a .
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IV . Ariégite, Etang de Lherz, Pyrenees ( K o s e n b u s c h ) .

V. ’Picrite feldspatique’, Vallée de Papenôo, Tahiti. Anal. M. P i s a n i  (Bull- Soc.
Geol. Fr. Tome X, 1910, p. 119.

Osann ’s system, the rocks obtain the following values:

I. H.

(Locality: G — 12) (Locality: Toppgruvan)

............................... 44.4 44.5
A ........................... 0.5 0.8

C ............................ 5.5 5.0

F ........................... 43.6 43.9
a ........................... 0.5 0.5

c ........................... 3.5 3.0
f ........................... 26.0 26.5

k ........................... 0.8 0.8

n ........................... . 8.0 8.7

T y p e .................... . 78. Orange Grove 78. Orange Grove

T y p e -F o rm u la  : (•*47-5 a0-5 C3-5 ^2g) ( S47-5 a0-5 C3-5 ^ s)

The quantitative system’s norm and the modes of the rocks are 
given below:

I

Norm
%

Mode
%

Average size 
of crystals

m m

Orthoclase . . . . 1.11 E d e n ite ................ . 26.5 0.2

Albite . . . . . . 4.19 ■ S Sal. 31.71 Diopside................ . 70.5 0.3
Anorthite . . . . . 26.41

Pleonaste . . . . 0.3 0.05
Diopside . . • . . 8.12

Hypersthene . . . . 22.96 Ores................... . 2.7 0.1,

Olivine . . . . . . 30.88

Magnetite . . . . . 1.39 : HFem. 67.31

Ilmenite . . • . . 2.43

Apatite . . . . . . 0.65

Pyrite . . . . . . 0.88J

H20 ................ . . 0.59

9!). 61 100.0
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I I

Norm
%

Mode
%

Average size 
of crystals 

m m .

Orthoclase . . 1.111 E d e n ite ................ . 51.0 0.2
Albite

Anorthite

Piopside
. . 23.63 
. . 15.60

■ 2 Sal. 31.03 Hypersthene . . . 

O l iv in e ................

. 36.0 

. 11.0

2.0

' 1.50

Hypersthene . . . 19.31 Pleonaste . . . . . 0.3 0.05
Olivine

Magnetite .
. . 23.51 
. . 6.50 > 2 Fem. 69.16

Ores....................... 1.7 0.1

Pnienite . . 3.80
Apatite .
Pyrite . . . . 0.11
H20 .

100.34 100.0

Consequently, both the peridotite and pyroxenite are placed in 
Class IV , Order 1, Suborder 4, Section 3, Rang 1, Subsection 1, 
Subrang 2. W e h r l o s e .

When determining the mode with the guidance of the microscope, 
the olivine-percentage in the peridotite was taken at 11 °/°, obtained by 
geometrical analysis.

The mineral-composition is that given in the mode, and has been 
checked by measurements in accordance with RosiWAL. The follow
ing determinations have been made of the optical character of the 
different minerals:

The O l i v i n e  is optically negative with slight axial-dispersion, 
Q >  v. I t  is unaltered, with the cleavages pigmented by ore-mineral, 
Probably ilmenite, which clothes the walls of the cleavages in thin 
coatings of a dendritically shaped opaque film, with slightly trans
parent dark-brown borders, (titanite?).

Mansjö
(Eckermann)

2 Vxa (Obs.) =  (—) 84D.V 
2 V Na (Cal.) =  (—) 84M6' 

(y — /î )n a (Obs.) =  0.0180 
(ß — «)Na (Obs.) =  0.0216 
(y — «)Na (Obs.) =  0.0396 

«Na (Cal.) =  1.6754 
/?Na (Obs. =  1.6970 
/Na (Cal.) =  1.7150

O rijärvi
( E s k o i .a )

2 V =  90° nearly

/?Na (Obs.) =  1.674
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I  have been unable to carry out any determinations of specific 
weights on account of the d ifficu lty of obtaining a sufficient amount 
of pure material free from ore-mineral and hypersthene.

According to H. B a c k l u n d ’ s results, with N. M a g n u s s o n ’s modi
fication (21), this olivine, then, should contain about 22 % of the 
fayalite-molecule, or 40.5 % MgO, 20.6 % FeO, and 38.9 % Si02. I n 
this calculation I  have paid consideration, first to the position in 
M a g n u s s o n ’s diagram assigned to the mineral by the axial angle, 
and, secondly, to the fact, that, like the rest of the minerals given by 
B a c k l u n d  and M a g n u s s o n , the refraction-indices would lie some
what lower than the curve of the diagram, corresponding to the ana
lyses. As, in this latter case, the negligible amount of manganese in the
Mansjo Mt. rock in the shape of tephroite-molecules would probably 
not play any role in the matter, I  have assumed, in explanation of 
this deviation, an addition of titanium-olivine molecules (Mg, Fe)2 
(Si, T i)0 4, in which assumption I  am supported by the concentration 
of the ilmenite in the olivine crystals.

The olivine crystals are found in sizes varying from 0.5 mm. to 2 
mm. in diameter, with an average size of 1.5 mm. In  some few in
stances they show a twinning along (O il) . The mineral’s charac
ter of »original phenocrysts in the peridotite magma is beyond doubt» 
quoting E s k o l a ’s remarks in reference to the olivine of the Orijarvi- 
peridotites. The crystals still exhibit their idiomorphic crystal-bound
aries, though with greatly corroded and rounded corners (fig. 14). 
They show up on the surface of the rock as plainly apparent, evenly 
distributed lustrous patches, which, against the background of the 
otherwise dark-green rock, glitter with a peculiar reflection, similar 
to that of hematite (fig. 13).

The olivine is surrounded partly by edenite which, generally, 
appears to be a metamorphic product, but mostly by hypersthene 
which, evidently, primarily, when still flu id corroded the olivine. In 
fig. 16 I  have photographed such an ellipsoidal-shaped remainder 
of an olivine crystal surrounded by hypersthene. In  the peridotitic 
remains inside the pyroxenitic marginal-rock, the olivine has also 
been partially altered into a strongly grass-green serpentine.

The H y p e r s t h e n e  is optically negative with positive elonga
tion. The dispersion of its axis is almost unnoticeable, with Q >  v- 
The absorption is similar to that of the bronzite from Orijarvi. 

a =  pale pink >  (i — colourless =  y =  colourless.
As a rule it  is unaltered, with enclosures of green pleonaste and 

ore minerals, in the shape of sharp-edged crystals, mainly pyrite and
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magnetite. The dendritic coatings of the cleavages were previously 
mentioned when describing the olivine, but they are also found here. 

Re optical determinations are as follows:
Mansjo-hypersthene

(Eckermann)
2 VNa (Obs.) = (—) 77°55' 
2 VNa (Cal.) =  ( - )  77°26' 

O' — /S)Na (Obs.) =  0.0045 
(/*— re)Na (Obs.) =  0.0070 
(y  — «)Na (Obs.) =  0.0115 

«Na (Obs.) = l.(!87(o) 
/?Na (Cal.) =  1.6940 
/Na (Cal.) =  1.6985

Orijarvi-bronzite
(Eskola)

2 VNa (Obs.) =  85°

(/? — «)Na (Obs.) =  0.6081

1.680
1.688
1.698

Judging by the angle of the optic axis consequently, the hyper- 
sthene contains about 18 % FeO, 27 % MgO and 55 % Si02.

Jhe hypersthene occurs as crystals with a diameter up to as much 
as 5 mm. The prismatic cleavages, and the cleavages along (100) 
and (010) are evident. The mineral appears to have formed the 
niain part of the primary magma from which the olivine crystals have 
crystallized, and is found, not only as large crystals, but also in the 
form of small grains everywhere in the dense matrix of the peridotite, 
which latter, in addition, consists of small crystals of edenite.

In patches and along the edges of the crystals the hypersthene is 
often found to be strongly metamorphosed into edenite, which is 
formed especially around the pleonaste grains enclosed in the hyper
sthene, which pleonaste, consequently, has probably been »amphi- 
bolized» in accordance with the reaction:

4 (Mg, Fe, Ca) Si03 + (Fe, Mg) (Al, Fe)204 = (Mg, Fe, Ca)3 (AI, Fe)2 Si30 12 + 
Hypersthene Pleonaste Amphibole

+ (Mg, Fe)2 Si04.
Olivine

This reaction presupposes the absence of an excess of silica. I f  the 
tatter be present, hypersthene is formed instead of olivine and the 
formula is simplified to:

2 (Mg, Fe, Ca) Si03 + (Fe, Mg) (Al, Fe)2 04 + Si02 = (Mg, Fe, Ca)3 (Al, Fe)2 Si30 I2

The olivine, which recrystallizes according to the first reaction, 
can be observed beneath the microscope in the form of small patches 
°f serpentine, which may be interpreted as secondary alterations of 
fhe same. Along the contacts against rocks which are poor in silica, 
such as eulysite and amphibolite, we thus ought to expect not only 
fkat, on the complete metamorphism of the whole of the hypersthene 
into edenite, the primary olivine would not be attacked, but also that
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secondary olivine would appear. This is actually the case, as is 
shown by fig. 15, which is a microphotograph of a thin section from 
the contact between the peridotite and the eulysite, at locality 
J—41. In such a case the secondary olivine always occurs altered 
into serpentine, while, as a rule, the primary mineral fu lly  
retains its characteristic crystal-limits, and its character of pheno- 
crysts. v ■ : '# !! %

The hypersthene, too, in its larger crystals, often presents idio- 
morphic columnar prismatic contours which are corroded like .those 
of the olivine, and are found as phenocrysts in the fine-grained, 
groundmass with its rather large proportion of amphibole.

Judging by the optical determination, the proportion MgO: FeO 
is not the same in the hypersthene as in the olivine, but 1:1.5 as 
compared with 1:2. To a certain degree, this is in conflict with 
previous experience, the proportion usually being almost equal in the 
same rock (cfr. V o g t , 36. p. 535), but it  agrees with E s k o l a ’ s 
observations of the bronzite and olivine in the peridotite from Pyha- 
lampi in the Orijarvi (Finland) field. As, however, the amount of 
titanium present, as well as other chemical differences in the compo
sition of the olivine, mas' play a certain role, it  w ill hardly be 
possible to decide without undertaking a chemical analysis of the 
two minerals whether any difference really does exist.

The E d e n i  t e is optically negative, with sharply marked inclined 
dispersion and Q <  v. A  thin section shows the absorption:

a z=  colourless <  /? =  brownish gray-yellow §2 y — grayish green, 
with very pronounced pleochroism. The determination of the angle 
of the optic axis had to be carried out by* construction in consequence 
of its high value and the individual colour of the mineral, which, even 
i f  comparatively weak, rendered all readings of the scales at rotation- 
angles above 35° on the microscope unreliable.

The following values were obtained:
Mansjo

( E c k e k m a n n )

2 V na (Obs. and constr.) =  (—) 88°50'
2 V N a (Cal.)

O ' — /S)Na (Obs.) 
(/Î — «)Na (Obs.) 
O ' —  « ) n a  (Obs.) 

« N a  (Cal.) 
i#Na (Obs.) 
/ N a  (Cal.) 

c : y

(—) 87°30' 
O .o ii 
0.012 
0.023 
1.628 
1.640 
1.651 
16°

Orijarvi
( E s k o l a )

2 V  (Obs.) 90° nearly.

O ' — « )N a  =  0.020 — 0.023 

/?Na (Obs.) =  0.635 

14’

The average size of the crystals is 0.2 mm., seldom more.
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, edcnite occurs partly as an evident metamorphic product of 
® yperstliene of the peridotite and the diallage of the pyroxenite, 

f,n Parfiy  as the main constituent of the fine-grained gioundmass of 
^ie Pyroxenite. Even if, in the latter case, the characteristic occurence 

he edenite gives the impression of its being a primary constituent
0 he magma, still, it  must have been altogether recrystallized into
1 s Present granoblastic structure.

In the case of the Pyhalampi (Orijarvi) bronzite-bearin^- amphi- 
0 e-perid0tite, which strongly recalls the Mansjo harzburgite, 
J !K°LA (11. p. 96) has, too, assumed the possibility of such a 

Primary — but afterwards recrystallized — amphibole.
On the other hand, one should not neglect the possibility of the 

Primary mineral-association in the peridotite having consisted of 
 ̂ *Vlne> hypersthene and anorthite, according to which hypothesis the 
eJmspar and the uncrystallized remainder of the olivine would have 

reacted to form amphibole in accordance with the formula:

B d 44. H  3 — 4 .]  ROCKS AND MINERALS OP THE MANSJO MT.

CaAl2S i20 8 +  (MgFe)2S i0 4 =  (MgFe)2CaAl2S i30 12 
A north ite  O liv ine Amphibole

A ndersen (1. p. 449) shows that, in all probability, the theo
retical melting-diagram of the system Anorthite-Forsterite-Silica, 
holds good, too, for the saxonite magmas. Supported by his ob
servations regarding the Norwegian peridotites, C a r s t e n  extends 
tllis assumption to cover peridotite magmas with up to 10 % Fe in 
the olivine and pyroxene minerals. I  am of opinion, however, that 
the Mansjo harzburgite gives examples of the analogy holding good up 
t° as much as 16 % Fe.

According to the melting-diagram, therefore, the olivine, in a 
magma of this composition, as a result of the large proportion it 
bears to the whole mass, must in the first place crystallize when the 
temperature falls, to be afterwards redissolved and hypersthene be 
formed. As during this process of resorption (corrosion of the primary 
olivine crystals) the formation of hypersthene probably continues 
chiefly in the solution around the olivine crystals, the latter w ill 
thereby be protected from further resorption, in the same degree that 
the hypersthene crust grows, and w ill also be displaced to a distance 
from each other at least as great as the thickness of this crust, so 
that the crystals, consequently, w ill be about evenly distributed 
throughout the magma.

Equilibrium, then, being disturbed by this prevention of resorption, 
there w ill finally arise a residual solution with an excess of olivine 
Molecules as compared with the melting diagram.
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In  the course of this process, and under atmospheric pressure, there 
should ensue, as a result of the excess of anorthite over olivine, a 
crystallization of melilite- and spinel minerals. This, however, has 
not taken place as, from what is shown later on, the spinel must have 
been formed in some other way. V o g t  has shown instead (36. P- 
527), the probability of the existence of an eutectic boundary-line 
between olivine and plagioclase, at 0.34 Olivine: 0.66 Plagioclase (Abi 
An5), so that one should be entitled to assume that, in the first place, 
the residual solution of the Mansjo peridotite has had a tendency 
to crystallize between the hypersthene-protected olivine phenocrysts 
and the hypersthene crystals as an olivine-anorthite eutectic. Re
crystallization has subsequently taken place as a result of the con
centration within the residual solution of the magma water, as well as 
from the action of pressure and conditions of temperature. Whether 
this recrystallization has taken place partially or entirely during the 
solidification and cooling of the rock, or whether it  is the result of 
a later regional metamorphism, can hardly be decided with certainty. 
From the granoblastic structure of the edenite, it  seems to me most 
probable, however, that the crystallization of the last-named mineral 
took place chiefly after the solidification of the rook, although the 
idiomorphic contours of some edenite crystals as compared with those 
of others, point to incipient crystallization as early as in the residual- 
solution stage.

The primary and scarcely altered character of the other minerals 
of the rock speak against extensive regional metamorphic influence.

The s p i n e l  is a dark-green pleonaste, and occurs chiefly as en
closures in the hypersthene, as well as in a smaller degree in the 
matrix of the rock. I  have already pointed out its amphibolizatioa 
which, in those instances where the whole of the hypersthene has 
been transformed into edenite, has led to the complete disappearance 
of the spinel.

I f  we take for granted the primary mineral-composition of the 
peridotite-magma assumed above, then the formation of the spinet 
may be imagined to have occurred — possibly as a result of the inter
rupted redissolving of the olivine — through a part of the CaO of 
the anorthite having been added to the hypersthene as CaSi03, while 
the corresponding MgO percentage has been engaged by the A120 :!, 
according to the reaction-formula:

(4 (Mg, Fe) S i03l . n
CaAl2Si20 8 + (Mg, Fe) S i03 + 2 (Mg, Fe)2 Si04 = j Ca g i^  J+ (Mg, Fe) A120 4

Anorthite Hypersthene Olivine Hypersthene Spinel

[Mars— A p ril 1922.
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Analyses of Hypersthene containing CaO are found, for example, 
m  D o e l t e r , Mineralcliemie.

Hie D i  o p s i  d e is optically positive with evident dispersion of the 
axis and q <  v.

Pleochroism is not noticeable, and the mineral, in thin-sections, is 
colourless, and, in rock-specimens, a faint yellowish-green.

^he following optical determinations have been carried out:
Mans jo  

( E c k e r m a n n )

2 Vxa (Obs.) =  55° 35' 
2 Vxa (Cal.) = 54° 52' 

( /  — /S)Na (Obs.) =  0.0179 
(P — «)Na (Obs.) =  0.0066 
O' — «)xa (Obs.) =  0.0245 

«Xa (Cal.) =  1.6734 
/SNa (Obs.) =  1.680(0) 
^Na (Cal.) =  1.6979 

c : y  = 39°

Orijarvi . 
( E s k o l a )

2 E (Obs.) = 89° 56' 
2 V (Cal.) =  50°

(y —  a) =  0.023 — 0.025 

/SNa =  1.683 

about 45°

While, according to E s k o l a , the Orijarvi mineral clearly shows 
fhe fine partings along (100) of the diallage, the basal section of the 
Mansjo mineral presents nothing but a corresponding coarse and 
occasional cleavage. The lower extinction-angle and the higher angle 
°f the optic axis probably place the last-named mineral closer to the 
normal diopsides, whose optical characteristics i t  does not altogether 
share, however.

f ’ke size of the diopside crystals is, as a rule, only 0.2 mm, and 
the crystal boundaries are i l l  defined, with rounded corners, negative 
crystal faces and granular character. In  certain amphibole-free 
streaks within the pyroxenite, however, the diopside has crystallized 
m larger dimensions, of up to 0.5— 1.0  mm, displaying an elongated 
Prismatic form and is distinctively idiomorphic in respect to the horn
blende.

As already mentioned, the diopside forms the chief constituent 
in the reaction-zone of pyroxenite separating the peridotite from the 
neighbouring, more acidic rocks, crystalline schists and gneiss- 
granite.

That, in this instance, the pyroxene is a secondary mineral which 
has not formed part of the original succession of crystallization may 
he seen by the agglomerations of ore-pigments, which, distributed 
Patchlike among groups of adjacent diopside crystals, show the situa
tion of the original crystals of olivine and even, to some degree, the 
former limits of these latter (fig. 17).
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Spinel and the ore-minerals in general, also occupy similar places 
among the »ghostly traces» of the olivines, to those they have in the 
peridotite.

Granulous diopside having been formed instead of hypersthene, no 
protecting crust has crystallized around the olivine phenocrysts, the 
result being that the latter have been entirely redissolved.

I t  is a matter of greater d ifficu lty to explain why diopside has 
been formed at the contacts instead of orthorhombic pyroxene. There 
has been no important addition of material at the contact, as is 
evident from a comparison between Analyses I  and I I  of pyroxenite 
and peridotite respectively. Neither can the; pyroxenite marginal 
rocks have arisen in consequence of differentiation, in agreement with 
the explanation given by C a r s t e n  of corresponding rock in the con
tact between the Norwegian peridotites and the norites (6. p. 61).

The only possible explanation seems to me to be, that the water 
content of the peridotite magma has accumulated at the contact and 
that, consequently, the magma along the contact has been transferred 
into an aqua-magmatic solution of pegmatitic character.

As I  shall later on endeavour to show when dealing with the 
question of the eulysites and also when treating of the pyroxene dykes 
in the Mansjo limestone quarry, both of these rocks have been formed 
by the aggregatic crystallization of such a pegmatitic aqueous solution 
of anchi-moaomineralic composition on a sudden fa ll of pressure.

As soon as we grant that the peridotite-magma is of such a mono- 
mineralic composition and that the schists absorb the water, there 
are at once obtained the characteristics proving the analogy to the 
above mentioned rocks, — and the instantaneous crystallization of 
the magma, whose solidifying temperature has been lowered by the 
aqueous solution, must lead to the formation of a granular diopside 
rock (cfr. pp. 291, 395).

The »original minerals» in the peridotite-magma (as they were 
formerly considered) •— anorthite, olivine and hypersthene — com
bine in the residual solution ( if  we except the spinel which has 
already crystallized together with the ore-minerals), to a medium 
diopsidic composition, as w ill be seen by the following equations:

Anorthite =  CaAl2 Si208 = S i02.

Olivine =  2Mg2 Si04 = M g o /

\  ’

Ca S i03 + (A1203) 

Mg S i03

2Mg Si03 +  (MgO) 

(Mg Fe) S i03 
Diopside (Spinel)

Hypersthene =  (Mg Fe) S i03 =
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A support for this explanation of the course of the reaction is 
a so found in the four times higher percentage of water in the
Pyroxenite.rrn

. e o r e- m i  n e r a 1 s, which consist, as already pointed out, of 
Pj-nte and magnetite, occur, like the spinel, chiefly in the hypersthene. 
_.ley have segregated from the magma at an early stage, but not pre- 
- ous to the original olivine-phenocrysts, and are frequently assembled 
8'e ier as aggregates, showing a marked synneusis-structure (»to- 

8e ler swimming») — (this term has been proposed by J. H. L.
OGt, 3G. p. 321). The dendritic crystals of the ilmenite, on the 

° . ler hand, occur both in the olivine and in the hypersthene. The ore- 
PJgmentation in the olivine must be regarded as secondary.

Ihe sequence of crystallization of the minerals, consequently, is 
s own by what has been stated above, to be as follows:

Olivine phenccrys.ts — ore-minerals and spinel — hypersthene — 
e enite (eutectic olivine-anorthite).

The peridotite-rock is dark grayish-green, dense and hard, with 
ivine- and hypersthene-crystals giving a speckled appearance. Its 

Pyroxenitic marginal phase is a. light grayish-green, granulous and 
r _fe rock, with some solitary darker amphibole-bearing parts. The 

Peridotite is most certainly of younger date than the gneisses and 
an]Phibolites of the Mansjo syncline, having cut them discordantly.

lowards the eulysite, it  is clearly intrusive at the Toppgru- 
van, while the conditions existing at the south-west limb of the 
syncline do not permit of clear evidence being obtained in the matter. 
Pe surface-covering being too deep, and the exposures too few. In 
°th cases, however, there exists between the peridotite and the euly- 

she a sharply defined contact, distinguished by the thin layer of 
Wrnblende rock, already mentioned.

This hornblende is evidently a contact-formation; it  is rich in iron 
and has the following optical characteristics:

c : y =  U°, 2 Y  (Obs.) =  (—) 80°5', (y — a) (Obs.) =  0.021.

I t  exhibits strong pleochroism in green tints with normal absorption. 
Pdging from the low value of the angle of the optic axis, the mag- 

Pesia percentage, too, is high, and the hornblende grades towards 
cununingtonite.

Against the hornblende-rock, the peridotite has a schlieric appea- 
rance, and the olivine phenocrysts have arfphgod^themselves parallel 
to the contact, giving the impression of k  fhj^gl'Structure. I  con- 
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sider that such a structure would be impossible i f  the peridotite were 
older than the eulysite.

As is shown by my investigations, therefore, the Mansjo Mt. harz- 
burgite is in close agreement with the peridotite of the Orijarvi- 
field, although the olivine and rhombic pyroxene of the former are 
richer in iron. The same may be said about the »Picrite feldspatique» 
of Tahiti, described by Lacroix1 — the analysis of which is found 
under V ■— even i f  the latter carries a higher percentage of alkalis- 
The peridotite, too, is in close chemical agreement with the Pyreneean 
ariegite previously mentioned (IV ) for the sake of comparison, al
though, mineralogically speaking, the latter does not show any rela
tionship.

The Mansjo harzburgite shares, too, the pyroxene border-rock of 
the Norwegian peridotites, but in contrast with these, it  possesses an 
olivine and rhombic pyroxene richer in iron, in addition to a more 
primary and less metamorphic structure. While, according to C a r - 
STEN, the Norwegian peridotites have been submitted to an extreme 
regional metamorphism accompanying a synclinal folding into the 
crust of the earth (C. p. 39), and also to a subsequent diaphtoritic 
metamorphism, leading, inter alia, to more or less complete conversion 
of the olivine mineral into serpentine and to the formation of magne
site, talc and clinochlore, the Mansjo peridotite, on the other hand, 
after intrusion, has been but slightly transformed. This slight meta
morphic action seems in part to have been dynamic during the very 
process of solidification, the olivine-crystals having been orientated 
chiefly in the direction of strike of the syncline, still, without ex
hibiting any cataclastic features indicating that this orientation 
should liave occurred after the groundmass of the rock had solidified. 
I t  also appears as i f  this metamorphic action could partly be referred 
to the intrusion of the gneiss-granite, in the course of which process, 
possibly, the heating of the whole of the surrounding mountain rocks 
has led to that regional increase of temperature necessary for the 
previously assumed recrystallization of the olivine-anorthite eutectic 
into edenite.

The gneiss-granite cannot, in other respects, have caused any 
very great metamorphic changes in the composition of the peridotite, 
as may be seen at the »Toppgruvan», where a pegmatitic dyke cuts 
the peridotite at right angles to the strike, without any other notice
able result than the formation between the two rocks of a sharply 
defined narrow belt of grunerite-»skarn», a few millimetres or, at 
best, some centimetres wide.
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1 Quoted by P. Quensel, Bull. o. G. Inst, of Up:ala, Vol. X I, p. 287.
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The E u lys ite .

General D escrip tion  and Chemical Composition.
I t  is strange that B l o m b e r g , on his visit to Mansjô Mt., did not 
serve the eulysite, the dark banks of which, immediately above the 

imestone, can hardly escape immediate observation. I t  is possible 
lat he mistook them for a diabase dyke which he did not consider it  

Worth while to mention. The typical eulysite of the Mansjô Mt., can 
e observed at two places in the field, without any removal'of the 

covering morainic gravel, viz., on the gradually sloping high plateau 
owning the north-west part of the mountain, where the north-eastern 

°f the syncline is cut by the denudation-plane, and also imme- 
rately north-east of the central limestone quarry (PI. L X V I) in the 

VerY fold of the syncline. In the south-western limb of the syncline, 
011 the other hand, the eulysite is entirely hidden by an earth-covering.

An analysis of this eulysite, made on a general sample taken from 
fhe occurrence last-mentioned, has been carried out by D :r N . Sa h l - 
Bom;, and the results were published last year in the Transactions 
°f the Swedish Geological Society (10). I t  is also given here, under 
I> in the appended Table. For the sake of comparison there have 
Deen added some known analyses of corresponding rocks, as well as 
ihree new analyses, IV , V  and V I, carried out by D :r N . Sa h l b o m  
and the author, of iron-anthophyllite-bearing eulysite from the north
eastern limb of the syncline; of eulysite from the Mansjô ironmine 
(the north-western limb of the syncline) and of the neighbouring 
eulysite from Hagermansdalen, on Loberget.

i

%

I  a I I
%

I I I

%

IY

%

IV  a V

%

V a V I

%

V ia

Si02 . 37.06 61-77 38.12 26.85 46.72 77.87 44.48 74.13 35.27 58.78
T i0 2 . 0.16 0.20 0.03 0.02 trace — O.oo — 0.12 0.15
PA  . . . 0.38 0.27 0.44 0.02 0.51 0.36 0.47 0.43 0.20 0.14
Ah 0 3 . . . 0.80 0.78 2.01 0.78 0.98 0.96 0.44 0.43 0.30 0.29

PeA .  • . 3.01 1.88 1.10 12.10 1.41 0.88 0.00 — 0.50 0.31
BeO 46.36 64.38 24.00 53.02 40.20 55.84 48.17 66.92 57.81 80.29
MnO . 5.01 7.06 20.29 4.36 0.32 0.45 0.54 0.76 0.21 0.30
CaO . 2.47 4.41 7.87 0.43 6.27 11.20 1.29 2.30 0.79 1.41
MgO . . . 4.37 10.92 5.80 1.53 3.19 7.97 4.00 10.00 4.31 10.77
K20 . . . 0.30 0.32 0.16 0.30 0.19 0.20 0.07 0.07 0.06 0.06
Na20 0.37 0.60 0.11 0.21 0.22 0.35 0.09 0.15 0.10 0.16
CrA -  . . 0.08 0.05 0.00 — 0.00 — — — — —
B A  . . . — — O.oo — — — — — - • —
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I

%

l a I I

%

I I I

%

IV

%

IV  a V
%

Va V I

%

V ia

NiO . . . 0.01 0.01 —

BaO . . . — — trace trace — — — — — —
S ................. — — 0.09 0.89 0.51 1.59 0.77 2.40 0.45 1.41

H20 + . . 0.20 1.11 0.18 0.20 0.00 — 0.47 2.61 0.21 1.17

C02. . . . — — — — trace — — — — —

100.57 100.21 100.72 100.52 100.79 100.33
-  0 =  S . 0.83 0.19 0.30 0.18

100.39 100.33 100.49 100.15
h 2o -  . . — —- 0.27 — 0.25

Spec. w t. . 4.212 3.92 4.3 3.895 3.915 4.283

For I, IV , V a n d  V I th e  s p e c if ic  w e ig h ts  h a v e  b ee n  d e te rm in e d  b y  th e  w r i t e r  
a n d  f o r  I I  a n d  I I I  b y  P a l m g r e n .

I. Eulysite from Mansjo Mt. Anal. N. S a i i l b o m .

I  a. Molecular proportions of I.
I I .  Enlysite f r o m  Stora Utterviks Hage, Tunaberg. Anal. M a u z e l iu s  (Upsala

Bull. Vol. X IV , p. 196).
I I I .  Eulysite from Gillinge, Tunaberg. Anal. M a u z e l iu s  (Upsala Bull. Vol. X IV ,

p. 208).
IV . Eulysite rich in iron-anthophyllite from Mansjon; locality: the north-east

l im b  o f  th e  s y n c l in e .  A n a l .  N. S a h l b o h .

IV  a. Molecular proportions of IV.
V. Eulysite from the Mansjo ironmine, rich in anthophyllite and griinerite.

Anal. N . S a h l b o m .

V a. Molecular proportions of V.
V I. Eulysite from Hagermausdalen, Loberget. Anal. II. v. E c k e r m a n n .

V I a. Molecular proportions of V I.

Osastn’s system gives the following values for the respective ana
lyses :

1 IV V V I
40.4 49.8 45.1 40.5

A ........................ 0.5 0.3 0.1 0.1
C ........................ 0.0 0.3 0.2 0.2
F ........................ 58.5 49.0 54.3 59.0

a ........................x 0.5 0.0 0.0 0.0
c ...................  . O.o 0.0 0.0 0.0
f ........................ 29.5 30.0 30.0 30.0

n ........................ 6.7 6.7 10.0 10.0

k ........................ 0.7 1.0 0.8 0.7

M (G b u b e n m a n n ) 2.8 6.9 1.2 0.8

T (G r u b e n m a n n ) 0.0 0.0 0.0 0.0



which refer all the eulysite rocks to the type 101 Dun Mts (type- 
nuia: s35-s ao co i'30) on the border towards the type 94'Zakharowka
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(type-formula: 542-5 a O C0-5 f29,)-

In G r u b e n m a n n ’ s system the analyses place the eulysite under 
r°np X I: »Mesomagnetite Docks».

In the quantitative system, the following norms were obtained:

1 Quartz . 
Orthoclase 
Albite

An°rth ite
Acmite . 

Diopside .

Bypersthene
d iv in e . 

Magnetite. 
pyrite  . 

Bmetiite 

Apatite

V I

1.67
2.62

1.11
| S Sal- 4.29 % 21Q

0.56
2 Sal. 5.16 %

1.05
0.56

H Sal. 1.89 2.1.05
■2 Sal. 1.61 %

l . l l j 0.28
0.46
7.53 23.18 2.91 2.73

30.13 67.92 81.96 26.26
52.37

4.18
> 2 Fem. 95.80 %

2.09

10.95
> Fem. 95.38 %

67.32

• H Fem. 98.12 2 0.70 2 Fem. 98.41 %

0.88 1.32 0.77
0.30 0.30
0.33 1.31 0.98 0.33

100.09 %

This refers the rocks to: 
Class V 
Order 1 

Section 3
Rang p 

Subsection 1 

Subrang 4

Class V 
Order 1 
Section 1 
Rang 1 
Subsection 2 
Snbrang 3

100.54 %

Class V 
Order 1 
Section 1 
Rang 1 
Subsection 1 
Subrang 4

100.01 %

Class V 
Order 1 
Section 4 
Rang 1 
Subsection 
Subrang 5

100.09 %

I°r all of which subrangs there is no name.
Analyses I  and V I being typical of the eulysites and the first deter

minations of these rocks that have been published classified in the 
quantitative system, I  would propose that the typical places they 
occupy in this system should be named: for subrang 4, below sub
section 1 and section 3, »E u 1 y s i  t o s e», and for subrang 5 below 
subsection 1 and section 4, »L o b e r g 0 s e».

As regards the position of analyses IV  and V  in the system, I  have 
not ventured to propose any name, the rocks not being preponderately 
Primary but representing -— as w ill be shown below — eulysites 
partly metamorphosed by the assimilation of silica.
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W ith the assistance of the microscope there have been determined 
from the analyses the following modes, which are given together with 
the average size of the crystals of the respective eulysites:

I IV V V I

Mode
%

Size of 
crystals 

mm
Mode

%

Size of 
crystals 

mm
Mode

%

Size of 
crystals 

mm
Mode

%

Size of 
crystals

mm

Fayalite . . . 57.60 0.8 11.9 0.5 10.6 0.5 66.3 08

Pyroxene . . . . 15.20 0.5 — — 2.0 0.4 3.8 0.4

Iron-anthophyllite 17.40 1.0 41.2 3.0 64.0 4.0 26.6 1.0

Hornblende . . . 8.00 0.5 22.9 1.0 3.7 0.5 1.2 0.3

Griinerite . . . — — 11.0 0.4 17.1 0.8 — —
B io tite ................ — — — — — — — —
Almandite . . . — — 6.1 0.2 0.4 0.1 — —

Q uartz................ — — 4.8 0.2 — — ' — —
Apatite . . . . 0.30 0.1 1.3 0.1 0.9 0.1 0.3 0.1

O res.................... 1.50 0.1 0.8 0.1 1.3 0.1 1.8 0.1
100.00 100.0 100.0 100.0

I t  is true that the eulysite of Loberget given under Y I  is 
not locally connected with the eulysite of the Mansjo Mt,, but it 
can be compared with it  genetically, having been encountered in solid 
rock in the general line of strike of the Mansjo synclinal, and not 
being more than 6 kilometers distant from the latter. I t  has been 
included in the Table partly because it  is the only known analyzed 
eulysite occurring in the province of Helsingland outside the Mansjo 
Mt., and also because it  is found without any demonstrable con
nection with limestone beds, a point of decisive importance for the 
following discussion of the genesis of the eulysites.

I f  the Mansjo analysis, I, be compared with the above-given Tuna- 
berg analyses, I I  and I I I ,  it may be said to form the connecting link 
between the latter, although, as regards the manganese-percentage, 
it  is more immediately related to the Gillinge analysis.

The structure of the Mansjo eulysite is almost massive and I  have 
been unable to find in the typical eulysite at Mansjon the schistosity 
of the Tunaberg-eulysite (26. p. 195) observed by Palm g reh  — the 
garnet and sulphide ores being stated by him as being arranged along 
structural planes. On the other hand, I  have noticed in Lober
get a small streak of schistose eulysite, intersecting strongly pressed
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gneiss, in which eulysite the garnet presented a similar arrangement. 
t appeared to me, however, as i f  this should undoubtedly be referred 

00 a secondary recrystallization schistosity, and not to a primary 
stratification. This opinion of mine is supported, too, by the nature 
°f the garnet of this rock being that of a recrystallized mineral.

Instead of showing a marked development of schistosity along the 
general strike of the rock, the Mansjo eulysite displays, on the other 
nand, in those instances where it  does not appear massive, a columnar 
crystallization at right angles to the strike. This is a result of a 
secondary mineral growth at right angles to the intruding gneiss- 
granite apophyses, which as a rule follow the strike of the syncline.

The actual mineral-composition is seen from the above-given mode, 
to which there must be added, in certain marginal facies, biotite, talc, 
serpentine, chlorite and epidote minerals.

Microscopically, the structure of the massive eulysite is seen to be 
holocrystalline (Analyses I  and V I)  and granular without any dis
tinct crystal-faces of the minerals, with the exception of the apatite, 
however, which is found as rounded crystals showing badly developed 
surfaces. The apatite appears to constitute the earliest crystallized 
component, being included in all the other minerals. The small flakes 
°f hornblende f i l l  up the spaces between the granular fayalite- and 
liopside crystals. Consequently, although distinctive structural 
idiomorphism does not exist, still I  consider, on the basis of the 
microstructure, that the following sequence of crystallization has 
most probably taken place:
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a p a t i t e

fayalite 
anthophyllite 
diopside 
ore-minerals 

-griinerite—secondary ore-m ineral s

hornblende— secondary anthophyllite—

This order is also confirmed by the observations I  have made in 
the field and which, at the contacts towards the gneiss-granite and 
the pegmatite-injected crystalline schists, show the successive trans
formation of the eulysite into anthophyllite and griinerite »skarn». 
There is reason, therefore, to ask whether the anthophyllite and 
griinerite existing in the massive eulysite are not secondary forma
tions. The same appears to me to be the case as regards the garnet, 
which, in the central parts of the eulysite massive, at a distance from 
the pegmatitic gneiss-granite- and the gneiss contacts, is altogether 
wanting.

In this latter point, my observations, and also my idea as to which
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minerals should be regarded as the normal constituents of the rocks, 
diverge from P a l m g r e n ’s typical eulysite composition. In addition 
to fayalite and diopside, P a l m g r e n  also gives garnet (spessartite- 
almandite) as a principal mineral, while, according to my investiga
tions, the pure eulysite forms an anchi-monomineral or anchi-eutectic 
rock which consists in the main of nothing but the ferro meta- and 
orthosilicates: fayalite and anthophyllite; the diopside, apatite and 
ore-minerals being accessory.

One day last summer (1921) I  had the opportunity of studying 
the Sôdermanland (Sweden) eulysites at Stora Uttervikshage, and 
consider it most probable that their undoubtedly greater percentage 
of garnet must be ascribed to a more advanced stage of metamorphism 
and not to a primary, genetic difference between the eulysite rocks 
of Tunaberg and Mansjô Mt.

The quarrying and diggings carried out at Stora Uttervikshage 
during the course of the Great War in the search of a suitable 
manganese ore for the Swedish iron works, have explosed the eulysite 
and the surrounding rock there in a manner extremely favourable to 
observation. Its typical cleavage at right angles is in agreement 
with that of the Mansjô rock (cfr. my photographs fig. 20 and fig.
33). There is wanting in the Mansjô eulysite, though, the about 
evenly spaced vertical schistosity-planes, sharply marked by the con- )■ 
centration of garnet and mica and by pyritic impregnation (cfr. 
fig. 33). This stronger accentuation of one of the directions of 
cleavage at Tunaberg is evidently the result of secondary mineral- 
crystallization along the cleavage surfaces, formed under the stress 
produced by regional dynamic metamorphic action, which also ac
counts for the formerly mentioned apparent stratification in the 
microstructure, observed by P a l m g r e n . In  this respect, therefore, 
there exists no primary difference between the eulysites of Soder
manland and those of Halsingland.

The percentage of manganese, on the other hand, is, as w ill be seen 
by comparing the analyses, considerably higher in the Tunaberg euly
sites. This shows up in the field through the bluish-black weathering 
rock-surfaces (mangano-hydrate), which gives the smooth cleavage- 
surfaces at Stora Uttersvikshage the appearance of being covered by 
sheets of steel. This blue weathering surface is replaced at Mansjô 
by a red-brown one of iron-oxide recalling the weathered exposures 
of the diabases. The lower the percentage of manganese, the more 
pronounced becomes the rust-coloured weathering of the Mansjô- 
eulysite. While for instance, the colour of the weathered exposure 
of the manganese-rich eulysite above the »Stora Kalk-brottet» is a

[Mars— A p ril 1932.



dark violet brown, in the manganese-free north-eastern limb of the 
syncline, it is a light red-brown.

orresponding observations have been made by P a l m g r e n t  in 
respect to the Gillinge eulysite compared with the Tunaberg eulysite.

10 high amount of manganese, which, in consequence of P a l m g e e n ’ s 
escription of the Sodermanland occurrences, has been considered as 

a ^eafure typical of the eulysites, appears, however, from the 
investigation of the Mansjo field, to be a detail unconnected with the 
genesis and the typomorphic composition of the eulysites.

While, in the very fold of the syncline, the Mansjo eulysite con- 
ains up to as much as five per cent MnO, both the limbs of the 

syncline — like the Loberg eulysite —- are characterized by an 
almost total absence of manganese. A  comparison shows:
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M nO .

Stora Utter- 
vikshage 
Tunaberg

20.29

»Utsikten> 
[(The View) 
Mansjo Mt.

5.01

Gillinge
Soderman

land

4.36

Locality 
C — 4Ô 

Mansjo Mt.

0.32

Loberget.
Helsingland

0.21

nr a variation of nearly 20 % MnO, without the fundamental type of 
the rock being altered.

The somewhat greater percentage of diopside in the Soderman
land eulysites, does not, probably, constitute any essential funda
mental difference between them and the eulysites of Hâlsingland. 
The diopside-percentage evidently stands in direct relation to the 
CaO-percentage, and with the explanation of the genesis of the euly
sites that they are a n c h  i-m o n o m i n e r a l i c  h y d a t o g e -  
Ueous p e g m t i t i c  r e s i d u a l  f a y a l i t i c  s o l u t i o n s ,  
to which I  have been led by my investigations (p. 291), the varying 
CaO-percentage of the eulysite can be easily explained as depending 
°n the rock-series into which it  is intrusive.

A t Tunaberg, the intrusion has occured in close connection with 
the limestone layer, and, in the north-eastern limb of the Mansjo syn
cline, in direct contact with the calcareous pyroxene-gneiss, so that 
m both cases the residual solution, before solidification, may have 
easily absorbed CaO from the wall-rocks.

In  the very fold of the Mansjô-syncline, on the other hand, the 
eulysite is separated from the limestone by a sharply defined acid 
gneiss (crystalline schist) while, in Loberget, as far as I  have 
been able to determine, limestone is altogether absent. The 
eulysite makes its appearance in the latter locality together with 
a metadiabase which, probably, is younger than the eulysite and of 
the same age as the metadiabase of the Mansjo Mt. I f  this assump
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tion.is right, no absorption of CaO from the metadiabase can, con
sequently, have been possible. The Loberg eulysite as far as I  have 
been able to discover from the extremely limited outcrop, is, besides, 
immediately surrounded by garnet-bearing crystalline schists, in
truded by granite apophyses.

Thus, even i f  a limited amount of diopside may possibly be con
sidered primary in the eulysite (as CaCl2 in the hydatogeneous 
magma), the main part of the diopside in the Tunaberg-rock and 
of the limbs of the Mansjo syncline — in which latter it  has, to a great 
extent been altered into hornblende — constitutes, most likely, a secon
dary addition of material of later age than the primary separation of 
the pegmatitic eulysite residual-solution.

The differences in the percentages of diopside do not, therefore, 
constitute any essential distinction between the eulysites previously 
described by P a l m g r e n , and the Mansjo eulysites.

In  addition to this, the minerals in the rocks of the various loca
lities show such near agreement, both micro-structurally, chemically 
and optically, that, from this point of view, too, one is compelled to 
adopt the view of a congruous genesis and primary material.

Before proceeding to discuss the genesis of the eulysite, therefore, 
I  give below the result of my investigations concerning the minerals 
of the Mansjo-rock, as compared with the determinations obtained 
by P a l m g r e n .

The M inera ls of the E u lys ite .
[ F a y  a l i  t e .

Like the Tunaberg-fayalite, that of the Mansjo Mt. shows a slight 
pleochroism in thicker sections:

P =  ligh t greenish-yellow >  a =  y =  whitish-yellow

and a strong axial-dispersion q >  v, necessitating the execution of 
all determinations in monochromatic light. Optical character: nega
tive. The determinations gave the following values:
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I. I I.

H a n s j o . H a n s j o .
( E c k e k m a n n ) ( E c k e k m a n n )

Axial angle (Observed) . 2 VTa =  ( - )  51-02' ‘  2VTa = ( - )  49=13'
2VHa = (-)5 r5 2 ' 2VNa= (-)5 '0 “2 r

Birefringence . =  ° -0093 ( / - / % a ( 0bs) =  °-0090
( A -^ a iO b s )  =  0.0401 (/S -«)Na(°bs) =  0.0405

( / —«)Na (0bs) =  0.0494 ( / —«)Na (0bs) =  0.0495

Refraction yNa(°bs) =  1.874 yNa(Cal) =  !-874
/?Na (Cal) =  1.865 /9Na (Cal) =  1.865

«Na (Cal) =  1.825 «Na(Obs) =  1.824

I I I . IV .

T u n a b e r g . R o c k p o r t .
( P a l m g r e n ) ( P e n f i e l d  & F o r b e s )

Axial angle (Observed) . — —

2VNa = (—)50.8° 2 V N a  = ( - )  49-50'

Birefringence....................
( / - ^ N a ( ° b s )  = ° -009 ( Y - P )  Na = 0.0095

0S -« )Na (Cal) = 0.040 ( / * - “ )sra =  ° -0405

( y - « ) Na (Cal) = 0.049 ( y ~ ah a  = ° -0500

Refraction.................... — /Na = R«736

— /%a =  1-8641

— « N a  = R«236

I- Fayalite from eulysite from >Utsikten> (The View) Hansjo Mt. Anal. N:o I.
I I .  Fayalite > » > north-eastern lim b of the synclino. Anal. N:o IV.

I I I .  Fayalite > > rich in manganese from Tunaberg.
IV- Fayalite > Rockport, U. S. A.

The birefringences found for the Mansjo-fayalite, like the refrac
tions determined by immersion, are in very close agreement 
with the Rockport-fayalite. The Tunaberg values were determined
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by P a l m g r e h  from a variety rather rich in manganese. In  the 
case of a fayalite from Gillinge with a lower percentage of manganese, 
P a l m g b e n  found:

2Vua — (—) 51.3

which is pretty nearly in agreement with the angle of the optic axis 
found by me for fayalite N :o I.

The angle of the optic axis of the Rockport-fayalite is somewhat 
lower, but i f  we calculate the angle from the birefringence values for 
Mansjo and Rockport we obtain:

and

I I I I V
M a n s jo M a n s jo R o c k p o r t

h ' -  P -  2 5 °4 3 ' 2 5 1 4 ' 2 5 °5 0 '
f t  —  a

* V k .  =  ( - ) B I W ( - )  5 0 °2 8 ' ( — )  5 l ° 4 0 '

which shows a better agreement than the angles observed. The for
mula used, is, of course, somewhat approximate, but the approxima
tion is the same in all oases, and does not effect the comparison.

For the purpose of elucidating in greater detail the chemical posi
tion of the two different Mansjo-fayalites as compared with that 
of Tunaberg, Professor P e t r é n  carried out at my request a man
ganese determination of mineral N :o I, which I  had picked clean with 
the assistance of a magnifying glass. I  have made a corresponding 
analysis of mineral N :o I I  myself, and I  have also determined the 
percentage of MgO in both instances. The results of these investiga
tions were:

Mansjo N:o I Mansjo N:o I I Gillinge T u n a b e r g Rockport

(Petk k n : 
v. E ckekmann) 

anal.

(E ckermann)
anal.

(Ma u zelius :
P almgren)

anal.
(Mauzelius)

anal.

(Pen field
F okbes)

anal.

M n O  . . . 4 .5 8 0 .4 2 4 .9 2 6 .5 1 0 .7 2

M g O  . . . 2 .0 5 1 .3 5 2 .3 2 4 .3 9 —

2 V N il(O b s ) ( —)5 1 °5 2 ' ( - ) 5 0 o2 L ' (—)5 1 .3 ° (—)50.8° ( —)49°50'

The Mansjô-fayalite N :o I, from the eulysite in the synclinal fold, 
is, consequently, both chemically and optically identical with the 
Gillinge-fayalite of lovrer manganese-percentage, described by P a l m >  

g r e n t .
The Mansjô-fayalite N :o I I ,  on the other hand, from the mangan-



- - P ° or eulysite of the north-east limb of the syncline, resembles 
le ^ockport (Mass.) fayalite, the percentages of the manganese and 

magnesium being lower and the axial angle having declined 1° 31', 
lus approaching the angle observed by P e n f i e l d  and F o r b e s . In 

contrast with the determinations of these two writers, however, there 
exists in the case of the Mansjo-fayalite N:o I I  a better agreement 
etween the observed and the calculated values.

Vv bile P a l m g r e n ,  consequently, has found in the Sodermanland- 
ysite a diminution of the fayalite’s axial angle associated with 

ai1 increase in the percentage of manganese, I  have discovered an 
mcrease possibly caused by the last factor. By means of axial 
angle determinations of the fayalite in six different thin sec
tions of eulysite taken in the field at the localities J—40, I —41, 

41, G—41, F—39.5 and E—40 (compare the map), I  have 
Proved a variation between the values of fayalite I  and fayalite I I  
which, in all probability, is the result of varying manganese percen
tages in combination with the percentages of magnesia.

4 4 0  I  41 H 41 G  41 F 39.5 E 40

2VNa(-)51e5t;' (—)51°31' (—)51"10' (-)51°15' (-)50”50' (-)50'35'

■̂ he above-mentioned fayalites I  and I I ,  consequently, form the 
respective maximum and minimum angles of the optic axis discovered 
So far in the Mansjo fayalites.

The cleavages of the Mansjo fayalite along (010) are well devel
oped; those along (100) are not so good.

Twinning occurs very rarely, and only in one single case has a 
triple-twin been observed. I t  is possible that the far more numerous 
occurrence of twinning at Tunaberg is connected with the great 
schistosity observed there, so that, consequently, the phenomenon 
aPpears to be the result of mechanical pressure.

Along the cleavages, the fayalite is sometimes pigmented by ore- 
niinerals, probably magnetite.
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The D io j i  s ide.

I  have been unab le  to  observe a n y  m easurable a x ia l d ispersion. 
The co lour is  a fa in t ,  l ig h t  y e llo w is h  green, w ith  y >  a =  P and the  
o p tica l characte r p o s itive . The o p tic a l ch a ra c te ris tic  va lues, de te r
m ined on the d iopside  o f the e u lys ite  o f a n a lys is  N  :o I  fro m  » U t- 
s ik ten» , com pared w ith  those o f the  T unabe rg  d iopside  are as fo l lo w s :



Mans jo  Tunaberg
( E c k e r m a n n )  ( P a l m g r e n )

A n g le  o b s e r v e d .. . . . . . . . . . . . . . . . . . . . . . . . . .  2 V n .i  =  5 5 °3 8 ' 2  V  n  a =  5 6 .5
> c a l c u l a t e d . . . . . . . . . . . . . . . . . . . . . . . .  2 V x a  =  5 5  3 6 '  2 V N a  — 5 5  4 6

B i r e f r i n g e n c e .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (P — « h a  (O b s .)  =  0 .0 0 7 5  (P— “ ) (O b s .)  =  0 .0 0 7
(y—a )N a  (O b s .)  =  0 .0 3 4 5  (y — a) (O b s .) =  0 .0 3 2
( / - / ? ) N a  (C a l. )  =  0 .0 2 7 0  ( y ~ P )  (C a l . )  =  0 .0 2 5

R e f r a c t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  “ Na (O b s .)  =  1 .6 8 7 7  —
/?N a (C a l. )  =  1 .6 9 5 2  ■— -
yN a (O b s .)  =  1 .7 2 2 2  —

Angle of ex tin c tio n .....................  c : y  =  40°.5 c : y =  41.6
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On the whole, then, there prevails a good agreement between the 
two minerals. The well-developed prismatic cleavages are also in 
agreement; as are the cleavages along (010) and the fine close part
ings along (001). The plane of the optic axis is parallel to (010).

Consequently, I  have not thought it  necessary to check the optical 
agreement by carring out any comparative analysis, but have deter
mined the specific weight, which is 3.550. Mauzelius obtained 3.544 
as the sp. weight of the Gillinge-diopside.

In  some grains the diopside displays evident alteration to a dark- 
green hornblende and sometimes encloses along the cleavages a brow
nish-black pigment.

A 1 m a n d i t  e.

The garnet mineral is beautifully wine-red, its comparatively high 
rose tin t pointing to a low manganese-percentage (cfr. P a l m g r e n  1. c. 
p. 171). In order to satisfy myself of this, I  made an analysis of 
material taken from the eulysite one decimetre from the contact 
against a granite pegmatite dyke at »Utsikten», which was picked 
as clean as possible. Professor P e t r ^ n  has kindly made an analysis 
of the garnet, which was found in the form of well-defined crystals in 
the pegmatite-contact itself. The results were:

i  ir  h i
M a n s jo  M a n s jo  T u n a b e r g

( E c k e r m a n n ; a n a l. )  ( P e t r e n ; a n a l . )  M a u z e l i u s ; a n a l. )
g iO ^  ...............................  36.53 % 38.34 % 37.21 %

T i02 ’ ........................ 0.21 % 0.08 % 0.02 %
A1 o ...........................  18.83 % 20.24 % 19.37 %
F e O ...................................  26.62 % 27.66 % 23.48 %
ï ’e20 3 . ............................  2.49 % O.oo % 2.56 %
MnO............................... 10.05 % 8.02 % 11.04 %
CaO ...................................  4.05 % 4.80 % 5.75 %

M gO ...................................  0.95 % 1-15 % 0.58 %

H aO i .................................... 0.20 % 0 .00 %______________ 0-15 %

99.93 % 100.29 % 100.16 %

Specific w e i g h t ................ 4.109 ( E c k e r m .) 4.094 ( E c k e r m .) 4.115
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I f we neglect the titanium percentage and the excess of silica 
contained by Analysis I I  — the latter being the result of quartz 
interpositions -— the composition of the Mansjo garnet is calculated 
r°m the analyses to be as follows:

I I I
A ndrad ite ....................... . . . 8.2 % —

Grossularitc.................... 3.6 ^ 12.8 %
P y ro p e ........................... . . . 3.2 % 4.0 %
A lm a n d ite .................... . . 61.8 % 64.6 %
S pessa rtite .................... . . 23.2 % 18.6 %

100.0 % 100.0 %

Ihe mineral, consequently, like the Tunaberg garnet, is a man- 
Sanese-almandite, which grades into spessartite, although the man
ganese percentage is somewhat lower than in the latter. As has 
already been pointed out, the almandite does not form any normal 
constituent of the eulysite, but is a new product, found sometimes

' as in the Mansjo eulysite — along the contact towards the peg- 
matitic-apophyses of the gneiss-granite, and sometimes — as in 
Loberget (and Tunaberg), — along the planes of schistosity.
_ l i  the course of development of this secondary mineral a concentra

tion of the manganese seems to have taken place, the manganese- 
Percentage of the almandite being twice as much as that of the- 
fay alite.

A-S w ill be shown later on (p. 269), the fayalite is altered into iron- 
anthophyllite by assimilation of silica. We should consequently 
expect the iron-anthophyllite to have proportionally assimilated the 
manganese-percentage of the fayalite, but this has not been the case, 
however.

I t  appears to me, therefore, as i f  the iron-anthophyllite, in the 
Presence of alumina, possessed but a limited capacity to assimilate 
the molecule MnSi03, either as a solid solution or as a compound 
s a l t .

For, simultaneously with the addition of alumina and silica to 
the fayalite in consequence of the metasomatic decomposition of the 
Pegmatite, the fayalite is recrystallized, in all observed contacts 
without exception, into manganese-poorer iron-anthophyllite and 
manganese-richer almandite.

This enrichment of the manganese can be imagined as taking place 
in accordance with the following greatly schematized reaction:

Fe.SiO,M
i 0 4 I

Fayalite rich in 
Manganese

+ 2Si02 + A120 3 =  FeMn2A l2 (S i04)3 + FeSi03

Spessartite Anthophyllite
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Under the microscope, there can also be observed how the garnet, 
in its limits towards the fayalite, always presents convex surfaces 
which have eaten into the fayalite, while the newly formed iron- 
antophyllite, towards the contacts, is frequently poikilitically inter- 
grown with rose-coloured almandite. The greater the distance from 
the eulysite proper, the darker and the poorer in manganese does the 
garnet become, but even far from the contacts in the very pegmatite- 
dykes, which, in themselves, are poor in manganese, we encounter 
beautifully developed almandite crystals with a higher manganese 
percentage than that of the fayalite.

The biotite enters into the mineral association simultaneously with 
the almandite or, as a rule, somewhat closer to the pegmatite contact 
than the latter. The appearance of the biotite is only a natural con
sequence of the metasomatic decomposition of the feldspar (cfr. 
p. 327).

As a rule also, the alumina appears to intrude farther into the euly- 
site (reckoning from the contact) than does the liberated alkali, which 
latter is bound mainly in the sharply marked mica-formations al
ready in the contacts, or in their immediate neighbourhood.

The formation of the garnet also appears to take place, partially 
at least, at the expense of the diop side which, in the eulysite which 
has been transformed into anthophyllite-rock, completely disappears. 
I t  is true on the one hand, — as I  have previously mentioned (p- 
264) — that the diopside is partly metamorphosed into hornblende 
but, on the other hand, a reaction appears to take place through the 
addition of alumina and the powerful contact-action from the peg
matite dykes, which probably has the following schematic sequence:

3CaSi03 I Ca3A l2 (Si04)3 j
3MgSi03 i  + 3A120 3 =  'Mg3A l2 (Si04)3 1 
3FeSi03 J Fe3A l2F(S i04)3,J
Diopside Garnet

The andradite-, grossularite- and pyrope-molecules of the garnet 
are probably chiefly due to this reaction.

Another thing that attracts our attention in Analysis I  is the 
comparatively high percentage of titanium. Judging by this, as 
compared with the titanium-percentage of the eulysite (0.16 %), the 
titanium seems to be concentrated in the almandite through the re
crystallization of the rock.

I t  has been impossible to determine with exactness the refraction 
of the garnet by the method of least deflection, in consequence of 
the impossibility of obtaining a grain of mineral sufficiently large

[Mars— A p ril .1922-
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| or manufacturing a prism. According to N i k i t i n  s method, 
rowever, it has been determined, to two places of decimals, at

1.81 >  N Xa >  1.80

I r o n - n n 1 Ii o p li y 11 i t e.

pleochroism is weak, with
7 — very lig h t green >  ft — greenish-yellow >  cc =  whitish-green.

I'he optic angle was found to be so large that only the exit of 
°ne axis could be observed with a sufficient degree of accuracy by 
employing the theodolite-microscope’s hemispheres of n =  1.515. 
ihus, on the occasion of my first examinations, 1920, the principal 
Planes of the ellipsoid of elasticity were determined and the optic 
anffle was obtained, by the construction in stereographical projection 
°f the second axis. A fter having obtained glass-spheres of higher 
refraction, I  repeated the determinations with a greater possibility 
°f obtaining correct results, but I  give them both, lor the sake of com
parison. The optical determinations made were on iron-anthophyllite 
taken from the neighbourhood of the pegmatite-contact, and also of 
iron-anthophyllite obtained at a distance of two metres from the con
tact.

C' t h  H . 3— 4 .] ROCKS AND MINERALS OF THE MANSJO JIT.

M a n s  j o M a n s jo T u n a b c rg

Iron-anthophyllite from Anthopliyllite near the Iron-antho
the enlysite pegmatite contact phvllite
( E c k e r m a n n ) ( E c k e b m a n n ) ( P a l m g r e n )

l’tP ai>gle, observed
2 Yxn. —89 6’and constr. 2 V x a = (-)8 0 o45' 2 Vxa =  -

observed 2 VNa =  (-)8 0 r30' 2 Vxa =  (—)75’08' —

’ calculated 2 V x a = (—)79"32' 2 V x , i= (—)7GW —

BircfringenCe . (Obs.) =  0.013 O '-d A a  (Obs.)=0.0124 -

(,<?-«)xa (Obs.) =  0.009 (3 —a )sa (Obs.) = 0.0076 —

fraction immersion
(7 -« )xa  (Obs.) = 0.022 O'—«)nh (Obs.) = 0.0200 (/' — «)xa — 0.0200

j'Na (Cal.) =  1.G88 7'Na (Cal.)= 1.G85G —

0Nft (Obs.) =  1.075 (RtionT’  (01's-) =  1-6732 —

«Na (Cal.) =  1.C66 «S» (Cal.) = 1.6650 —

t  he mineral shows evident dispersion of the optic axis w ith  Q >  
As was the case w ith  PALMGREN’s iron-anthophyllite I  have ob
served, in addition to the typical prism-cleavages of the amphiboles, 
cleavages along (010) which is the plane of the optic axis. The 

19—220270. G. F. F. 1922.
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elongation is positive, the mineral negative, and the optical orienta
tion, consequently, in almost immediate agreement with g e d r i  t e, 
so that I  would have suggested the name »iron-gedrite» as being, from 
an optical point of view, the one most in accordance with the optic 
phenomena. As D o e l t e r , however, has attached this name to the 
iron-aluminahearing gedrites proper, it  w ill probably be found most 
suitable to retain P a l m g r e n ’s term i r o n-a n t  h op h y 11 i  t  e.

My observations, accordingly, agree with the values of P a l M> 
GREN’ s iron-anthophyllite, excepting as regards the optic angle, which 
PALMGREiT found considerably greater. I  have, however, thoroughly 
examined several thin-sections of the rocks I  have taken from Tuna- 
berg, without being able to discover any rhombic amphibole with the 
high angle of the optic axis mentioned by P a l m g r e n . I t  seems 
to me, as i f  we might find the explanation of this in the correction- 
constants employed by P a l m g r e n  in his determinations, but which 
cannot be correct as they are based on the assumption that the mineral 
has a refraction of ft =  1.64.

I  have not met with any rhombic amphibole in my thin-sections 
from Tunaberg with this refraction, but in every instance I  have 
found it considerably higher, being somewhat lower than that of the 
diopside, and about the values I  found for the Mansjo-mineral.

This ought to be expected, too, i f  we compare the Tunaberg-mineral 
with the normal anthopliyllite and gedrite, which are richer in mag
nesia, taking into consideration the higher iron-percentage of the 
former.

I  have not had an opportunity of carrying out any complete com
parative analysis as regards the two Mansjo-minerals I  have exa
mined and the Tunaberg-mineral. Such an analysis would, too, be 
attended with considerable difficulties, as I  imagine it  would hardly 
be possible to isolate the one type of anthopliyllite from the other 
with sufficient exactness. Between the two there also exists a con
tinuous series of anthophyllites with varying percentages of alumina 
and, possibly, of magnesia as well, which variation optically finds 
expression in a decrease of the optic-angles, from my observed maxi
mum, 80° 30', downwards.

The only chemical operation I  have carried out in support of my 
opinion has been analyses of the manganese-, magnesia- and alu
mina percentages of sortie picked anthopliyllite crystals taken as far 
as possible from the pegmatite in the eulysite at »Utsikten», and 
also of one large crystal pried loose from the pegmatite-contact i t 
self, at the locality E—40. These analyses resulted as follows:

[Mars— April 1023.
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Mansjo Mansjo
>Utsikten> Locality E—40

( E c k e r m a n n ; anal.) ( E c k e r m a n n ; anal.)

Tunaberg 

( M a u z e l i u s ; a n a l. )

AlA  . . . . . . . .  0.25 1.10 0.14
JIn0 ...............................  3.49 0.42 3.88
^ " 0  ..................................  4.68 5.GG 5.05

Spec. W e ig h t.................  3.840 3.812 3.83

In addition, I  have found by qualitative determination that the 
iron-anthophyllite from »Utsikten» in other respects consists, practi- 
ca%  speaking, of pure ferro-silicate. There is, therefore, most 
Probably, no difference between the Mansjo anthophyllite and the 
lunaberg anthophyllite.

I I v l m g r e n ’s ( 2 6 .  p. 1 3 5 )  assumed reaction, quoted from W A R R E N :

Fe2Si04 +  S i02 =  Fe2Si20 6 
Fayalite Iron-antliophyllite

bus, therefore received a striking confirmation at Mansjo, exactly 
ibe same phenomenon being observable at Mansjo as that described 
by W arrent from Rockport. For, along the contacts of the acidic 
Pegmatitic granite-dykes intruding the eulysite, the fayalite of the 
eulysite has been, without exception, altered into lron-anthophyl- 
bte, while, at the same time, the pegmatitic granite has gradually 
released its silica and, just as gradually, been transformed along the 
contacts to an almost quartz-free, syenitic andesine-pegmatite, dotted 
with large tabular crystals of biotite (fig. 19).

In consequence of the numerousness of the pegmatite dykes, iron- 
anthophyllite is found far more generally at Mansjo than at Tuna
berg. I t  borders the edges of the dykes in radial aggregates which 
Penetrate into the eulysite. As a rule, however, the terminations 
°I the anthophyllite-crystals form a sharply defined border towards 
Ihe anthophyllite-free eulysite. Even small pegmatite dykes, not more 
than some few centimetres wide, can he edged by decimetre-broad 
reaction-zones of iron-anthophyllite. Immediately north-west of the 
»Stora Brottet» (the great quarry) there can be seen how, between 
two small parallel pegmatite dykes almost the whole of the inter
mediate space between the dykes, with the exception of some few 
centimetres, consists of anthophyllite, while this remaining part 
between the two pegmatite dykes still consists of the original massive
e u l y s i t e  ( f i g .  2 2 ) .

The size of the crystals close to the pegmatite dykes is some
times of important dimensions, and can, although exceptionally,
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amount to as much as five centimetres in the prismatic zone, but 
without any measurable terminal faces being formed, however. In 
the rock, the megascopical colour of these crystals is a greenish-brown 
and, microscopically, they carry inclusions of hornblende and are 
poikilitically intergrown with quartz and, occasionally, with garnet. 
The original ore-pigmentation of the fayalite appears, as a rule, to 
have been concentrated between the crystals during the process of 
transformation into anthophyllite.

The diminishing axial angle of the iron-anthophyllite as it  ap
proaches the pegmatite contacts, probably depends on the increased 
percentage of alumina shown by the analyses. As a rule, the antho
phyllite is also found to have a small axial angle within the »reac
tion zone» between the pegmatite and the eulysite, which is charac
terized by the occurrence of almandite and biotite. I  have already 
pointed out how, on the metasomatic decomposition of the feldspar, its 
alkali components are in the first place bound by the micas, and its 
percentage af alumina by the almandite. A  part of the alumina, 
however, appears to be combined with the iron-anthophyllite too, 
which thereby chemically gravitates towards the iron-gedrites. The 
silica of the pegmatite, on the other hand, penetrates farther into 
the eulysite, and gives rise to the inner zone of iron-anthophyllite 
which is distinguished by a larger axial-angle and a purer ferro-meta- 
silicate composition. Part of that anthophyllite may also constitute 
a primary component of the rock.

In  the contacts towards the rocks that are richer in magnesia, such 
as the magnesia-peridotite (the harzburgite) and the pyroxene-gneiss, 
the formation of iron-anthophyllite is changed into one of griinerite. 
This transition appears, for one thing, to be a purely polymor
phous phenomenon; the iron anthophyllite, which has already cry
stallized, recrystallizing under the influence of altered conditions 
of temperature and pressure to griinerite of unaltered chemical com
position. But it  also appears as i f  a formation of griinerite should 
simultaneously have taken place by means of a direct addition of 
magnesia-silicate from the pegmatite-apophyses, or else indirectly as 
a result of the decomposition of the hornblende and biotite.

We can imagine the reaction schematically as follows-
Fe,Si2O0 + 21158103 = 2 (FeSi03 + MgSiO,)

Iron-anthophyllite  Griinerite

Beneath the microscope there can also clearly be observed how the 
iron-anthophyllite grades in patches into griinerite.

The brownish-black biotite, appearing as small scales together with
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garnet, among the iron-aiithopliyllite crystals in the neighbourhood 
()t' the pegmatite contacts, also disappears together with the horn- 
-ende, as soon as griinerite enters into the mineral association.

-i'hat the iron-anthophyllite and the griinerite are derived from the 
fayalite may also be deduced indirectly from the facts that they in
clude that part of the original manganese-percentage which has not 
been taken up into the almandite, and that, as may be seen by the 
analyses already quoted, their manganese percentage is entirely re
gulated by that of the primary material. A  fayalite rich in man
ganese leads to an iron-anthophyllite and griinerite rich in man
ganese, while, on the other hand, a mineral poor in manganese 
gives rise to manganese-poor equivalents of the same minerals.

Bd 44. H. 3— 4 .] ROCKS AND MINERALS 01<’ THE MANSJO MT.

(>} r ¡i n c r i t c.

This mineral is wanting in the normal eulysite and in accordance 
^vith what has been said above, it  is only towards the contacts that 

has been formed, where it sometimes appears as an actual griine- 
rite-»fels». In  most of the thin sections from the eulysite's contacts 
towards the pegmatite it  is entirely absent, however, and its ap
pearance seems to be chiefly connected with the richer supply of 
additional magnesia.

Where the griinerite does occur, it is at once recognizable by its 
extremely beautiful polysynthetical lamellar twinning (fig. 30). The 
absorption is a=greenish-white <  ^=brownish-green <y=colourless.

The following optical values have been observed for the griinerite 
from the pegmatite-contacts:

M ans jo
(Eckermann)

Tunciberi]
(Palmgren)

Ccllobri'eres
(Kreutz)

A xia l “ ig le , observed 2VNa=(-)81°40 ' 2VNa = (-)7 9 .2 0 2V = (—) 8 0 - 8 4

‘ > 2 V u a = (—)80°50' — —
* calculated 2V n a- ( - ) 8 1 048' 2VNa = (- )8 0 o10' 2 V = (—)81°30'

birefringence . . . . (y — «)Na (Obs.) =  0.042 O'—o)xa (Obs.) =  0.0-tl ( y - « )  =  0.045

(/?—«)ua (Obs.) = 0.024 (/? -« )Xa (Obs.) =  0.024 (/3 - « )  =  0.025

(y—(4)sa (Obs.) =0.018 ( y -P ) Na (Cal.) =  0.017 i / '—1®) =  0.020

belraction (immersion) «Xa (Cal.) = 1.688 — « = 1.672

/?ifa (Cal.) =  1.712 — ■ ,3 =  1.697

/N a (Obs.) =  1.730 — y =  1.717
xtinction c : y  . 14.6° 14.5° 10°-11°

1 have also determined the percentage of manganese in the griinerite 
fiom tlie neighbourhood of »Utsikten», with the following result:
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Mansjo Tunaberg
( E c k e r m a k n : Anal.) ( I I a u z e l i u s : Anal.)

M nO ........................ 3.02 % 5.93 %
Sp. w t.....................  3.509 3.396

From what has been said I  deduce that, in all essential details, the 
Mansjo mineral agrees with the Tunaberg grünerite, although the 
angle of the optic axis of the former is larger, and its percentage of 
manganese lower. As, however, the refraction has not been deter
mined by P a l m g r e h  it  is possible that i f  his value be re-corrected, 
the difference of the axial angles w ill be diminished.

The somewhat higher birefringence and the high refraction of the 
Mansjo mineral, however, would lead one to conjecture that this new 
grünerite bears a greater resemblance to that determined by K r e u TZ 
from la Mallière, at Collobrières, Dept, de Yar. Probably, too, the 
iron-percentage of the Mansjo grünerite is somewhat higher than that 
of the Tunaberg mineral, but I  have not had the opportunity of con
firming this hypothesis.

On the other hand, I  have simultaneously discovered, in the con
tact between the eulysite and the magnesia-peridotite, typical grüne
rite of lower refraction than that determined above — the examina
tion by the theodolite-microscope giving,# < 1 .7 0  -— and -which has 
shown a lower axial-angle. On account of the strong lamellar 
twinning 1 have not, however, been able in this instance to carry out 
my determinations with absolute, exactness, but have obtained an 
axial-angle value lying between 77° 30' and 79° 30'.

Here the optical characters have evidently been influenced by a 
chemical replacement of FeO by MgO.

In  the north-east limb of the Mansjo syncline, the grünerite, like the 
fayalite and the iron-anthophyllite, is, in all probability, almost man
ganese-free, although I  have not carried out any analysis to prove 
this.

Through my axial-angle determinations I  have also shown the 
existence of a high dispersion of the optic axis, with o >  v. This 
dispersion is, too, fu lly  evident beneath the microscope, although 
P a l m g r e n  does not seem to have observed it at Tunaberg.

The axial-plane is (010) ; the elongation is positive, and the cleav
ages are distinctly noticeable along the prismatic faces and (100). 
Along (010) the cleavages, as a rule, are not developed, but, on 
the other hand, the plane is marked by small crystal microlites, 
orientated along the same, and probably consisting of rutile.

The grünerite often seems to have crystallized around the dark- 
green hornblende flakes observable as enclosures in the iron-antho-



pliyllite, and sometimes, within the almandite. In the centre parts of 
the griinerite crystals such green residues of hornblende can be clearly 
seen (fig. 29).

In the rock, the mineral is a yellowish-green, with an almost silky 
sheen and a radiated structure, often in a direction at right angles 
t° the contact between the eulysite and the pegmatite. The crystals

jhe Mansjo eulysite, the mineral has always a fresh appearance. 
I  have, how p 1 1—  •L~~ iX-~ -------the
hematite-like product of decomposition observed by Palmgren in 
^e  Tunaberg mineral. I t  is sometimes developed in such large
quantities that the griinerite-skarn has been mined as iron-ore (Man- 
flu Jarngruva). The same alteration can also be noticed in the 
lron anthophyllite and is introduced by the formation of an idding-

Einally, it  may be of interest to compare the manganese analyses 
which have been given here of the eulysite and its ferro-silicate de
rivatives, especially as the analyzed rock samples have been taken in 
a straight line from the centre of the eulysite-massive at »Utsikten» 
onwards towards the nearest granite-pegmatite contact:

The series confirms the probability of the characteristic previ
ously pointed out — that the percentage of manganese derived from 
the fayalite diminishes with an increasing percentage of silica.

i  or this connection alone to be assigned any value as evidence

Enclosed, as a rule, by the iron-anthophyllite and lying as residual 
scales within the griinerite, or occurring xenomorphic between the 
grains of fayalite in the anthophyllite-free eulysites, there are found, 
scantily, small grains of a highly pleochroic hornblende, of the ab
sorption-scheme :
7 ~  dark greenish-blue =  /9 =  dark bluish-green >  a =  yellowish-

The extinction c: y is determined at 17.5 °. In  consequence of 
the strong colour of the mineral, neither birefringence nor axial angle

site-like, red mineral along the cleavages and crystal-limits. I  shall 
return to this matter in my description of the iron-mines.

Fayalite 
4.58 %

Iron-anthopyllite 
3.49 %

Griinerite

MnO % 3.02 %

there w ill, of course, be required a very considerable number of 
complete and systematic series of analyses.

green.
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could be determined on the turning-stage with certainty. With 
Berek’s compensator on sections, the orientation of which were 
determined by the observation of the interference-figure, there was 
obtained ( y — «).= 0.020 and (/5— a) O.ooT. By means of the 
axial angle-scale the value 2 71° was measured, which,
however, can only be regarded as approximative. The dispersion JS 
evidently inclined and o >  v, not a usual feature in common horn
blende. The mineral is, however, negative, with positive elonga
tion.

As I  have found it  impossible to megascopically isolate the pure 
mineral with sufficient reliability, 1 have also been unable to 
determine its specific weight or to carry out any analysis. The strong 
blue colour, the dispersion, the comparatively low axial angle, and 
the low birefringence, however, give the impression that the horn
blende is rich both in CaO and alkalis, and that it  agrees with that 
described by Palmgken  from the Tunaberg eulysite, for which horn
blende, too, no optical determination has been carried out. In  the 
contact between the eulysite and the magnesia-peridotite, there also 
occurs, in the form of a contact reaction-product, another hornblende 
described in connection with the peridotite (p. 251).

[Mars— April 192--

l i i o t i t e .

The mineral is highly pleochroic, with
a =  brownish-black >  (i =  walnut-brown >  y =  brownish-yellow.

I t  is optically negative, with a large angle of the optic axis which 
it  was impossible to measure on the turning stage but which, with 
the assistance of the axial angle-scale, was determined to be 62°. The 
dispersion is weak, with q <  v. The elongation is positive.

The refraction is relatively high, this being probably the result 
of the high iron-percentage. I t  has been determined, in accordance 
with N i k i t i n , at

1.63 >  y >  1.62

The birefringence (y — a) has been measured, by means of Berek’s 
compensator, at 0,030, but this determination is uncertain, in conse
quence of the strong colour of the mineral.

The biotite appears only in the contacts towards the pegmatitic 
apophyses of the gneiss-granite, and in that eulysite where the second
ary almandite has already been formed.

The biotite appears partly to constitute a product of alteration 
of the green hornblende first formed, and partly to be a primary 
formation produced by the addition of potassium from the pegmatite.
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<J u a r  11 .

This, id contrast with the same mineral in the Tunaberg eulysite, 
is not uiululous. As already mentioned, it  occurs only in the eulysite 
ordering on the pegmatite contacts and is. as a rule, scantily filled 

UP by minute gas-cavities, both with and without libellse.
1-lie difference in the character of the quartz between the two 

eulysite occurences, appears to me to constitute a further evidence 
0 the secondary schistosity, caused by pressure, of the Tunaberg 
eutysite and its original petrographic- and mineralogical identity 
" i t l i  the Mansjo Mt. eulysite.

Ore M in e ra ls .

The ore minerals of the eulysite consist chiefly of hematite, magne- 
tde, pyrite and pyrrhotite. Of these, the magnetite is always sub
ordinate, but increases very surprisingly, near the contacts towards 
the surrounding schists. In  the case of a great amount of iron-antho- 
Phyllite and grunerite being present in the rock, the hematite also 
mereases on account of the above-mentioned secondary decomposition.

This observation, which, in the field, can be specially made above 
tile large limestone-quarry, is further illustrated by the Mansjo iron- 
mines situated west of the quarry in question, where the griinerite- 
Untliophyllite »skarn» contains in patches a large amount of grains 
°f hematite, or where i t  grades into a serpentine-like aggregatic mass 
Wlth hematite crystals, and where the fayalite occupies a subordinate 
Place in the rocks, or has entirely disappeared.

As w ill be seen by the map, the Mansjo iron-mines are nothing 
else than fragments of the eulysite in the south-western limb of the 
syncline, which have been moved to the south-west by one of the large 
mtruding dykes of the gneiss-granite. In  the continuation of the 
ffneiss-granite dyke, outside the limits of the map, I  have also observed 
a large number of small fragments of eulysite — the smallest not 
ttmre than a few decimetres across.

These fragments appear to have been greatly metamorphosed and 
altered into serpentine by the action of the granite-magma, hematite 
iemg simultaneously crystallized out, and may also have been en
riched in iron by the granite-magma.

T shall give below, in the section dealing with the alteration pro
ducts of the eulysite, a more detailed account of the reactions that 
may have been the cause of these transformations. Here, nothing 
more need be pointed out, than that a corresponding formation of 
or°-mineral in the eulysite massive itself is encountered only on an
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essentially smaller scale in the contacts towards the large granite- 
apophyses.

The magnetite and hematite have not crystal faces and are found 
microscopically, partly as irregular grains between the other mine
ral constituents; partly as crystal-skeletons in the ampliiboles, and 
regarding the hematite, partly, also, as large crystals of from 2—5 
mm in the above-mentioned serpentine matrix.

Some very dark blackish-brown, comparatively sharp-edged and iso
tropic grains which are sparsely observed chiefly in the vicinity of 
the diopside crystals of the eulysite, are possible C h r o m i t e  or 
P i c o t i t e  and, consequently, the seat of the chrome-percentage 
shown by one of the analysis. I t  has been found impossible to iso
late material for chemical or mineralogical determination.

The sulphur-percentage of the eulysite is contained in the pyrite 
and pyrrhotite. The pyrite is by far the most common, but I  have 
not been able to lay down any rule for the occurrence of the latter. 
Like the magnetite and hematite, they are found without crystal faces, 
and occur chiefly towards and along the contacts. They appear 
to me to be of secondary origin, developed at a later date than the 
original formation of the eulysite.

This supposition is supported by the conditions found in the eastern 
quarry in Stora Uttervikshage, at Tunaberg, where the pyritic im
pregnation (chiefly of pyrrhotite) has evidently followed the planes 
of schistosity (fig. 32).

I  have endeavoured, by means of quantitative chemical analysis, 
to prove the existence of arsenical pyrites, but without positive result.

The Genesis of the E u lys ite .

In his »Elemente der Gesteinlehre» (1910), p. 217, H. lioS E N B U S C H  
expresses himself very cautiously with regard to the genesis of the 
eulysites, saying that »perhaps» the eulysites from Tunaberg are 
species of wehrlite, rich in garnet. A. L a c r o ix , in »Comtes rendus», 
T. 130, p. 1778, has described an eulysite-like rock from Collobriéres, 
north-east of Toulon, the magnetite-percentage of which he considers 
to be a secondary metamorphic product of the fayalite. Mine- 
ralogically, he compares the rock with the Tunaberg-eulysite, but 
while he considers it  »fort possible, que l ’eulysite, qui forme un 
amas au millieu du gneiss, soit d’origine eruptive», he says, never
theless, that the Collobriéres-rock »est un terme ultrabasique de la 
serie des schistes cristallins, sans rapport d’origine avec aucune roche 
eruptive».

[Mars— April 1922.
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He repeats the same statement in Bull. cl. 1. Société Française de 
Minéralogie 1917, page 62—69, where lie describes the same rock as 
a >>nouveau type ferrifère des schistes cristallins», for which lie 
proposed the name »collobrièrite». •— This statement does not seem 

agree very well with his remarks that »la magnetite à cristallisée 
Pendant toute la durée de la formation de la roche» and »tous les 
minéraux précédents sont enveloppés par la fayalite, qui est groupée 
parfois avec la grunérite comme la pyroxene et le feldspath dans la 
S  ̂* u Rt u r e  o p h i t i q u  e».

He publishes an analysis of the rock by Mr. M. R a o u l t  which 
have compared below ( I)  with my analysis of the Loberg euly- 

site (U ).
I  I I

S i02 .......................................  32.70 % 35.27 %

T i0 2 .......................................  0.4G a 0.12 %

1*20 5 .......................................  0.38 % 0.20 %

A ],0 3 .......................................  2.10 % 0.30 %

Fe20 3 .......................................  12.93 % 0.50 %

F e O .......................................  46.07 % 57.81 %

M n O .......................................  0.11 % 0.21 %

M g O .......................................  0.90 % 4.31 %

C a O .......................................  1.90 % 0.79 %

Na20 .......................................  0.65 % 0.10 %
K ,0    0.38 % 0.06 %

C l ...........................................  0.19 % —

S ...........................................  0.18 % 0.45 %

1I20 + ...................................  0.75 % 0.21 %

I I 20  - ...................................  0.07 %_____________ —

99.77 % 100.33 %

Taking into account the undoubtedly very strong metamorphism of 
the »collobrièrite», shown by the schistosity, the mechanical deforma- 
Hon of the fayalite-crystals and the secondary formation of s i  d e- 
r 11 e, described by L a c r o i x ,  the agreement between the two ana
lyses is rather striking. The large amount of ferric oxide may easily 
he explained by the decomposition of the griinerite, the latter mineral 
amounting to not less than 43.7 % of the rock.

The description of the rock, given by L a c r o i x ,  is altogether too 
Hagmentary to allow of any close comparison between the same and 
the eulysites. I  w ill therefore for the present restrict myself to 
Mating that there seems to be a great possibility of the »collobrièrite» 
ming nothing but a highly metamorphic eulysite.
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A. G. H o g b o m  is the only one who has hitherto assumed a definite 
standpoint with regard to the origin of the eulysites.

In  his »Precam brian Geology o f Sweden» (17. p. 40) he assigns 
the Tunaberg-eulysite a position between the limestones and the iron- 
ores, taking as his starting-point, that the rock, with all certainty, 
owes its origin to a metasomatic metamorphism of limestones, compar
able with the well-known transformation in other localities, of lime
stones into magnesia silicates and iron-ores, mixed with larger or 
smaller quantities of ferro-magnesia silicates. He also points out 
that the eulysite de facto  grades into manganese-bearing iron-ore, 
and its olivine into manganese-olivine.

To a certain degree, this opinion is based on erroneous premises, 
the investigations of the Sodermanland eulysites carried out at a 
later date by P a l m g r e n t , showing, as we know, that there is no ques
tion at Tunaberg, any more than there is at Mansjo, of magnesia- 
silicate and normal olivine, but of almost pure ferro-silicates.

In  spite of these results of his investigation, P a l m g r e n  assumes 
no definite standpoint towards the genesis of the eulysite but, at the 
close of his dissertation on the eulysites of Sodermanland (26. p. 215), 
leaves the question of their origin open to future discussion, and 
satisfies himself with saying, first, that Cr and Y  were not discovered 
in the Tunaberg-eulysite, while those fundamental elements occur 
normally in eruptive peridotite magmas; and, secondly, that the euly- 
site, in consequence of its schistose habit is to be referred to the 
crystalline schists. I t  would seem as though P a l m g r e n  was most 
inclined to the opinion that the eulysite is a dynamically meta
morphosed but not magmatic aggregatic mass of Hon and manganese 
materials »which have had long and complex histories, including the 
development of secondary and perhaps, tertiary, structures».

I f  we examine the Mansjo Mt. rocks from the point of view of 
H o g b o m ’s theory of their genesis, we find, too, features which, like 
those observed in the Sodermanland eulysites, can be claimed as 
giving evidence of a metasomatic process of formation. Por one thing, 
the eulysite, like that at Tunaberg, is found in the neighbourhood of 
limestone beds in the crystalline schists and, as at Tunaberg, is con
nected with the occurence of ore-minerals, a feature which it  shares 
with several other known eulysite localities. Secondly, its general 
strike is the same as that of the surrounding stratified rocks and, 
finally, it  appears, at first sight in the field, to have participated in 
the synclinal folding of the amphibolites and gneisses.

Had the eulysite been eruptive, there would be reason to expect 
that, in some places at least, the comparatively thin sheet of gneiss
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which is from about one-half to a couple of metres in thickness 
~ separating the limestone from the eulysite, would be cut across 
°r torn apart, a phenomenon which has not so far been observed, how- 
over. Nor does the composition of the Mansjo eulysite correspond to 
l n J' other known primary eruptive magma, while, on the other hand, 
he manganese-bearing fayalite of the synclinal fold is closely related 
lo the probably metasomatic k n e b  e l i t e  at Dannemora.

1 roni the verj’ first moment, however, I  have found a difficulty 
>m supposing that — even i f  at the geological epoch in question, this 
thin sheet of gneiss had consisted of a plastic layer of clay, which, 
however, cannot be deduced directly from its analysis (cfr. p. 309)

it  would have been able to so completely exclude the circulating 
solutions as to leave the now existing limestone-bed altogether un
altered, while another one, lying in the immediate neighbourhood, 
had been so completely removed, that the eulysite rock now occupying 
]ts place does not show more than an inconsiderable percentage of 
lime.

I  have been confirmed in this opinion of mine after having visited 
the new exposures at »Stora- Uttervikshage» (Tunaberg) in the sum
mer of 1921, which show convincingly how the Tunaberg eulysites, 
t°o, are separated from neighbouring layers of limestone by an un
altered microcline-gneiss, free from skarn, even i f  this wall of gneiss, 
at the easternmost exposure, narrows down to some few decimetres
In breadth.

Between this separating gneiss-wall and the limestone there occurs, 
°n the other hand, a skarn-zone, which is evidently the result of a 
^action between the limestone and gneiss. This skarn-zone has been 
mentioned by P a e m g r e n  under the name of »microcline-gneiss with 
Pyroxenitic layers», and has nothing at all to do with the genesis 
of the eulysite. I t  is immediately distinguished from the latter by 
its lack of manganese,1 and has arisen by metasomatic replacement, 
either in connection with the regional metamorphism, or as a result 
° f an increase of temperature accompanying the intrusion of the 
Sneiss-granite or the eulysite. A t Mansjii Mt. it  has its equivalent 
in the pyroxene-skarn contact some decimetres wide, between the lime
stone and the garnetiferous crystalline schists (paragneiss).

Professor Q u e n s e l , who visited the Tunaberg localities together 
with me, called my attention to the fact that the above-mentioned 
Pyroxene-skarn also surrounds the limestone on the side turned away 
from the eulysite, although there it  forms an essentially narrower 
reaction-zone, often no more than a. few centimetres wide. Ibis

1 Determined by qua lita tive  analyses.
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further confirms the primary independence of the skarn-zone of the 
eulysite.

The pyroxene in this reaction-skarn is, in addition, a calcareous 
diopside, while the ferro-silicates of the eulysites both at Tunaberg 
and, still more, at Mansjô Mt., exhibit a low percentage of lime.

The metasomatic replacement of the limestones by skarn depends, 
in the first place, on the binding of the silica by the lime, C03- 
gas being liberated and escaping while the silicate remains. Entire 
strata of limestone could, of course, be transformed in this manner 
into skarn, but only under the presupposition that an equivalent 
amount of CaO-bearing silicate was formed instead.

This has been the case in the skarn-zones surrounding the lime
stone of Tunaberg and of Mansjô Mt., but not in the eulysite, which 
lacks the necessary CaO percentage. The objection may be raised 
that, after all the CaC03 has been consumed, the adding of ferro- 
and manganese-silicate has continued so that, consequently, the later 
silicate-formation has become poor in lime. Had this been so, gene
tically connected consanguineous skarn, rich and poor in lime, would 
of course be found together, which is not the case, however.

Further, by the discovery of the Loberg eulysite (cfr. p. 256), in 
the neighbourhood of which it  has not been possible to detect any 
deposits of limestone, the statistic connection between the eulysites 
and the limestones has been disturbed, and the same holds good for 
the fayalitic dyke mentioned by me below (p. 286) as existing in 
Gymâsberget near Woxna.

Nor does the chemical analogy for the metasomatic origin of the 
eulysite, claimed by H ogbom , viz., the manganese-percentage of the 
lay alite, hold good. L have shown how the manganese-percentage 
varies in the eulysite of the Mansjô Mt., from the same proportion 
as at Gillinge in Sôdermanland (p. 253) down to 0.32 %, while, if  
the Tunaberg eulysite and that of Loberget be compared, we obtain 
a variation of MnO, lying between 20.29 % and 0.21 %. The process 
of the genesis of the eulysite must, consequently, be altogether inde
pendent of the percentage of the manganese, the presence of which 
must be referred to local incidental causes. I

h rom what I  have stated above, and in the light of the results of 
the latest investigations, it  w ill be seen that Professor A. G. HÔG- 
BOM  S interpretation of the genesis of the eulysite can no longer be 
considered as correct, but that the explanation must be sought for 
elsewhere.

lhe first step towards the solution of this problem is to decide 
whether the rock be of sedimentary or of magmatic origin.
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I» dealing with this point it seems-to me that the hypothesis of a 
sedimentary origin should at once be dismissed, simply from the fact 

the improbability of the sedimentary process of formation of the 
Pyroxene-gneiss on either side of the Mans,jo Mt. eulysite being 
interrupted by a sedimentation of such a diametrically opposite 
character as the eulysite, without thereby causing an alteration in 
dhe composition of the later superposed gneiss. But, as w ill be shown 
later on (p. 318), there exists a perfect chemical and mineralogical 
a&reement between the two different pyroxegene-gneiss layers.

ha addition to this, while the limestone and the pyroxene-gneiss 
exhibit a complete replacement of each other in the synclinal series 
^Presenting different facies of the same sedimentation epoch, besides 
showing a distinct stratification in layers of different composition, 
Ihe eulysite is primarily homogeneous, both mineralogically and 
chemically.

Finally, the eulysite has not been submitted to that intense folding 
°1 the layers of gneiss, limestone and amphibolite, even i f  it  sometimes 
exhibits traces of schistosity indicating an introduction into the 
stratified series before the folding of the syncline had been complete
ly finished. Consequently, the eulysite must be of later date than the 
gneiss-beds both above and below, and cannot, therefore, under any 
circumstance, be sedimentary.

fhe conditions, too, existing at Tunaberg, which, at first sight, 
nppear to differ somewhat, do not stand in conflict with this deduc- 
tlQn, if  one but remembers that the dynamic metamorphism at Tuna- 
ferg has proceeded considerably farther than in the Mansjo Mt. The 
evident schistosity at Tunaberg is the result of orogenic movements 
and differential stresses, and the alternating layers of garnet and 
liiotite-rich rock along the cleavage-planes were undoubtly formed 
thereby.

The garnet-formation, as well as the pyrite-infiltration along the 
Planes of schistosity (cfr. fig. 32) are clearly secondary mineral 
enrichments, and by the results of my investigations in the Mansjo 
district I  have also shown how the garnet, as such, does not consti
tute any essential primary constituent of the eulysite.

Fvery mechanical sedimentary process in the formation of the 
eulysite is, consequently, excluded.

the thought may be entertained, however, that the eulysite might 
j e a stratified rock, formed by chemical precipitation — somewhat 
111 agreement with the formation at the present day of lake-ores — 
j'hich, at a later period, by means of circulating silicate-solutions or 

y  combination with silica in the solid phase, on being folded into
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warmer depths of the crust of the earth, has been recrystallized into 
eulysite. But this hypothesis, too, is not a very probable one, for the 
same reasons that have been adduced against the mechanical sedimen
tation of the eulysite.

In  addition to this, there is — as I  have already shown — the great 
a ffin ity of fayalite for silica and the rapid transformation of the 
eulysite into anthophyllite- and griinerite-rocks at the pegmatite- 
contacts, from which there may be deduced that, in the case of such 
a recrystallization, the various skarn-rocks should first be formed 
and not the eulysite, especially as free quartz has been found available 
in the neighbouring pyroxene-gneiss (cfr. p. 315).

Nothing remains, therefore, than to refer the genesis of the eulysite 
to a magmatic origin, in the course of which process it  can either 
have been intruded under pressure between the, already to a great 
extent, folded paragneiss- and amphibole beds, or else it  has crystal
lized in open fissures which have arisen through orogenic movements 
in the fundamental rock, having no other connection with the limestone 
and the pyroxegene-gneiss than their following the weak zones in the 
rock marked especially by the limestone. As in this case, however, 
the formation of the fissures, too, must have completely followed the 
fold of the syncline, the latter of these two alternatives can be at 
once eliminated as improbable. Possibly though, the injection under 
pressure may have been combined with a dislocation of the synclinal 
strata through orogenic movements.

Before I  proceed, however, to endeavour to put forward in greater 
detail the magmatic derivation of the eulysite, I  shall give an 
account of the observations I  have made in the field which may 
support my deductions.

From a purely megascopical point of view, the Mansjo-eulysite 
gives, in the first place, an extremely strong impression of being 
an eruptive or primary, unmetamorphic rock. I f  we regard the 
massive banks of eulysite that have been exposed above the great 
limestone quarry (Stora Kalkbrottet) (fig. 49), it  appears difficult 
to associate the impression they give with the thought of the eulysite 
being a sedimentary rock. The secondary bedding and schistosity at 
Tunaberg are here entirely absent, but we find, instead, a marked 
banking of that kind which is observed in eruptive rocks, with a 
distinct cleavage parallel to the surface of solidification, and, in this 
instance, parallel to the fold of the syncline.

Very evident, too, is how the eulysite, which, along the north
western crest of the Mansjo Mt., occurs to all appearance interstrati- 
fied between the gneiss- and the amphibolite-series, does not present



,ll'-y °* their intense schistosit.y and does not participate, to any great, 
extent, in their folding or refolding. The <‘u ljrsite in the synclinal 
hnib is, in the centre, very often fu lly  as compactly massive as the 
p-ul.ysite body above the limestone quarry, while its slight folding along 
the amphibolite-gneiss layers, and its hardly noticeable development 
°f schistosity in the direction of the strike of the syncline must be ex
plained by the intrusion having occurred mainly after the formation 
°t the syncline, but still a short time before the conclusion of the
movement.

fn striking opposition, too, is the earlier intensive development of 
numerous minor folds transverse to the axis of the syncline in the 
neighbouring pyroxene-gneiss-, amphibolite-, garnet- and paragneiss-
strata..

in  addition, I  have found that the conditions existing at the 
r°ntact »eulysite-paragneiss-limestone» of the Mansjo Mt., point to 
a suPplying of heat to the contact from the eulysite. Later on (p. 340), 
when describing the contact-phenomena in the Mansjo limestone, 
1 have pointed out, how the contact-formation which has arisen 
°n a small scale along the pegmatite-apophyses of the gneiss- 
Sranite, appears on a vastly larger scale in the contact between the 
limestone and the paragneiss, and that there it has taken place in a 
Averse direction, i. e., with an addition of heat from the outside 
ihrougb the paragneiss. A t the same time, the gneiss has acquired an 
extremely well developed schistosity through recrystallization along 
those stretches of the limestone deposit where the eulysite is present 
011 the other side of the gneiss. I t  has even changed its mineral 
composition by the formation of garnet (and some vesuvianite), in 
addition to which, there has taken place a crystallization of chlor- 
®capolite. These metamorphic phenomena are absent in all those 
^stances, where either the eulysite has been wanting in the vicinity 
°f the contact, as at locality M—35, or where the gneiss layer be
tween the limestone and the eulysite is of great thickness, as at
l o c a l i t y  1 — 2 5 .

hn the »Vastra Kalkbrottet», for example, where the eulysite is 
found first at some considerable distance from the hanging wall of 
Urn limestone behind the gneiss, the latter has completely retained its 
|ypical »para»-appearance, such as it  is when encountered everywhere 
lu the foot-wall of the limestone at those places where it  has not 
become injected or migmatitized by the gneiss-granite.

f t  is true that, occasionally, there occurred in these instances, too, 
a Harrow contact-zone between the limestone and the gneiss, but not 
to a greater extent than could be ascribed to the regional increase of
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heat which must have been the result of the intrusion of the gneiss- 
granite.

I f  we adopt the theory of an intrusion genesis of the eulysite, the 
possibility ought not to be excluded of discovering, in proof of tins, 
enclosed in the eulysite, fragments of the surrounding gneiss.

During the summer of 1920 I  sought for this evidence, but in vain, 
and it  was not before my field-work in 1921, when I  had come to a 
clearer insight of the nature of the eulysite intrusion, that I  really 
at last actually discovered inclusions within the eulysite, which 
inclusions undoubtedly must be described as being, by the addition 
of ferro-silicates, highly metamorphic »ferro-silicated» fragments of 
the surrounding gneiss.

In  composition nearest resembling the skarn-facies of the eulysites, 
containing amphibolites, biotite and quartz, but free from fayalite, 
these lenticular or »flaky» patches of the eulysite-rocks exhibit, as a- 
rule, quite clearly the stratification and texture of the original gneiss. 
The decisive proof lies in the fact that this primary stratification 
does not coincide with the strike of the eulysite or with the synclinal 
folding at the respective points of observation. For example, there 
is seen at locality J—36 a- gneiss-inclusion, which I  have still further 
exposed by means of blasting, the stratification and schistosity of 
which, in  s itu , is at right angles to another gneiss-inclusion at point 
J—39 in the immediate neighbourhood.

The gneiss gives the impression of being »soaked through» by the 
eulysite, and its feldspar and quartz have been consumed in the forma
tion of garnet, and its mica has been turned into griinerite. There D 
an absence of sharp fracture edges, and the fragments grade, without 
any sharply defined boundaries, into the surrounding eulysite- or 
anthophyllite rock. In  the centre, the fragments, although to a very 
great extent altered into garnet-skarn similar to the schistosed para- 
gneiss in the foot-wall of the eulysite, has most clearly retained its 
original structure and composition.

The value of the objection I  previously made against the theory of an 
eruptive origin of the eulysite, viz., the uninjured »gneiss-roof» cover
ing the limestone, is lessened by the evidence of the great plasticity 
of the limestone, which has been made visible by blastings in the big 
limestone quarry. I t  is evident how as a result of this plasticity of 
the underlying limestone, the gneiss-roof, on the intrusion of the euly
site, has bent and curved itself, but has not been exposed to such a 
stress as would lead to its breaking. In  support of this supposition 
we also have the earlier folded and refolded gneiss layer, visible at 
»Stora Ivalkbrottet» (fig. 53). This folding appears to have chiefly
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occurred simultaneously with the formation of the syncline, aiul has 
n° equivalent above the thinner parts of the bed of limestone, where 

le tatter, by'its plastic .yielding, lias not been able to allow7 space for 
secondary foldings. In this connection it  should be pointed out that 

at the thickest parts of the limestone bed that the folding of the 
niestone itself is most intense, as w ill best be seen by comparing, on 
1- L X V II, the full-drawn profile with the dotted one. The latter 

indicates the section across the mountain parallel to drillhole N :o l ,  
f utting the thickest part of the limestone layer.

Another magmatic feature of the eulysite is the marked concentra
tion of the iron ores towards the contacts to the surrounding gneiss.

' bile, for example, the eulsmite at »Utsikten», in the Mansjo Mt., is 
Practically ore-free, it  carries in the slope close to the great limestone 
fuarry, a rather high percentage of magnetite.

The best evidence of the intrusive character of the eulysite I  have 
found, however, outside the Mansjo Mt., but within the surrounding 
field.

In this connection, it should, by the v7ay, first he mentioned that, 
as far as can be judged from the directives given by the compass, the 
I-oberg eulysite appears to cut the strike of the surrounding gneiss 
obliquely at an angle of about 30°. The swampy condition of the 
ground, the surface covering and the somewhat inaccessible position 
have, however, hitherto hindered me from finding absolute proof 
°f this.

A t Gymasberget, south-west of the Woxna Ironworks, on the other 
hand, I  have found what is undoubtedly a dyke-formation of primary 
eulysite which cuts discordantly through older rocks.

As I  previously mentioned (p. 211) there runs along the crest of 
f'.ymasberget an ore bearing series of beds, of well-marked strati
fication and partly highly schistose habit. I  have not, up to the 
Present, been able to determine how7 far down the slope of the h ill 
east-wards towards the river Woxnan, and westwards in the direc
tion of the Dalecarlian border, this series extends. On a level with 
the Woxna Ironworks it  is, however, cut by the gneiss-granite, and 
the same thing occurs to the southwards, some kilometres north of 
the Bollniis-Orsa railway. A ll the outcrops which, on the map issued 
hy the Swedish General Staff (PI. LX V ) are shown on the southern 
slope of the hill, consist of a highly pegmatitic reddish gneiss-granite, 
enclosing sharp-edged fragments from the older strata-series on the 
crest of the hill.

In the earth-covered height, which w7as nowhere exposed, immedia
tely north of the railway at Finsthogst, it is probable, however,
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judging from the scattered surface blocks, that the gneiss-granite has 
entirely or partially been replaced by compact, basic, non-etfusive 
greenstones of undeniable resemblance to some of the Loos eruptives. 
I  have traced these boulders of greenstone southwards all the way to 
Lenabo,1 without being able to discover a. single exposure of solid rock.

I  have discovered the eulysite dyke mentioned, in the immediate 
neighbourhood of, and probably not more than one hundred metres 
from, the southern contact between the stratified rocks of the Gymas- 
berg and the cross-cutting gneiss-granite.

I t  was discovered when investigating the southernmost mine opening 
on the Gymas orefield, and varies in breadth from some few 
millimetres to one centimetre. I t  seems to have a considerable length 
as I  encountered it  again in another mine-opening, one hundred 
meters farther north. Fig. 34 gives a microphotograph of a thin-sec- 
tion, ground at right angles across the dyke.

The dyke can best be described as a fissure or an intrusive along 
the bedding-plane between two discordant sequences of layers in the 
Gymas series. The one sequence (7 in fig. 34) includes the 
quartz banded hematite-ore of the Striberg type; the other (77 in the 
illustration) grades into a hornblende and chlorite-bearing, quartzitic 
schist carrying hematite. Close to the contact, the sequence I  grades 
into a quartzitic diallage rock, free from fayalite and garnet, but with 
a high percentage of hornblende and magnetite, while sequence I I  has 
the habit of a quartzitic leptite, which, towards the contact, becomes 
richer and richer in fayalite and garnet.

The »dyke formation» itself consists entirely of fayalite, or, in 
other words, constitutes a pure fayalite-»fels». The fayalite is ot 
the same optical character, and has the same characteristics, as that 
at Mansjo Mt. and Loberget, but there is an entire absence of 
twinning-formation.

As w ill be seen by figs. 34 and 35, the fayalite rock has surrounded 
itself with a reaction zone of amphibole, evidently consisting of an 
alkali-poor, but iron-rich and highly pleochroic »common hornblende». 
In  fig. 35 there may be seen how the fayalite rock, at one place, has 
thrust through the earlier-formed hornblende-layer, and dislocated 
part of it.

Towards the series 7, however, the contact is sharp, but witli^ a 
distinct formation of diallage all the way along the contact, while 
series I I  has been invaded by the fayalite, simultaneously with the 
formation of garnet and diallage. In  certain instances, purely faya
lite dykes, in the shape of apophyses to the main dyke, have pene-

1 Five kilometers south of Finsthogst.



Crated the layers of the series obliquely. Either in consequence 
°f a probable presence of alkali in the stratified rocks, or else because 
of conditions of temperature and pressure, no rhombic amphibole-
onnation has taken place in connection with these phenomena, and 

nothing but common hornblende has been formed. Garnet, quartz and
a y a l i t e ,  therefore, occur in the neighbourhood of each other, just 

as rs sometimes the case in the contacts towards the pegmatite- 
apophySes of the gneiss-granite of the Mansjô Mt., but without

le anthophyllite-transformation which has started in the latter 
locality.

fhe fayalite has evidently at Gymâsberget been brought into 
contact with quartz which has already existed in the solid phase, 
and at a temperature which was lower than that prevailing when 
fhe silica of the Mans jo-pegmatites reacted with the previously 
solidified fayalite in the last-named locality.

■The pressure has been of about the same magnitude in both in
stances, however, as may be deduced from the similar formation of 
garnet and from the intrusive power of the fayalite-rock, which 
corresponds to that of the gneiss-granite pegmatite.

Bhe reaction-zone between the fayalite-intrusion, and the series 
altogether assumes in a belt, which is some centimetres broad, the 

character of the eulysite as defined by P a l m g r e n  as a result of the 
formation of diallage and garnet. The diallage which, compared 
With the fayalite, is secondary, constitutes a magnesia-poor variety 
closely allied to hedenbergite, a fact which still further increases the 
analogy to the eulysite. I t  is also identical with the diallage-for 
niation at the contact towards the series /, which thus also may be 
secondary.1

The garnet is a light-red almandite which, to judge by the colour, 
is poor in manganese, or altogether devoid of it. I t  is of the same 
character as the garnet that has been formed at the pegmatite- 
contacts in the Mansjô Mt., i. e., either without any crystal faces 
at all or else with extremely sharp ones, and also without any inter
positions, as contrasted with the garnet from Tunaberg and, in part, 
that from Loberget too — which rounded-off crystals are filled 
llP by interpositions — these crystals being the result of a secondary 
crystallization produced by stress.

The fayalite rock of Gymâsberget shows, consequently, the per
fect transition between that which has hitherto been considered as 
typical eul5rsite and the monomineralic fayalite rock which, on a pre-
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\ious page, when describing the mineral composition of the eulysite, 
1 have given as probably being the original »primary eulj'site»,

I  return, then to the magmatic formation of this primary eulysite, 
from which latter the other eulysites have developed as a result of 
secondary metamorphic actions or local chemical additions.

In  evidence against the magmatic theory of the genesis of eulysite, 
Palmgeen has brought forward the absence of vanadium and chro
mium. Even i f  it  has proved impossible to show the presence of 
vanadium in the eulysites examined by me, chromium, however, has 
been found by Dr. Saitlbom in the eulysite massive in the fold of 
the syncline of the Marisjo Mt. As it  is wanting, however, in the 
other Halsingland eulysites, the above-mentioned presence of the chro
mium cannot be regarded as a decisive factor in the question, 
especially as experience has shown that- chromium-oxide, in the mag
matic differentiation, accompanies the magnesia and not the silica, 
and that, consequently, its presence ought not to be looked for in 
the eulysite, which is characterized .by a certain percentage of silica 
and a low percentage of magnesia.

As a rule, when the possible existence of an eulysite-magma has 
been discussed, the starting-point appears to have been its relation
ship to the peridotites, as indicated by the ferrous olivine existing in 
the eulysite (cfr. R osenbusch and I ddings), and the petrographic 
character of the peridotites has been allowed to be the decisive factor 
in considering the eulysites. This is an erroneous method, however, 
as the primary eulysite can by no means have originated in con
sequence of normal differentiation of a basic magma, in analogy 
to the formation of the peridotite, even i f  we accept as the most 
probable explanation of the latter, B owen ’s differentiation by cry
stallization. I t  is true that, in his paper on the formation of the 
anorthosites (3. p. 235), in the analogous discussion of the anchi- 
monomineral rocks in general, B owen says that »the collection of 
crystals to give substantially solid masses of nearly pure olivine 
or pyroxene does not seem out of the question». But by this he means 
magnesia-olivine, a fact he specially emphasizes by calling attention 
(3. p. 236) to V ogt’s discovery that the richer in olivine a perido
tite is, the richer in magnesia w ill be its olivine. This fact dovetails 
nicely with Bowen ’s crystallization-theory, but does not at all f it  
in with the eulysites.

A t the Mansjo Mt., eulysite has, for the first time, been shown 
in contact with a normal magnesia-peridotite, which latter, in addi
tion, clearly shows how the magnesia-olivine has been the first to 
crystallize in complete agreement with Bow en ’s theory and the

[M ars— A p ril 192"'
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melting diagram »Forsterite-Silica». This contact, however, is erup
tive, and shows undisputably that no kind of series of differentation 
exists between the two rocks, but that they are separated by a distinct 
difference in age. But this is not denying, that they can both be 
derived from the same primary magma.

While the Mansjo harzburgite is most nearly in agreement with 
the melting-diagram for Mg2Si04 — Si02 as determined by A nder- 

and Bowen, the eulysite must be referred to the .certainly 
essentially different melting-diagram Fe2Si04 — Si02.

As f ar as I  am aware, no investigations have been carried out 
Wlth regard to this latter diagram, but, with the assistance of the 
one first mentioned and of V ogt’s statistically derived schematic 
melting-diagram Mg2Si04 — Fe2Si04 (36. p. 522) and also of 
^ erixckel’s melting-diagram MnO — Si()2 (9. p. 201), it  ought 
lo be possible to gain some idea of the main characteristics of the 
diagram in question.

In the appended fig. 23, I  have sketched my supposed melting- 
diagram FeO — Si02, which it  is my intention to investigate expe
rimentally, too, in the immediate future. As the melting-point of 
iron-anthophyllite is unknown, I  have employed that determined by 
St e ix  in 1907 for synthetic FeSiOs. The melting-point of faya- 
iite has been given the value found by D oelter, i. e. 1065° C.2 
I  roni the diagram there may be deduced, that, in analogy with 
Mn 0 — Si 0 2, I  have assumed that the existence may be supposed 
°f a comparatively small difference in temperature between the 
solidification-point of the fayalite and of the eutectic and that, con
sequently, between the points A  .in the diagram (see fig. 23), 
there exists a chemical composition of the melt with a very low 
melting-point as compared with that of the peridotitic Mg 0 — Si 0 2 
magmas, where the eutectic lies at 1543° C.

The interval A —A also corresponds, however, to the previously 
found composition of the primary eulysite from Gymasberg and 
Loberget and an »eulysite magma» ought, consequently, to be able 
t° exist1 in a liquid phase simultaneously with a peridotite magma, 
v-'hieh by transition into solid form, has already been separated out at 
a higher temperature.

There does not exist any support, however, either in the records of
1 The congruent meltingpoint FeoSi04 thus corresponds to the Gym&sberg fayalite 

r°ck; the diagram between that point and the l i f t  >A> corresponds to the Gillingc 
eul.ysite, and the diagram between the same point and the right »A» to the Tunaberg 
^nd Mansjo eulysites, i f  we take into consideration that the primary FcSiO:i has pro- 
bably crystallised w ith the accessory components of the magma into diopside.

2 The meltingpoint of quartz has been given the value found by F e r g u s o n  and 
Mkrwtx, Am. Journ. o. 8c. X LV I.
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observation or in tlie melting-diagram, for a differentiation-process 
produced by crystallization, which might have led to such a separa
tion. In consequence of its isomorphism with Mg2Si04, the Fe2Si04 
must, instead, have accompanied the former at the crystallization 
of the first olivine, and according to V o g t ’s statistical investigations, 
the proportion FeO:MgO must, with slight variations, have become
constant, both in the crystals developed and in the residual solutions.

The anchi-monomineralic feiro-silicate formation must, therefore, 
in this instance have arisen in some other way than by a differentiation 
through crystallization, and thus the only imaginable kind of genesis 
that remains is a pegmatitic differentiation, i. e., a pneumatolytie 
distillation of the ferro-silicate or, in other words, th e  e u l y s i t e  
m u s t  be c o n s i d e r e d  as c o n s i s t i n g  o f  p e g m a t i t i c  
h y d a t o g e n e o u s  a nd  h a l o g e n e o u s  r e s i d u a l  s o l u 
t i o n s  o f  b a s i c  ma g m a s .

The first thing to be done, then, is to elucidate the cause of the 
absence of alkalis, alumina and magnesia from these residual so
lutions. Viewed schematically, we can eliminate the latter on the 
ground of the lower melting-point of the purely ferrosilicate-eutectic, 
already discussed, and we can therefore imagine that, as a result of 
normal differentiation, the main part of the magnesia must already 
have been removed through solidification in differentiated basic rocks 
(peridotites, gabbros).

In  the pegmatitic residual solutions, consequently, we shall chiefly 
find, in addition to mineralizers and water, acidic alumina silicate» 
and alkalis. In  the same degree, however, that the pressure increases 
in the residual solutions as a result of the concentration — simultane
ously with a decrease in the temperature — of the gas-phases, 
the alumina-silicates and the alkalis w ill be compelled, by giving 
off HoO, to assume a solid phase, in accordance with the equilibrium- 
formula (cfr. N ig g li, 22. p. 112):

Na2A l20 4 ■ 2SiO, + 2H20 H 2A120 4 • 2Si0.2 4- 2(N aO H )................(I)

the course of which, consequently, moves in the direction of the upper 
arrow towards the left.

The alkalis bound by the halogens react, simultaneously with in
creasing pressure, in combination with the released H 20, forming 
hydrochloric acid and alkali-hydroxide.

NaCl +  H20 * HC1 + N a O H ............................... ( II)

The hydrochloric acid attacks — still under rising pressure 
the FeO in the residual solution, forming Fe Cl2:

- FeCI, + 1I20

[Mars— A p ril 1923

2TIC1 + FeO (H I)
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The course of the reaction, consequently, under rising pressure, 
follows in all the equations the direction of the upper arrow.

If.  in this residual solution, there also exists an excess of silica 
" Probably in the form of H 2Si03 — we then have the conditions 
necessary for the formation of a hydatogeneous eulysite-magma, for, 
ln consequence of the falling temperature, the pressure is increased 
as a result of the release of the gas-phase, while, simultaneously, 
fhe intrusive-capacity of the residual solution increases. ,

If this residual solution is then forced into zones of weak re- 
81stance of the surrouding-rocks, such as the Mansjo syncline — the 
Pressure w ill then be suddenly essentially lowered, and a rapid 
aSgregatic-crystallization w ill take place, under liberation of HC1- 
§as, thus:

2FeCl2 + H20 + I I 2S i03 -------- > Fe2Si04 + 4IIC1^ ^

FeCl2 + H 2S i03 ---------♦ FeSi03 + 2HC1 | ...........................  '

The proportion — »orthosilicate: metasilicate» w ill, in any case, 
depend on the concentrations of the primary phases forming part of 
fhe process, but, in consequence of the probable excess of H 20 in 
fhe pegmatitic residual solution, it w ill, in all likelihood, preponderate 
towards fayalite-silicate.

I f  the decrease of pressure takes place successively during the 
Process of intrusion, we can also imagine a partial reversible forma
tion of ore, in accordance with reaction 1IT. I f  this be written 
according to N i g g l i , introducing trivalent iron:

FeCl2 + 2FeCl3 4 4H20 ^Z Z Z Z l 8IIC1 4  Fe30 , ............................( I l l  a)

then, with decreasing pressure, magnetite w ill he recrystallized, which 
reaction might possibly explain the magnetite formation observed 
hy L a c r o ix  at Collobrieres, which formation, in such a case, would 
have been primary, as would, too, the magnetite at Gillinge.

After the trivalent iron has been consumed in the formation of ore, 
such a recrystallization of magnetite, consequently, should theoreti- 
Pally  be supposed to cease. I t  seems probable to me that this forms 
fhe natural explanation of the previously mentioned ore-concentration 
towards the eulysite-contact in the Mansjo Mt. i. e. towards the first 
consolidation-surface.1

The conception of the eulysite as being a halogeneous pegmatitic 
residual solution agrees extremely well with the observations made 
hr the field, both at Tunaberg and at the Mansjo Mt. The »soaking 
through» of the fragments with eulysite obtains thereby its natural

1 Another explanation may also be given by the primary composition of the peg- 
matitio  magma corresponding to a position in the diagram to the le ft of »Fe.,Si04*.
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explanation, as does, too, the reason why the fayalite-magma at 
Gymasberget, at its contact towards the quartz, has formed diallage 
and garnet and not iron-anthophyllite. In  the field last-mentioned, the 
temperature of the fayalite-magma has evidently been extremely low' 
in consequence of its purely fayalitic composition, while a glance at 
the roughly outlined melting-digram (fig. 23) shows that an essenti
ally higher temperature has been demanded for the formation of the 
ferro-metasilicatc.

On the other hand, for that isomorphus mixture of silicates which 
may be considered as constituting the diallage and the garnet, 
D o e l t e r  (1903) has determined the melting points to be 1140° C. 
and 1160° C. respectively, i. e., values in the neighbourhood of the 
melting-point of fayalite.1 In this connection we must not neglect to 
observe that all these temperature-comparisons are made on the basis 
of values determined at atmospheric pressure and under the supposi
tion that the melting-temperatures of the various silicates, even at 
higher pressures, retain, in the main, their mutual relativity.

We find, too, another support for the pegmatitic character of the 
eulysite in the scapolitic formations along its contacts in the Mansjb 
Mt., both in the gneiss as well as in the limestone, in those instances 
when the gneiss layer has been very thin. This scapolitic formation 
w ill be described in greater detail under the heading of »The skarn- 
formation at the contacts between the limestone and the crystalline 
schists (p. 310)».

But at Tunaberg, too, there occurs the same scapolitization of 
the pyroxenitic skarn-zone between the limestone and the gneiss- 
layer separating the eulysite from the former. P a l m g e e n  has 
evidently not observed the mineral, probably in consequence of insuffi
cient exposures at the time of his investigations. In  the new blastings 
carried out during the course of the late war for the purpose of em
ploying the eulysite as manganese-ore, I  have, however, discovered 
scapolite in the easternmost quarry then made, at Stora Uttervikshage, 
and Professor Q u e n s e l  has given me specimens taken by him, on the 
occasion of our common visit, not far from Stromshult, i. e., consider
ably farther to the w'est, and which also contain scapolite.

A ll these scapolites being clilor-scapolites, the most natural ex
planation is, that their formation must be due to the HC1 which 
must have been released on the solidification of the eulysite and which 
would, most naturally, have been assimilated by the nearest rocks in 
the neighbourhood.

1 T h e  diallage may thus have been formed already in  the sta tus nascenti of the 
eulysite by the combination o f FcSiO;} w ith  the residmims o f the magnesia and lime.
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According to the hypothesis of L e i t h  and H a r d e r  no reaction 
Jetween Fe Cl2 and H 20 takes place unless the hydrochloric acid be 

neutralized by a neighbouring limestone.
In this case it seems to me as i f  the plagioclase of the gneiss has 

neled as an absorption appartus of the HC1, as well as the limestone, 
nnd as if  the limestone thus may be substituted by any kind of rock, 
nkle to neutralize the acid — either by scapolitization or otherwise.

-If the said hypothesis holds good, it may thus also explain,why the 
eulysite-rocks are found in the vicinity of limestone-beds and sedi
mentary schists possessing a great chemical as well as physical 
eapacity to absorb gases.

The necessary conditions, then, for the formation of an eulysite- 
lock are the concentration of a halogeneous pegmatitic residual-solu
tion in an iron-rich basic residual-magma, from out of which the 
mam portion of the magnesia has been differentiated in one form or 
Uuother at some earlier period.

As these conditions — although they are fu lly  probable — can in 
all likelihood only exceptionally be found in combination, we find in 
this fact an explanation of the rarity of the eulysite occurrences. 
Another factor contributing to this scarcity is the complete alteration 
°f the fayalite into »skarn:>, as a result of contact and regional meta
morphism, which may account for the obliteration of many eulysite-
deposits.

During the course of the development of my theory on the for
mation of the eulysite, 1 have treated them as pure ferro-silicate rocks, 
^lie undoubtedly primary occurrence of small quantities of diallage 
and hornblende present in them can, however, be considered without 
further discussion partly as altered remainders of the intruded 
■U'neissous rocks and partly as primary remains of alumina, magnesia, 
lime and alkalis that have been left in the residual-magma, or carried 
by the halogens. Like the manganese and garnet, they are negligible 
as regards the formation-theory, as I  have shown by the comparison 
between the increasingly nietamorphic, but fu lly  continuous observa- 
tion-series which extend from the primary hydatogeneous-magmatic 
rocks to the crystalline schists:

»Gymasberg fayalite rocks» — »Loberg eulysite» — »Mansjo 
Hit- eulysite» — »Gillinge eulysite» — »Tunaberg eulysite».

The Mansjo Iron-ore.
lhe unimportant enrichment of magnetite at the eulysite-contacts 

1ms led, at the Mansjo Mt., to resultless mining in the so-called 
»Slollcn» (Gallo ry). north-west, of the limestone quarries.

4L  H. 3— 4.] ROCKS AND MINERALS OF THE MANSJO MT.



But, in addition, several smaller claims have been opened on the 
slope of the mountain in those fragments of the eulysite that have 
been torn away from the south-western limb of the synoline by the
large, rending dyke of gneiss-granite.

The original eulysite here is completely transformed into skarn, 
but, in the waste rock-dump, there can still he found here and there 
some rock-specimens containing remaining traces of fayalite. In 
certain parts of the skarn, there is observed a slight magnetite con
centration which, apparently, is analogous to the earlier, normal 
occurrences from the contacts towards the surrounding rock, or may 
be a secondary addition from the granite-magma.

In  addition to this, however, there is found a considerable secondary 
hematite-ore enrichment which is of special interest. An analysis of 
this ore, made by me, w ill be found in table I, below. For the sake 
of comparison there is appended a determination by S a n t e s s o n  ( I )  
of ore from the same locality.

The low alumina-, magnesia- and lime percentages in both analyses 
point to the eulysitic origin.

between the eulysite and the surrounding gneiss-granite. The hema
tite-crystals, viz., appear as a rule, in the shape of crystal-skeletons, 
enclosed within pseudomorphs of talc-chlorite after amphibole-prisins 
(anthophyllite and griinerite) while, sometimes the hematite appears 
in grains, in which case the ore-enrichment may possibly be partly 
derived by secondary addition of ferric iron from the granite. I  
have not found any acceptable evidence supporting the latter hypo
thesis, however. The serpentine ground-mass is intergrown by 
faintly undulous, secondary quartz-grains lacking crystal-bounda-

I
( E c k e e m a n n ;  a n a l . )

II

Si02 . 
A1203

44.99

1.01

48.16
3.50

0.80
0.40
1.22

0.08
tr.

( S a n t e s s o n ; a n a l . )  

45.2 
1.3

50.9 .
FeO 
MnO 
CaO 
MgO 
S .

1.2

0.5

0.8

tr.
tr.P

100.16 % 00.9 %

The hematite occurs in a skarn consisting of talc, serpentine and 
chlorite, which has evidently been formed by metasomatic interchange
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nes> The quartz-grains enclose numerous minute cavities filled with 
S<r>s; as a rule, without lihella*. 1 have also encountered some few 
rounded crystals of zoisite.

This hematite-skarn, therefore, constitutes the extreme observed 
Phase in the alteration of the primary eulysite.

44. I I .  3— 4 .]  ROCKS AND MINERALS . OF THE MANSJO MT.

^  Summary o f  the Chemical Reactions leading to the A lte ra tio n  
Products o f the P r im a ry  E u lys ite .

Finally, i n connection with what has been said above, it  may be 
°f interest to give a chronological view" of the chemical reactions 
111 accordance with which these transformations of the original 
Primary eulysite (ferro-silicate-rock) may be supposed to have taken 
Place, giving, at the same time, the corresponding rock-types:

Tlie  F a y a lite  H ock in  th e  G yniftsbcrg :

6FeCl2 + 3Si02 4- 6H20 =  3Fe2Si04 + 12HC1 
Fayalite

The A n t l io p l iy l l i te  B ock in  th e  M an s jii l i t . :

3Fe2Si04 + 3Si02 = 3Fe2Si209 

. Fayalite Quartz Iron-anthopliyllite

Tlie  G ru n e r ite  B ock a t th e  G ra n ite -C o n ta c t: l la n s jo  l i t . :

The biotitc of the granite is metasomatically decomposed as
follows:
ai[Al(Si04)3] A l2K ir 2 ■ [Mg(Si04)3] Mg,} = 2{[Al(Si04)3] A12KH2} + 2Mg, [Mg(Si04)3] 

Biotite Muscovite

The muscovite-molecule is, in part, still further decomposed as
follows:

2 {[Al(Si04)J  A12KH2} = 6Si02 + 3A1203 + 2H20 + K20 
Muscovite Quartz

The olivine-molecule reacts with the iron-anthophyllite and the 
huartz which is released on the decomposition of the muscovite- 
molecule, thereby forming grunerite:

2Mg, [Mg(Si04)3] + 6 Fe2Si2Os + 6Si02 = 12(FeSi03 • MgSi03)
Iron-anthophyllite  Quartz Grunerite

The decomposition of the biotite gives rise to the constantly aplitic 
border facies of the granite towards the griinerite-rock.

As all the quartz released on the decomposition of the muscovite 
is thus consumed, the explanation is thereby obtained of the relative 
freedom of the grunerite rock from quartz.
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T li («a r  n e t It o c k i n  t li o K u 1 j  s i  1 e - € o n  t a c i :

The alumina released on the decomposition of the muscovite- 
molecule combines with the diopside of the eulysite to form garnet:

3(CaFeMg)Si03 + A120 3 =  (CaFeMg)3 A l2(Si04)3 
Diopside Garnet

The H e m a tite -T a lc -S e rp e n tin e  ska rn  o f th e  M ansjo  I ro n -m in e :

The fayalite of the eulysite is first transformed (as above) to iron- 
anthophyllite, and then to grunerite as a result of the decomposition 
of the diopside:

2(Ca, Mg)Si03 =  CaSiOj +  MgSiOj'
Diopside

The free enstatite-molecule combines with the iron-anthophyllite to 
form grunerite:

MgSiOj +  FeSiOj =  MgFe(Si03l2 
Anthophyllite Griincrite

A decomposition takes place similarly of the garnet previously 
formed:

Ca3A l2Si30 12 • Mg3A l2Si30 12 • Fe3A ]2Si30 12 =  3A120 3 + 3(FeSiOs • MgSi03) + 8CaSi03
Grunerite

The grunerite thereupon combines partly with the carbonic acid, 
water and the alumina which have been decomposed out of the 
muscovite and garnet to form chlorite, quartz and hematite, and also, 
with the carbonic acid and water alone, to form talc, quartz and 
hematite. The reactions may be supposed to be as follows:
10(FeSiO3 ■ MgSi03) + A120 3 + 8H20 + 8C02 =  2 {[SiO* • SiOJ I I 2Mg30 1I2) • { [S iO j 

Griinerite

A l2Mg ■ Mg(0H)2 • 0H 2} + 5Fe20 3 + 14Si02 + fCO
Chlorite Hematite Quartz

6(FeSi03 • MgSiOj) + 2H20 + 3C02 =  2 [(S i06 • 3Si02) Mg3H2]  + 4Si02 + 3Fe20 3 + 3C0
Grunerite Talc Quartz Hematite

The carbonic acid must exist in the magma as, in accordance with 
reactions shown later on, in the description of the pegmatite dykes, 
it  is released at the contact towards the limestone in greater quan
tities than can be bound by the scapolite formation there, and this 
apart from the assumption that the magma may primarily contain 
carbonic acid.

The transformation of the grunerite into a »hematite-like» product 
was observed already by Palmgeen  at the Tunaberg field, and the
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observations i have made in the thin sections from such heinatitized 
Sriinerite, taken by me in Stora Uttervikshage, near Strbmvik, show 
a perfect agreement with the course of the transformation process in 
the Mansjo-griinerite.

I lie wollastonite-molecule which is released on the decomposition, 
01 °f the diopside and of the almandite, combines with the alumina 

released from the almandite or decomposing muscovite, and with 
water and quartz, as follows:

4CaSi03 + 3A1203 + 2Si02 + H20 ^  2 {Al.,Ca2OH [S i04],}
Quartz Zoisite

Tmt, in addition to this, the enstatite-molecule can also be imagined 
aSi being altered into serpentine, thus:

3MgSi03 + 2H20 = MgjTI, ■ OH2 • [Si00 • Si02] + Si02 
Serpentine Quartz

The final products, therefore, of the decomposition of the eulysite 
cau, in fu ll agreement with the mineral-associations actually ob
served as existing, be as follows:

Serpentinc-Talc-Chlorite-Hematite-Quartz-Carbonic Oxide.

The last-mentioned, the CO-gas, must be presupposed as being 
carried off, to prevent the reactions from running reversibly. The 
more natural course would be to suppose the carrying off of water 
simultaneously with the formation of FeO. This, however, would

in conflict with the result actually observed beneath the microscope, 
as was shown in the previous chapter.

there exists, however, a peculiar case of Fe203-formation in car- 
nallite, simultaneously with the release of lijMrogen, which is de
scribed b y  J o h n s e n  in »Zentralbl. f. Min. 1912», and also b y  B o e k e  
in »N. J. f. Min., 1911».

The course of the reaction in that instance probably runs as follows: 
2FeCI2 + 3H,0 =  Fe20, + 211 Cl + H

To a certain degree, this course of reaction is analogous to the 
°ne L have myself described. I f  in my transformation-reaction for 
the griinerite, given above, HI is substituted for C02, free hydrogen 
too w ill be obtained as a product of reaction. I t  seems to me, there
fore, as i f  the acids, I I 2C03 and H2Si 0,, at the temperatures and 
Pressures which obtain here, may be supposed to correspond to the 
strength of IIC1 at the lower temperatures and pressures of the
c a r n a l l i t e .

44. H . 8— 4.]. ROCKS AND MINERALS OF THE MANSJO JIT.



298 HARRY VOX ECKERMAXX. [Mars— A p ril 1922.

The Am phibo lites o f  Magmatic,-hydatogeneous O rig in , rich  in  P y r r h ' -

In  the foot-wall of the limestone stratum there occurs a layer of 
highly pyritic amphibolite, which appears to concordantly accompany 
the schistosity of the migmatitized gneiss, but which has been exposed 
to such a small extent that it  has proved impossible to follow it'’ 
tectonic details. Below the limestone quarry, its outcrop is for the 
most part covered by the waste-rock dump from the quarry. My best 
opportunities of observing it  have, therefore, been given by the cores 
from the drill holes. In  these the amphibolite is found more or less 
free from feldspar.

Professor Petren has carried out the following analysis of the 
h ighly pyritic  and quartzit.ic, but feldspar-free parts of the amphi
bolite, by means of which, w ith the aid of thin-sections of the 
test sample, I  have determined the mode:

Mol. % Mode
Size of grains 

m m

Si02 . . . 64.77 % 107.95 Quartz . . . 47.0 % Vj—3
A120 3 . . . 2.85 % 2.79 Hornblende . 38.3 % V i- 3

FeO . . . 23.15 % 32.15 Pyrrlio titc . 10.5 % Vs—2

MnO . . . 0.21 % 0.30 Pyrite . . . . 4.2 % Va—1
CaO . . . 1.22 % 2.18 100.0 %

MgO . . . 4.12 % 10.30
S . . . . . 6.04 % 18.88
k 2o . . tr.

Na20 . . . O.oo %

102.30 %

—o=s . . 1.51 %

100.85 %

The h o r n b l e n d e  is of a beautiful bluish-green, which is sur
prising when the low percentage of lime (3.2 c/°) is noted, together with 
the total absence of sodium, as proved by the analysis. The crystals 
are idiomorphic, but are often poikilitically intergrown with quartz. 
The absorption is:

a =  dark bluish-green >  ( l =  dark yellowish-green 
> 'y  =  yellowish-green

I t  has been impossible to carry out any determinations of the angle 
of the optic axis or of the birefringence, in consequence of the strong 
own-colour of the mineral.
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Extinction c : y = 1 6 ° ;  optic character negative.
The mineral is evidently a common hornblende.
There can be observed an incipient transformation into griinerite.
The q u a r t z  is faintly undulous, clear and but very slightly 

Pigmented by gas inclusions.
The crystals are allotriomorphic, and evidently form the last cry

stallization-residue. The quartz, however, does not constitute a nor- 
^ial component of the amphibolite which, to a great extent/ is free 
10111 quartz and consists only of ores and hornblende.

The p y r i  t e occurs in small, idiomorphic- and sharply bounded 
grains, which can be observed within all the other minerals too. The 
Pyrite evidently constitutes the mineral that was earliest crystal
lized.

The p y r r h o t i t e i s  not idiomorphic, but can be observed in irre
gular grains, chiefly grouped around the hornblende which it appears 
1° have corroded (fig. 36). I t  has, therefore, been crj^stallized later 
than the hornblende, and has possibly solidified almost at the same 
time as the quartz.

^ - P a t i t e ,  o r t h i t e ,  and z i r c o n  are found in small grains, 
which are often rather numerous. The zircon is surrounded by very 
sharply defined pleochroic haloes.

One thing of especial interest is the complete transformation of 
the rock in certain places, such as at localities R—25 and D— 11, 
into griinerite-fels. This alteration has not been occasioned by any 
dynamic metamorphic action, for there exists no sign of pressure- 
schistosity, either in the griinerite rock or in the pyritic amphibolite. 
The transition appears to occur mainly in the quartz-free parts 
°f the amphibolite, and the optical characteristics of the griinerite 
are perfectly coincident with those of the griinerite produced by the 
ttontact-metamorphism of the eulysite. Remains (centric flakes) of 
the green hornblende can be observed within the griinerite crystals, 
and the pyrrhotite retains its character of corroding matrix between 
the amphiboles. The alteration of the hornblende into griinerite 
ls perfectly similar to the one observed within the eulysite, and i l 
lustrated by fig. 29.

I  have analyzed this griinerite rock and obtained the result quoted 
below in table I. The alkalis were not determined, but cannot amount 
to more than very small quantities. Under I I ,  below, I  have repeated, 
for the sake of comparison, Dr. Sahlbom ’s analysis of eulysite rich 
in iron-anthophyllite.

B d 44. H . 3— 4 .]  ROCKS .AND MINERALS OF THE MANSJO MT.
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I 1 a I b I I I I I

S i02 .................... 33.25 % 55.42 Griinerite 1 44.48 % 49.70 *
and >72.5 %

• ' l l » : , ................ 2.60 % 2.55 Hornblende j 0.44 % 1.35 *

F e O .................... 47.18 % 65.52 Pyrrhotite ) 48.17 % Fe’ °3 j - 1« ;and >27.2 % FeO 37.10 i
M nO .................... 0.26 °/, 0.37 Pyrite 0.54 % 0.93 *

C a O .................... 1.46 % 2.61 Orthite | 1.29 % 0.68 t
> 0.3 %

M gO ................... 5.80 % 14.50 Apatite; Zircon J 4.00 % 5.72 *

k 2o .................... — — 0.07 — -

Na20 ................ — — 0.09 % tr.

S ........................ 10.96 % 34.20 0.77 ‘/„ —

P A .................... — — 0.47 % 0.12 t

h 2o .................... 0.56 % — 0.47 / 0.40 *

102.07 % 100.79 % 99.10 K

-  0  =  S . . . . 2.74 % 0.30 %

99.33 % 100.49 %

I .  P yritic  griinerite rock from the amphibolite; locality K — 25 Mansjo Mt
Anal. H. v. E ckermann .

I  a. Molecular proportions of I.

I  b. Mode of I.
I I .  Iron-anthophyllite-bearing eulysite, Mansjo Mt. Anal. N. Sah lb o m .

I I I .  Griinerite-shale from the Marqnette-district, Michigan, D. S. A. (R osenbusch)

There appears to me to exist a pronounced analogy between the 
pyritic grunerite-amphibolite and the anthophyllite-bearing eulysite. 
For one thing, their microstructure is in agreement, and, in addi
tion, the chemical composition shows that the percentages of iron, 
manganese, lime and magnesia are about the same. The alumina- 
percentage, it is true, is somewhat greater in the griinerite rock, but 
this may be the result of an assimilation of alumina from the sur
rounding migmatitized gneiss which is extremely rich in alumina,

Just as in the eulysite-skarn the quartz is a secondary addition, 
so here, too, it  can be shown that the pyritic amphibolite rich in 
quartz is cut by the apophyses of the gneiss-granite, or the latter are 
intruded along the contacts. The gneiss-granite is, consequently, of 
younger formation and has supplied the amphibolite with the quartz. 
Dr. Petr^n’s analysis, given above, refers to such an amphibolite
(p. 298).

As has been previously shown, the eulysite-rocks have not taken 
part in the folding of the syncline and, in the same way, the am-
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Phibolite and its grüneritic faciès have been left unaffected by the 
&reat folding of the surrounding gneiss and must, consequently, be 
supposed to have cut through the latter, i. e., to be intrusive, in the 
ure of strike of the gneiss.

we suppose the sulphur to be removed from the rock, there 
uou d thereby be caused a deficit of S i02 and there would exist the 

muical composition necessary for the formation of a fayalite- 
\  °tlte fu lly  corresponding to the eulysite. 

s its microstructure shows, the pyrrhotite has undoubtedly been 
. 1 • In addition, the rock has been rich in mineralizers, i f  we may 
lu ge by the apatite, zircon and orthite.
^ appears to me, therefore, as i f  the genesis of the rock should 
e Placed in connection with that of the eulysite, and as i f  the pyritic 

amphibolite and its grüneritic facies, in analogy with the eulysite, 
cmistitute a pegmatitic hydatogeneous residual solution rich in sul- 

Ur> which latter, by combining with the FeO, has prevented the 
urination of orthosilicate.

Whether the hornblende is a primary constituent or has secondarily 
recrystalliZed from some other hornblende or a pyroxene, cannot be 
f ucided, but the alumina-percentage, assimilated simultaneously with 

e injection into the gneiss, together with the high amount of water, 
■ave probably given rise to conditions favouring the formation of a 
urnblende. In  this connection, I  should like to call attention to the 

extremely close microscopic agreement between that green hornblende 
vuxch has not been altered into grünerite, and those irregular horn- 
ende-flakes observed in the eulysite, both at Mansjô Mt. and at
^ H e ib e rg .

The Crystalline Schists.

The In tru s iv e  Am phibolites.

f f  we trace the amphibolite, which is folded concordantly within 
e syncline, eastwards from the first outcrop in the north-western 

Part of Mansjo Mt. to the bend of the syncline, it  is seen to be 
e whole way characterized by the same dark-green colour, an evenly 
vicled content of fine-grained pyrite and a sharply marked schisto- 

mty. A t locality D—34—37 south-east of the »Kolarkoja» (charcoal- 
urners’ hut) it  is, in addition, sharply foliated (fig. 38) and covered 
y a faint reddish-yellow weathering surface. The folding is co- 

mate with that of the gneiss, and is evidentlyACQptemporaneous 
Wlth the latter.
J ^ e  following analysis N:o I  has been carrieff^^^F^pDr. Sa h l -

: o d
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I I  a I I I I I IV

S i02 . ........................ 50.32 % 83.87 52.80 % 46.43 % 50.99 y

T i0 2 . ........................ 1.00 % 1.25 0.45 % 1.04 % 0.65 y

P A - ........................ 0.28 % 0.20 —  % 0.22 % —  i

A J A ........................ 10.00 % 9.80 11.25 % 13.62 % 15.18 f

F e A ........................ 1.56 % 0.97 2.83 % 1.16 % 1.87 1'

FeO . ................ .... . 13.50 % 18.75 9.78 % 9.08 % 8.09

MnO ........................ 0.13 % 0.18 --- % —  % 0.18 y

CaO . ........................ 6.04 % 10.79 7.08 8.60 y 8.60 y

MgO . ...........................  12.70 % 31.75 10.12 % 15.15 % îo.oo y

k 2o  . ........................ 0.30 % 0.32 0.92 % 0.84 % 0.33 y

Na20 ........................ 0.87 % 1.40 2.60 % 1.88 y 2 . 6 7  y

S . . ........................ 1.11 % 3.46 —  % s o 3 0.17 y 0.08 y

C02 . ........................ 0.00 % — —  % —  % C r A  O.08  y

H 20 - .................... 0.14 % 0.78 0.11 y —  y o.io  y

h 2o  + . . 2.86 % 15.89 2.11 % 2.36 y 0.95' J i

100.81 % 100.05 y 100.55 « 99.77 y

-  0 =  S 0.42 %

100.39 %

Sp. w t .................... 3,01 ( E c k e r m a n n ) 3.98 3.041

I. Amphibolite, locality D — 35, Mansjö Mt. Anal. N. S a i i l b o m .

I  a. Molecular proportions of I.

I I . Albite-amphibolite, Sasso rosso, Airolo, Tessin (G r u b e n m a n n ) .

I I I .  Bronzite-bearing olivine-gabbro, Molkenhaus, Harzburg. (Rosenbusch).
V I. Intrusive cummingtonite-ampliibolite, Orijarvi Lake; Finland. Anal. P. E s k o l A-

Osantn’s system gives:

s =  53.2 A =  1.1 a =  1.0 k  =  1.04 T =  0
C =  5.0 c =  3.5 n =  8.28 M =  l - 9

F =  31.6 f  =  25.5
I

and refers the amphibolite to Type 77 Emerald Mine. Type-formula-

(Sjo a2 c3,5f 24.s)

According to G r u b e n m a n , the rock is placed under Group 
second Order »Meso-amphibolites».

In  the quantitative system it  belongs to Class I I I ,  Order 4, Rang 4, 
in accordance with the following Norm:
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Norm % . Mode %
Average size of 

Crystals 
m m

Quartz . . . 5.34] Amphibole and 11-
0  rthoclase . . . 1.67

m en ite ................ 93.0 0.5 (max. 1.0)

Albite . . . . 7.34
S Sal. 36.87 Plagioclase Ab35An65 4.2 0.3

Anorthite . . . 22.52 P y r i te .................... 2.1 0.1

Diopside . . . . 4.41
A p a t i t e ................ 0.7 0.05

Hypersthene . . . 49.14 100.0

Ilmenite . . . . 1.98
Magnetite . . . . 2.32

sE Fem. 60.48

Pyiite . . . . 1.98
Apatite . . . . 0.65
H20 .  .

100.35

The mode has been calculated from the analyses, after determining 
the composition and amount of the plagioclase beneath the micro
scope.

In addition to the minerals given above under the mode, there also 
occurs biotite in the most highly schistose facies of the amphibolites, 
especially in the neighbourhood of locality D—35.

The characteristics of the mineral are as follows:
The A m p h i b o l e  is a faint greenish-yellow, almost colourless in 

thin-sections of 0.02 mm  thickness, and very faintly pleochroic
with
a =  light brownish-greenish-yellow >  @ =  y =  faint greenish-yellow.

The dispersion is weak, with q >  v . The mineral is sometimes 
altogether colourless at the edges; and there are found occasionally, 
in the centre of the crystals, small, irregular, sharply bounded remains 
°f a darker hornblende.

The following optical values were determined:

M a n s jo  O r i ja r v i
( E c k e r m a n n ) ( E s k o l a )

2VNa(°bs) =  ( -  ) 79c58' 2V(Obs) >  ( + ) 80°

2VNa(Cal) =(-)80°42' -

(■/ “  /% a(Obs) = 0.0109 —

(£ *- «)Na(Cai) = °-0i5i —
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M a n s jô
( E c k e r m a n n )

(y  -  «)N„(Obs.) =  0.0260 

«Na(Cal.) =  1.6259 

/91Ta(Obs.)= i.euco) 

/ Na(Oal.) =  1.6519 

c : y  =  13.8° 
Sp. wt. =  3.055

O r i jà r v i
( E s k o l a )

( y  — a) (Oba.) =  0.026

/SNa(Obs.) =  1.642

c : y  =  20°
Sp. wt. =  3.093

The mineral is negative, as opposed to the eummingtonite from 
Orijarvi quoted above, which, according to E skola, is positive; it  is, 
however, in agreement with the latter mineral in respect to birefrin
gence, the size of the angle of the optic axis and refraction. The 
extinction along (010) is lower, however.

I f  the values I  have determined be compared with those given by 
A. W i n c h e l l  for eummingtonite, perfect agreement w ill be found 
with regard to the negative character of the mineral, as well as with 
respect to the extinction. I  do not hesitate, therefore, to classify 
the mineral as a eummingtonite.

I f  we include in the eummingtonite the remains of the hornblende, 
and of the ilmenite which is enclosed in the eummingtonite in the shape 
of small, and often sharply limited crystals, we obtain, by calcula
tion, from the rock-analyses, and under the presuppositions that the 
mean composition of the plagioclase is Ab35 An65 and that all the 
sulphur is combined as pyrite, the following composition given 
under I :

I I I

S i02 ....................... ...................  51.7 % 49.58 %

T i0 2 ....................... ...................  1.1 > 0.56 >

A 1 A ................... ...................  9.3 > 8.10 >

Fe20 3 ................... ...................  1.6 » 3 35 >

F e O ....................... ...................  13.0 » 12.32 »

M nO ....................... ...................  0.1 » 0.31 >

M gO ....................... 15.41 »

C aO ....................... 7.99 >

Na20 ................... O GO 0.91 »

K 20 ....................... 0.11 >

H 20 ....................... 1.12 »

100.0 % 99.76 %

For the sake of comparison I  have given, under I I ,  E skoia ’s ana
lysis of the »cummingtonite-hornblende» from the eummingtonite-
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amphibolites of the Orijiirvi-field, from which may be deduced that 
a chemical agreement prevails between the minerals of the two rocks, 
111 sPite of the difference in the optic properties.

The p l a g i o c l a s e  is, partly, somewhat zonally built with, as 
a rule, more sodic kernel than shell; partly, it  is uniform. The com
position, however, is not constant, but varies between Ab40 to Ab30- 
The lamellar twinning according to the albite law occurs but rarely 
and is always rectilinear.

The b i o t i t e  is a lepidomelan, with the absorption-scheme: 

tt ~  faint yellow <  =  walnut-brown <  y =]dark chestnut-brown

I t  surrounds the amphibole, or is sometimes embedded in the latter, 
from which mineral it  seems to have been derived as a secondary 
formation. There exist no zircon enclosures or pleochroic haloes.

The ores, which appear to consist chiefly of pyrite, occur between 
the amphibole-crystals, having as a rule, the shape of longitudinal, 
irregular grains, without crystal limits, and flattened parallel to the 
Plane of scliistosity. I t  looks as i f  the pyrite had crystallized before 
the hornblende and had been squeezed out by the pressure, without 
having been recrystallized.

The a p a t i t e  chiefly intersects the hornblende and the biotite as 
Very small crystals, and is met with but rarely outside these 
minerals.

The structure of the rock is distinctly schistose through recrystal
lization; the plane of schistosity being marked by the hornblende and 
the biotite.

As the minerals — both the amphibolite and the feldspar, although 
Possibly with the exception of the pyrite — do not present any cata- 
clastic structure, the primary constituents of the rock must have 
been completely recrystallized. I  have been unable to discover any 
types of the amphibolite which point to porphyritic- or tu ffitic  p ri
mary structure. But, on the other hand, the amphibolites, as w ill 
he shown below, are surrounded by marked reaction-rims towards 
the more acidic rocks. In  consequence, I  consider that the Mans,jo 
Hit. cummingtonite-amphibolites should be regarded as intrusive sills 
m the crystalline-schists.

This supposition is supported by a striking chemical analogy to 
the Orijarvi-amphibolite (11 p. 113) which, like the Mansjo Mt. rock, 
is distinguished by the high percentage of (Fe, M g)0 in proportion 
to the CaO. In  the Mansjo Mt. this feature has been further 
accentuated by the higher percentage of cummingtonite and the 
almost anchi-monomineralic composition. The increase of the horn-
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blende and the decrease of the cummingtonite towards the centre-parts 
of the amphibolite sills are in agreement in both instances.

I  consider it  probable, therefore, that the rock has originally 
consisted of a gabbroid magma, unusually rich in magnesia. A l
though such magmas are rare, the analysis, given under I I I  above, of 
the olivine-gabbro from Molkenhaus, shows their existence.

In  the neighbourhood of the apophyses of the gneiss-granite, the 
amphibolite appears to have partly been still further altered, the feld
spar having been completely turned into small scales of sericite, 
simultaneously with the formation of zoisite, while the cummingtonite 
retains its fresh appearance.

HARRY VON ECKERMANN. [Mars— April 1922.

The Oarnetiferous Slcarn-Rocks.

As already mentioned, the amphibolite is surrounded by skarn- 
rocks which have been specially marked on the petrological map- 
I f ,  by means of thin-sections, the mineral composition of the amphi
bolite is traced in the direction of this skarn, it  is seen how the 
last remains of the hornblende are bleached more and more, simul
taneously with a diminution of the amount of the amphibole and an 
increase in the acidity of the feldspar, which mineral at last dis
appears, and, finally, an increase in the proportion of the quartz. A t 
the same time, the biotite partly replaces the cummingtonite-amphi- 
bole, this latter being transformed into griinerite. When the horn
blende comes to an end, the garnet makes its appearance; first spars
ely, then in increasing quantity, until the entire rock is mainly built 
up of garnet, griinerite and quartz, together with a subordinate 
amount of brown or green biotite. In the immediate vicinity of the 
gneiss, the griinerite, too, disappears, and only the garnet, quartz and 
biotite remain (fig. 41).

In  the field-rock this garnet-skarn is of a beautiful pale red, and 
sometimes gives the impression of being quite dense and homogeneous 
—• a veritable garnet-rock recalling the k i n s i n g i t e s ,  although 
normally it  is marked by the absence of the graphite which is a 
constant accessory of these last-mentioned rocks.

In  certain instances, this garnet-rock is bewilderingly like that 
which makes its appearance in the contacts between the eulysite and 
the paragneiss close to the limestone, but, genetically, it  is of an al
together different age, having been formed before the folding of the 
sedimentary series of the syncline (figs. 42; 43), and not at a later 
stage as a result of the contact-metamorphism of the gneiss-granite 
or, eventually, the eulysite.
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Professor P e t r i'in  has analyzed a specimen taken from the plagio-
c.ase" and graphite-free, griinerite-bearing skarn. The results are 
given here:

Bd 44. H. 3— 4.J

S i0 2 . 

T i0 2 . 

AIA  
»■A
FeO . 

MnO . 

MgO . 

CaO . 
K 20  . 

NaaO 

S . . 

H20 + 
Graphite

53.70
0 .4 0

10.56
0.00

27.51
0.98
3.27
1.74
0.66

0.00
0.56
0.56
0.00

M o l.  %

8 9 .5 0
0.50

10.35

38.21
1.38
8.17
3.11 
0.7

1.76
3.11

Norm

Q u a r tz  . . . 
O rth o o la s e  . 
A n o r t h i t e  . 
C o ru n d u m  . 
H y p e r s th e n e  
I l m e n i t e  . . 
P y r i t e  . . . 
H,0 . . . .

Sal.
3 8 .8 6

E e m .
60.38

. 0.56

9 9 .8 0

M o d e

Q u a r t z  . . 2 2 .5  
G a r n e t  . . 4 1 .8  
A m p h ib o le  2 5 .9  
B io t i t e  . . 7 .4
O res  . . .  2 .4

100.0

A v e ra g e  
s iz e  o f  
c ry s ta ls  

m m

0.3
0.3
0.3
0.2

0.1

99.94

®P- w t .  3.475 ( E c k e r m a n n ).

Position in the quantitative system: Class I I I ,  Order 3, Rang 4, 
&ubrang 1—2.

s =  5 9 .2  A  = 0 . 5  a  =  0 .5  n =  0 .0
C  =  2 .0  c =  2 .0  k  =  1 .5
E  =  3 1 .5  f  =  2 7 .5

The mode has been calculated from the analysis, after the amount 
°f biotite and garnet had been geometrically determined on two thin- 
sections at right angles to each other, which had been taken from 
the rock-sample analyzed.

I f  the skarn-analyses be compared with that of the amphibolite 
(Anal. I )  we deduce that an enrichment of the iron- and silica 
bas taken place at the expense of the magnesia and lime. I  have 
not been able to elucidate whether this is a primary differentiation- 
pbenomenon in the original magma, or the result of a secondary 
metasomatic process.

That, in the main, the formation of the skarn occurred previous
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to the folding of the syncline is shown, however, not only by the tec
tonic conditions, but also by the undulous extinction of the quartz, 
which is always parallel to the c-axis, a phenomenon which, accord
ing to E sko la , is the result of a later deformation brought about 
by mechanical pressure, and not of primary crystallization (11. p. 33). 
The garnet-rock also exhibits a poikilitic hornfels structure; there is 
an absence of crystal boundaries, and the garnets often assume a 
reniform structure (fig. 41). I t  is closely intergrown by quartz.

Of special interest is the transformation of the hornblende and 
cummingtonite into griinerite, simultaneously with the appearance 
on the scene of the biotite. The explanation of this appears to me 
to be, that the alkalis of the cummingtonite — in the rock analyzed, 
it  was exclusively potassium — are bound by the formation of the 
biotite, and that the residual (Mg, Ee) O-metasilicate is recrs^stallized 
into griinerite. The composition of the griinerite, in this connection, 
would be calculated from the analysis and the mode, as being about:

80 % EeSiOj and 20 /  MgSi03.

This griinerite exhibits an extremely fine polysynthetic twinning, 
and the crystals are often »flaky» and with badly developed limits.

The biotite, which, as a rule, is of a brownish-yellow colour, 
sometimes grades into a highly pleochroic greenish-black biotite, but 
I  have been unable to lay down any rules for this alteration.

As previously mentioned (p. 305) the amphibolites show no 
»chersantitic» border-facies towards the basic pyroxene-gneiss. They 
are substituted by a narrow zone of almost pure grunerite-fels, the 
cummingtonite changing into a fine-grained griinerite.

The G ray G arnetiferous C rys ta lline  Schists (Para-gneiss).

The crystalline schists of the para-gneiss type inside the synclinc 
have been given a special colour on the petrological map (PI. L X V I), 
on account of their non-migmatitic appearance. Even i f  at several 
localities the off-shoots of the gneiss-granite inject them in great 
quantities, as a rule along the strike, they are not remelted in the same 
degree as on the »outside» of the syncline.

Between the limestone layer and the eulysite, the gneiss, in the 
very fold of the syncline, has been almost completely protected against 
injection and migmatitizing from the gneiss-granite, and can, conse
quently, be studied there in its relatively primary appearance.

I t  is highly schistose (cfr. figs. 44; 45); occasionally arenaceously 
friable and granular, but without showing any primary clastic
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- t -  ■̂̂ le various layers, which are only some few millimeters 
Q. 1C. ’ sllovv marked variations in the material; certain layers con- 
sis mg almost exclusively of quartz, garnet and biotite, others again, 
j. Pmgioclase. The garnet increases considerably towards the 
îmestone contact, being there probably partly a product of a later 
egional metamorphism, connected with the folding of the syncline. 

of S a result of the varying composition of the gneiss, an analysis 
a small part of it  can give but an uncertain expression of its che

mical composition.
In order to obtain a more reliable result, I  have taken two general 

'amples, one from the more quartzitic gneiss near the limestone 
0cailty L—31), and another from the gneiss with a larger percen

tage of biotite and feldspar, closer to the eulysitc contact (locality 
J 25_)- Professor .Petr£n has been so kind as to analyze the 

irst specimen for me, and the result is given below, under I. The 
cond sample I  analyzed myself, obtaining the values given under

Bd 44. H . 3 4.] ROCKS AND MINIORALS OP THE MANSJO MT.

rpr
ae sampling was done at right angles across the stratification 

m the strike, and each analysis embraces some twenty alternating 
" 1111 layers rich in feldspar or quartz and garnet.

I la I I I I I I l ia IV

Si° 2 . 70.86 % 118.10 72.06 % 62.25 % 103.75 62.18 %
TA  . . . . 0.25 % 0.31 0.34 % 0.20 % 0.25 0.60 %
P,0 . — — — 0.32 % 0.23 —
Ah0 3 . . . . 11.78 % 11.55 12.51 % 16.02 % 15.71 17.10 %
FeA -  . . . 1.14 % 0.71 0.72 % 2.01 % 1.26 1.81 %
FeO 5.92 % 8.22 3.93 % 4.96 % 6.88 1.54 %
MnO 0.38 % 0.54 0.19 % 0.22 % 0.31 --  %CaO 2.35 % 4.20 1.70 % 3.61 % 6.45 4.91 %
MgO . . 2.18 % 5.45 4.14 % 3.66 % 9.15 2.92 %
k 2o . . . . 2.62 % 2.79 2.20 % 2.90 % 3.09
Na20  . . . 2.82 % 4.55 1.59 % 3.12 % 5.03 2.78 %
HaO . . . . 0.32 % 1.78 1.03 % 1.32 % 7.33 2.10 %

100.62 % 100.41 % 100.59 % 99.71 %
®P. wt. . 2.88 ( E c k e r m a n n ) 2.86 ( E c k e r m a n n ) 2.80

Crystalline Schist from locality L —  31, Mansjo Mt. Anal. J. P e t r iSn .

I  a- Molecular proportions of I.
1 *aS‘oclase-biotite-gneiss f r o m  the Orijarvi Mine, Finland. Anal. P. E s k o l a . 

Crjstalline schist from locality I — J — 25. Anal. H. v. E c k e r m a n n .
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I l l  a. Molecular proportions of I I I .
IV . Biotite-piagiodase-gneiss (sedimentary) from Berisal, the Simplon Road, Ober- 

wallis (Grubenmann).

In  O s a n n ’ s  and G r u b e n m a n n ’ s  systems the following values a r e  

obtained:
s A C F a c f k n T M

I .  . . 7 5 .4 4 .7 2 .6 10 .0 ' 8 .5 4 .5 1 7 .0 1 .7 6 .2 0 .0 0 .1
I l l . . 6 8 .0 5 .3 4 .2 1 2 .4 7 .5 5 .5 1 7 .0 1 .3 6 .2 0 .6 0 .1

which place the rocks in G r u b e n t m a n s t ’ s  group I I I ,  on the border 
between the »meso»- and the »kata-plagioclase gneisses», with both of 
which the mineral composition is in agreement.

The mode of the rocks, as determined by analysis and wdth the 
guidance of the microscope, is, viz.:

I  H I

Mode %

.

Average 
size of 

crystals
m m

Mode %

Average 
size of 

crystals 
m m

Quartz 42.0 % 1.5 Q u a r t z .................... 5.6 % 1.0

Plagioclase Ab73 An27 33.0 % 0.8 Plagioclase Ab70 An30 37.9 % 0.8

Garnet . 6.1 * 0.9 G a r n e t .................... 11.0 Ji 0.8

Biotite . 0.9 B io t i t e .................... 44.8 % 1.0

100.0 * A p a t i te .................... 0.7 % 0.05

100.0 %

The gneiss consists mainly of the minerals mentioned above as com
ponents of the mode.

The b i o t i t e  is a brownish-yellow to brown-black lepidomelan, 
with occasionally omphacitic edges, and displaying strong pleo- 
chroism.

a =  pale yellowish-brown < /?  =  )' =  dark brownish-black.
I t  is filled with small zircon crystals, with very sharply defined 

pleochroic haloes. The angle of the optic axis never exceeds 2°. 
Larger biotite scales are developed idioblastically towards the rest 
of the minerals.

The f e l d s p a r  consists of plagioclase. Microcline occasionally 
occurs locally, however, and is then beautifully and regularly twinned. 
The twinning structure in such cases is often extremely fine and 
almost undistinguishable, and it is only the extinction that prevents 
one from mistaking the microcline for orthoclase.



■THe plagioclase occurs arranged in layers in the gneiss; it  is fre
quently highly myrmekitic, and extinguishes zonally, with the follow
ing values:
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Kernel Shell
(001) . . . . . . . .  0° + 17*°
(010) . . . . . . . .  1° + 57 3°

the composition, consequently, being: An30-—An24.
Certain crystals, however, show uniform compositions between 

these extreme values.
In consequence of this variation, I  have considered any detailed 

optical determinations unnecessary.
The q u a r t  z is clear, with some few streaks of enclosures. I t  ex

tinguishes almost evenly, with faint wavy undulation, parallel, as 
a mle, to the c-axis and resulting from the action of pressure after, 
or during the recrystallization.

In thin-sections taken close to where the pegmatites cut across, 
there is found to exist a steadily increasing poikilitic intergrowth of 
quartz within feldspar and biotite, giving rise to a distinct hornfels-
structure.

S i l l i m a n i t e ,  although not included in the mode given above, 
sometimes accompanies locally and in radiating crystal groups, the 
Bedding planes which are marked by the mica. We can then find, in 
the middle of such groups, glass-clear prisms of sillimanite from 2 to 
I  mm in length. In  certain streaks, especially in between the grains 
°I biotite, the sillimanite is partially reduced in size to a felt-like 
fibrolite, lying like wisps of cotton-wool drawn out along the 
bedding planes. In  the main part of the non-migmatitized gneiss, the 
sillimanite is wanting, however.

G a r n e t  occurs, sometimes as a colourless, sometimes as a pale 
hght-red type. I t  lies in sharply idiomorphic crystals, scattered here 
and there in the streaks of mica, and is perfectly isotropic. In  the 
hornfels-varieties of the gneiss towards the contacts of the pegmatite 
and the eulysite, the amount of red garnet increases, while the 
colourless disappears altogether. Simultaneously, the garnet begins, 
ln the same proportion that the hornfels-structure increases, to 
Be more and more poikilitieally intergrown by centrically arranged 
quartz-drops. Some larger garnet-crystals also exhibit highly 
Pigmented plagioclase enclosures.

On qualitative chemical examination, the colourless garnet proves 
to contain no noticeable percentage of manganese, and it  is probably 
an alumina-garnet, poor in femic constituents.

R u t i 1 e-n e e d 1 e s appear in some few chlorite mica-scales, poin-



ling to a concentration of the titanium-percentage of the rock in the 
lepidomelan.

A  p a t i  t e is wanting in most of the thin-sections 1 have examined, 
but it  occurs in the rocks analyzed under I I I ,  above.

The structure is granoblastic, with a previously mentioned tendency 
to »sieb-structure» towards the contacts to the gneiss-granite apo
physes. The schistosity, which is very evident in the rock, is notice
able under the microscope through the alternation of the different 
mineral-bearing layers.

The rock appears to me to be a sedimentary gneiss recrystallized 
by metamorphic action. Its tectonic connection with the limestone 
points to this, as does also the actually existing variation of the sub
stances making up the different layers and, finally, the agreement 
between analysis I I I  and the gneiss, given under analysis IV , which 
is stated by Gr u ben m an n  to be sedimentary. That the analysis 
alone is not decisive in the matter, however, even i f  the atomic pro
portions calculated in accordance with Becke, give the rock a place 
among the rocks of sedimentary origin, is shown by comparisons 
between Analysis I  and I I  of the plagioclase-biotite-gneiss from the 
Orijarvi Mine, which latter according to E skola, most certainly can
not be assigned to the sedimentary formations.

A t the contact towards the eulysite, the crystallization-schistosity 
of the rock increases quite noticeably, simultaneously with an in
crease in the percentage of garnet while, on the other hand, the 
formation of myrmekite and the poikilitic intergrowth of the quartz 
disappear, pointing to a metamorphic influence of lower temperature 
than that of the granite-pegmatites. The biotite, too, presents towards 
the contacts to the eulysite, an evident change of colour, from 
yellowish-brown to greenish-yellow, and becomes of a lighter tint, 
probably the result of a diminution of the iron-percentage, on account 
of the iron — possibly in consequence of a lower percentage of alkali 
in the rock — combining to form red almandite.

In  the field-outcrops, the gneiss is gray, with lighter layers where 
the quartz- and feldspar-percentages are higher. Towards the lime
stone- and eulysite contacts the colour becomes a grayish-red in con
sequence of the increase of the garnet.

The thickness of the gneiss-bed between the eulysite and the lime
stone in the syncline varies considerably and, at its narrowest part, 
between the »Stora kalkbrottet» and the »Kalkugnen», is only a 
few decimetres thick. In  no place, however, is it  cut through by the 
eulysite, which concordantly accompanies it  along a sharply marked 
contact.
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The Pyroxene-Gneiss.
Tli-tie pyroxene-gneisses can hardly be said to be every-day features 

o the Swedish rocks. During my work in the field, I  did not at 
lrst observe, in consequence of the megascopic resemblance, that a 

green and somewhat coarsely granular schistose streak in the con- 
uation of the limestone in the synclinal series, which had been 

ossified by me among the amphibolites, was in reality something 
brute different. I t  was only on making a microscopic examination 
rat I  discovered that this amphibolite layer, in addition to the amphi- 
0 e> also contained a considerable amount of feldspar and pyroxene. 
The typical pyroxene-gneiss rock is highly schistose and of a dark 
aciash-green. Its line of strike is the same as that of the Mansjo 

stratified series i. e., NW — SE, and it  occurs not only in the con
tinuation of the limestone bed, but also inside of the eulysite in the 
syncline.

Dr. N. Sahlbom  has carried out the following analyses, given 
under I  and I I ,  of rock-samples taken from the two different occur
rences :

I I  a I I I I  a I I I

Si0 2 . 42.98 % 71.63 43.25 % 72.08 49.6L %
TiO„ . 3.45 # 4.31 3.10 % 3.87 0.56 %
PA  ■ . . . 0.80 % 0.56 0.70 $ 0.49 0.19 %
a'A  ........................ 14.71 14.42 14.69 0 14.40 15.21 %
^ A  • ........................... 1.49 % 0.93 1.58 % 0.99 0.89 %
FeO . 14.33 * 19.90 14.01 % 19.46 8.77 %
MnO 0.18 % 0.25 0.18 % 0.25 0.05 %
CaO . 12.57 % 22.45 12.91 % 23.05 16.32 %
MgO . . 6.28 % 15.70 6.24 % 15.60 5.02 %
K20  . 0.43 % 0.46 0.51 % 0.54 1.36 %
Na20  . 1.07 % 1.73 0.90 % 1.45 1.20 %
s . 0.09 % 0.28 0.23 % 0.72 —
< A ............. 0.00 % — — — 0.86 %
C + H20 -t- (loss at red heat) 1.85 % — 1.56 % — 0.55 %
h 2o _ 0.11 % — — — —

~ o = s . . . .

SP. rvt. .

100.34 % 
0.03 % 

100.31 % 
2.98 ( E c k e r m a n n )

90.86 % 
0.09 % 

99.77 % 
2.96 ( E c k e r m a n n )

100.59 %
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I. Pyroxene-gneiss from locality C—39, the inner synclinal bed, Mansjo Jit-
Anal. N. S a h l b o m .

I  a. Molecnlar proportions of I.

I I .  Pyroxene-gneiss from locality M—35, the outer synclinal bed, Mansjo Mt.
Anal. N. S a h l b o m .

I I  a. Molecnlar proportions of I I .

I I I .  Diopside-amphibolite from Vetjo, O rijà rv i, Kisko. Anal. P. E sko la .

Osann ’s and Gr u ben m an n ’s systems give the following values:

s A C E a C f n k T M

I  . . 49.9 1.5 7.9 31.1 1.0 6 .0 23.0 8 .0 0.9 0.0 6.7

I I  . . 50.0 1.4 8 .0 31.2 1.0 6 .0 23.0 7.2 0.9 0.0 7.1

and place the rocks

according to O sa n n  in Type 83 Kunstmannstal, type-formula:
( s 50-s • a 2 C6 ^ 22)

and according to G r u b e n m a n n  in Type Plagioclase-augite rocks:
( a 2  C 3  ü  ^ 1 4 - ä ) '

The norm and mode are as follows:

Pyroxene-gneiss I

Norm % Mode %
Average size 
of crystals

m m

Orthoclase . . . . 2.78 Hornblende . . . . 27.1 1.1

Albite . . . . . . 8.91 ■2 Sal. 45.61 Diopside . . . . . 36.0 0 .5

Anorthite . . . . . 33.92 Plagioclase . . . . 27.8 0 .4

Diopside . . . . . 19.21] Q u a rtz ................ . 0.01 0 .1

Ilypersthene . . . 14.45 Titanite . . . . . 2.4 0 .1

Olivine . . . . . . 8.40 A p a tite ................ . 2.0 0 .1

Magnetite . . . . . 2.09 2 Fern. 52.76 O re s .................... . 4.7 0 .2

Pyrite . . . . . . 0.11 100.0
Ilmenito . . . . . 6.54
Apatite . . . 

C + H20 . .

. . . 1.96
. . . . 1.85

100.22

1 A few grains of quartz present, although too few in number to be expressed in % 
of the first decimal figure.
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Pyroxene-gneiss I I

Norm % Mode %
Average size 
of crystals 

m m

Orthoclase . . . . 2.78] Hornblende . . . . 29.0 1.1
Albite ■Z Sal. 44.56 Diopside . . . . . . 34.4 0.5'

Anorthite . Plagioclase . . . . . 27.3 0.4
Diopside . Quartz . . . . . . 0.7 0.2

Hypersthene . . . 14.98 Titanite . . . . . . 2.0 0.1
Olivine Apatite . . . . . . 1.6 0.1

Magnetite . . . . 2.32 Z Fem. 53.33 O r e s ................ . . 5.0 0.2

Pyrite . . . . 0.44 100.0
Ilmenite . . . 6.59
Apatite . . . . 1.64
M20 + C . . . . . 1.56

99.45

with which the norm in the quantitative system is in agreement.

The mode has been calculated from the analysis, following the de
termination of plagioclase beneath the microscope both quantitatively 
and qualitatively, and after the ilmenite has been determined geo
metrically. CaO, FeO and MgO have been assigned to the diopside, 
in agreement with the optical determination of its composition.

A ll the Fe20 3 has been given to the hornblende, as have the re
maining alkalis, after the Na20 had been assigned to the plagioclase 
ln accordance with the microscopical determination.

On checking geometrically the result of the analysis of the speci
men under I, there was obtained :

H o rn b le n d e ...................................................................28.2 %

Diopside...........................................................................35.1 %

Plagioclase...........................  . .......................  27.8 %

Q u a r tz ........................................................................... 0.2 %

T ita n ite ........................................................................... 2.1 %

A pa tite ................................................................. I -9 %
Ores........................... ......................................................  4 7 %

100.0 %

the agreement, consequently, being satisfactory, so that, in the main, 
the calculation may be considered as correct.

22—220270. G. F. F. 1922.
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Both in I  and I I  the analyses have been made on closely stratified 
gneiss samples taken at right angles to the bedding, and including 
some twenty layers for each sample. The geometric checking was also 
made on two thin-sections right across the bedding of the analyzed 
specimen, and also on a thin-section taken at right angles of these two, 
cutting the strike of the rock.

The microscopical structure of the rock (fig. 48) is markedly 
crystalline-schistose, with a crystalloblastic groundmass of plagio- 
clase and diopsidic pyroxene, together with some quartz of a gra
nular structure, in which large idioblastic amphibole prisms in
dicate the plane of schistosity.

Sometimes the amphibole-layers altogether predominate, with 
small quantities of the other minerals; as a rule, the different 
layers vary in thickness from a few millimetres up to several centi
metres.

The a m p h i  b o 1 e is an uralitic hornblende, partly with the plain
ly  evident, crystal-limits of the primary diopside still preserved, and 
partly recrystallized into large prisms with the character of common 
hornblende. The colour is paler, however, and somewhat bluer, 
pointing to a lower percentage of iron and an increase in the magnesia 
and lime. The maximum birefringence is 0.0235 and the axial-angle 
has been determined by the axial-angle-scale at 83° 45'. The horn
blende is intergrown by apatite and carries small enclosures of zircon 
with pleochroic haloes. I t  occasionally surrounds the ilmenite 
crystals.

The p y r  o x e n e is a pale light-green diopside, the pleochroism 
of which is scarcely noticeable.

The following optic characteristics have been determined:
2 VNa (Obs.) = 59°50'
2 Vua (Cal.) = 59°44'

(y — /J)na (Obs.) =  0 .0 1 8 5
(P — «)xa (Obs.) = 0 .0 0 6 1
(y — « )N a  (Obs.) =  0 .0 2 4 6

a-Sa (according to N i k i t i n ’ s  metod) =  1 .6 9
c : y =  —39.5°

These optical characteristics seem to indicate that about 60 % of the 
diopside consists of hedenbergite-molecules.

In certain streaks, the diopside occurs in the form of large idio
blastic prismatic crystals, fu lly  analogous in their behaviour to the 
amphibole. In  other cases it  assumes the shape of globular grains 
separated from each other by feldspar and quartz.
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The pyroxene occurs also as enclosures within the hornblende, the 
. t e r  having undergone only a partial uralitization. In  some few 
instances it  has been altered into chlorite too.

The p l a g i o c l a s e  is a bytownite of average composition, An8;;, 
displays great variation, from An75 up to an almost pure anorthite. 

I  he following extinction angles have been observed in the case of such 
an extreme variety as that just mentioned:

on (010) — 35"0' 
on (001) — 33°0"

The axial-angle has been determined at 2 V 55o =  77° 12', which 
altogether, points to the composition: Ab3 An95.

The feldspar is partly in course of alteration to zoisite, but, where 
Unaltered, presents a beautiful twinning according to the albite law. 
Tericline twinning, too, has been observed in the more acidic crystals.

The ore minerals consist of i l m e n i t e  and p y r i  t e, which can 
easily be distinguished from each other by the ilmenite’s alteration- 
1'ims of titanite. Both minerals occur as irregular, rounded grains.

T i t a n i t e  is found in small crystals, some of them occuring be
tween the diopside and the hornblende, while others form rims around 
the ilmenite crystals. The titanite is almost colourless and evidently 
consists of a transformation product from the ilmenite. Leucoxene 
ls entirely absent, howTever, as the mineral is perfectly clear. The 
axial-angle varies, but is as a rule small (about 40°). In certain 
cases, I  have observed parts of titanite-rims which have exhibited 
almost uniaxial interference figures, the optic character remaining 
Positive and the refraction almost unaltered. As anatas as well as 
rutile thus are out of question, the explanation may be sought in 
an abnormal composition of the titanite, possibly an increased per
centage of T i0 2.

Q u a r t z  is present accessorily, chiefly in the neighbourhood of 
the hornblende, in the shape of small, clear, non-undulous grains. I t  
occurs in some layers and is altogether absent from others.

G r a p h i t e  has been noticed in some thin-sections. I t  is seen as 
rough-edged longitudinal flakes, but appears to be wanting in the 
greater part of the rock. A  direct carbon-determination of such 
graphite-bearing pyroxene-gneiss has been made by Dr. Sahlbom  and 
gave 0.56 % C.

Z i r c o n  is found in some of the amphibolite streaks in the form 
of rounded grains, which can be as large as 0.2 mm in size.

In the amphibole it  is surrounded by highly pleochroic haloes.

Bd 44. H. 3 — 4 . j ROCKS AND MINERALS OE THE MAN?JO MT.



C a 1 c i t e has been observed in several instances, sometimes form
ing actual thin layers.

B i o t i t e  is altogether wanting.
The minerals mentioned above are identical in the pyroxene- 

gneisses analyzed under I  and I I .  As, in addition, these two 
analyses are in agreement with each other, it  may be considered as 
proved that the pyroxene-gneiss-beds, which are separated from each 
other by the eulysite, belong to one and the same formation, a fact 
which I  referred to, also, during my discussion of the genesis of the 
eulysite, as an evidence of the intrusive character of this latter rock.

Tectonically, the sedimentary origin of the pyroxene-gneiss is 
shown by its genetic relationship to the limestone. In  addition, 
it  occurs, too, in smaller, more or less amphibolitized streaks in the 
paragneiss, between which latter and the pyroxene-gneiss, all the 
transitional stages can be distinguished.

In the typical pyroxene-gneiss, there exist sometimes broader or 
narrower layers where diopside is wanting. In  one instance I  have 
found several per cent of calcite in the rock. An eruptive origin 
cannot in this case very well be ascribed to the anorthitic plagioclase, 
even i f  both analyses I  and I I  can be classified among the gabbroid, 
basic magmas of the rock-system. Also the plagioclase is concentrated 
in distinct layers.

I  consider, therefore, that, from the point of view of the mineral- 
composition too, the rock must be referred to a sedimentary origin, 
and that, consequently, it  constitutes a recrystallized schistose, 
calcareous marl on which a secondary hornfels structure has been 
impressed by the intrusion of the gneiss-granite magmas.

The only analogous rock of which I  have been able to find a 
description is the Orijarvi diopside-amphibolite mentioned by P. 
E s k o l a , with which both the mineral composition and the megascopic 
appearance of the Mansjo pyroxene-gneiss are in agreement (11. p. 
118). The Orijarvi rock, however, the analysis of which was given 
under I I I ,  is richer in silica, although without displaying any free 
quartz. Its percentage of lime is greater, however. Its titanium- 
percentage, though, is essentially lower than that of the Mansjo 
Mt. pyroxene-gneigs, and E s k o l a ’s supposition that the titanite was 
not the prodixct of an alteration of the ilmenite is, to a certain degree, 
negatived by the existence of the opposite state of things in the Man
sjo Mt.

E s k o l a  assumes that the Orijarvi rock had been formed by »altera
tion by metamorphism of a series of calcareous shales, probably 
mingled with volcanic material», and this last supposition could,
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of °0UrSe’ conSidered to hold good for the pyroxene-gneiss in 

e Mansjo syncline, especially i f  attention be paid to the evident 
concentration of the ilmenite within the zircon-bearing amphibole 
layers.

The Limestone IlocJcs.

Bhe limestone in the Mansjô Mt. forms a bed about one hundred 
n̂ etres i n length and, as fa r as the observations hitherto ' made 

at the most three metres thick, interstratified in the para-
gneiss.

In  those places, especially in the south-east part of the layer, 
where i t  has not been disturbed by intruding pegmatite, or by the 
secondary refolding of the synclinal series, the crystalline Mansjô 

niestone has evidently been deposited in layers of pure calcite about
°ne decimetre thick.

-1 he layers are divided by a sharply marked brownish-black layer 
nf mica which in cross-cut sections of the rock is visible as a thin, 
c ark line, but which, on the bedding-surface itself, gives the limestone 
Ihe appearance of a micaceous shale (fig . 50).

Neither is the limestone perfectly pure between the intermediate 
ayers of mica, but continues to contain a subordinate quantity 

°f dark-coloured and also some colourless mica. The latter, however, 
can only  be discerned with the aid of the microscope.

Dr. Sahlbom  has carried out the following analysis I  of a general 
sample taken righ t across a large number of the limestone- 
ayers mentioned above. For the sake of comparison, there is 

aPpended, under I I ,  Santesson’s analysis (published by Blomberg) I-

I I

Undissolved . . . 3.22 %

Fe20 3 and A120 3 . 0.77 %

CaCo3 ................ 96.00 %

MgCo3 ............... O'19 %

100.18 %

Piece of limestone from Mansj 

I  l a

Si02 . . . . . 0.64 % 1.07
ai2o3 . . . . 0.24 % 0.24
I ’e203 . . . . 0.40 % 0.25
CaO . . . . . 54.85 % 97.96
MgO . . . . . 0.95 % 2.37
K2o . . . . . 0.10 % 0.11
Na20 . . 0.0 0 —

C02 (Cal.) . . 42.75 % 

09.93 %

97.04

I- Limestone from >Stora Kalkbrottet» Mansjo Mt. Anal. N. Sahlbom. 
4 a. Molecular proportions of I.
I I .  Limestone from »Mansjo Kalkbrott». Anal. Saxtesson.
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Judging by the lower percentage of magnesia, the sample analyzed 
by Santtessost appears to have been taken between two streaks of 
mica. The calculation of the analysis, showing a content of Mg COa 
is also erroneous.

The typical Mansjo limestone is quite white, sometimes with a 
shade of yellow as a result of the interstratified dark mica. In 
those parts of the limestone where, as a result of contact-action, the 
mica has disappeared in order to enter the composition of other 
minerals, the limestone has, most frequently, a beautiful ice-blue 
colour. The same blue has been observed by L a it a k a r i (20. p. 23), 
who was, however, unable to give an explanation of its occurrence.

I  think, however, that I  have proved it  to be the result of micro
scopically small, colourless, probably phlogopitic mica-scales, of a 
silky sheen, which, in parts, cover the contacts between the calcite- 
crystals, and which, on the dissolving of the lime in dilute acid, can 
be isolated as a faint residue in the solution. The size of the mica- 
scales is not more than O.005 mm  at most, and it  is to their reflection of 
light that the blue tint may be supposed to be due.

The limestone is everywhere without exception coarsely granular, 
with an average size of the grains of from 1.8 to 2 mm. In certain 
parts of the occurrence, however, especially in the vicinity of the 
pegmatite intrusions, there can be seen an evident increase in the 
size of the grains, this being the result of the action of the heat. In 
such places the grains attain a mean size of up to as much as 5 mm. 
In  some faults, which have arisen through the pressure of the lime
stone between the folded gneiss at the contact, there have been se
condarily recrystallized rhombohedral crystals, as large as 3 cm along 
the edges.

That the coarse grain is a result of actual recrystallization and 
that it  does not constitute a primary structural feature, is shown 
by the fact that, in the coarsely granular limestone, every trace of 
mechanical deformation of the calcite crystals has disappeared.

There can often be observed, especially in those parts of the lime
stone in the immediate neighbourhood of the paragneiss contacts, at 
both ends of the limestone bed, how the calcite crystals have been 
deformed during the folding of the limestone, and, under the micro
scope, these crystals exhibit a strongly twisted twinning lamellation 
(fig. 71). Sustschinsky has made the same observation with regard 
to the Finland limestones (cfr. 34. Plate IV , fig. 1).

That this folding has been extremely powerful may be seen in a 
very instructive way at the centre of the great limestone quarry, where 
the limestone has actually been squeezed out from between the gneiss

[Mars— A p ril 1922-
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like dough, and where the layers of mica illustrate the course of the 
Process by their folding (fig. 53).

I t  appears to me to be indisputable, consequently, that the absence 
rn the microstructure, of every trace of any pressure-deformation 
ln ike neighbourhood of the pegmatite must be ascribed to recrystal
lization. The absence of the same phenomenon in the vicinity of the 
limestone-gneiss contacts bordering on the eulysite can also, by 
analogy, be supposed to have been caused by a certain supplying of 
heat from the eulysite carried through the gneiss.

The limestone also exhibits a typical pavement-structure, and is 
f° loosely compacted that, as a rule, it  can be crumbled by the fingers 
into limestone-gravel. »Toothed» calcite-contacts, crystallized into 
each other, occur but rarely, and then always farthest away from the 
Pegmatite granites.

In the analyzed general-sample of the Mansjo limestone given 
akove, there occurred in the thin-sections of the same specimens the 
following minerals:

Calcite 
Biotite 
Diopside 
Colourless mica 
Pyrite.

The c a l c i t e ,  in those parts of the limestone bed where the former 
has recrystallized, is as perfectly clear as water, and can be isolated 
]n small rhombohedrons which, on a smaller scale, are almost the 
equivalents in transparency and purity of the celebrated Iceland 
sPar.

I  have also analyzed picked Mansjo calcite, obtaining the following 
lesult as given under I :

B d 44. H . 3— 4 .]  ROCKS AND MINERALS OF THE MANSJO MT.

I. II .
S i02 ...........................  0.12 % — %

C aO ............................ 55.70 °/, 55.68 %
M nO ...........................  0.05 % 0.19 %
F e O ............................ 0.34 % 0.22 %
C O ,............................ 43.94 % 43.93 %

100.15 % 100.02 %

I- Mansjo Calcite. Anal. E c k e k m a n n .

If. Striegan-Calcite, Websby, Anal. T s c h . Min. M it. 1872. 66. I

I  have not, however, been able to discover at Mansjo, except the 
rhombohedrons already mentioned, any independent calcite crystals
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showing the development of crystal faces, this probably being due 
to the embedding of the limestone layer in the gneiss having prevented 
fissure-formation in which circulating solutions would have been able 
to produce such crystals.

The b i o t i t e  is megascopically brownish-black, with a slight 
shade of green. Microscopically it  is pleochroic in accordance with the 
absorption-scheme :

y =  pale chestnut-brown >  /? =  lig h t yellow >  a =  colourless.

The average size of the grains is 1—1.5 X  1—0.5 mm. As 
opposed to the thicker secondary phlogopite, the crystals are thin and 
scale-like.

The axial angle is very small, and has been determined, with the 
aid of the axial-angle scale, at about 5°. Dispersion of the axes cannot 
be observed, but c : y =  T.

As contrasted with calcite, the biotite is idiomorphic, and occurs 
ingrown into the former, although, as mentioned above, i t  is mainly 
found massed in certain layers. I t  is probably nearly related to the 
phlogopite.

The d i o p  s i d e  occurs in very small crystals, hardly as much 
as 0.3 mm in size; megascopically it  is of a pale brownish colour 
and, in the thin sections, colourless, without any trace of pleochroism. 
The following optical constants have been determined:

2 Vna (Obs.) =  58°50'

2 Vua (Cal.) =  59°46'

(y — /%Ta (Obs.) =  0.0218 

0s — «)na (Obs.) =  0.0072 

(y — «)Na (Obs.) =  0.0290 

E xtinc tion  c : y  =  39.5°

i

The refraction has been determined in accordance w ith  N ik it in  
on the turning-stage, to two decimal places —  1.68.

Optically, therefore, the diopside is in very close agreement with 
the white diopside from Nordmarken, such as it  has been determined ; 
by W ülfing (R osenbusch; Mikr. Phys.).

I  have been unable to isolate sufficient material to determine the 
specific weight.

The diopside usually displays very evident prismatic cleavages and, 
less evidently, partings along (100) and (010).

The mineral occurs just as frequently entirely enclosed within the 
ealcite-crystals as it  does between them. In  the latter case, there



are signs pointing to idiomorphic crystal limits; in the former, the 
crystals appear as rounded grains.

C o l o u r l e s s  m i c a  is found in the limestone only in certain 
mineral-bearing types already mentioned, where the remainder of the 
mica has been consumed in the metasomatic and pneumatolytic forma- 
hon of the new minerals. The crystals are so small that they do not 
allow of any reliable optical determination, and, as I  have already 
stated, they occur exclusively in the contacts between the grains of 
calcite. Very probably, they consist of phlogopite.

y r i  t e I  have seen in the shape of a few small grains, which 
appear to occur purely accessorily. I t  is absent from most of the
^in-sections.

In addition to the above »normal» mineral associations, the Man
ila limestone also possesses two anomalous occurrences of especial 
interest. They are found in the neighbourhood of the intrusive peg
matite-dykes and also along the contact towards the paragneiss in 
Ihe hanging-wall. They w ill be dealt with in the following chapter.
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The Pegmatite Dykes through the Limestone, the Chemical 
and Mineralogical Changes within the Dykes and their 

influence on the Limestone.

As I  have already mentioned, the pegmatitic apophyses of the 
gneiss-granite penetrate the limestone as well as the other older 
1'ocks.

A  bed of granite magma, several metres thick, has intruded into 
the foot-wall of the limestone, between the latter and the under
lying paragneiss and amphibolite, in addition to which, a number 
°f Pegmatite-dykes and off-shoots, varying in breadth from a few 
centimetres to several metres, have penetrated the limestone layer, 
both from' the intrusive bed just mentioned above, and also from 
the granite massive in the north-east.

In the main, this intrusion has occured at two levels, evidently 
following some specially micaceous, strongly marked layers in the 
limestone. Along the upper level there have been intruded pegma
tite-dykes, which have previously penetrated the eulysite and the 
gneiss of the hanging-wall; in the lower level there have radiated 
apophyses from the intrusive magma-bed. The two levels display, as 
could be expected, a marked difference in character.

The upper pegmatite-apophyses are considerably less mineral
bearing than the lower ones, and they appear, on their passage through
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the e lily  site, to have lost in the important skarn-formations 
there, a considerable portion of the mineralisers accompanying them-

The lower pegmatite-dykes are not only richer in mineralisers, 
but they have also given rise to a distinctly more sharply marked 
alteration in the limestone surrounding the pegmatite-dykes them
selves, a fact that may also possibly be explained by the existence 
of a higher temperature and, very probably, of a higher pres
sure too.

Both the dyke-systems are accompanied and, made conspicous in 
the field by the richly coloured chondrodite- and apatite-formation 
which, as I  formerly mentioned, was what first directed my atten
tion to the occurrence.

The dykes are studied best at the »Stora Kalkbrottet» where, in 
the perpendicular and clean-blasted wall, the mineral-formations can, 
so to say, be traced millimetre by millimetre.

The upper dyke-system is, in this locality, represented by a metre- 
thick, coarsely crystalline, acidic pegmatite (fig. 51) which, at the 
south-eastern part of the quarry, intrudes into the limestone coming 
from the eulysite, with its hanging-wall accompanying a mica-layer 
in the limestone, and with its foot-wall cutting obliquely across this 
same layer. Towards the west, the dyke rapidly becomes narrower 
(fig . 52) and can be traced all the way to the north-western wall 
of the quarry, in the shape of a belt in the limestone from 3 to 4 cm 
broad. Against the limestone, the pegmatite-dyke is bordered all 
the way on both sides by a 4—5 mm  broad, sharply marked reaction- 
zone, coloured light-green by d i o p s i d e ,  and with a core of 
mi c a ,  this zone evidently marking the lim it of the dyke.

The limestone has become »bleached» to a distance of about 5 to 
6 cm from the hanging-wall and foot-wall of the dyke, its biotite 
having been altered into almost colourless p h l o g o p i t e ,  and its 
iron having been employed for the formation of diopside and mica at 
the contact.

In  the »bleached» portion ip the hanging-wall nearest to the diop- 
side-contact there occur a few small — as a rule, about 4 or 5 mm  in 
size — rose-coloured crystals consisting of a m p h o d e 1 i  t e. They 
are, as a rule, highly decomposed, and have rounded and corroded, 
badly developed crystal faces. In spite of a careful examination of 
the entire contact-line I  was unable to discover more than two small, 
fa irly  fresh specimens, one of which was destroyed, however, during 
its carriage home.

A  larger crystal of the same mineral was found at an earlier 
date by IGELSTROM •— in the waste-dump of the quarry most likely
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and is now  am ong the  co llections o f the  Sw edish S ta te  M in e ra lo g i- 
°a Museum, w here i t  has been described b y  F l in k  (14) under the 
aoove g iven  name o f »am phode lite» .

n the foot-wall of the pegmatite-dyke the »bleaching» of the lime- 
^Qlle ls somewhat broader than in the hanging-wall, extending some 
, f°  12 cm, but here, however, the dark mica has not been entirely 

'‘ached or removed, but has assumed a rather strong yellowish-green 
-+°Ur and been transformed into phlogopite. Outside this phlpgo- 

Î31 6'liinestone there succeeds a limestone-zone about 10 cm wide, 
nich has been pigmented by a few rather large, and evenly distri

cted »brown» chondrodite grains (fig. 62), which, in the appended 
!!jineralogical description of the Mansjô minerals, has been pro- 
Vlsionally termed »B-c h o n d r o d i  t e». As the pegmatite-dyke 
narrows off, the B-chondrodite-zone approaches closer to the peg
matite-dyke, at the same time growing narrower and sparser.

In this upper chondrodite-zone there is also noticed, microscopically, 
a _ great diminution in the diop side content of the limestone, the 
mineral in question having almost entirely disappeared, and its mag
nesia, having been absorbed by the chondrodite. The same is the case 
Xvith the mica, the remains of which present strong signs of incipient 
iteration, and which can be found as enclosures in the B-chondro- 
dite.

The pegmatite itself also undergoes transformation in proportion 
as ^  narrows off and penetrates farther into the limestone.

While at A  in fig. 52, i. e., where it  is broadest, the pegmatite 
consists mainly of a dominating, beautifully pertitic, pale pink mi- 
crocline, together with an acid grayish-white plagioclase with the 
imposition An25, a colourless quartz and, accesssorily, a brownish- 
black biotite and rather large, well developed zircon crystals, the 
mineral in question becomes more and more basic, the farther it  is 
traced westwards. Simultaneously, there increases towards the con
tact, a secondarily crystallized quartz, which is concentrated into 
large violet-coloured aggregates, while the perthitic microcline is 
broken up into plagioclase and microcline, the albite moving towards 
the grain-contacts, and the plagioclase passing successively into an- 
desine and labradorite. The microcline- and mica percentages diminish, 
and when the scapolite crystals begin to make their appearance around 
the basic feldspar (fig. 88), the potassium-feldspar and mica have 
almost entirely disappeared. This last observation has also been 
made by L a it a k a r i with regard to the pegmatite-dykes at Par- 
gas, Finland (20. p. 7).

Chemically, this finds expression in a diminishing potassium-per-
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centage in proportion to the sodium, as w ill be seen by the following 
analyses-series, I I  to V, carried out by Professor P etrén on general 
samples taken by me at right angles across the great upper pegmatite- 
dyke in Stora kalkbrottet at breaths of two, one, one-half and one- 
quarter metre respectively, i. e., successively in the direction of in
jection. Under I  there is given for the sake of comparison, P etrÉN s 
previously mentioned analysis of the gneiss-granite outside the lime
stone. The diopsidic contact-zone was not been included in the samples 
when the specimens were taken. Fig. 52 A  indicates where sample 
TV  was taken.

[Mars— April 1922.

I I I I l l IV V

*
Mol.
pro. %

Mol.
pro. %

Mol.
pro. %

Mol.
pro. %

Mol.
pro.

S i0 2 . . . 74.16 123.60 69.86 116.43 68.44 114.07 71.14 118.57 70.84 118.07

T i0 2 . . . — — 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02

P A  . . . — — 0.57 0.40 0.26 0.18 0.109 0.08 0.36 0.25

A120 3 . . . 16.22 14.92 16.86 16.53 18.21 17.85 17-76 17.41 16.30 15.98

Fe20 3 . . . 0.00 — O.oo — 0.00 — O.oo — 0.00

FeO . . . 2.23 3.10 1.03 1.43 1.09 1.51 1.16 1.61 1.16 1.61

HnO . . . 0.13 0.18 tr. — tr. — tr. — tr.

CaO . . . 0.47 0.84 1.75 3.12 2.58 4.61 3.24 5.79 8.04 14.36

MgO . . . 0.20 0.50 tr. — 0.12 0.30 0.08 0.20 0.14 0.35

K 20  . . . 7.10 7.55 5.78 6.15 2.74 2.91 1.32 1.40 0.30 0.32

Na20  . . . 1.08 1.74 4.08 6.58 5.86 9.45 5.22 8.42 2.32 3.74

H 20  -  . . — — O.oo — O.oo — O.oo —■ O.oo —

H 20  + . . — — 0.23 1.28 0.46 2.56 0.24 1.33 0.44 2.44

s ................. — — tr. — tr. — tr. — tr. —

100.59 100.17 99.78 100.289 99.92

From the above analyses-series there w ill be seen how the mole
cular proportion increases from 0.23 to 11.83, simultaneously
with an increase of the CaO-percentage. The percentage of silica 
diminishes on the intrusion of the pegmatite. I t  seems to be then, 
that, as a result of this, a percentage-increase in the total proportion 
of alkali first appears. This removal of the silica, which is em
phasized by the difference between anlyses I  and I I ,  can be nothing 
else than that which is brought about by the concentration of the 
silica along the intrusion-contacts, and which may be observed, not 
only in the formation of the new contact-minerals, but also in the
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mtensive hornfels-like intergrowth of the feldspars and the scapolite 
With quartz.

After the formation of the contact-minerals, therefore, the silica- 
Percentage appears to remain constant, as may be seen by analyses 
, ’ IV  and V. In  the same way, the proportions of FeO, MnO, 
, . ail(I A120 3 appear to have remained almost unchanged. The 

. le* nhemical transference that can be deduced from the analyses 
IT ri'6 a Edition of CaO and the removal of the alkalis, chiefly the

This diffusion of the potassium into the surrounding limestone 
j. eacj of the sodium is quite striking. Acting on the suggestion of 

r - Gr. A m in o ff  I  have compared the atomic volumes of the elements 
betaking in the contact-reactions.

As the volume of the potassium-atome is about twice the size of 
at _°f the sodium, and the oxides may be supposed to keep the same 
ation, this may supply an explanation why the former moves more 

hRickly towards the zone of less pressure — viz., from the pegmatite 
lnto the limestone.

I f  this hypothesis is correct, pegmatites containing rubidium and 
' ] Slu® may be supposed under similar circumstances to be deprived 
a these elements even earlier than of the potassium. No analysis 

a'S been made, however, to investigate this assumption in case of 
le Mans jo-pegmatites.

. That the potassium-molecules have been liberated from the biotite 
38 ^mediately apparent from the intermediary formation of mus- 
c°Vite, which makes its entrance into thé pegmatite-dyke as soon 
as the latter has intruded into the limestone.

The potassium-molecules of the gneiss-granite are partly found in 
_s newly-formed potassium-mica; partly they also seem to have 

Migrated to the intrusion-contacts and there to have taken part in 
ne previously mentioned crystallization of the mica along them, and, 

j lnally, they have wandered into the »bleached» and chondrodite- 
earmg zones, and have contributed to the obvious development there 

nf colourless phlogopitic mica. A  metasomatic reaction has evidently 
, fen place, according to the formula:

3K 2A l2Si60 ,6 +  2H20  =  H 4K 2A i6Si6C24 +  12Si02 +  2K 20  

M icroline Mica Quartz

|be water, here having been taken from the magma. That the latter 
nas carried considerable amounts of H 20 is shown, not only by its 
begmatitic character, but also by the vesuvianite spoken of below. 

The sodium-percentage of the gneiss-granite, which, as found chief-



ly  in the albite of the plagioclase, must, according to the above 
analyses, be considered as having been partly carried off, in which 
case it  has been for the most part bound by the mica, or as having 
been transferred to the newly-formed scapolite. In addition, a 
smaller sodium-percentage has probably been absorbed by the diop- 
side, in the form af acmite molecules.

The reaction by which the feldspar has been anorthitized and 
scapolitisized cannot be imagined to have taken place simply and 
solely by the absorption of CaO from the limestone. As w ill be ¿e' 
scribed in more detail later on, this contact-reaction zone that ac
companies the intrusion-contact consists of mica and, mainly, diop' 
side, which mineral-zone, normally, is nowhere broken by any direct 
connection between the feldspar or limestone.

The contact itself is always marked by the presence of a p a t i t e 
which has evidently first been crystallized, the grains of apatite 
sometimes being shattered by later mineral formation. A fter this? 
mica has been formed as long as the supply of magnesium was ac
cessible and, finally, a diopside-layer has crystallized, which en
closes mica and apatite, and forms a connecting link facilitating the 
interchanges between the limestone and the main mass of the granite- 
magma. This diopside is very rich in alumina, and is sometimes 
closely related to the augites (viz., the chapter on the diopsides, P- 
354).

G o l d s c h m i d t , when speaking of the scapolite-formation at Aar- 
vold, in the Christiania-field (16. p. 320) has expressed the opinion 
that the limestone has first bound the halogen-combinations of the 
heavy metals of the magma, thereby releasing CaCl2 which has 
afterwards reacted with the Nordmarkite-magma to form scapolite-

In  this case, it  might be considered as proved by the appearance 
of the contact at the Mansjo Mt. that the course of the process must 
have been that just described, but with the difference that — as it 
appears most probable to me — in consequence of the pegmatitic 
character of the magma, together with the resulting higher vaporie 
pressure, Ca Cl2 has never been formed, but has been replaced by 
free HC1, and that this took place so much the sooner, as the pre' 
sence of free silica at the contact must have predisposed for the im
mediate formation of silicates.

Chronologically, therefore, the reactions can be expressed by means 
of the following groups of formulae:

I. Formation o f Apatite:
3P20 5 + 2HF + 10 CaC03 =  [Ca{(P04)2Ca3}3]F2 +  10C02 +  H sO.

Apatite

3 2 8  HAIIRY VON ECKERMA5N. [M a rs — A p r i l  1932.
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41. Formation o f Diopside:
FeClj +  CaC03 +  2S i02 +  H 20  =  CaSi03 • FeS i03 + 2HC1 +  C02

Heileubergite

MgF2 +  CaC03 + 2S i02 +  H 20  =  CaSi03 • M gS i03 + 2 IIF  +  C02.
Diopside

441- Interchange o f CaSiO¡-molecules via the Diopside:
2CaSi03 . FeSi03 • M gS i03 +  CaC03 +  S i0 2 =  3CaSi03 ■ FeS i03 • M gS i03 + C02

3CaSi03 ■ FeS i03 • M gSi03 =  (CaMg)Si20 6 • (CaFe)Si20„ + CaSi03.
Diopside

4V. Formation o f Chlor-Scapolite:
4Na2A l2Si60 16 +  2HC1 =  2(NaCl • 3NaAlS i30 8) +  6S i02 +  A120 3 +  H20  

A lb ite  Chlor-M aria lite Quartz

A12Oj +  CaSi03 =  CaAl2S i08 
The Augite- 
molecule of 

the Diopside.

• Formation o f Anorthite:
Na2A ]2Si60 16 +  CaSi03 =  CaAl2Si20 8 +  4S i02 +  Na2S i0 3.

A lb ite  A north ite  Quartz

V i. Formation o f Carbonate-Scapolite:

Na2S i')3 +  C 02 =  Na2C03 + S i0 2

Na2C03 +  H 20  +  C02 +  3Na2A l2SisO,6 =  2(NaHC03 • 3N aAlS i30 8)
A lb ite  Carbonate-Marialite

3CaAl2Si20 8 + CaSi03 +  C02 =  CaC03 • 3CaAJ2Si20 8 +  S i02 
A north ite  Carbonate-Mejonite Quartz

In fu ll agreement with the above series, therefore, the scapolite 
become more and more predominant, the farther we follow the

I)e8matite-dyke, described above, towards its wedging out in the lime
stone.

Simultaneously, the composition of the feldspar is altered suc
cessively to about Ans0—An85, and in some few places, there have 
^een observed in the narrowest veins among the scapolite, remains of 

y t o w n i t  e-a n o r t h  i t e  together with almost pure a n o r t h i t e .  
s a rule, however, those pegmatite-dykes that are marked by the 

Presence of bytownite become almost entirely scapolitisized, and the 
eiaspars occur only as fragmentary remainders in the middle of 
he dyke. In these cases, the scapolite is megascopically extremely 
ense or sugargrained, of a milky-opaque colour, -while the chlor- 

scapolite which had been formed at an earlier stage along the 
contacts is glass-clear and colourless, and displays, as a rule, 
radial structure. I t  is peculiar, however, that the breadth of the
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diopside-contact zones is only slightly affected by the narrowing 
off of the dyke, and increases rather than diminishes, a feature 
that evident^ lies in connection with the facts, firstly, that the 
temperature, even in the narrowest pegmatite dykes, has been 
more than sufficient for the formation of the diopside, and, second
ly, that the iron for the formation of the diopside has been taken 
chiefly from the halogeneous-bound, extremely mobile iron of the 
hydatogeneous, gaseous pegmatite-magma. The increase that Is 
noticeable in the narrower apophyses is probably the result, first, 
of the mica-percentage in the contact-zone increasing in consequence 
of all the mica concentrating there, while the pegmatite-dyke itself 
contains none at all, and, secondly, of a concentration of volatile 
alkali- and iron-rich constituents having taken place in the last resi
dual-solution. This may also partly account for the diopside in the 
very narrowest dykes changing into pa r g a . s i t e ,  even i f  the firsf 
mineral to crystallize has always been the diopside.

The lower suite of dykes, which has been injected direct from 
the intrusion-layer and the seat of the magma, exhibits exactly the 
same diopside contact-zone as the upper dyke-series, although it  is 
occasionally somewhat less concentrated, and more »diluted» and 
diffuse, this on account of the a p a t i t e  and f  1 u o r-d i o p s i  d e 
(m a n s j  o i t e) which, in this place, occur in quantities in the 
pegmatite-dykes.

This diopside-contact, however, being one of the'grandest examples 
of symplektitic intergrowth of different minerals I  have ever observed 
beneath the microscope, or have ever seen described, a detailed descrip
tion of it  here would, I  think, not be out of place. As photo
graphs are never able to fu lly  illustrate the structure, I  have 
endeavoured to give an idea of it  by means of my drawing Ph 
L X I I I  in addition to the photographs I  have taken (figs. 74—78)* 
The appended scale w ill serve to show the relative sizes of the mine
rals.

As w ill be seen by PI. L X II I ,  the percentage of diopside-crystals 
in the limestone increases in the same degree that the contact is 
approached, at the same time that the size of the calcite-grains them
selves increases, and all secondary tension-structures in the calcite 
disappear. Then, with very sharp boundaries, there is seen a phlogo- 
pite-like, brownish-yellow mica which, in its turn, is limited by a 
s i n g l e - r o w e d  string of »pearls», consisting of idiomorphic 
hexagonal apatite crystals.

On the other side of the apatite there occurs again a dense layer of

[Mars— A pril 1922.
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nuca> ^ le crystals grown at about right angles to the contact, and then 
second s t r i n g  o f  a p a t i t e ,  which, in all essentials, is con

gruent with the first, although it  is sometimes interrupted for short 
' ranees, and may in some instances be altogether missing. Bordering 
the apatite and mica there follows a more or less massive diopside- 

"°ne, formed of large, uniform individual crystals which, towards the 
pegmatite, grade into a symplektitic intergrowth of diopside and 

°r-scapolite, the diopside, however, constituting the main part of 
e structure. There also occur in the diopside some few titanite- 

crystals (fig. 102) and a rather large amount of leucoxene.
The next symplektite-zone is composed of long diopside rods in a 

jtroundmass of scapolite, the diopside here radiating at right angles 
0 the contact-line and extinguishing uniformly within every in- 
lvmual scapolite crystal. The scapolite individuals are bordered by 

?Urved, sinuous limits towards the following scapolite-zone which, in 
hs turn, has a similar boundary towards the pegmatite. This second 
ScaP°lite-zone too, is also marked by ingrowths of diopside which, 
la this place, sometimes show a graphic character, although, in the 
lnain, it is orientated radially and extinguishes uniformly in agree
ment with the first scapolite-diopside zone.
. ^he diopside is of a beautiful light-green, and the scapolite, which 

a chlor-scapolite (v. the mineialogical:description), polarizes in 
high colours.

Beyond the second scapolite-diopside zone there begins a third zone 
wdh scapolitic groundmass, but penetrated symplektitically and myr- 
^ekitically by beautifully »meandering» narrow rods of quartz. 

°Wards this there sometimes borders a real bytownite-msunekite, 
ewilderingly similar to the scapolite-quartz-symplektite. As a rule, 
owever, there begins here immediately a »pavement-structured» 

mass of bytownite-, quartz- and scapolite crystals, where the scapo- 
lte more and more diminishes and the feldspar gradually increases, 

ihe farther into the pegmatite one comes. Nearest to the scapolite- 
Inartz-myrmekite, however, there is pretty frequently observed, forrn- 
lnS a kind of connecting-link, some few graphic intergrowths 
°f quartz and feldspars. In this place, the scapolite is a carbonate- 
scapolite (v. mineralogical description) and the explanation of this 
iteration is found in the above given reaction-formulre. According to 
reaction IT, HC1 is released at the contact, in consequence of which, 
according to IV , the first chlor-scapolite formation takes place there, 
while the later carbonate-scapolitisation cannot occur before the forma- 
Bon of the anorthite and w ill therefore make its appearance, partly 
as a reaction-product between this latter and the diopside and partly 

23— 220270. G. F. F. 1922.
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crystallized together with the anorthite, but, in consequence of 
the consumption of C02, concentrated, in this instance, towards the 
contact.

A  similar contact-formation from Pargas, Finland, has been 
briefly described and photographed by L a it a k a r i  (20. p. 95). He 
does not seem, however, to have noticed the regularity I  have found 
at Mansjo Mt. in the alterations between the different zones ; at least, 
he says nothing about it.

Just as in the case of the irpper pegmatite-dykes, the lower dyke- 
series, too, are accompanied by chondrodite-formation.

In  this case, however, the presence of fluorine in the magma has 
been considerably more extensive, and the formation of chondrodite 
has begun most intensively in the immediate vicinity of the diopside 
contact, and continues from 10 to 20 cm into the limestone on both 
sides, both in the hanging-wall and in the foot-wall. The whole 
of the limestone-rocks is thoroughly pigmented with a light honey- 
yellowish chondrodite of the type which, in the mineralogical descrip
tion, I  have proposed calling »G-c h o n d r o d i  t  e», and which has 
been formed at the expense of the mica of the limestone, and has 
arranged itself pseudomorphically along its layers in the limestone.

This G-chondrodite is always perfectly fresh and of two varieties; 
Lire one, a somewhat dark-yellow, highly pleochroic and bordering 
on the B-chondrodite ; the other, the light-yellow, main varity. The 
former is concentrated in a band a few centimetres broad, and lying 
about 3 to 5 cm from the diopside contact.

In  the! same narrow layer, which has certainly originally con
stituted one of the more concentrated mica-beds of the limestone, 
there have been developed greenish-black i  r o n-s p i  n e 1 (ceylonite) 
crystals up to a couple of millimetres in size, which alternate with 
the G-chondrodite. They are beautifully crystallized in well-developed 
octahedrons, and, beneath the microscope, appear to be somewhat 
older than the chondrodite, as, in some few instances, they are enclosed 
by the latter.

The same spinel occurs, too, in the whole of the chondrodite-lime- 
stone, although as minimally sized crystals, and has evidently 
originated from the alumina-percentage of the mica, after the latter’s 
magnesia has been employed in the formation of the chondrodite. 
The light colour of the chondrodite also points to the iron-molecules 
of the mica having emigrated mainly to the spinel.

The diopside- and mica percentages of the limestone have, too, 
completely disappeared from the greater part of the chondrodite-lime- 
stones. Only in the neighbourhood of the diopside-contact does there

[Mars— A p ril 192“ '



remain any mica, but here in the form of beautifully crystallized 
greenish-yellow phlogopite-crystals of up to as much as 5 mm  in dia
meter; this mica is evidently distinguished from the original biotite- 
mica by the thickness of its crystals in the direction of the c-axis, 
sometimes amounting to several millimetres.

This chondrodite-, spinel and phlogopite formation, consequently, 
rke the crystallization of the amphodelite discussed above, is a meta- 
somatic-pneumatolytic process. In  order to elucidate whether any ad
dition of magnesia has taken place here, I  have determined the 
amount of chondrodite, spinel and mica by means of dissolving a large 
Piece of chondroditic limestone, taken at right angles to the pegmatite 
contact, in diluted HC1. I  obtained:

70.9 % CaC03 

22.2 % Mg4Si20 8 • MgF2 

2.9 % (K H )2A lM g3Si30 11F 

4.0 % (MgFe)Al20 4

100.0 %

The magnesia-percentage of the chondrodite I  have determined, in 
accordance with my own analysis (p. 381) at about 55 °/°. The 
Magnesia-content of the spinel I  have assumed, from its optical 
character, to amount to 20 °/°, while, according to the analysis carried 
out b y  Dr. Sa h l b o m , the percentage of magnesia of the phlogopite 
is 27 %.

From this there is obtained a total magnesia-percentage of 13.2 ^ 
m the chondrodite-limestone, as compared with 0.95 % in the non-meta- 
morphosed micaceous limestone. Consequently, a most essential addi
tion of magnesia must have taken place, even i f  the chondrodite-lime
stone originally was rich in mica; this additional magnesia must 
Principally have accumulated around the crystallization-centres for
med by the original magnesia-bearing mica-beds in the limestone.

Goldschmidt (16. p. 215), has been unable to determine with cer
tainty, in the Christiania field, i f  any addition of magnesia has taken 
Place, and the difference between the Christiania field and Man- 
sjo Mt. must consist in the essentially higher pegmatitic action that 
Iras taken place in the latter field.

The same state of things exists with regard to the addition of 
alumina which G o l d s c h m id t , when discussing the formation of 
garnet, speaks of as »fraglich» but which, in the Mansjo Mt., appears 
to me to be a necessary condition for the explanation of the formation 
of the larger amphodelite-crystals that sometimes occur.

My idea, consequently, is, that the above-mentioned minerals have
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arisen through metasomatic-pneumatolytic formation, in accordance 
with the following course of reaction:

The biotite is transformed into phlogopite through the supplying 
of FeF2, simultaneously with the formation of iron-bearing diopside 
and spinel, in accordance with the formula:

4(KH )3A l3Mg6Si60 24 +  3FeF2 =  6(K, H)2A l l lg 3S i3On F +  3JIg • FeSi20 „ + 3MgAl20 4 

B io tito  Phlogopite Diopside Spinel

In  the above, the formula of the phlogopite is assumed to be that 
calculated by R. B r a u n s  (N. Y. Min. 1894, I. 231), and it  agrees 
fa irly  well, too, with the analysis of the Mansjo-phlogopite given 
later on (p. 384).

In  the field, this reaction corresponds to the phlogopite- and diop- 
side-rich »bleached» zones outside the pegmatite-contact and the chon- 
drodite-limestone in the lower and upper intrusion-zones. The 
alteration of the diopside existing in the limestone, from the »Nord- 
marken-type» to a green iron-bearing diopside, rich in hedenbergite- 
molecules, and its simultaneous quantitative increase can also be 
observed, both in the rock and beneath the microscope.

The phlogopite in the zone nearest to the pegmatite, where the 
addition of magnesia has taken place (simultaneously with the 
presence of an excess of water) is altered to chondrodite and spinel, 
thus:

2 {(K , H )2A ll Ig 3Si30 11F } +  lO UgF, +  6H20  =  S (llg4Si20 8 • MgF2) + M gA l20 4 +  16(H ,K)F 

Phlogopite Chondrodite Spinel

Under the microscope, there can also be observed real pseudo- 
morphs of chondrodite after phlogopite.

The transformation that simultaneously takes place of the diopside 
into chondrodite can be explained by the following reactions:

M gSi03 ■ CaSi03 + 4MgF2 + 3H 20  +  C02 =  l lg 4S i20 8 • M gF2 + CaC03 +  6 IIF  

Diopside Chondrodite Calcite

This reaction-course finds support in the observable recrystalliza
tions of calcite in the chondrodite limestone, which recrystallizations 
are specially located to the previous mica-layers, which are determin
able by the presence of spinel, and where, too, the formation of diop
side has, of course, been greatest.

In  the rock, therefore, the calcite in these layers is clearer and 
whiter, and there is seen most plainly the bedding as determined by 
the diopside which was present at an earlier stage.1

C02 must, of course, always have been present in the neighbourhood
1 This is a parallel to the a lteration of dolomite into calcite at Skyttgruvan (the 

Fain field), described by P. G e i j e k . S v . Geol. Unders. Arsbok 1916, p. 190.
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of the contact, as a result of the reaction-courses on the contact-line 
itself, already expressed by the formula; I, I I  and I I I .

The formation of the amphodelite, so far as it has occurred through 
e suPPly of alumina, can be expressed as follows:

CaC03 + 2A1F3 +  2S i02 +  3H20  =  CaAl2Si20 8 + C02 + GHF 
Amphodelite

fhe above holds good for the rather large prismatic crystals, often 
several centimetres long, that occur in the limestone within 'some 
ew centimetres from the pegmatite-contact. A  typical example is 
16 ubove-mentioned specimen in the collections of the Swedish 
fute Mineralógica! Museum, which has been described by F l i n k . 
The smaller crystals, which, as a rule, are only one or a few mm  

m diameter, are encountered in the »phlogopitisized» limestone, and 
fhere, are, as a rule, met w ith in the immediate vicinity of diop- 
side grains. They can, however, be also supposed to have been formed 
uireet from the spinel-molecules which were released on the trans
formation of the biotite into phlogopite, and this all the more as 
sPmel is never found in the neighbourhood of amphodelite.

The diopside-formation described on a preceding page (p. 329) 
can, in such a case, be rewritten thus:

[Mg • S i0 3)
M gA l20 4 + 2CaC03 + 5S i0 2 +  FeF2 +  I I 20  =  CaA)2Si20 8 +1 Ca • S i0 3 1 +  2HF +  2C02 

Spinel Calcite Am phodelite (Pe • S i0 3 J
Diopside

In addition to the phlogopite-diopside-ehondrodite-amphodelite for
mation which it  possesses in common with the upper pegmatitic in
trusion, the lower pegmatite-dyke series have, however, a feature of 
special interest in the rich mineral-formations of g r o s s u l a r i t e ,  
v e s u v i a n i t e ,  w o l l a s t o n i t e ,  a p a t i t e  and f l u o r - p y -  
r 0 x e n e (m a n s j  6 i  f  e) which appear within the dykes them
selves, the first two of these minerals also occurring as pneumatolytie 
formations in the limestone, outside the contact.

In distinction from the upper pegmatite-dykes, which have more the 
character of intrusive beds along the mica-layers of the limestone, 
the lower series of dykes has penetrated more violently and, appa- 
rently, at a considerably higher pressure, and has splintered and 
torn up the limestone layers.

In consequence, it  contains, as might be expected, real fragments 
of limestone — more or less transformed into various minerals — 
mingled with scapolitisized fragments of feldspar, and with those 
fragments »floating» in a matrix which consists of a granular, aggre-
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gatically crystallized, fine-grained, light-blue apatite and greenish- 
gray fluor-pyroxene (mansjoite).

In  certain parts, the pegmatite-dykes are altogether altered into 
apatite- or pyroxene dykes — sometimes with a mingling of both, 
in which case, the pyroxene always occupies the centre part of the 
dyke. The pyroxene-dykes, especially, sometimes expand lenticu- 
larly, and the dykes become as much as up to three decimetres wide. 
Both the dyke-formations carry secondarily crystallized, large cal- 
cite rhombohedrons, the pyroxene-dyke, having, in addition, a rno- 
noclinic amphibole which is nearly related to the p a r g a s i t e .  The 
fluidal structure is mainly megascopical and no other observations 
can be made beneath the microscope than that the apatite-grains are 
usually found to be arranged stringwise in the longitudinal direction 
of the dyke, in accordance with what has been said in describing the 
diopside-contact, and also that the phlogopite mentioned below shows 
a decidedly fluidal arrangement.

The! megascopic structure is determined, partly by the fluidal 
arrangement of the above-mentioned amphibolitic prisms, and also by 
the presence of a light, gold-shimmering mica arranged schlierically- 
This mica is evidently nearly related to the phlogopite, but I  have not 
yet had an opportunity of making any detailed examination of the 
occurrence.

W ithin those parts of the pegmatite-dykes where the remains of 
feldspar are numerous, the grayish-green fluor-pyroxene begins to 
disappear and, as rule, becomes limited to a central zone only a 
few centimetres broad.

The dyke, and especially the breccia-like limestone-fragments lying 
in it, are, instead, intergrown by snuff-coloured crystals of vesuvian- 
ite, whose characteristic, rectangular cross-section is seen in the frac
ture-surfaces of the limestone, but which, in other respects, do not 
display any pronounced crystal surfaces. Sometimes there can be ob
served within the fragments of limestone, an alternating bedding of 
vesuvianite and beautiful brownish-yellow grossularite, which, me- 
gascopically, is bewilderingly like the B-chondrodite. The fragments, 
which are thus transformed sometimes into vesuvianite and sometimes 
into scapolite, are cemented together by the granular apatite, the faint 
blue colour of which, in the vicinitjr of the vesuvianite, becomes of a 
magnificent sky-blue hue. I  have sought in vain, in the show- 
collections, both of the Swedish State Museum, the Musee Naturelle 
in Paris and the Natural History Museum in London, among the 
apatite-specimens exhibited there, for any corresponding transparent, 
light-blue coloured apatite.
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The source of the blue colour is evidently connected, partly, at 
least, with the presence of vesuvianite. In  those places where the 
SQaP°lite occurs instead, the hue': becomes markedly weaker, from 
'which one may suppose that the colour is connected with the distribu
tion of the chlorine between the calcium-silicate and the calcium- 
phosphate. As I  have shown farther on, in the mineralogical descrip- 
hons, this supposition has found a confirmation in the chemical ana-
lyses (p. 387).

Structurally, this apatite displays beneath the microscope nega
tive crystal boundaries, i. e., it  has crystallized simultaneously 
throughout the whole of the mass (aggregatic crystallization), and 
one absolutely obtains the impression of a homogeneous fluid apatite- 
]nagma, and not of a successive recrystallization and alteration of the 
calcite brought about by the pneumatolytic action of fluorine.

I  have the impression that the fluorine which accompanied the 
Penetrating pegmatites, must have dissolved the calcite from the 
deeper parts of the limestone-bed, or out of other limestone-layers in 

paragneiss, thereby giving rise to an apatitic hydogeneous, mono- 
mineralic magma which has crystallized aggregatically as a result 
°f a rapid diminution of pressure, as described in detail during the 
discussion of the mineral paragenesis (p. 395).

Formerly, there have prevailed some doubts respecting the method 
°f formation of the apatite-dykes occurring in the fundamental rock. 
T .  G e i j e r  ( 1 5 .  p. 1 3 9 )  has discribed the apatite-dykes appearing in 
the quartz-porphyries of the Iviruna district as magmatic, and my own 
observations with regard to the apatite-dykes of the Mansjo Mt. lead, 
consequently, to a corresponding result. B u t  I  c o n s i d e r  t h e y  
s h o u 1 d be r e g a r d e d  as n o t  o f  p r i m a r y ,  b u t  o f  se
c o n d a r y  m a g m a t i c  o c c u r r e n c e ,  c r e a t e d  b y  t h e  
ab s o r p t i o n ,  b y  t h e  f l u o r i n e - b e a r i n g  m a g ma ,  of  
i i  m e f r o m  t h e  n e i g h b o u r i n g  r o c k s .  G e i j e r  expresses 
a similar view. I  base this assumption on the fact that no corres
ponding dykes have anywhere been observed in the rocks sur
rounding the limestone, i f  we disregard the highly poikilitic 
intergrowth of the apatite and the amphibole in the eulysite close 
to the pegmatite-contacts, which feature, however, evidently stands 
in casual connection with the secondary lime-enrichment of the peg- 
niatite, as a consequence of the absorption of silica by the fayalite.

The mineral-associations, too, appear to differ somewhat at the two 
occurrences, viz:
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M an s jö  M t . : K ir u n a :

A patite A patite

Diopside (Pargasite) Hornblende

Bytow nite (Anorth ite) A lb ite

Scapolite B io tite

Vesuvianite (Grossnlarite) O rth ite

Phlogopite and other micas P yrite

T itan ite T itan ite

The divergence is, of course, caused by the different genetic origin 
of the apatite-magma.

Hornblende, orthite, pyrite and titanite are very rare occurrences 
in Kiruna dykes. The same remark holds good for the Mansjô Mt., 
too, except as regards the titanite, which is found very generally 
immediately inside the diopside-contact, between the latter and the 
apatite.

The thicker the apatite-dyke is, the larger and the more numerously 
do the well-crystallized »envelope-shaped» titanite crystals occur. 
They are also found within the apatite-dykes, around fragments of 
altered feldspar, and at the edges of the fragments of limestone 
which are enclosed within green diopside contacts. There are also 
encountered »floating» in the apatite-matrix, badly limited scapolite 
crystals, several centimetres in diameter, which have been pigmented 
by titanite (leucoxene).

The fluor-pyroxene dykes possess the same magmatic character 
as the apatite dykes. Unless a careful examination be made, a 
distinction can sometimes hardly be noticed in the field between the 
two kinds of dykes, especially when the apatite lacks its characteristic 
blue colour.

Here, too, there has been formed a hydatogeneous pegmatite rest- 
solution, rich in halogens, which can best be characterized as a magma 
composed of about 89 % diopside and 11 % chondrodite, but which, 
on solidification, has obtained a monomineralic composition by the 
crystallization of a hitherto unknown coccolitic fluor-pyroxene, to 
which I  have proposed to give the name m ans j  o i t e  (cfr. p. 357 ) •

Here, then, there is found an analogy — already pointed out •— 
to the eulysite-formation, and one that is further marked by the 
fact that, in both instances, there have been formed — as a result 
of the silicate percentage and the conditions of temperature — partly 
metasilicates (anthophyllite and diopside), and partly orthosilicates 
(fayalite and chondrodite). I f  the pegmatite had intruded rocks, ricli 
in magnesia, and if, quantitatively, or in consequence of temperature
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end pressure, the silica-percentage had been lower, then one might 
have expected to find, for example, pure chondrodite-dykes, similarly 
10 Ihe fayalite dyke in Gymasberget.

As was mentioned above, wollastonite, too, occurs in the lower 
Pegmatite-zone. I t  seems here to have been formed in the high-tem- 
perature places, i. e., along the contact between the great intrusive bed 
ln Ihe foot-wall of the limestone, and the limestone itself. Here it  
altogether replaces the scapolite found in the other contacts, and 
occurs inside the diopside contact in the form of an uniform snow- 
"hite wollastonite-fels, which has retained the original stratification 
°f the limestone in the form of a marked crystallization-schistosity.

A ll the mica has disappeared from the limestone, and there has 
been formed instead a faint, light-brown grossularite, which occurs 
sparsely, arranged in lumps, together with diopside.

The grossularite also appears, in subordinate quantities, as already 
nientioned, in the fragments of limestone which, altered into vesu
vianite, occur in the pegmatite dykes, and also together with the 
vesuvianite, outside the contacts in the limestone.

I t  may be imagined as having been formed in the various cases in 
accordance with the following course of reaction:

In the wollastonite-fels:

2{(KH)3Al3Mg6Si60 24} + 21CaSi03 =  3Ca3A]2Si30 12 +  { ^ ^ fsi^ Oj  + 3(KH).20  

B io tite  Grossularite Diopside

In the limestone fragments:
CaAl2S i20 8 +  2CaC03 + S i0 2 =  Ca3 A l2S i30 12 + 2C02 
A north ite  Calcite Grossularite

The vesuvianite, which occurs analogously, has been formed, partly 
by continued reaction between the grossularite, the calcite and silica 

of which action, the innumerable small garnet-flakes within the 
vesuvianite give evidence — and partly possibly by being crystal
lized direct out of the magma, in which latter case it always shows 
homogeneous structure and some signs of crystal boundaries.

In both cases the reactions w ill be as follows:
3Ca3A l2S i30 12 +  3CaC03 + S i0 2 + F • OH =  2Ca6A l3S i5C)20(F • 0H ) + 3C02 
Grossularite Vesuvianite

3CaAl2S i20 8 + 9CaC03 + 4S i02 +  F • OH =  2Ca6A l3S i5O20(F • OH) +  9C02 
A north ite  Vesuvianite

As this shows, the vesuvianite formation occurs chiefly at the 
expense of the calcite, and in this fact lies the explanation of vesu
vianite being met with, both in the limestone-fragments in the pegma
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tite-dykes and also in the limestone outside these, but never in the 
anorthite-fragments in the pegmatite-magma. The anorthite-mole- 
cules have emigrated to the calcite, but, on the other hand, there lias 
been no transference of the calcite to the anorthite.

That vesuvianite which has been formed in the limestone outside 
the contact, must either be a mineral-formation originating from the 
biotite via grossularite — to which the remains of the latter mineral 
bear witness — or else must form a new crystallization made possible 
through a transport of the alumina, via the amphodelite, of which 
process the evident amphodelite remains in certain thin-sections give 
evidence. The course of both reactions is shown immediately by the 
combination of the formulae given above, the amphodelite thereby 
replacing the anorthite.

I  have now described the pegmatite-dykes in the light of their 
characteristic mineral-formations. But there occur, in addition, a 
number of accessory minerals in unimportant amounts or without that 
regularity which distinguishes the typical minerals. Of the former I  
shall give an account farther on in the mineralogical description of 
the contact-minerals of the Mansjo Mt.

The Skarn-formation at the Contact between the Limestone 
and the Crystalline Schists.

In  addition to the contact-zones around the pegmatite-dykes just 
described, the Mansjo Mt. limestone also exhibits, as before mentioned, 
a skarn-zone of later formation towards the paragneiss of the hang
ing-wall. Taken as a whole, it can be described as a repetition 
on a ten-fold scale of the conditions existing in the diopside-contacts, 
which have been shown to have come into existence by pneumatolytic 
and metasomatic actions accompanied by an accretion of heat. The 
core of mica of the diopside-contacts is wanting, however. The skarn- 
zone in question is found best developed in the neighourhood of the 
eulysite (cfr. p. 283).

Fig. 57 shows some of this zone, exposed at the south-eastern part 
of the limestone layer. Beginning with the limestone we encounter 
first of all a steadily increasing diopside-percentage, but notice an 
absence of phlogopite and the regular »strings» of apatite in the 
contact. The limestone undergoes, on the contrary, a successive altera
tion into a sometimes radial, glassy chlor-scapolite. These scapolite- 
formations consist of prismatic crystals grown at right angles to
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stratification of the limestone, and provided with rounded but still 
ully determinable prismatic and basal faces. They are from 2 to 3 

fti'‘n in size.
These scattered individual scapolite-crystals are surrounded by 

Prismatic columnar diopside-crystals which grade into a dense 
contact-zone of pure diopside-fels, which is as much as from 3 to 5 cm 
in thickness; and which is symplektitically intergrown by scapolite.

11S diopside-fels alters with' a' sharp contact into a garnet-skarn 
> consisting of garnet, scapolite and quartz, in an extremely 

ln® granular and dense intergrowth. The layer of garnet-fels, 
which is from 3 to 5 cm thick, grades into quartz of increasing 
Purity, with large scapolite crystals, which latter minerals finally 
orni a zone of lenticular quartz-scapolite »augen», with a greatest 

breadth of 3 to 5 cm.
Outside of the quartz-scapolite rock there commences a strongly 

Schistose paragneiss which gradually becomes poorer and poorer in 
Sarnet and grades into the normal type. Some few crystals of 
vcsuvianite, colourless in thin-section, and with extremely good 
crystal boundaries, have been observed near the limestone-contact. 
Where the gneiss-bed between the limestone and the eulysite is very 
thil1, there has taken place in several instances a complete scapolitiza- 
tion of the gneiss.

The development of an extremely strong schistosity of the para
gneiss close to the contact gives a strong impression of a crystalliza- 
tion-schistosity produced by temperature-metamorphism; a schisto- 
Slty of quite the same kind as that, already described, of the wolla- 
stonite-fels. The vesuvianite- and scapolite formations plainly show 
that an essential addition of halogens has taken place, and also that, 
°n the occasion of this addition, the chlorine had mainly been bound 
by the gneiss, thus indicating a movement through the gneiss towards 
the contact and not in the reverse direction.

From the description of the contact there is deduced, therefore, 
Fiat, as compared with the diopside-contacts of the pegmatite dykes, 
the diopside-formation and the binding of the halogens and, conse
quently, the contact-reaction, too, must have progressed in reverse 
order, i. e., towards the limestone. This can scarcely be explained 
ln uny other way than by assuming that the addition of material 
and heat has come from the gneiss-side, and that the columnar crystals 

diopside and scapolite have grown in the same proportion that 
iron-, chlorine- and silica-molecules penetrated into the limestone.

In the case of the pegmatite-dykes, where the diopside has grown 
from the limestone towards the pegmatite, the lime-molecules have
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been transported into the acidic magma by the mediation of the diop- 
side as long as this was made possible by the temperature of the 
reaction-heat retreating towards the centre of the dyke.

The circumstances observed are, consequently, an i n d i r e c t  
p r o o f  o f  t h e  h y d a t o g e n e o u s  e r u p t i v e  g e n e s i s  of  
t h e  e u l y s i t e  (cfr. p. 283), no pegmatite-dykes being found 
within the eulysite massive of such dimensions, that they 
could be imagined as able to react, by means of thermo-meta- 
morphism and the transport of halogens, on the whole of the 
gneiss-contact in the above-described fu lly  uniform way. And 
where these pegmatite-dykes are anywhere observed to cut across 
the contact of the »eulysite-gneiss-limestone», they exhibit in the 
limestone merely the normal, narrow diopside-contacts. In addition, 
the mineral formations of the limestone-gneiss contact must have 
arisen in consequence of a dominating addition of chlorine, while the 
apophyses of the gneiss-granite have previously been shown to contain 
mainly a predominant fluorine-percentage. The eulysite, on the other 
hand, has, according to my theory, been formed under the liberation 
of HC1 at the moment of solidification.

Close to the gneiss-contact, at a couple of places where a pegmatite- 
dyke, coming from the eulysite, has cut through the gneiss and lime
stone, there is, in addition, a contact-mineral formation which deserves 
mention. There have been formed here large g r o s s u l a  r i t e -  
a g g r e g a t i o n s  (fig. 54), measuring as much as several deci
metres across, and nearly related to the r o m a n z o v i t e ,  from 
Finland, described by N o r d e n s k j o l d . They are of a beautiful light 
brown colour, with dense fracture and without crystalline surfaces, 
and are intergrown by longitudinal brownish-black vesuvianite prisms 
with well developed prismatic faces, but without any measurable ter
minal faces on the few crystals I  have encountered. The occurrence 
appears to be analogous to the intergrowth of vesuvianite and garnet 
at Pargas, described by L a i t a k a r i  ( 2 0 .  p. 8 0 ) ,  and is a repetition on a 
large scale of the alternation between vesuvianite and garnet in the 
dyke-fragments already mentioned in the description in the previous 
chapter of the apatite-dykes. I t  is possible that, in the present in
stance, the subordinate fluorine percentage, together with a lower tem
perature, has resulted in the reaction of the anorthite with the calcite 
and silica ending with the formation of grossularite, and that it lias 
only been at some few places that the fluorine has been sufficiently 
concentrated to be able to transform the grossularite into vesuvianite.

A ll the contact phenomena just described above, both at the peg
matite- and at the gneiss contacts, can best be observed at the »Stora



Kalkbrottet» and at the new quarry I  have had blasted to the south
east of the first. A t the central quarry called »Kalkugnen» and at 
the north-west quarry, the stratification dips from a sharp incline to 
a nearly perpendicular position, and the cross section is for the most 
Part concealed by mould and masses of fallen stones that have accu
mulated during the course of years. This surface-covering has, 
however, been removed in a few places for the purpose oi investigating 
whether the conditions are constant throughout the whole of the 
limestone layer. This has proved to be so, even in details.
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The Mineralogical Description of the Contact-Minerals of the 
Pegmatite Dykes and the Limestone of the Mansjo Mt.

D iv is io n  in to  E xo g en ou s an d  E ndo g en ou s M in e ra ls .

The contact-minerals of the Mansjo Mt. are of two classes; the one, 
sUch as have arisen without pneumatolytic addition of minerals; the 
other, such as have been formed partly by pneumatolytic action. The 
former minerals ( I) ,  then, have been formed, during the contact- 
metamorphism, from the component parts of the rocks (limestone or 
Pegmatite) themselves, without any supply of material from the 
exterior rocks. The latter class ( I I )  of minerals, on the other hand, 
has originated from the addition of such material.

The primary minerals of each class that have hitherto been ob
served by me are:

I
P yrite

Quartz
R utile  (needles in  b iotite)
Spinel
Calcite
Microcline
A lb itc  and plagioclase (acid)

Diopside

Wollastonite

Grossularite

Vesuvianite
Zircon

Prehnite

I I

F luorite

R u tile  (needles in  vesuvianite) 

Calcite

Plagioclase (basic)
(Aniphodelitc)
Diopside (Iledenbcrgite-bearing) 
Mansjoite (Fluor-diopside) 
W ollastonite 
Pargasite
Grossularite (andraditic; some

times magnesia-bearing) 
Scapolite 
Vesuvianite 
Zircon 
O rth ite  
Prebnite
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I I I

Phlogopite (probably sodium-
Chondrodite
Phlogopite

bearing)
Potassium-Mica
T itan ite
Apatite

T itan ite
A patite

I  have given the minerals in the order in which they stand in 
Dana’s Mineralogy. I t  is very probable that, in the course of time, 
and when fresh blastings have been carried out at the limestone- 
quarries, this list of minerals w ill be essentially increased.

Special attention should be paid to the fact, that in spite of the 
intimate agreement which, in many respects, appears to prevail be
tween the limestone of the Mansjo Mt. and the celebrated occurrences 
at Pargas, it has not yet been found possible to prove the existence 
of graphite in the former, while, too, the pargasite is of but rare 
occurrence, and then within restricted localities, which are distin
guished by characteristics pointing to a relatively very rapid increase 
of pressure on solidification.

Taken in the main, all the reactions within the exposed parts of 
the contact-occurrences of the Mansjo Mt. appear to have led to the 
formation of pyroxene with the exclusion of the amphiboles, as w ill 
be discussed further in the chapter dealing with the mineral para-

I t  has not been possible to carry out any measurements of the 
crystals of the Mansjo Mt., as it  is only exceptionally that they are 
developed with measurable costal faces. The rare measurable 
crystal-material I  have collected up to the present is, therefore, too 
incomplete and fragmentary to be of any crystallographical value, 
and has therefore been laid aside for the present for eventual treat
ment later on, i f  it  is found possible to obtain additional and suf
ficient proper material.

P h ys ic a l, C h e m ic a l an d  O p tic a l P ro p e rtie s  o f  th e  M in e ra ls .

Pyrite occurs extremely rarely in the Mansjo limestone quarry. 
No addition of sulphur through the pegmatite-dykes appears, on the 
whole, to have taken place, as the pyrite seems to be wanting in the 
dykes, altogether.

On the other hand, an examination with the microscope shows some 
solitary pyrite-grains in the limestone, which are evidently derived 
from a — relatively to the pegmatite-dykes — primary sulphur or

genesis.

P yrite .
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Pyrite content of the limestone. The grains, as a rule, arc badly 
limited and have no crystals faces.

In the vicinity of the large pegmatite apophyses though, where 
Ihe coarsely crystalline structure of the limestone points to a powerful 
recrystallization, the pyrite-grains, too, appear recrystallized, as they 
iliere show evident crystal boundaries.

Whether the pyrite is to be regarded as being genetically con
nected with the limestone, or whether its presence is possibly due to an 
addition of sulphur in connection with the formation of the eulysite, 

have been unable to decide.

F lu o rite .

In contrast with the Pargas-deposit, the Mansjo fluorite occurs 
extremely rarely, and has been observed only in two instances,1 and 
then microscopically, in the shape of small violet grains in highly 
Scapolitisized pegmatite in the neighbourhood of fa intly blue-green 
apatite, and in the large intrusive granite-pegmatite-bed under the 
hmestone.

The same seems to be case at Kirmonniemi, in Finland (18) and 
^  is, of course, remarkable, with the high fluorine percentage which 
has evidently accompanied the pegmatite-magma, that the mineral 
does not occur in larger quantities.

No determinations of refraction or chemical composition have, 
consequently, been carried out.

Quartz.

Quartz is altogether wanting in the Mansjo limestone outside of 
the pegmatite-dykes, forming, in this respect, a contrast to the Pargas
occurrence (20. p. 24).

The violet secondary quartz has already been spoken of, when 
describing the dykes (p. 325).

On heating this latter quartz the colour disappears.
In order to determine whether the temperature of the quartz at 

the moment of crystallization had been a different one in different 
Parts of the dykes, I  polished and etched two large quartz grains, 
°ne colourless, taken from the upper dyke series at the intersection 
of the limestone and one, violet coloured, taken well within the dyke 
about 4 metres within the limestone border.

The first one showed irregular twinning lines and has thus origi-

1 Since iv r it in g  the above I  have found, w ith in  the golden-yellow phlogopite in  a 
Mansjoite dyke, some small v io le t flakes o f fluorite.
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nally probably crystallized as /9-quartz, above a temperature of 575 
C; the second one showed a regular, sharply marked twinning, anti 
had consequently been formed below 575° C.1

L a it a k a e i  has correspondingly investigated the quartz of the 
Pargas limestone, and has found it  to have crystallized above 575° C-

I  have measured the specific weight of the two species of quartz 
and have obtained the following values:

Quartz, originally crystallized as /J-Quartz: 2.G52 
Quartz, » » » a- » : 2.602

Spinel.

The spinel occurs in the G-chondrodite-rich limestone, on both sides 
of the pegmatite-dykes of the lower zone (fig. G3). I t  is found as 
sharp-edged blackish-green octahedrons, with a greatest diameter of 
4 mm, which lie in thin layers stratified in the limestone, these layers 
following the original stratification of the mica. Its mineral- 
association consists of calcite, G-chondrodite and phlogopite. The 
ilmenite, pargasite and scapolite which are found in its company in 
the Pargas-occurrance are wanting (20. p. 41).

In  thin-section, the colour is a beautiful light greenish-blue, and 
no pigmentating ore-mineral enclosures at all have been observed. 
On the other hand, the spinel encloses both calcite- and phlogopite 
crystals, which exhibit highly rounded corroded forms. In its turn, 
the spinel is enclosed by the chondrodite and, in these instances, has 
no crystal boundaries.

In  comparison with the Pargas-spinel the following values have 
been determined:

Mansjo Pargas
(E c k e r h a n n ) ( L a it a k a r i)

Sp. wt.(iy°) =  3-683 Sp. Wt.(i4°) =  3-841
Refraction (immersion) nNa =  1'720 n =  1'727

I  have not carried out any analysis except the determination of 
FeO, which I  have found to be 9.60 %. From the above values, it 
would appear as i f  the Mansjo-spinel was poorer in iron than the 
Pargas-mineral, but still might be classified as p l e o n a s t e  or 
c e y l o n i t e .  In  other respects, however, it  is probably nearly 
related to the green Pargas-spinel.

Microchemically I  have also discovered the presence of a con-
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1 The temperature has probably been somewhat higher, as the transformation point 
between a - and ,5-quartz is moved about one degree upwards for each increase of 100 atm.



siderable p e r c e n t a g e  o f  a l k a l i s ,  — which seems to constitute 
quite a unique feature of the Mansjo Mt. spinel, as not a single one of 
the analyses of spinel given by D a n a  shows that component. A 
complete analysis of the Mansjo spinel is in progress and w ill be 
Published later.
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Calcite.

The contact-metamorpluc, coarsely crystalline habit of the primary 
calcite has already been described in connection with the limestone.

Calcite is found however, as an exogenic contact occurrence in 
the form of crystals which have been developed in the fluorine-bearing 
hiopside mbagma in the mansjoite-dykes. I t  is probable that the 
hiopside-magma, when at a higher temperature, has obtained an excess 
°£ CaO +  CO* transferred from the limestone, and that this excess 
has crystallized during the solidification of the dykes, as stated in 
the description of the formation of the prehnite, page 378. The phe
nomenon is analagous to the impression G o l d s c h m id t  received, on 
the study of the Christiania field, of a calcareous spar that had been 
dissolved in the magma and afterwards recrystallized (16. p. 283).

I t  is also imaginable that, before solidification, an originally 
higher chlorine or fluorine percentage in the magma has been dimi- 

. nished by the distillation of these mineralizers into the surrounding 
limestone and their binding in scapolite- and chondrodite formations, 
whereupon the corresponding excess of lime has reacted with the C02- 
Percentage which must certainly have been present in the magma, and 
has thus crystallized as calcite.

This calcite, which is perfectly transparent and clear, exhibits 
beneath the' microscope no stress-deformations, and lias a specific 
Weight of 2.729. This figure is somewhat lower than that already 
given for the calcite of the non-metamorphic limestone, viz., 2.773. 
Tt is probable that this is connected with the possibility that the lime 
which has been recrystallized in the form of a contact-mineral con- 
tains a somewhat lower percentage of heavy metal-oxides as impu
rities, or a somewhat higher percentage of magnesia. 1 have not 
carried out any analysis, however.

Microcline.

The microcline of the gneiss-granite shows an increase in the size 
° i the crystals in the pegmatitic apophyses. Its optical and physi
cal constants have been shown to be the same as those that were

24—220270. G. F. F. 1922.
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determined and given above for the main rock (p. 222). I  have 
been unable to find any other values for comparison with the P argas  
•microcline than that of the specific weight which, in the case of the 
Pargas mineral, has been determined by W i i k  (40) at 2.577 as con
trasted with 2.556 for the Mansjo occurrence.

As I  have already mentioned, the albite separates out of the per- 
titic  microcline in the same proportion that the pegmatite dykes grow 
narrower and alter their composition (cfr. p. 325) and it  is then 
concentrated along the contacts, between the grains of microcline, 
where it  becomes more and more anorthitized. The plagioclase rings 
thus formed around the grains of microcline become larger and 
coalesce, thereby giving rise to plagioclase crystals of gradually 
increasing dimensions. Finally, the microcline is seen only in the form 
of residuums within the plagioclase crystals, and one is able to 
perceive how these remains sometimes belong to two or three micro- 
cline individuals, each extinguishing uniformly. T h e  p e r t h i t e  
has  been t r a n s f o r m e d  i n t o  an a n t i p e r t h i t e .  A t the 
same time, the microcline begins to be decomposed as a result of the 
metasomatic reaction mentioned on a previous page (p. 327), and to 
be transformed into mica.

[Mars— A p ril 1922.

Plagioclase. >

As has already been described, the plagioclase occurs in one un- '  
broken, determinable successive series, from An24 up to AnS5 and, 
exceptionally still higher An-values, but, in these latter instances, 
the pigmentation occasioned by decomposition has made the deter
minations uncertain.

About An38 there has been observed a position where the plagioclase 
appears to be of homogeneous composition. W ith lower values of An, 
the crystal kernel is more basic than the shell — as in the case of 
the main rock, -— while, with higher An-values, the kernel is acid 
and the shell basic.

A  definite equilibrium appears to be again attained at AnS5, where 
the plagioclase is fu lly  homogeneous, clear and transparent, and 
without any symptoms of alteration. I t  has been found to possess 
the following optical characteristics:

2FNa =  -  7710'
=  1.575 (determined according to N ik itin  on the turning-

stage).
Extinction: J_ (010) and (001): + 40' 

on (010) : — 32.5°
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1 winning: As a rule, only the albite-law, the pericline-law being 
very rare.

The same observation of definite equilibrium-positions during the 
contact-metamorphism, has been made at an earlier date by Gold
schmidt (16. p. 300) in the Christiania field. He mentions how a 
certain border-plagioclase appears to be present, where no zonal che
mical construction exists.

11 the instance given above I  have determined two such border 
cases:

An3S and An85.

I  inally; I  have observed in a couple of determinable cases, that 
alteration has proceeded as far as to pure anorthite, with the com
position An95—An100.

-*-he readings of the theodolite-microscope have, however, been 
exceedingly d ifficu lt to carry out with exactness, in consequence of tlia 
Pigmentation of the anorthite.

This anorthite has the following values:

Extinction on (010) — 35°
» A  (010) and (001) + 437 /

Optic axial angle: 2V,)30 =  + 77D5'.

A m p h o d e l i t e .

The amphodelite occurs in the mica-poor limestone zones, and close 
to the pegmatite-dykes, especially in the hanging-wall of the upper 
series, in the form of small, pink, badly developed crystals, from 
2 to 4 mm in diameter. I t  is found in the lower dyke-series too, in 
the narrow, wedging-out apophyses, as dense masses of dirty red or 
reddish violet colour.

Tig. 104 shows a microphotograph across such an »amphodelite- 
dyke» which, is limited on both sides towards the limestone by the 
apatite-strings, the vesuvianite and the diopside and, consequently, 
evidently constitutes nothing else than an extremely altered pegma- 
tite-dyke, poor in quartz.

Beneath the microscope, the amphodelite exhibits aggregatic 
Polarization, with the polarization-colour of calcite, but, in the rock, 
it is considerably harder than the latter, or H =  4—5. Sometimes 
there may be noticed an incipient recrystallization in the form of 
radiating, fibrous, partly low and partly high polarizing aggregates. 
The former are possibly a serpentine- or talc-formation produced by 
the decomposition of the diopside; the latter are evidently prehnite

Bd 44. Bd 3— 4 .] ROCKS AND MINERALS OF THE MANSJO MT.
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crystals. In some few thin-sections it  lias still proved possible to 
distinguish glimpses of the lamellar twinning of the plagioclasc, 
which, in such instances, has always shown a composition of almost 
An00—An95, although the determinations have been more a matter of 
guess-work than actual facts (fig. 72).

I t  has already been shown by W i i k , however, that amphodelite 
is an altered anorthite substance, and further evidence of this is the 
previously mentioned amphodelite crystal from Mansjö Mt. now in the 
Swedish State Museum’s collection, which has been described by 
F l i n k  (1 3 .  p . 1 6 8 ) .

This crystals is 2 1/2 cm long and 1 1/4 cm broad, and is limited 
by (001), (010), (110) and (110). The faces are somewhat rounded, 
but reflecting and determinable. In  consequence of the whole of 
the central part of the crystal being enclosed by limestone, it  has 
proved impossible to measure the crystal directly on a goniometer, 
however. A  determination of the optic constants would be possible, 
as it  is of a clear, transparent red, but as the mineral is the only 
fresh crystal ever found at Mansjö, it cannot be sacrificed, of 
course.

By kind permission of the late Professor H j.  S j ö g r e n  and with 
the help of N. Xenzen, Phil. Lie., assistant at the Museum, I  have 
been allowed to remove from the crystal some few small fragments, 
for the purpose of determining the refraction by immersion. This 
was found to be:

a =  1.576 
ß =  1.584 
y =  1.589

The specific weight was determined at 2.751.

By means of measurements on a fresh feldspar individual from a 
small specimen of Mansjö rock in the State Museum, F l i n k  has 
determined the extinction on (001) at 34 1/i ° and on (010) at 39 
and has evidently measured the same anorthite which I  found con
stituted the extreme lim it of the determinable contact alteration of 
the plagioclase. F l i n k ’s deduction that amphodelite is nothing but 
an anorthite has, consequently, been fu lly  confirmed by my own ob
servations.

For the purpose of still further verifying this deduction, and also 
of finding a directive for the recognition of the pignientating trans
formation-product, I  have obtained an analysis executed by Dr. S a h L -  

BOM, of material I  had collected (Analysis I) .
This material consisted of small crystals taken along the upper

[Mars— A p ril 1922-
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Pegmatite dyke; they were all opaque and pigmented in tliin-section. 
Remains of the lamellar twinning according to the albite law could 
ie dearly distinguished, however.

I I a I I I I I
S i02 . . 74.18 45.80 % 45.23 %

A IA  . . . . . 27.90 % 27.36 35.45 % 34.24 %

F«A , . . . 0.88 FeO 1.70 % 1.16 %

MgO . . . . . . 2.34 % 5.85 5.05 % 0.20 %

CaO . . 24.02 10.15 % 11.83 %

K20 . . . . . . 3.27 % 3.48 — 3.38 %

Na20 . . . . . 1.29 % 2.08 — 1.22 %

F I. . . . 0.24 % 1.26 — —

Cl . . . . 0.00 % — — —

H 20 . . . . . . 5.51 % 30.01 1.85 % 1.88 %

1)9.92 % 100.00 % 99.14 %

Amphodelite fro m  M a n s jo  M t .  A n a l .  Dr. Sah lbo m .I.
' a- Molecular proportions of I.

Amphodelite from Lojo (F in land) Anal. N o r d e n s k i o l d . Berzelius Jahresb.
1831. 174.

H I- A north ite  from Malgola (Predazzo). Anal. J . L e n s b e r g . Z. Dtsch. Geol.
Gcs. 24. 188 (1872).

Hie high water-percentage indicates the alteration-stage, while the 
fluorine indicates the pneumatolytic genesis of the amphodelite, i. e., 
die addition of alumina. I t  is remarkable that, in spite of the very 
high H 20-percentage, the alteration has not progressed farther than 
that it still permits the observation of the lamellse-system under the 
microscope. A similar observation has been made by D e s  Gl o iz e a u x , 
with respect to altered anorthite from Tunaberg (Ann. chim. phys. 
18?6. 9. 65).

I f  the water- and fluorine percentages be neglected, the ampho
delite, consequently, stands chemically near the Predazzo anorthite 
(Analy. I l l ) ,  and its character of an altered anorthite is thus con
firmed, although no more than 67 % of its composition actually 
(onsists of pure anorthite silicate. On the other hand, it  has been 
impossible to determine its pigmentating transformation-products by 
file analysis, but they probably consist of highly hydrated lime- and 
magnesia-alumina silicates. This opinion is supported by the prehnite- 
iormation in the dense amphodelite-masses within the pegmatite 
dykes, and also by the evident talc-aggregations connecteAwjtirAhem 
(fig. 73). • G<

The composition of the fresh amphodelite crystal in fbk&^^tate
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Museum, therefore, may be assumed to constitute a highly alkali- 
bearing anorthite, specially rich in sodium and fluorine, the red 
colour of which must be ascribed to the ferric-oxide percentage- 
Whether this latter occurs in the form of an isomorphous ferric- 
oxide-anorthite, in accordance with H il l e b r a n d ’s hypothesis, pul 
forward at the discussion of the composition of Babingtonite and 
also considered probably by D oelter (8. I I .  2. p. 988), remains, on 
the other hand, an open question.

As consequently, from its characteristic colour and its fluorine- , 
percentage, the amphodelite must be considered as entitled to be di
stinguished bjr an individual mineral name, I  propose, for this reason, 
to employ exclusively the one I  have hitherto used in this paper.

A t earlier dates, quite a number of different names have been 
given to the mineral, such as Rosite, Rosellan, Polyargite, Pyrrho- 
litlie, Diploite, Latrobite etc., of which rosite is probably the one that 
has been most employed. But »rosite» has, at the same time, been 
used to denominate Chalcostibite (H uot, Min. 1. 197. 1841) and also 
to distinguish altered pargasite ( D a n a . A. Syst. o. Min., p. 398).

The name I  have adopted — a m p h o d e l i t e  —- has previously 
been proposed by N ordenskjold (Pogg. Ann. 1832. 26. 458), in 
describing crystals from Lojo, or, i. e., the same mineral the ana
lysis of which has been given above, under II, and its exclusive 
employment does away with the confusion caused by the various 
readings of »rosite».

The mineral paragenesis of the amphodelite is: quartz, calcite, 
plagioclase, diopside, mansjoite, pargasite, grossularite, scapolite, 
vesuvianite, prehnite, phlcgopite, titanite and apatite.

Diopside.

Diopside occurs, sometimes as a megascopically faint-brown, but, 
in thin-section, colourless type, which has already been described 
in connection Avith the limestone, and sometimes in a light-green 
form, mentioned above in connection with the pegmatite- and gneiss 
contacts.

I t  is just to these contacts, too, that the occurrence of the green 
diopside is chiefly limited, although it  is also found in connection 
with vesuvianite-garnet formations in the apatite-dykes, as a reac
tion rim around every original limestone fragment. I  have also 
observed it  in the contacts towards the brown lime-garnet occurrences 
(the romanzowite) in the great limestone quarry.

In  thin-section, the diopside is of a pale greenish colour, and ver>
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faintly pleocliroic and, in the rock, grayish-green. As an enclosure 
m the grossularite it  sometimes assumes a clearer dark-green colour. 
The optical character and the dispersion, as well as the position of 
the axial plane are normal.

The following determinations have been carried out:

Bd 44. H . 3— 4 .] r o c ks  a n d  m in e r a l s  of t h e  m a n s j o  m t .

Mansjo Diopside. Pargas Diopside.
( E c k e r m a n n . ) (Ersby.)

I. 11. ( L a i t a k a r i . )

Axial angle 2YTNa (Obs.) — 61°55' 5 9 W 59’44' '

2VTa (Obs.) =  61°26' — - —
2VNa (Cal.) =  61°26' 58’58' —

Birefringence (;' — cc)Na (Obs.) =  0.0272 0.0289 0.0291

O' -  /% a  ( ° bs-) =  0.0201 0.0219 0.0220
=  0.0071 0.0070 0.0070

Refraction rtNa (Cal.) =  1.6878 1.6811 1.6923 (Obs.)

Axa (Cal.) =  1.6949 1.6881 1.6994 (Obs.)

/Na ( ° bs-) =  1.715(0) 1.710(0) 1.7214 (Obs.)

Extinction c : y =  41.6° 40.2’ 43°18'

'  weight 3.291 3.281 3.42

The above values under I  hold good for the green diopside in the 
contact itself between the pegmatite dyke and the limestone; the 
yalues given in I I  are those for the lighter green diopside w ith
in the limestone, in the zone where the pneumatolytically-formed 
vesuvianite occurs. The latter diopside is in good agreement with 
the Pargas diopside. I  have found, however, that the optical charac
teristics of the Mansjo lighter green mineral varies somewhat in 
different parts of the occurrence, this certainly being the result of 
the higher or lower percentage of hedenbergite-molecules. I  have 
already alluded to the »bleaching» of the diopside, which is occa
sioned by new mineral-formations consuming iron. A  typical 
example is given by the diopside rods of the contacts, which endoge
nous parts are more strongly coloured than the exogenous. The highest 
observed variations of the axial angle and the extinction do not 
amount to more than + 30r, however.

On the other hand, the former determination given under I  differs 
considerably from the Pargas mineral, and shows a relation to the au- 
gites, both as regards the greater angle of extinction and the axial 
angle. For the purpose of elucidating whether this contact-diopside 
actually contained any large proportions of magnesia supplied by the 
pegmatite, Dr. Sahlbom  carried out for me an analysis ( I )  of this 
diopside, whilst I  myself analyzed the normal diopside ( I I )  :
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I I  a I I I I  a I l l IV V

S iO ,. . 50.83 % 84.72 53.91 % 89-85 49.70 % 55.40 % 51.80 1t>

A I A 7.07 % 6.93 1.56 % 1'53 1.73 % 2.83 % 6.56 ’/°

Fe20 3 . 0.54 % 0.34 — — 4.76 % — —
FeO . . 7.51 % 10.43 4.10 % 569 10.61 % 2.25 % 6.92 *

MgO . 8.01 % 20.02 17.10 % 42-75 9.61 % 22.57 % 12.01 *
CaO. . 26.05 % 46.51 22.65 % 40-45 22.67 % 15.70 % 19.07 %

K / )  . . 0.15 % 0.16 not det. — 0.19 % — —

Na,0 . 0.20 % 0.32 not det. — 0.43 % — —
TiO, . 0.00 % — not det. — 0.43 % — —
I I 20 . . 0.00 % — 0.18 % — 0.13 % MnO =  0.39 % 1.02 %

100.3G % 99.50 % 100.26 % 99.14 % 97.38 %

I. Mansjii diopside from pegmatite-contact. Anal. N. Sahlbom.

I  a. Molecular proportions of I.

I I .  Mansjo diopside from the limestone, one decimetre outside the contact.
Anal. H. v. Eckermann.

I I  a. Molecular proportions of I I .

I I I .  Black Pargas-diopside from Ersby, Finland. Anal. A. L a ita k a r i (20).

IV . Green Pargas-diopside from Storg&rd, Finland. Sp. wt. 3. 27. N. Norden-
skiolb (24 p. 75).

V. Blackish-brown pyroxene from Ersby, Pargas. Anal. N. N ordenskiold (24).

From the above it  is seen that while it  is true that the Mansjo- 
diopside, Type IT, analysis I I ,  is essentially poorer in iron than the 
Pargas-diopside from Ersby ( I I I  and V ), still, it  shows, by its 
agreement in alumina-percentage, a certain chemical relationship to 
the latter, and can, both chemically and optically, be referred to 
the typical diopsides. I t  approaches the Pargas-diopside analysed by 
N o r d e n s k io l d  and given under IV , but the age of this analysis 
would probably make a direct comparison somewhat unreliable.

The Mansjo diopside of Type I  agrees in its analysis with the 
optical determination, standing, as it does, on the border to the 
augites. The alumina-percentage is essentially higher than that 
given in L a i t a k a r i ’s analysis, and also exceeds the blackish-brown 
Ersby-pyroxene (Anal. V.) analyzed by N o r d e n s k io l d  with 
which, otherwise, it  is chemically related. There exists on the other 
hand, a remarkable likeness in the proportion CaO: MgO, which may 
possibly be considered as characteristic.

I f  the composition of the two diopsides be calculated from the 
analyses in accordance with T s c h e r m a k ’s formulae, there are ob
tained, as compared with L a i t a k a r i ’s calculation of analysis I I I :
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I I I I I I
(Mansjo) (Mansjo) (Pargas)

% % %

Ca(JIg, Ee)Si,0,................... . 79.66 95.45 86.00
<Ca, Jig, Fe)(Al, Fe)2SiO„ . . 15.04 3-27 9.37
(Na,K)2Fe2Si40 12.............. 2.37 —  . 4.22

97.07 98.72 99.59

Analyses I  and I I  give, besides, an excess of Si02 amounting to 
•48 % and 0.6 % respectively. As the analysis-material in both in- 

' ances had been picked clean with the extremest care, and as it 
,acl n°4 been possible to observe any free quartz enclosed in the diop- 

Slce, it  is probable that this excess, of quartz should be regarded as. 
n solid solution of Si 02 in the diopside. A  similar excess of quartz is 
ound when calculating several of the analyses of diopside given in 

ihe literature.
-Tbe mineral paragenesis of the diopside is as follows: quartz, cal- 

Ĉ e’ plagioclase, wollastonite, ;pargasite, grossularite, scapolite, vesu- 
nxmte, phlogopite, titanite, apatite,-zircon and prehnite.

M ans jo ite  (fiuor-diopside).

. ^be mansjoite occurs as granular crystal grains in pyroxenitic fa- 
tles 4he pegmatite dykes, where it  forms an actual mansjoite-fels..

Ihe mineral exhibits no normally developed crystal faces, but,
. 4he apatite in the apatite-dykes, is crystallized aggregatically, 

" d l l  negative crystal faces (fig: 91). I t  presents tlie same habit as. 
tlle coccolitic pyroxenes.

Megascopically, the mansjoite is a grayish-green and, in thin sec- 
Aoig colourless without any observable pleochroism. The axial dis
persion is very evident, with Q >  and all the determinations- 
Live had to be carried out in monochromatic light. The mineral is 

Rionoclinic with the axial plane parallel to (010).
1 he following values have been determined:

Mansjoite from  Mansjo Mt. 

( E c k e k m a n n .)

Axial angle 2Vnb (Obs.) = 58°20' 
2Vtb (Obs.) = 57°25' 
2Vxa (Cal.) =  58°36'

Diopside from  Ala. 

( D e s  C l o i z e a u x .) 

2Vxa = 58’59'



356 HARRY YON ECKERMANN. [Mars— A p ril 1922-

Mansjoite from  Mansjo Mt. Diopside from  A la .
( E c k e b m a n n .) ( D e s  C l o iz e a t j x .) .

Birefringence ( /  — /S)Na (Obs.) =  0.0219 (y -  / % a  =  ° - 02 2 8

(/? -  «)Na (Obs.) =  0.0069 (/? -  «)Na =  ° - 007 1

( /  -  « ) N a (Obs.) =  0.0288 (y -  aha  =  ° - 02 9 9

Refraction (immersion) « N a (Cal.) =  1.6751 «Na =  1 ' 6727

(Obs.) =  1.6820 /?Na =  L 6 7 9 8
y N a  (Cal.) =  1.7039 yNa =  1.7026

c : 7xa =  35 0 c :y Na =  36’5'

Its optical character, therefore, refers the mineral to the diop- 
si cles. The axial angle, however, is somewhat higher, and the extinc
tion c:7 considerably lower than that normally corresponding to a 
DeO content of approximately 7 % in the diopside, viz., 41°—42°.

While the refraction is in close agreement with the values of the 
Ala-diopside given for comparison, the birefringence, on the other 
hand, is somewhat lower, which latter feature is in agreement with the 
normal course in the case of diopsides with increasing percentages 
of iron.

One interesting difference between the mineral and the normal 
diopsides is the great dispersion.

The cleavages, too, of the mineral are the normal prismatic ones.
The mansjoite-grains, especially near the centre of the dykes around 

the golden-yellow phlogopite, often carry inclusions of minute cavi
ties probably filled with gas.

The specific weight has been determined at 3.236.
The following analysis I  has been carried out for me by Dr. h • 

S a h l b o m .
I l a II

Si02 ........................ 50.14 % 83.57 49.80 %

Ti02 .................... 0.00 % — —

A 1 A .................... 0.95 % 0.93 0.26 %

F e A .................... 0.91 % 0.57 1.46 %

FeO ........................ 7.45 % 10.35 1.61 %

M n O .................... 0.08 % 0.11 9.69 %

CaO........................ 21.26 % 37.97 21.07 %

MgO....................... 17.10 % 42.75 12.35 /

K20 ........................ 0.07 % 0.07 —

Na20 .................... 0.24 % 0.39 0.09 %

P A  . . . . . . 0.03 % 0.02 —
F ........................ 0.63 %l 3.32 0.31 %

C O ,........................ — — 0.43 %

H, 0  + . . . . . 0.76 % 4.22 1.31 %

99.62 % 98.38 %

1 The fluorine percentage has been checked, the same value being obtained.



I- Mansjoite from the Mansjo Mt. Anal. N. S a h l b o m .1

I  a. Molecular proportions of I.

II- Schefferite from Sterling H ill, N. Jersey. Anal. W. T. S c h a l l e r . (Doolter.
Min. Ch. Bd II, p. 522).

The chemical composition differs essentially from that of the diop- 
Slde, being characterized by the occurrence of fluorine. In  the diop- 
Slde, this constituent is found in only one of the many analyses given 

H o e l t e r  which is that o f  the s c h e f f e r i t e  quoted above 
under I I .

In calculating from the analysis the hypothetical composition in 
Accordance w ith  T schermak, there is obtained, in addition to the 
diopside-, hedenbergite-, acmite- and augite molecules, an essential 
excess of silica, magnesia, fluorine and water.

On arranging this excess in groups of radicals it  is found to repre
sent the combination: — MgO : Si02 : F  . OH) =  5 : 2.02 : 1.81, 
or 5:2:2 nearly; i. e. the formula for the chondrodite.

The mineral could consequently, be regarded as consisting of the
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following components:
Diopside-moleeules........................ 57.78 %

Hedenbergite-molecules................ 26.25 %

Acm ite-m olecules........................ 2.26 %

Augite-molecules...........................  2.16 %

Cbondrodite-moleculcs ( ? ) . . . .  11.45 %

1OO.00 %

whether, in this instance, there really is present a compound salt 
consisting of the diopside and the humite-groups, or a solid solu- 
Oon of the latter mineral within the former, cannot be decided at 
Present. On the other hand, the composition shown by the analysis, 
even if  the latter explanation is, probably, the most likely one, entitles 
We to confer on this diopsidic fluor-pyroxene an individual name, for 
which I  propose that hitherto employed by me, viz., m a n s j o i t  e.2

I  base this on the assumption that the fluorine-content certainly 
°usht to be regarded as a considerably more characteristic deviation 
from the normal composition of the diopside-hedenbergite series than 
that higher Mn-percentage which led to the classifying of schefferite 
as a distinct mineral. This becomes especially apparent when one 
takes into consideration that, in the case of the mansjoite, the fluorine 
can, with the support of the analysis, be imagined combined as an 
orthosilicate together with the diopsidic metasilicate, while a cor-

1 To check the analysis I  have separately determined on another sample the S i02
to 49.80 % and and the MgO 16.96 %.

The name is derived from Mansjo.



responding calculation of the schefferite analysis I I  shows immedia
tely that the latter is a pure metasilicate.

As the coccolitic diopsides agree in their habit with the mansjoite, 
1 take the liberty, in this connection, of putting forward the con
jecture that, like the latter and the apatite-dykes and the eul3Tsite, 
they have been formed, as a rule, f  r o m h y d a t o g e n e o u s  h a- 
l o g e n e o u s  p n eum at  o l y t i c  r e s i d u a l  s o l u t i o n s  od 
a s udden  d i m i n u t i o n  o f  p r e s s u r e .  The existing ana
lyses of coccolites ( H in z e  p. 1097), do not seem to have been 
extended to prove the presence of halogens but it appears to me W 
a high degree probable that renewed investigations w ill show their 
existence.

The mineral-association of the mansjoite consists o f: calcite, parga- 
site, prehnite, phlogopite, titanite and apatite.

Wollastonite.

In  the field, wollastonite has only been observed along the peg
matite-contact in the foot-wall of the limestone bed. In addition, 
it  also occurs microscopically as radiating crystal needles intergrown 
with the vesuvianite (fig. 81) and also rarely in the pegmatite- 
dykes, between the vesuvianite and the limestone, as narrow contact- 
zones.

The mineral is a pure white and is developed as small tabular 
grains, */2 mm  in diameter, which, on being crumbled between the 
fingers, can be separated from each other, so that it  was a matter of 
considerable d ifficu lty to obtain a sufficiently large thin-section of 
the »parallel-leafed» wollastonite-»fels».

The following determinations have been carried out:
Mansjo

(Eckermann)

Axia l angle 2V xa (Obs.) =  41°51'
2VNa (Cal.) =  42°50'

Birefringence ( /  — «)\a  (Obs.) =  0.015 
(¡■1 — «)Na (Obs.) =  0'013 

0( — (Obs.) =  0.002 
Refraction «xa (Obs.) =  1.620 

/ixa (Cal.) =  1.633 

/Na (Cal.) =  1.635 
Extinction c : y  =  S2°02'

The axial-angle, as determined by me, differs somewhat from that

3 5 8  HARRY VON BCKERMANN. [M a rs — A p r i l  1922-
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I l a I I I I I IV
50.01 % 83.35 52.58 % 49.95 % 52.58 %

1.20 % 1.18 — 0.36 %\

— — 1.13 % - ' 0.14 %

0.42 % 0.26 — 0.18 %]

45.03 % 80.42 44.45 % 46.55 % 44.45 %

0.57 % 1.42 0.68 % 0.42 % —

0.415 % 0.45 — 1 1 —
1 0.72 %

0.695 %■ 1.12 -  1 1 -
0.57 % 3.17 0'99 % (loss> by ign.)2.98 % —

98.910 % 99.83 % 101.16 % 97.17
2.897 % 2.8—2.9 %

B d 4 4 . H . 8 — 4 .]

fo^ d  by Z ij ia n y i for wollastonite from CziKLOWA, viz., 40° 30' in
sodium-light (41).

W ith the kind assistance of G. H ag lund , chemist at the Ljusne- 
°xna Iron Works, I  have carried out the following analysis, given 

Under I :

SiOj .
AlA  
FeO . 

i^ O ,
CaO .
%0 .
KjO .

NaaO.
a2o +

SP- wt.

Wollastonite from the lower pegmatite-dyke, Mansjo. Anal. G. H aglund 
and H. v. Eckermann. FeO is not separately determined.

* a- Molecular proportions of I.

K. Wollastonite from Skrabbole, Pargas. Anal. B onsdorff (20, p. 49).

Ml. Wollastonite from Mte. Castclli (Toscana). Anal. E. Manasse. (Proc. Verb. 
Soc. Tosc. Sc. Nat. Pisa 14 jan. 1896 p. 20.)

IV. Wollastonite from Pargas. Anal. B onsdorff (20, p. 49).

The Mansjo wollastonite thus shows a somewhat lower percentage 
silica than the known analyses of the corresponding Pargas- 

uuneral. I t  resembles in this instance the wollastonite from Mte. 
t^astelli, quoted above. The total amount of alkalis is higher, 
however, than in the latter, but no comparison can be made w ith  the 
-Vaigas-mineral —  the alkalis of which have not been determined.

In  thin-sections, the wollastonite is quite fresh, w ith evident clea
vages along (100) and (001). Twinning along (100) is frequent.

be dispersion is evidently inclined w ith  Q > v .
. The mineral-association of the wollastonite of the Mansjo limestone 

ealcite, diopside, grossularite, scapolite, vesuvianite, apatite and 
titanite.

P y ra llo lite .

In the apatite-dykes occur fragments in which there have pre
viously been developed diopside-contacts that have, however, been
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torn away, and decomposed. As a result there has arisen a grayish- 
brown to grayish-pink transformation-product, varying in shape from 
tabular to scaly, which megascopically agrees completely with spe
cimens from Pargas, at the Swedish State Museum, and which have 
been labelled by N. N ordenskiold as p y r a l l o l i t e .  Beneath 
the microscope, however, i t  clearly proves to be, not a uniform pro
duct, but an aggregatically polarizing mixture of pyroxene-re
mainders and calcite, together with stellated recrystallizations of 
prehnite, which latter are in agreement with those recrystallizations, 
already described, within the amphodelitized scapolite-plagioclase
dykes (p. 349).

The pyrallolite, consequently, is  n o t h i n g  m o r e  t h a n  a de
c o m p o s e d  d i o p s i d e  (of  T y p e  I ) .

L aitakari mentions pyrallolite in his dissertation for the doctorate 
and, as a deduction from the existing analyses, comes to the same 
result.

The only determinations I  have made are of the hardness and the
specific weight.

The results gave:

Mansjo Pargas
(Eckebmann) (L a it a k a r i)

Hardness........................  3 2—4
Sp. wt...................................  2.6—3.0 2.5—2.7

I t  proved, of coirrse, impossible to obtain any constant
the specific weight.

Pargasite.

As contrasted with the occurence at Pargas, this mineral is found 
at the Mansjô Mt. only in very inferior quantities.

I t  was not before the solidification of the pyroxene-dykes and a 
diminution in the temperature, combined with an increase in pressure, 
that conditions allowed of the formation of amphibole, so that the 
pargasite, consequently, occurs as the final crystallization-residuum, 
together with the secondary calcite and the golden yellow phlogopite 
in the centre of the dykes. For the same reason, it replaces the 
diopside in the reaction-contacts of certain apophyses.
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I I  a I I I l l
SiO„ . . . . 42.09 % 71.15 43.90 % 41.20 %
Ti0 2 .............. 0.45 % 0.50 0.70 % 0.43 %
A1A  . . . . 15.40 % 15.10 12.52 % 15.40 %
tc 20 .| . . . 1.47 % 0.92 . 0.38 % 2.49 %
FeO . 3.19 % 4.43 5.95 % 4.67 %
CaO 13.70 % ■24.57 12.69 =/o 12.20 %
MgO. . . . . 17.84 % 44.00 18.91 % 15.15 %
K jO ............. 1.48 % 1.57 1.30 % 1.98 %
Na20 ............. 2.03 % 3.27 1.34 % 3.44 %
H2°  . . . . . 1.10 % 6.11 0.51 % 1.3J %
F . 0.23 % 1.21 2.29 % 1.80 %

99.64 i 100.4 9 % 100.19 %
- °  = * s • • -  0.09 % — 0.96 %

99.55 % 99.53 %
Sp. rv t.  . . 3.181 % ( E c k e r m a n n ) 3.180 %

Greenish-black pargasite from Mansjo Mt. Anal. N. S a h l b o m . The H 20  
determined by H. v .  E c k e r m a n n  according to G o o c i i .

* a' Molecular proportions of I.

Black pargasite from Ersby, Pargas. Anal. A. L a it a k a r i (20. p. 58).

■ Black pargasite from Ersby, Pargas. Anal. H a e f f c k e  (from Hintze. Handb. 
d. Min.)

. Bbe chemical agreement between the minerals of the two localities 
‘ 5 consequently, exceedingly good. The same may be said with 

re^ rd to the optical characteristics.
be Mansjo pargasite is positive, with positive elongation, and 

scarcely noticeable dispersion Q >  r. The pleochroism is weak and in 
Un-section scarcely noticeable with

taint green >  ß =  faint greenish-yellow >  a =  colourless.
Theie optic axial-plane is (010). The prismatic cleavages are good, 

ir rm ^ 6 c êava&es along (100) less satisfactory; while those along 
T) an<̂  are, as a rule, often wanting.

^■following optical determinations have been carried out:

M a n s jo .

( E c k e r m a n n )

2Vxa (Obs.) = 64W 
2VTa (Obs.) = 64°10' 

2VN-a (Cal.) =  6POO' 

(Y — ,<?)Na (Obs.) = 0.014C

P a rg a s  (Analysis I I  above). 

(L a it a k a r i)

2Vxa = 63°01'

(y -  ß)Sa (Cal.) = 0.0139
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Mans jo  
( E c k e r m a n n )

(ft — « )N a  (Obs.) = 0.0057 
(y — « )N a  (Cal.) = 0.0203 

« S a  (Cal.) = 1.6327 
fts& (Cal.) = 1.6384 
/ N a  (Obs.) =  1.6530 

c : y = 26'20'

Pargas (Analysis 11 above) 
( L a i t a k a r i )

{ft — (i)sa = (Cal.) 0.051 
(y -  «)Jfa =• (Cal.) 0.0190 

«Na = (Obs.) 1.6329 
ftSa = (Obs.) 1.6380 
yNa = (Obs.) 1.6519 
c : y = 26°15'

The index of refraction. yNa was determined by immersion, a fier 
unsuccessful attempts at constructing orientated prisms from the 
small pargasite-crystals. For the determination of the axial-angle 
there was ground an orientated section at right angles to the acute 
bisectrix of a crystal remaining in a small piece of rock, this making 
it  possible to read off the determinations on the turning-stage with 
■extreme exactness. The axial-angle values obtained of VTa> V Nacon- 
firm  the slight axial-dispersion, as determined by S. K r e u t z . (cfr- 
20. p. 56).

Contrary to the Pargas-mineral, the Mansjo pargasite is very 
badly bounded and only the prismatic faces are sometimes developed 
(cfr. fig. 82). The size of the crystals seldom exceeds a couple of 
millimetres.

While the mineral-association of the Finland pargasite consists o f: 
graphite, fluorite, ilmenite, spinel, plagioclase, diopside, scapolite- 
chondrodite, phlogopite, clintonite and apatite, the Mansjo pargasite 
occurs together with only exogenous calcite, plagioclase (anorthite), 
diopside, mansjoite (fluor-diopside), scapolite, vesuvianite, prehnite, 
phlogopite and apatite. As a rule, it  is surrounded only by mansjoite, 
phlogopite and calcite.

In the rock, the pargasite is a blackish-green, and the fracture, a3 
■contrasted with the normal pyroxene, is vitreous.

As the surrounding mansjoite does not contain more than an in
considerable amount of alkalis, the formation of the pargasite has 
evidently occured in connection with the fixation, in solid form, of 
the alkali remaining in the final residual solutions of the pegmatite- 
dykes, and simultaneously with the diminution in pressure that 
accompanied the union of CaO and the C02-gas into calcite. (cfr- 
p. 378).

In certain parts of the pyroxene-dykes, pargasite is altogether 
absent, and is replaced by a biotite-like phlogopite, considerably 
darker in colour than the »golden» phlogopite. Sometimes both 
minerals occur together. A t first sight, in the field, the most care-
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examination is required to distinguish whether the pyroxene-dykes 
Garry the one mineral or the other, as, megascopically, both are seen 
as blackish-green patches in the midst of the grayish-green, light
Pyroxene.

The appearance of the pargasite in the place of the liedenbergite- 
bearing diopside in the reaction-contacts between the pegmatite and 
|be limestone, is limited to a few »wedging out» highly tale
bearing and »amphodelitized» dykes, immediately before their trans
formation into apatite- or mansjoite-dykes. Remainders of the pri- 
mary diopside-formation can be observed, however, and entire rods of 
diopside sometimes remain within the pargasite. The formation of 
fire pargasite has evidently been carried out at the expense of the 
*caPolite, the symplektitic intergrowth -— diopside-scapolite — 
having disappeared, and been replaced by pargasite, enclosing re- 
hrains of diopside. I  have also observed the presence of free quartz.

Simultaneously, there can always be noticed an essential increase 
°f Phlogopite in the contact-zone, in the direction towards the lime- 
stone, in which connection the phlogopite assumes a paler colour, 
fbis pointing to a lower iron-percentage. Free calcite can be observed 
111 the phlogopite.

f t  appears to me that the reaction-course can schematically be given 
as follows:

13(R0 • RCy +  (2RC1 • 3R20  • 3R20 3 • 6R 02) =
Diopaido Scapolite

=  R20  • 3R20 3 • 13RO • 13R02 +  2RC1 ■ 2R20  ■ 6R 02 
Pargasite

(in accordance w ith  the above analysis I).

The alkali and silica of the residuum of the reaction combine with 
tbe augite-molecule of the diopside (not given in the formula) and 
b)agnesia to form phlogopite, while the excess of CaO and Si02 thus 
liberated goes to form calcite and quartz, this also being in agreement 
Wllh the result of the microscopical investigation.

^ 4 4 .  H. 3 - 4 . ]  ROCKS AND MINERALS OF THE MANSJO MT.

Grossularite-

There occurs in the form of a dense yellowish red-brown mass, a 
lime-garnet, sometimes as somewhat small grains in the limestone, in 
the neighbourhood of the lower dyke-series, and sometimes also in 
large aggregates along the upper boundary of the great lime- 
stone quarry towards the gneiss and a pegmatite dyke that cuts 
across the latter. In  a similar way, grossularite is found in the 
f  argas-limestone, and a specimen at the Swedish State Museum, la- 

25— 202270. G. F. F. 1922.
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belled by N o r d e h s k io l d  »r o m a n z o w i t  e», is bewilderingly like 
the Mansjo mineral.

The intergrowth of the Mansjô-grossular with vesuvianite crystals, 
mentioned above in the description of the pegmatite dykes, is absent 
in the case of the Pargas-specimen in question. Such intergrowth 
has been observed, at Pargas, however, ( L a i t a k a r i )  and the re-
actions that may be supposed to form the basis of this phenomenon
have already been given (p. 339).

The characteristics of the romanzowitic grossularite 
limestone-gneiss-eulysite contact are as follows:

occuring at the

Mansjo Pargas
(Eckermann) (L a it a k a r i)

Refraction (determ. by prism.) nLi = 1.7489 1.738

nKa = h 7531 1.7418

nTa =  1.7646 1.7525

Sp. w t............................................. 4.264 —

My refraction-determinations, given above, were made with a 
prism with the angle of the refracting edge no more than 10° 47'. An 
attempt to obtain determinations with a more obtuse angle of the 
prism was unsuccessful, in consequence of the opaqueness of the 
mineral.

The readings were repeated so many times, however, that the mean 
value given may be considered as of satisfactory accuracy.

In  thin-section, the mineral is a faint light-brown and, as a rule, 
without crystal boundaries, but it  is homogeneous and traversed by 
a large number of cracks, which are sometimes filled with another 
mineral substance, probably wollastonite. Occasionally, however, 
the mineral encloses small druse cavities, in which a few crystal 
faces have been formed. These are, without exception, rhombdodeca- 
hedronal. Such druses are altogether wanting, however in the 
grossularite that has been formed in the limestone, in connection with 
the dykes-series that are accompanied by chondroaite.

This latter grossularite is frequently poikilitically intergrown by 
diopside, just as it  is also intergrown with vesuvianite, and it  has 
evidently been altered during the course of a simultaneous transfor
mation, acting throughout the entire mass, into the last-named mi
neral (fig. 84). I t  is true that the grossularite first described is also 
traversed by vesuvianite, but then in the form of some few longitu
dinal blackishbrown prismatic crystals bounded by crystal faces.

The Mansjo-grossularite is, as a rule, optically normal but, in the
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c°ntacts towards the diopside and the vesuvianite, a faint birefrin- 
Sence can be observed beneath the microscope. In  one instance I  have 

firved m an almost median section, a pyramidal extinction divided 
lnto six fields, with the pyramid-apices located in the centre of the
crystals.

A n  analysis has been made by Professor P e t r i5n  which is given 
°w under I, of grossularite from the gneiss-contact. Another, of 

grossularite from the limestone, which I  have carried out myself, is 
given under I I :

Si02 . 

T i0 2 . 

A i2o 3

FeO . 

CaO . 

MnO . 

MgO . 

t l 20  +

Sp. wt. .

I I  a I I I I  a I I I IV y
40.44 % 67.40 39.46 % 65.77 38.82 % 41.24 % 39.39 %

0.22 % 0.27 0.37 % 0.46 1.23 % — —
18.42 % 18.06 21.71 % 21.28 15.41 % 24.08 % 16.79 %
0'00 % — 0.24 % 0.15 6.87 % 7.02% 7.99%

6.06 % 8.42 2.06 % 2.86 2.42 % — 0.33 %
32.45 % 57.92 34.74 % 62.04 34.63% 24.76% 35.44%

1.32 % 1.86 0.12 % 0.17 0.18 %l
0.92% ' 1 nSP'0.65 % 1.62 0.61 % 1.52 tr. | l 0.19%

1.02 % 5.67 0.65 % 3.61 — 0.91 % —

100.58 % 00.96 % 00.56 % 08.93 % 100.13 %
4 .2 5 4  (Eckebmann) 4 .2 3 4  (Eckebmann)

Grossularite from sStora Kalkbrottct», Mansjo Mt. Anal. J. Petrén.
f  a- Molecular proportions o f I.
P- Grossularite from the lower pegmatite dyke at the »Stora Kalkbrottet*. 

Mansjo. Anal. H. v. Eckebmann.
P  a. Molecular proportions of I I .
P [ . Brownish-yellow grossularite from Tara, Pargas, Finland. Anal. E. San- 

delin.
P -  Grossularite from  Pargas. Anal. N. Nordenskiôld (Hinzc).
f  • Grossularite from Sata, the Christiania field, Norway. Anal. V. M. Gold

schmidt.
Analysis I  corresponds to the proportion R 02 : R20 :j : RO =
d.74 : 1 ; 3.85.
Analysis I I  corresponds to the proportion RO., : R20 3 : RO =  

=  3.09 :1 : 3.11.
Analysis I, therefore, corresponds badly to the garnet-formula, 

’while the correspondence of analysis I I ,  on the other hand, is es
sentially better. I f ,  however, we calculate these analyses according 
f° the various species of garnet, we find that both analyses show 
an excess of CaO and Si02 in the proportion CaO: Si02 equal to 
fp  in the case of analysis I  and to 1.2 for analysis I I .  The excess 
consequently, corresponds to the composition of wollastonite, this, in 
file case of Analysis I, at least, being probably the result of the pre
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sence of the wollastonite-filled cracks and some wollastonite needles 
observed radiating into the garnet.

I f  the excess be deducted, and i f  the T i0 2 be calculated together 
with the Si02, and the Fe203 with the A1203, and the MnO in ana
lysis I I  together with the FeO,100 1 there w ill be obtained, after reduc
tion to 100, the following composition of the two grossularite-types-

I
78.2 % Grossularite 
16.9 % Almandinite 
2,5 % Pyrope 
2.4 % Spessartite

i i
92.7 % Grosaularite 
5.2 % Almandinite 
2.1 % Pyrope

100. Ü %

What attracts our attention in analysis I  is the comparatively large 
percentage of manganese, which cannot be imagined as having been 
caused in any other way than by the gneiss-granite, on passing 
through the eulysite, having taken up manganese which it  has after
wards deposited in the grossularite, as both the gneiss-granite and 
the limestone, individually, have been shown by preceding analyses 
to be practically free from manganese. This is proved, too, by ana
lysis I I .  Another interesting feature is the poverty exhibited by both 
analyses in trivalent iron — a characteristic which may be said to 
constitute a chemical consanguinity of the whole Mansjô Mt., both 
of its eruptive rocks and contact-minerals.

The water-percentage found in the analyses possibly points to a 
small portion of the grossularite having been bound in both instances, 
together with the excess of Ca Si03, as vesuvianite.

I f  the Fe203 be calculated together with the A120 3, there exists, 
therefore, a very good chemical agreement between the Mansjô Mt. 
grossularite I I  and the Pargas-mineral given under I I I .  The only 
distinction between them is the magnesia-percentage, which, in the 
Mansjô-grossularite, can probably be explained by the greater mobi
lity  of the magnesia, as the result of its halogeneous transport.

The same reflection can be made with regard to the comparison 
with the analysis given under V  from tile Christiania field, where 
Goldschmidt (cfr. p. 333) has specially pointed out the impro
bability of any transport of magnesia.

The grossularite occuring at the gneiss-contacts at the intersection 
of the pegmatite dykes also sometimes carries inclusions of radiant 
chlorite-fans of a beautiful green colour, together with enclosures of 
scapolite (fig. 85).

1 Overlooking the small amounts of andradite and spessartite.



Ihe grossularite occurs together with the following minerals: 
quartz, calcite, plagioclase, diopside, wollastonite, scapolite, vesu- 
viamte and apatite.
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Scapolite.

Scapolite occurs in the Mansjo Mt, in two forms; one, a nearly dense 
Pe_in the middle of and within the diopside contacts of the sea- 

0 itiisized pegmatite-dykes; the other, a crystallized and frequently 
a lating fibrous form in the contacts themselves and within the 

apatite-dykes, and also in the skarn zone between the limestone and 
,e Para-gneiss. In  the first instance, the scapolite is an opaque, 

Hulk-white type, easily mistaken for plagioclase; in the second, it 
ls sometimes glass-clear and prismatic and, in consequence of its 
radiating character, especially on weathered surfaces, misleadingly 
1 e wollastonite, while, in the skarn-zone, it  is glassy, with a gray 
one, and developed into solitary, rather large, rounded prismatic

c r y s t a l s .

J-he following optical determinations have been carried out (I, I I  
and I I I )  by tjjg immersion method and w ith Bekek’s compensator:

I I I i n IV V

Refraction t«Na =  1.594(0) 1.584(0) 1.585(5) 1.5913 1.5812

£Na =  1.556(0) 1.554(0) 1.556(5) 1.5564 1.5540

Birefringence to — eNa =  0.0380 0.0301 0.0290 ' 0.0349 0.0272

can bircfringencei ' 0 )\ * /Na =  1.575(0) 1.569(0) 1.571(0) 1.5738 1.5676

Specific weight 2.702 2.716 2.722 2.688 2.729

P Dense scapolite from the pegmatite-dykes (a dyke-centre), Mansjo Mt. Obser
vations b y  E c k e r m a n n .

■B' Crystallized scapolite from the skarn-zone between the limestone and gneiss, 
Mansjo Mt. Obs. by E c k e r m a n n .

B l.  Radially fibrous scapolite from the diopside-contact of the lower pegmatite 
dyke, Mansjo Mt. Obs. by E c k e r m a n n .

IV- Scapolite from Skriibbole, Finland. Obs. by L a i t a k a r i .

^ • Scapolite f r o m  L a p la h t i ,  F in la n d .  Obs. by L a i t a k a r i .

The following analyses have been carried out by Dr. Sahlbom  and
m y s e l f :
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I I  a I I I I  a I I I IV V.
S i02 . . . 44.60 % 74.33 48.49 % 80.82 44-45 % 49.30 % 49.37 %
A l20 3 . . 29.12 % 28.55 27.01 % 26.48 28.06 % 26.99 % 27.46 %
Fe203 . . 0.46 % 0.29 0.36 % 0.22 0.44 % — —■
FeO . . . — — — — — — —
MnO . . . — — — — — — —
MgO . . . 0.11 % 0.27 0.09 % 0.22 0.31 % — 0.21 It
CaO . . . 18.12 % 32.36 15.21 % 27.16 17.72 % 15.59 % 13.21 %
Nn20 . . 3.19 % 5.15 4.87 % 7.85 2.71 % 3.48 % 5.57 9«
K 20 . . . 0.36 % 0.38 0.81 % 0.86 0.29 % 0.69 % 1.08 %

Cl . . . . 0.31 % 0.87 1.27 % 3.57 0.03 % 1.35 % 1.19 °/o

s o 3 . . . — — — — 0.00 % — 0.05 %

c o 2 . . . 4.47 % 10.16 3.43 % 7.80 4.72 % — —
h 20 + . . 0.16 % 0.89 0.28 % 1.56 0.85 % 0.86 % 1.96 %

h 2o - . . — — — ' — — — —

I.
100.90 % 

Dense seapolite from
101.82 % 

the lower

99.58 %

dyke-series (the optic

98.06 % 100.07 °t> 

determinations =  I )
centre o f  dyke, Mansjo M t. Anal. H .  v o n  E c k e r m a n n  a n d  N. S a h l b o M 
(Cl and C 02). FeO is n o t  specially determined.

I  a. Molecular proportions of 1.

I I .  C rystallized seapolite from the skarn-zone between the limestone and the
gneiss (optic determinations =  I I )  Mansjo Mt. Anal. H .  v o n  E c k e R- 
j ia n n  and N. Sa h l b o m  (Cl and C 02). FeO is not specially determined.

I I  a. Molecular proportions of I I .

I I I .  Clear, light-green seapolite, Ersby, Pargas. Anal. L .  H .  B e r g s t r o m  (Z .
K ryst. 54, 1. p. 238).

IV . Seapolite from Ersby, Pargas. Anal. L e m b e r g  (C. H i n z e . Haudb. d. Min.
I I .  Bd. p. 1578).

V. Seapolite from gabbro from Rancho Zopilote (Mexico). Anal. H. L e u K
(Z. K rys t. 33. p. 655. 1900).

The »H20 +» of analyses I I I ,  IV  and V  represents the loss by 
ignition.

Analysis V  has been quoted for the purpose of purely chemical 
comparison, as its percentages of both chlorine and alkali-content are 
in better agreement with Analysis I I  than the Pargas results.

The above determinations show that the dense seapolite (optic 
determ. I )  is a carbonate seapolite, and both the crystallized types 
(optic determ. I I  and I I I )  chlor-scapolites. As regards the radiant 
fibrous form, this opinion can, for the present, only be based on its.- 
optical characteristics as compared with Dr. 1ST. StnsTDiUS’ diagram 
(32), according to which, the composition, as based on the birefrin
gence, should be: Ma 28. Me 72.

I  have hitherto been unable to separate a sufficient amount of pure 
analysis-material, reliably free from the carbonate-scapolite.
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I f  the composition of scapolites I  and I I  be determined in accor
dance with Su n d iu s  (31), w ith the exclusion of the Fe20 3 and the 

and employing his proposed denominations and formulae, the 
following results are obtained:

I II

Ma 24.3 %
Ma 6.9 % 

MaK 17.4 % 

MeK 75.7 %

100.0 %

Ma 37.3 %
I Ma 30.4 % 

[MaK 6.9 % 

MeK 62.7 %

100.0 %

I f  the corresponding optical values observed are drawn into 
‘jUNdius ’ diagram (fig. 90), it  is found that the carbonate-scapo- 
'1® ( I )  w ill be in close agreement with B orgstrom’s values for 

ScaP°lite from Pargas, which values have been entered in the figure 
I°r the sake of comparison. The position of the carbonate-scapolite 
111 the diagram, consequently, confirms the curve assumed by Su n - 
DIUS for the birefringence of the carbonate-scapolites.

The chlor-scapolite ( I I )  w ill lie above the lines of the diagram. 
The question is, I  think, whether, in this instance, the exceptionally 
high percentage of carbonic acid, as compared with the chlorine con- 
tent, has not had a certain influence, for, in calculating the analysis, 
starting from the chlorine percentage, there is obtained a small excess 
°I C02, although the analysis, in other respects, is in extremely close 
agreement with the formulas drawn up by Su n d iu s  for MaK, and 
hy Borgstrom for Ma and MeK.

There have been no impurities present in the form of calcite as, 
before beginning the analysis, the sample was treated with acetic 
a°id. determination of the C02, too, by Dr. Sahlbom , has been 
curried out by employing hydrofluoric acid for the expulsion of the 
B02, so that the C02-value must be considered as quite correct,

A point worthy of special attention, and one of which mention has 
ulready been made, is the higher percentage of chlorine in the sca- 
Polite at the gneiss-contact, where the carbonate-scapolite appears 
to be entirely wanting, while, on the other hand, the radial chlor- 
scapolite of the pegmatite-dykes, occupies a very subordinate posi- 
Bon as contrasted with the carbonate-scapolites of the same.

I  have intentionally employed the plural »scapolites», being per
suaded that future investigations w ill prove the existence of a whole 
scries of scapolites in the Mansjo Mt., from those which, as a result 
°f the alteration of the albite and the acidic plagioclase, were first 
formed in the pegmatite-dykes as granular rings around the feldspars 
(fig. 88), up to the highly carbonatic types close to the very diop-
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side-contacts. As a matter of fact, I  have observed beneath the 
microscope, essential variations in the birefringence, from 0.020 up to 
0.039. Complete determinations have been carried out, however, only 
in the three cases mentioned above, these being taken as representa
tives of the three principal types.

The mineral-paragenesis of the scapolite is as follows: fluorite,
quartz, (microcline), albite, plagioclase, amphodelite, diopside, 
wollastonite, pargasite, grossularite, vesuvianite, phlogopite, titanite 
and apatite.

The microcline however only occurs as fragmentary remains when 
the scapolite appears, and its disappearance practically forms the 
field-indication of the presence of the scapolite. I t  has therefore been 
placed within parentheses (cfr. 325).

In  his Kiruna-dissertation (32) N. Su n d iu s  has pointed out how 
the scapolites genetically are, some of them, formed by pneumatolytic 
addition of material, while others again, in consequence of contact- or 
regional metamorphism, are the result oí a recrystallization of the 
composing parts of the rock itself.

The above-mentioned chlor-scapolite examined by me ( I I ) ,  belongs 
to Su n d iu s ’ f irs t group, and I  have previously pointed out (p. 283) 
its pneum atolytically added chlorine content as a proof of my theory 
of the genesis of the eulysite.

The carbonate-scapolite ( I) ,  on the other hand, has been formed 
from the material of the pegmatite-dykes through the contact-reac
tions, and must be referred to Su n d iu s ’ second group.

The formation of the last-named scapolite simultaneously with the 
appearance of the extremely basic plagioclase, An85, points to the 
existence of relatively high pressure in the dykes at the period of 
crystallization.

For, as Su ííd iu s  has pointed out (31. p. 105), the basic scapolite, 
as opposed to the plagioclase, is formed with as much ease as, or 
more easily than, the acid scapolite. Consequently, we find, for 
example, in the lime-silicate gneisses of Waldviertel and Gula- 
tal, scapolites with 60— 63 % Me, while, simultaneously, the plagio
clase has the composition An35. This corresponds to G r u b e n m a n n ’ s  

second zone, while the conditions at Mansjo Mt. and, very probably, 
chiefly the high pressure of the residual gas-phases of the pegmatite 
dykes, have carried the transformation of the plagioclase considerably 
farther.

Sunditjs specially points out how, as fa r as has hitherto been 
observed, the scapolite never occurs together w ith minerals of a large 
water content (31. p. 106), giving, as an example, the alteration-

[M a rs — A p r i l  1922.
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minerals, chlorite and serpentine. In  this connection I  should like 
to point out the presence of the amphodelite with its high water- 
percentage in the mineral-paragenesis of the scapolite, and the simul
taneously occurring chlorite and scapolite within the grossularite (p. 
366), and, without questioning the general validity of Dr. S u n d i t j s ’ 
opinion, would add the restriction that in highly hydatogeneous peg- 
matiti0 residual solutions, scapolite and altered minerals with a high 
Water content, can occur in company.

This exception from the rule is further confirmed by the simul- 
taneously occurrence of talc, as a decomposition product of diopside, 
and highly pigmented but still determinable scapolite in the ampho- 
delitic pegmatite dykes.

Vesuvianite.

Vesuvianite is met with in a zone, limited to a width of some few 
decimetres, within the limestone outside the dykes of the lower series, 
and also, and chiefly, in the apatite-pegmatite-dykes, where its 
occasionally rounded, prismatic sections and violet-brown colour are 
111 sharp contrast with the light,apatite, limestone and scapolite. In 
addition, I  have found, in the grossularite-aggregates at the lime
stone-gneiss contact, a blackish-green to brown vesuvianite intergrown 
with some few prisms of grossularite and which, microscopically, 
clearly differs from the vesuvianite first-mentioned. As a rule, 
crystal-boundaries are wanting, and have only been observed (pris
matic faces) in the last-mentioned type.

The following analysis I  has been carried out by me, and analysis 
IT by Dr. S a h l b o m . A s  I  did not determine the fluorine and the 
alkali-percentage, I  have employed in my analysis the figures ob
tained by Dr. S a h l b o m :
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SiO, ,
I I  a I I I I  a I I I IV

36.C0 % 61.00 37.20 % 62.00 37.83 % 36.80 %
TiO, . 1.68 °/> 1.97 1.68 % 2.10 — 0.66 %
Ah o ,. 17.92 % 17.57 17.56 % 17.22 16.92 % 17.53 %
re20 , . 0.50 °/o 0.31 0.33 % 0.21 1.78 % 1.56 n
FeO 2.80 % 3.89 2.84 % 3.94 3.36 % 3.27 %
MnO . 0.06 °/> 0.08 ___ — 0.06 % 0.48 %
OaO 35.55 % 63.49 35.68 % 63.72 35.01 % 35.00 %
MgO . 2.54 % 6.35 2.69 % 6.72 2.20 % 1.23 %
K 0  . (0.05) % 0.05 0.05 % 0.05 0.23 % C02 = 0.65 %
Aa20  . (0.15) % 0.24 0.15 % 0.24 1.15 % 0.13 %
S»°. ■ • tr. _ 0.00 % — — 0.07 %

(0.54) % 2.84 0.54 % 2.84 1.72 % 0.88 %
h 20  + . 1.72 % 9.66 1.57 % 8.72 0.77 % 1.56 %

— 0  = F
100.01 % 100.29 % 101.03 % 99.82 %

0.23 % 0.23 % 0.73 % 0.36 %
99.78 % 100.06 % 100.30 % 99.46 %
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I. Violet-brown vesuvianite from the lower pegmatite-dykes of the Mansjo Mt.
Anal. H .  y. E c k e k m a n n .

I  a. Molecular proportions of I.
I I .  Violet-brown vesuvianite from the limestone outside the pegmatite-dykes in

th e  Mansjo Mt. Anal. N. S a h l b o m .

I I  a. Molecular proportions of I I .
I I I .  Vesuvianite from Tennberget, Dalecarlia, Sweden. Anal. M. W e i b u l l .

IV . Vesuvianite from Silver Peak (Nevada). Anal. C. S t e i g e r .

I f  the alkalis and the EO-group be added together, the following 
proportion is obtained in the first two analyses:

B20 : BO : B02 : B203
Analysis I  ........................ 2.03: 12:10.25:2.91
Analysis I I ........................ 1.87 : 12 :10.32: 2.80

The analyses, the first one especially, thus agree fa irly  well with 
the formula given in the textbook of Tscheemak-Becke, 1921, p. 603, 
viz.: R20 : RO : R 02 : R20 3 =  2 : 12 : 10 : 3.1

The difference shown by analysis I I  may possibly be the result 
of a want of purity in the material; vesuvianite-crystals within the 
limestone often containing microscopical enclosures of calcite which 
cannot be removed without separation in heavy liquids and extremely 
fine pulverization. As, however, beneath the magnifying-glass the 
analysis-material appeared to be clean, no such separation was carried 
out in this instance.

As compared with the Tennberg vesuvianite (analysis I I I ) ,  the 
Mansjo Mt. mineral contains an essentially lower percentage of 
fluorine and alkalis. I t  is probable, however, that analysis I  ought 
to show a somewhat higher percentage of these substances than is 
given by analysis I I  and, consequently, be more nearly related to 
the Tennberg mineral, as the fluorine and alkali-percentages have 
probably been more greatly concentrated in the granite-pegmatite 
than outside in the limestone, at that stage of the intrusion when the 
limestone-fragments that had been altered into vesuvianite were torn 
away by the pegmatite. In  consequence of an accident, my deter
minations of the alkali and the fluorine percentages were unsuccess
ful, and, up to the present time, I  have had no opportunity of re
peating them. The good agreement between the analysis and the 
formula, which was obtained by the insertion of Dr. Sahlbom  s 
values, shows, however, that, under every circumstance, the difference 
cannot be very considerable.

The optic character of the vesuvianite of the Mansjo Mt. is, as 
a rule, negative, and uniaxial. In one thin section, however, that

1 I  have not gone into any discussion of the analyses as compared w ith H j. S j o -  
g r e n ’ s and M. W e i b u l l ’s conceptions of the composition of the vesuvianite,. as se
veral new analyses are in progress, and I  w ill return to the matter in a future papers

HARRY VON ECKERMANN. [M a rs — A p r i l  1922.
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I  obtained from the dark vesuvianite in the grossularite from the 
Sneiss-contact, I  have also found a positive character, combined with 
an°malous biaxialism.

This latter vesuvianite which in thin-section, is a clear walnut- 
brown, shows, in addition, evident pleochroism in rather light yellow, 
and also a zonal-structure (fig. 94) of the same character as 
^a t described by G o l d s c h m id t  from the Christiania field (16. pp. 
439-^444). The dispersion is Q <  v while, in the case of the light, 
neSative vesuvianite which, in thin-section, is colourless, it  is Q > ' v.

The light vesuvianite, however, is also structurally non-homo- 
Seneous. I t  is true that there exists no zonal-formation, but the 
mineral extinguishes in patches, sometimes undulously like quartz, 
sometimes in chequered structure (fig. 96). This must probably be 
Scribed, both to the partial alteration into garnet, and also to optic 
ynomaly. The optically most non-homogeneous vesuvianite always 
Proves to be that formed within the pegmatite-dykes, while that which 
has crystallized within the limestone — neglecting here the diopside- 
enelosures — can sometimes be almost entirely homogeneous.

In size, the vesuvianite crystals vary between a few tenths of a 
nini up to several cm in diameter.

The following determinations have been made of the vesuvianite 
from the limestone outside the pegmatite-dykes:

44. H . 3— 4 .]  ROCKS AND MINERALS OF THE MANSJO MT.

nr Ersby,
Mansjo Pargas

( E c k e r m a n n ) ( L a i t a k a r i )

I  I I
Refraction o>Na =  1.7216 1.7253 1.7261

=  1.7166 1.7201 1.7212Na
{at -  £)Na =  0.0050 0.0049 0.0049

L a it a k a r T s determinations were carried out on prisms; mine, given 
under I, with the aid of the refractometer, and those under I I ,  also 
°n prism. In  consequence of the non-homogenity of the mineral it  was, 
m the first instance (my analysis I )  d ifficu lt to obtain any reliable 
readings, so that the result is given with reservation for the last 
decimal figure.

I  have determined the specific weight of the vesuvianite taken 
Irom the limestone, from clean-picked material, at 3.336, and for that 
Irom the dykes at 3.316.

The paragenesis of the vesuvianite is as follows: quartz, calcite, 
Plagioclase, diopside, wollastonite, pargasite, grossularite, scapolite, 
Piilogopite, titanite and apatite.
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While the more homogeneous vesuvianite which has crystallized 
within the limestone contains enclosures of phlogopite and diopside, 
and is but very seldom surrounded by garnet, the mineral occurring 
in the pegmatite dykes consists nearly always of a vesuvianite-mass 
which is micropoikilitically completely interwoven with other mine' 
rals.

The enclosures are as a rule diopside and garnet, but I  have also 
observed calcite, scapolite, quartz, wollastonite and pargasite (figs- 
92, 107). The first five sometimes occur as real fragments 
»swimming» in a vesuvianite matrix which extinguishes uniformly- 
The »fragments» are somewhat corroded, but extinguish differently 
in the uniformly orientated vesuvianite. One absolutely obtains the 
impression of a mechanically shattered non-homogeneous collection of 
minerals or, in other words, of an eruptive breccia on a small scale- 
The groundmass sometimes, in addition to the vesuvianite, is garnet 
too, but in such instances the vesuvianite is never found in the 
»breccia». I t  is probable, however, that no actual breccia exists, bid 
that we have formations analogous to the alteration I  have found of 
the perthite in the pegmatite dykes into anthiperthite,1 i. e., a develop
ment of the vesuvianite (and garnet) along the contacts between the 
other crystal-grains and at their expense, whereby, at last, the remains 
of a large number of crystals become enclosed within the same vesu- 
vianite-individual.

Wollastonite occurs in the contact between calcite and the vesuvia
nite, in the form of long needles which, like a pencil of rays, pene
trate the vesuvianite; these needles sometimes starting from small 
twinned wollestonite-crystals which are partially surrounded by the 
vesuvianite. They show up very prettily like »fireworks», when 
examining the mineral section between crossed nicols (fig. 81).

On two occasions I  have observed an intergrowth of pargasite in 
vesuvianite within the limestone-fragments of the pegmatite-dykes 
(fig. 93), and in company with diopside. Several pargasite »skele
tons» were present in the same vesuvianite-individual, and some of the 
pargasite-crystals were exceptionally well bounded.

Between the vesuvianite and the garnet there exists a complete 
transitional series, from a vesuvianite enclosing small flakes of garnet, 
onwards through a perfect alternating stratification of the two mine
rals, to a garnet containing corroded remaining flakes of vesuvianite.

As a rule, within the »apatite-dykes» of the apophyses there is 
a layer of granular, »crocodile-skin-like», optically non-homogeneous

[Mars— A p ril 1932-

1 Cfr. p. 348.
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vesuvianite separating the apatite from the neighbouring limestone 
an<l the latter’s diopside-contact (fig. 105).

Besides in the limestone itself, there occurs a vesuvianite, co- 
U3-tess in thin-sections, in the form of well-developed homogeneous 

l^ ta ls ,  at the contact of the para-gneiss and the hanging-wall of 
e limestone, where it  has possibly been formed by the nietamor- 

f l  10 . action of the eulysite through a pneumatolytical supply of 
oritLe. As only one or two crystals have been observed, however, 
retailed optical determinations of this vesuvianite have been made.

Its °Ptic character is negative.

Z ircon .

Zircon occurs as solitary crystals of as much as 2 mm in diameter, 
" lth the face-form (111) well developed, in the pegmatite-dykes, 
mostly in the vicinity of the mica scales. I t  is also found as micro
scopic grains within the mica, surrounded by pleochroic haloes.

In addition, I  have observed small rounded zircon crystals in the 
milestone in the neighbourhood of the diopside contacts, to which 

I ace, consequently, there has been a pneumatolytical transport of the 
mineral, analogous to that of the titanite.

In the limestone, it  is occasionally isotropic like ni a 1 a c o n, a
atnre which, on the other hand, has never been observed in the zircon 

°f the pegmatite.1
I  he refraction  in  the case o f the zircon from  the pegmatite has 

een determined in  accordance w ith  N i k i t i n , on the tu rn ing-stage a t:

W550 =̂= 1-93 
=  I -9 7

In thin section, the colour is a light yellowish tint.
A t Pargas, the mineral appears not to have been observed within 

le limestone, nor as a contact-mineral, while G o ld s c h m id t , on the 
contrary, has noticed in the Christiania field an enrichment of zircon 
ln the eruptive endomorphous contact-zones, which latter feature 
aSrees with my observations in the Mansjo Mt.

G o l d s c h m id t  questions, however, whether the zircon in the con- 
L ct-metamorphus schists, has not originally been deposited there as 
a sedimentary component of the schists. Such a possibility is excluded, 

owever, in the Mansjo Mt., where a concentration of zircon can be 
observed within the limestone just opposite the contacts, this pointing 
to As metasomatic origin. i

i  to  pneum atolytically formed zircon has evidently passed to a hydrous state on 
'•coun t of the water o f the residual pegmatitie solutions.
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O rthite.
Orthite has been observed in a single thin-section which was taken 

from a diopside-contact in the lower dyke-series; a couple of small 
crystals lying there, enclosed in recrystallized calcite. The crystals 
were nearly opaque, and of a dark blackish-brown colour. They were 
surrounded by a ring of cracks radiating into the calcite, this feature 
being in agreement with that described by BORGSTROM from Lau- 
rinkari (5. p. 24).

The opaqueness and the cracks are explained as the result of the 
orthite-substance being transformed into the amorphous state, accom
panied by a considerable increase of volume.

In  this case the transformation cannot have occurred until imme
diately after the recrystallization of the calcite.

The altered condition of the orthite-crystals made all closer optica 
determinations impossible.

Prehnite.
Prehnite occurs both in the endogenous phlogopite of the mansjoite- 

dykes and also in the dense, highly altered, pigmentated and ampho- 
delitic, anorthitized and scapolite-bearing, smaller pegmatite-apo
physes. Dimensionally, its occurrence is of microscopic order, and 
I  have been unable to discover and isolate sufficient material for 
analysis.

In  the first locality, it  has'crystallized before the phlogopite but 
later than the pyroxene; in the latter instance it  appears to be a 
secondary recrystallization-product.

The primary prehnite is of an incipient barrel-shaped crystal form, 
and the crystals have grouped themselves in rows in the direction 
of flow of the phlogopite, so that, very often, two rows lie side by 
side, with the crystals turned somewhat outwards from each other. 
The crystal-aggregates obtain in this way a certain resemblance to 
ears of corn (fig. 80).

Some few crystals exhibit, even in ordinary light (fig. 96) 
that characteristic wedge-shaped and complex twinning of which 
M a l l a r d  has endeavoured to give an explanation (Bull. Soc. Min- 
Fr. 5, 1882. 195).

Most of the crystals do not extinguish uniformly, but appear to 
be composed of parts extinguishing in different directions. I t  is 
found, however, that every such part, when it  exhibits a marked 
elongation, extinguishes parallel to this direction. A  noticeable op
tical anomaly on account of the complex twinning is the occasional



lacking of any definite extinction. Some parts are even found iso
topic in thicker sections (0 .062  m m ), which may be explained by 
compensating superimposed wedges.

The megascopic colour, like that in thin-section, is water-clear, 
Possibly with the least tinge of yellow. The optical sign is positive, 
^ ith  negative elongation. The axial dispersion is crossed and Q <  (’• 
■'-he following determinations have been carried out:

Helsingfors (Finland)
( I jA IT A K A R J)

2Vn » (Obs.) =  65°52'

(y  — /J)N a  (Cal.) =  0.0211 
(/f — rc)Na (Cal.) =  0.0086 
( y  — « )N a  (Obs.) =  0.0297 

«N» (Obs.) =  1.6157
/?Na (Obs.) =  1.6250 (immersion) ^Na (Obs.) =  1.6243
/ N a  (Cal.) =  1.6462 y N a  (Obs.) =  1.6454
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Î Mansjo Mt.
( E c k e r m a n n )

2VNa (Obs.) =  68°40' 
2VNa (Cal.) =  68°26’ 

O' -  fflxa (Obs.) = 0.0212 
0s — « )N a  (Obs.) =  0.0098 
O' — « )N a  (Obs.) =  0.0310 

« N a  (Cal.) =  1.6152

T a it a k a r i , who has observed prehnite at Pargas too, has not, 
however, given any optical determinations of it, so that, for the 
sake of comparison, I  have given his values for the prehnite from 
-Helsingfors (19. p. 437). The agreement in the birefringence and 
refraction is good, but, on the other hand, my value for the axial angle 
ls s°mewhat larger.

Tile dispersion observed by L a i t a k a r i , Q >  v  is, however, opposed 
t° that of the Mansjo mineral.

The »secondary» Mansjb-prehnite crystallizes in fine fan-shaped 
radial fibres without the optical anomalies of the »primary» mineral, 

thus resembles in its habit the prehnites from Fassathal and
Dumbarton.

The secondary prehnite also recalls the fan-shaped prehnite- 
aggregate found by G o l d s c h m id t  in the druses in the Christiania 
Geld.

Its dispersion is Q A v and its maximum birefringence has been 
ermined at (y— «)330 =  0.0308. Its optic character and elonga-deti

tion are positive, and it  agrees, consequently, optically with the pri
mary prehnite.

The crystals being of such minute dimensions, and because of its 
radial crystallization, it  has been found impossible to carry out 
etailed optical determinations with any degree of accuracy, but, 

guided by the aperture of the microscope, I  have estimated the axial- 
angle at about 68°. In  thin-section, the mineral is clear and trans
parent, and colourless.
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The composition of the prehnite is-given in the text-books as. 
H2Ca2A l2Si3Oi2, a formula which has been confirmed by L a it a k a r i  s 
analysis of the Helsingfors mineral.

In  the Christiania field, G o l d s c h m i d t  has observed how the 
vesuvianite is altered into prehnite (16. p. 386), in which connec
tion he has schematically given the course of the reaction as follows:

H 2Ca4A l2Si40 .6 =  H 2Ca2A l2Si30 12 + Ca2S i0 4 
Vesuvianite Prehnite

I t  is true that, in many instances, vesuvianite occurs as a contact- 
formation between the limestone and the prehnite-bearing apophyses, 
but, for one thing, it  is separated from the scapolite-anorthite-prehnite 
mass by thick »strings» of apatite, and, again, the vesuvianite does 
not show a single contact with prehnite. On the other hand, I  have 
noticed how, in the apophyses, the diopside is decomposed and 
disappears simultaneously with the appearance of prehnite on the 
scene.

The diopside-crystals are altered into talc, and finally there re
main nothing but traces of them. I t  is not before the diopside crystals 
have reached that stage that the radially fibrous fans of the prehnite- 
crystals begin to attain optically determinable dimensions.

Thus, a different alteration-reaction than that of the Christi
ania field must be in force, and may be imagined to have the following 
course :

CaAl2S i20 8 +  MgCaSi20 6 + H 20  =  H 20a2A l2S i30 12 +  HgSiO ,
Ampliodelite Diopside Prehnite

after which the remaining enstatite-molecule of the diopside, together 
with water and silica, combine to form talc:

3M gS i03 +  S i0 2 +  H 20  =  n 2Mg3S i,0 12
Talc

The primary prehnite in the fluor-pyroxene dykes, on the other 
hand, has probably been formed without any consumption of earlier 
crystallized pyroxene.

The final pegmatitic residual solution there — after the aggregatic 
crystallization of the mansjoite — probably had the following sche
matic composition, where A  >  B, C >  B and D >  C:

A  x Phlogopite + B x (Anorthite + Si02) + C x CaO + D x C02 + H20

The amount »A» of the phlogopite can be imagined to have been 
regulated by the fact, that all the remaining alkalis and magnesia

[Mars— A pril 1922-
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there had to be bound. The remaining alumina is bound in the
anorthite-quantity »B».

ihe anorthite combines with H20, CaO and Si02 to form prehnite, 
thus:

CaAl2Si20 8 + CaO +  S i02 + H 20 = H2Ca2AI2Si30 12 
Anorthite Prelmite

after which there remain (C—B) molecules CaO, and D molecules 
^0 2, which combine into (C—B) mol. Ca C03 (the exogenous calcite; 
°fr- P- 343), while (D—C +  B) molecules of carbonic acid are
eliminated.
. This reaction-course, as far as the transformation of the anorthite 
mto prehnite is concerned, has previously been given by D oelter , 
and he has there considered the CaO and the Si02 as combined to 
f°rm a wollastonite-molecule. His deduction, which was based on 
smelting experiments, is, consequently, confirmed by my observations 
respecting the actual mineral-association at Mansjo Mt.

Thus the mineral paragenesis of the two species of prehnite are 
fhe following:

f)  Primary prehnite: phlogopite (sodium-bearing?), mansjoite, 
calcite, pargasite.

2) Secondary prehnite: amphodelite, apatite, talc, diopside
(traces), scapolite (traces).

C lio n d ro d ite .

In his dissertation for the doctorate, Sjogren  (29) showed the 
occurrence of two chondrodite types; the one a brown, appearing in 
the pyrites of Nordmarken, and the other, a yellow one accompanying 
P*5 galena and zinc-blende. I t  was found impossible to prove any 
definite chemical distinction between the two types, but, optically, 
j-he brown showed itself to be more highly pleochroic, seldom twinned, 
but often with developed crystal faces, while the yellow chondrodite 
Was almost constantly found to be twinned and wanting all crystal 
boundaries. While, in many instances, the brown type exhibited a 
high degree of alteration into serpentine, the yellow one always 
appeared fresh.

In my determination of the Mansjo chondrodite, I  have in every 
respect been able to confirm these observations of Sjo g ren ’s as 
regards the existence of two different types. As this divergence 
rn variety, therefore, cannot be accidental but is a constant feature, 
even i f  I, too, have been unable to discover the chemical or structural

26—220270. G. F. F. 1922.
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cause of this difference, I  have, for the purpose of distinguishing the 
two minerals types, here introduced the denominations:

G-c h o n d r o d i t e  for the yellow type, and
B-c h o n d r o d i t e  for the brown one.
In the Mansjo Mt. the B-chondrodite is almost entirely restricted 

to the chondrodite formation that accompanies the upper pegmatite- 
dyke series, while the G-chondrodite is found along the lower dyke- 
system, which has been richer in mineralisers and heat.

I  have found the B-chondrodite, in the lower dyke-series, too, 
however, in those cases where the latter has altered into pure fluor- 
diopside (mansjoite) dykes. This chondrodite appears in such in
stances as a thin layer in the limestone in the immediate neigh
bourhood of the contact, and has been transformed almost entirely into 
a grayish-green dull serpentine skarn.

While the crystal-grains of the B-chondrodite occur but sparsely 
and up to 2 to 4 m m  in size, the G-chondrodite is found thickly 
impregnating the limestone and in grains of much smaller dimen
sions, being sometimes no more than a few tenths of a millimetre in 
diameter.

As I  have previously pointed out, in describing the pegmatite- 
dykes, there exists here a genetic difference, the B-chondrodite in 
the upper system of dykes having been formed without any addi
tion of magnesia, while the opposite has been the case with the G- 
chondrodite, in the lower dyke-series.

A t the very beginning of my optical determinations I  found that 
the position of the axial planes in the Mansjo-chondrodites was not 
in agreement with the values found by Sjogren for the correspond
ing Nordmark mineral, but, on the other hand, were nearer to those 
given by E. G. D ana for the chondrodite from T illy  Foster (7)- 
After having carried out some th irty  different determinations with 
all the exactness that can be attained by the employment of the 
E uess theodolite-microscope, I  have obtained the following mean 
values:

M a n s jö
G -ch o n d ro c lite

M a n s jö
B -c h o n d ro d ite

N o rd 
m a rk e n

T i l l y
F o s te r

( E c k e r m a n n ) ( E c k e r m a n n ) (S j ö g r e n ) ( D a n a )

A n g le  b e tw e e n  a x ia l -
p la n e  a n d  (0 0 1 )  2 6 ’2 5 ' 2 6 °3 4 ' 2 8 °5 6 ' •254)2'

A x ia l - a n g le  2 V x a  (O b s .)  =  7 2 ’1 4 ' 7 2 4 )1 ' 7 9 °4 0 ' 2 H l i =  8 8 4 8 '
2 V t *  (O b s .)  =  7 2 ° H ' 7 2 W 7 9 D 8 ' —
2 V T a  (C a l . )  =  7 2 W 7 2 4 2 ' — —
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G -c h o n d ro d ite  B -c h o n d ro d ite
( E c k e r m a n n ) ( E c k e r m a n n )  (S j o g r e n ) ( D a n a )

efringence (compensator) (^ — «)Ta (Obs.) =  0.0360 0.0360 — —

( /  -  /«)Ta (Obs.) =  0.0235 0.0235 — —
(/? — a) Ta (Obs.) = 0.0124 0.0125 — ■ —

Refraction (immersion) /Ta (Cal.) =  1.643 1.643 — —

/?Ta (Obs.) =  1.620 1.625 1.638 —

« T a (Cal.) =  1.607 1.613 — ' —

comparison, we find that not only the axial plane but also the 
axial angle differs considerably from the values given by Sjogren. 
. s regards the axial angle in particular, I  have looked in vain in the 
iterature for any chondrodite w ith  this low angle value.

As, however, the refraction appears, simultaneously, to lie lower 
than that found by Sjogren for the two chondrodite-types, the ex
planation naturally suggests itself, that the difference is to be sought 
l ° r in a difference in the analysis and especially in the percentage 
°1 iron, although it  may eventually also be explained by the high 
water percentage.

I  have analyzed a clean-picked specimen of G-chondrodite, the de
termination of the fluor, however, having been carried out by Dr. N. 
Sahlbom, who, in addition, has checked some of my values. The 
results of the analysis is given under I  and I I :

I I a I I I l l IV V
Si0 2 . • . . 33.85 % 56.46 33.57 % 34.01 % 34.10 % 29.56 %
AhOa ■ ■ . 1.23 % 1.22 — — 0.48 % 0.77 %
m 3. . . . _ — — — — 3.06 %
FeO ■ • . 3.70 % 5.14 3.63 % 4.62 % 7.28 % 5.09 %
% 0  . ■ ■ . 55.21 % 138.03 54.84 % 54.97 % 53.72 % 51.01 %
K20  . _ _ _ — 1.31 %
Na20 . . . _ _ — — — 2.11 %
H20  . ■ • . 2.90 % 16.11 — 0.61 % — 1.58 %
F . ■ • . 4.50 % 23.67 4.50 % 4.56 % 4.14 % 8.62 %

101.43 % OS. 7 7 % 99.72 % 103.11 %
-  O = F2 . 1.42 %

100.01 %
Sp. wt. ■ . 3.175 — — — 3.216

1. G-chondrodite from Mansjo. Anal. I I . v. Eckermann.
Ia . Molecular proportions of I.



382

I I .  G-chondrodite from Mansjo. Checking-analysis of I.  Anal. N. S a h l b o m .

I I I .  G-chondrodite from Kaveltorp. H j.  Sj o g r e n  (29).

IV . Chondrodite from T i l ly  Foster. H a w e s . Am. Journ. Sc. 1875. 10 p. 96.

V. Pargas-chondrodite, B e b w e k i h . Tscherm. M itte il. 1877. p. 272.

From the above there may be seen that the lower iron-percentage 
of the Mansjo mineral can very well be a contributory factor to the 
diverging optical characteristics of the Mansjo chondrodite.

In reality, the iron-percentage is probably among the very lowest 
known from any analysis, and in order to be perfectly sure of the 
result, Dr. Sahlbom  has, at my request, made repeated analyses to 
check the determination, all with the same result.

The analyses lead to the proportion:

R O , : R O  ; R ,0
2.01 : 5.00 : 1.96

which is in close agreement with the chondrodite-formula 2:5:2.  In 
this calculation I  have added the A120 3 to the silica.

On comparing analyses I  and IV , one is struck by the great diffe
rence existing between the Pargas-chondrodite and that from the Man- 
sjo Mt., although the occurrence of the former is in the field similar to 
the latter. In the Pargas mineral, the iron-percentage is 60 % higher 
and the proportion of fluorine almost twice that of the Mansjo chon
drodite.

From this lower fluorine content of the Mansjo-mineral the de
duction may possibly be drawn that either the pegmatite-magma has 
been poorer in fluorine, in relation to the magnesia, or that the 
magma was injected under quite other conditions of temperature and 
pressure than at Pargas. As w ill be shown later on, when speaking 
of the mineral paragenesis, the average pressure at Mansjo Mt., as 
well as the temperature there, must have been lower, a state of things 
that might be deduced from the rarity of the pargasite and the 
wollastonite occurrences which latter have only been observed in 
the hottest places, viz. reaction-contacts.

The Mansjo chondrodite has been noticed and mentioned by F l i n K  

(13) although he made no detailed examination of the mineral.
The G-chondrodite is always perfectly fresh; the average size of 

its grains is from 1j i  to 1 mm  and it  exhibits in polarized light a. 
specially beautiful lamellar twinning along (001). A. twinning 
along (305) — (fig. 99) — is of rarer occurrence, but, on the other 
hand, there is frequently seen a peculiar twinning-formation in pat
ches, recalling that which is sometimes characteristic for cor-

HARRY VON ECKERMANN. [M a rs — A p ril 1922.
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dierite. The twinning-lamellse are of varying breadth, and are 
narrowed down step-wise or abruptly broken off. Fig. 99 also shows 
a typical example of this.

In the G-chondrodite, pleochroism is very weak and scarcely notice- 
n i e beneath the microscope. In the neighbourhood of spinel, how- 
?Ver’ it undergoes an alteration, in so far, that a noticeable pleochroism 
s mtroduced in accordance with the absorption:

a =  brownish-yellow >  y =  ligh t yellow >  (i =  yellowish White.

B d 44. H . 3 — 4 .]  ROCKS AND MINERALS OF THE MANSJO MT.

°nietimes there can be seen how, simultaneously, the G-chondro- 
. e> instead of being formed in the shape of rounded grains, alters, 
ni the vicinity of spinel, into large, corroded individuals enclosing 
Urate and spinel, and by their somewhat rare lamellar twinning 

und high pleochroism, constitute a transitional form towards the B- 
 ̂londrodite. I t  is possible that this feature is connected with the fact 
nt the spinel indicates the former mica layers and that, thus, the 
ondrodite in those places has been mainly formed in agreement with 
e B-chondrodite in the upper dyke-series, i. e., without any addi- 

10n of magnesia.
9 ^ e  B-chondrodite is, as a rule, developed as rather large crystals, 
~ m/m in diameter. I t  is marked b5̂  an almost entire absence of 

niellar twinning; exhibits high pleochroism and, in the rock, is of
dark reddish-brown colour, which often makes it  d ifficu lt to

tistinguish from grossularite. I t  is always more or less altered into 
u yellowish-green to grayish-green serpentinized fibrous mass, the 
ransformation following the cracks and cleavages (fig. 100). The 

Remains of unaltered B-chondrodite occur, therefore, within the serpen- 
lne, and the entire process of transformation is completely analagous 

t0 that of olivine, to which it  bears a bewildering resemblance. The 
Serpentinized B-chondrodite also occurs in the contacts towards the
uransjoite dykes.

Chondrodite seems to occur at Kirmonniemi, at Korpo, Finland, 
jn Just the same way as in the Mansjo limestone, i f  we may judge 

y  L a i t a k a r i ’s brief account ( 1 8 .  p. 3 1 ) .

P lilogop ite .

Ike  phlogopite occurs both in the chondrodite-spinel-bearing lime
stone; in the centre of the diopside-contacts and, finally, as schlierio 

uidal bands in the centre of the pyroxenitic, mansjoite-bearing peg
matite dykes.
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I  have investigated the first-mentioned phlogopite more closely, and 
Dr. Sahlbom  has been kind enough to carry out the following ana
lysis :

[Mars— April 1922.

I I  a I I I I I

S i02 . . . . 40.95 % 68.25 42.55 % 43.00 %

A120 3 . . . 13.14 % 12.88 12.74 % 13.27 %

Fe20 3 . . . 2.76 % 1.74 1.31 % 1.71 %

FeO . . . . — — 0.49 % —

MgO . . . . 28.03 % 65.07 27.62 % 27.70 %

CaO . . . . 0.40 % 0.71 — —
Na20 . . . 0 96 % 1.55 0.83 % 0.30 %

K f i  . . .  . 10.25 % 10.90 8.92 % 10.32 %

F  . . . .  . 3.15 % 16.56 4.59 % 5.67 %

H20 . . . . 1.80 % 10.00 1.18 % 0.38 %

101.44 % 100.23 % 102.35 %

I o II 1.55 %

99.89 %

Sp. w t . . . 2.831 (E ckermann) 2.8672

I. Phlogopite from the chondrodite limestone, Mansjo Mt. Anal. N. Sahlbojl

I  a. Molecular proportions of I.
I I  Phlogopite from Pargas, Finland. Anal. C. F. R ammelsberu. (M il l e r -

Chem. Erg. Heft. 1. 117 (1886).
I I I .  Phlogopite from Gouverneur (N. York). Anal. C. F. R ammelsbero . (Z-

Dtsch. Geol. Ges. 14. 758 (1862).

In  analysis I, the bivalent- and trivalent iron have not been taken 
separately, but all the iron has been calculated as Fe203.

Analysis I  corresponds to the following composition:

RO : R,03 : R02 : R,0 : F2 =  6 : 1 . 2 4  : 5.82 : 1.91 : 0.70

i. e., nearest agreement with the formula: K  H Mg3 A1 SisOuF, which 
gives 6 : 1 : 6 : 2 : 1, respectively.

The rather low percentage of F may not be quite correct though, as 
the analysis wras carried out on separate material, not identical with 
the one first analyzed.

Megascopically, the phlogopite is of a greenish-yellow colour, and 
crystallizes in thick tabular-shaped grains. I t  sometimes encloses 
rounded remains of calcite (fig. 101). I t  is evident that here there 
can be no question of pseudomorphs after scapolite, as N o r d e n s k o l d  

and K uhlberg have imagined in similar cases (20. p. 87).
No deformation-structure can be observed, and it  is evident that,
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^ftcr the crystallization of the phlogopite was completed, no tectonical 
c isturbances have occurred in the limestone laj^er. The opposite is 
t encase at Pargas (20. p. 86).

*he acute bisectrix on the basal-plane has been found to deviate 
from the normal towards (001), and the axial angle has been 

determined with the help of the axial angle scale, at 2 V 55o =  8°, 
a hough it  varies quite considerably in different parts of the lime
stone. I  have observed values of as much as 10°.

1 have performed no analysis of the phlogopite from the diopsid?, 
contacts or the pyroxene dykes.

While the optical characteristics of the former seem to be in close 
agreement with the phlogopite of the limestone — although its colour 
ls barker and its pleocliroism stronger —- the mineral of the pyroxene 
■ R ia n s jo i t e )  dykes shows an essentially higher axial angle, some- 
Pnies amounting to as much as 15°, as measured by the axial angle 
s c a l e .

The last-mentioned mica is also distinguished by an extremely 
characteristic gold-shimmering colour and it  is developed as very 
small crystal scales which follow flu idally the direction of injection 
°f the mansjoite-bearing dykes, and evidently constitute, together with 
fhe mansjoite, the final crystallization-residuums of the magma. They 
have evidently corroded the earlier crystallized mansjoite.

The K 20 having been mainly removed from the dykes through the 
phlogopite-formation at the contacts and in the limestone, and con
sidering, too, the increasing percentage of Na20 shown by the ana
lyses on page 326, I  think it  highly probable that this mica is sodium- 
phlogopite. The golden colour also supports this assumption.

Together with this mica there also occurs occasionally a darker 
Phlogopite in larger crystals, which seems to substitute the rare par- 
gasite crystals, hut sometimes is found intergrown with the latter.

The mineral-paragenesis of the Mansjo phlogopites is as follows: 
spinel, calcite, plagioclase, amphodelite, diopside, mansjoite, par- 
gasite, scapolite, vesuvianite, prehnite, chondrodite, titanite and apa
tite.

The micas of the Mansjo Mt., with their genetic variation from 
»primary», magnesia-rich gneiss-granite and limestone-micas, to »se
condary» metasomatic, and contact-pneumatolytic potassium-micas, 
Phlogopites and perhaps sodium-phlogopites, too, invite a special 
study, with comparative analyses and optic determinations an in
vestigation which I  am obliged, however, to defer to some future 
time.

44. H . 3— 4 .]  rooks  a n d  m in e r a l s  o f  t i ie  m a n s jo  m t .
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T itan ite .

The titanite occurs numerously in the diopside-contacts in the 
form of small »envelope-shaped» crystals, with the facies-forms 
(001), (100), (110) and (111). The crystals vary in size from 0.1 
to 2—3 m m ; they are dark blackish-brown in colour, and have 
shiny, although, as a rule, somewhat convex and »corroded» surfaces. 
Their specific weight varies considerably, depending on the large? 
or smaller degree of transformation into leucoxene. 1 have also 
observed titanite in the limestone outside the contact, where it  must 
be supposed to have originated as the result of pneumatolytical addi
tion of material.

My determination of clean-picked fresh mineral has given:

Sp. wt. =  3.456

L a t ta k a r t  determined the specific weight of a somewhat a ltered 
titanite from Pargas at 3.411.

In  thin-section, the titanite is faintly pleochroic and of a light 
leather-brown colour. I t  is idiomorphically limited towards all the 
other minerals with the exception of apatite, and seems, consequently, 
to have crystallized immediately after the latter.

Its mineral association is: quartz, calcite, plagioclase, diopside, 
mansjoite, woliastonite, pargasite, scapolite, vesuvianite and phlogo- 
pite.

I  have observed in a vesuvianite crystal how the enclosed titanite 
had decomposed into leucoxene in which there had been new formed 
flaky, clear crystals of woliastonite. A t the same time, short needles 
of rutile radiated from the leucoxene into the surrounding vesu
vianite.

In  this instance, a reaction has evidently taken place, in accordance 
with the formula:

CaSiTiO., =  CaSi03 + T i0 2 
Titanite Woliastonite Rutile

Apatite.
The apatite occurring in the Mansjci pegmatite- and apatite dykes 

is of two kinds; the one an almost colourless type, of more normal 
appearance, and the other of a beautiful blue. In  order, i f  possible, 
to discover the cause of ihis difference between them, I  have carried 
out the following analyses I  and I I ,  of which Professor J. Peth^N 
has kindly executed the Cl-determinations:
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Aho3. -
I l a 11 I I  a I I I

■ • . . 0.58 % 0.57 0.46 % 0.45 0.99 %
Be203 . • • . . 0.35 % 0.22 0.23 % 0.14 0.81 %
CaO .

■ ■ . . 55.01 % 98.24 54.95 % 98.14 54.74 %
I  jOj . . • . . . 41.96 % 29.55 42.10 % 29.65 40.76 %
c° 2 • . • • . . 0.41 % 0.82 0.36 % 1.93 _
F . 
Cl .

• • . . 3.75 % 19.73 3.64 % 18.95 2.70 %

• . . . o.io % 0.28 0.35 % 0.99 tr .

-,oss by ignition 0.05 % — 0.00 % — —

102.21 % 102.09 % 1OO.00 %
Colourless apatite from  Mansjo Mt. Anal. II. v. E c k e k m a n n  and J. P e t r é n .

t  a- Molecular proportions of I.

Blue apatite from Mansjo Mt. Anal. H v. E c k e r m a n n  and J. P e t r é n .

I I  a. Molecular proportions of I I .

H i- Blue apatite from Pargas. Anal. A rppe.

By the analysis it  is seen that both apatites from Mansjo Mt. must 
e considered as fluor-chlor-apatites, but that the chlorine-percentage 

°f the blue variety is more than three times as great as that of the 
colourless type. I  have combined the result of these analyses with my 
observation, that the blue apatite rich in chlorine occurs exclusively 
as a matrix around or between the chlorine-free vesuvianite, while 
Bie apatite poor in chlorine occurs in contact with the scapolitisized 
chlorine-containing feldspar alterations.

Consequently, I  have considered myself entitled to draw the con
clusion that, as a result of the binding of chlorine during the forma
tion of the scapolite, the chlorine-percentage of the apatite has been 
diminished in the colourless type, while it  has increased in the blue 
mineral towards the vesuvianite in consequence of the higher chlorine- 
concentration in the solution, the result of which would be, that the 
chlorine-percentage, either direct, or in chemical combination, is the 
cause of the difference in colour.

On raising the blue apatite to a red heat, it  loses its blue tin t and 
becomes colourless.

On the other hand, I  have not been able to prove by mineralogical 
determinations any difference between the two apatites, with the ex
ception that the blue type sometimes shows a higher birefringence 
(0.004) and a slight anomalous biaxialism. Both apatites occur as 
crystals, hexagonally bounded by negative crystal faces. In the sharply 
scapolitisized pegmatite-apophyses, the apatite occasionally assumes 
the form of elongated prisms, with crystal limits, which prisms are,
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as a rule, arranged in the longitudinal direction of the dyke, l. e-> 
in the direction of'the flow.

The size of the grains of the colourless mineral varies between 0-1 
and 0.4 m m ; the blue type is considerably larger, varying between 
0.2 and 1.0 mm.

The refraction was determined by immersion:
Mansjo apatite 

( E c k e k m a n n ) 

WNa =  1.634 
«Na =  1.631 

(co — «)nra =  0.003 
Sp. wt. 3.270

Ersby (Pargas) apatite 
( L a i t a k a k i )

=  1.6342 

«Na =  1.6307 
(co — £)Na =  0.0036

3.19 (Akppe)

The optical characteristics of the Mansjo and the Pargas-minerals 
are thus in close agreement.

As I  have said already, I  have not succeeded in discovering any 
known apatite in the collections I  have studied, the clear blue of which 
could be compared with that of the Mansjo blue apatite. Mr. TH- 
V o g t  Norwegian State Geologist, has informed me personally» 
however, that he had observed a similar occurrence in Norway. I t  is 
possible, of course, that, in addition to the chlorine-percentage, some 
other element present in infinitesimal quantities may contribute to the 
colouring.

The mineral-paragenesis of the apatite is as follows: fluorite,
quartz, microcline, plagioclase, amphodelite, diopside, mansjoite, 
wollastonite, pargasite, scapolite, vesuvianite, prehnite and phlogopite-

As was pointed out when discussing the pegmatite-dykes, the 
strings of colourless apatite-grains are among the earliest c^stalliza- 
tion-products along the contact towards the limestone. As further 
evidence for this age-sequence I  refer to an observation of mine of 
a dyke of scapolite and kaolinized feldspar cutting through and 
shattering the earlier solidified apatite-crystals.

The blue apatite, as well as the colourless mineral of the apatite- 
dykes, represents, on the other hand, the last aggregatic crystallized 
rests of the magma, as set forth in the chapter on the paragenesis of 

* the Mansjo contact minerals.

T h e  M in e ra l Paragenesis  o f  th e  M an s jo  M t. C o n tac t M in e ra ls .

Pargas, in Finland, being the sole contact metamorphic limestone 
occurrence analogous to that of the Mansjo Mt., which has been ana
lysed as well as fu lly  described in the literature, I  shall now confine 
myself to a comparison of the mineral paragenesis of the Mansjo Mt-
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With that of the Pargas limestone, neglecting such other interesting 
occurrences as those at Tennberget (39), Passau and Auerbach (34), 
Silberberg at Bodenmais, Fichtelgebirge (Wunsiedel and Gopfers- 
griin, —. ref_ 22, p. 153), Philipsburg Quadrangle in Montana, Franc- 
Hn Furnace.

In. the chapters on the description of the minerals I  have 'given the 
Paragenesis of each mineral of any importance, but I  recapitulate 
h  below, summarized and entered in L a it a k a r i ’s table of the Pargas 
Paragenesis. Retaining the table unaltered — but with the addi
tion of the mansjoite and the prehnite — I  have marked by circles 
the occurrence of the Mansjo Mt. minerals. A  cross within a circle 
Signifies that the mineral occurs at Pargas; a horizontal line, that 
it is wanting. A  line without any circle means that the mineral 
ls wanting in the paragenesis both of the Pargas and the Mansjo 
Mt. occurrences. No other minerals are included than those which 
have been observed in direct contact with each other.

The comparison shows at once that graphite and pyrrhotite are 
entirely wanting in the Mansjo Mt. paragenesis. Taken as a whole, 
no addition of sulphur by the Mansjo gneiss-granite has taken place, 
.lust as there has been no addition of arsenic, the presence of which 
latter, although not included in the table, has been proved to exist at 
Targas by the occurrence of lollingite and arsenopyrite.

Neither have scapolite and wollastonite, plagioclase and grossula- 
rite, or plagioclase and phlogopite, been observed at Mansjo Mt. in 
contact with each other. Mansjo Mt. exhibits a great restriction of 
the paragenesis, as contrasted with that of Pargas, in respect to the 
microcline, which disappears from the pegmatite-dykes simultaneously 
with the appearance of the scapolite and the other endogenous contact- 
minerals, a fact that I  have previously pointed out.

But even when the paragenesis of both occirrrence is in agree
ment, there exist, however, essential differences in the way of a per
fect parallelism. A t Pargas, calcite, quartz and wollastonite are 
Quite generally found simultaneously, while, in the Mansjo Mt., only 
calcite and wollastonite are observed together in the wollastonite- 
hearing contact in the foot-wall of the limestone, and calcite-quartz, 
without any wollastonite, is the rule in all the pegmatite-apophyses, 
especially in the limestone fragments mechanically carried into the 
latter. The paragenesis: calcite +  quartz +  wollastonite, on the 
other hand, is altogether wanting.

The predominating pargasite-formation at Pargas — where the 
pargasite is also found outside in the »chondrodite-limestone», in con- 
fact- with chondrodite and spinel — has its correspondence in the

B d  44. H .  3— 4 .]  ROCKS AND MINERALS OF TIIE  MANSJO MT.
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Mansjo Mt. in a preponderating pyroxene-formation, while the par- 
gasite diminishes to an unessential mineral-component of the para- 
Senesis, being limited to some few genetically and locally greatly 
restricted occurrences.

-In a similar way, fluorite is almost entirely absent from the Man- 
•sJd Mt. and occurs merely as microscopic grains of great rarity, with- 
lu the scapolitisized, but still highly quartz-bearing pegmatite-dykes/ 

Pargas, on the other hand, the same mineral occurs almost every
where, scattered throughout the limestone and sometimes constituting 
Pretty nearly half of its mass (cfr. 20. p. 39).

la  the description of the minerals, it has previously been shown 
that there exists a close agreement — both optically and chemically 

between the Mans jo Mt. and the Pargas minerals. I t  is evident, 
however, from the differences in the mineral-par agenesis that there 
raust exist a genetic distinction between them.

Maitakaui points out how, at Pargas, the exogenous parts of the 
contact-zones are similar, irrespective of whether the intrusion consists 

a diabase or a granite, and that, consequently, the uniformity of 
the metamorphism, extending across great distances and affecting a 
targe number of different limestone occurrences, must lead to the 
assumption of a regional metamorphism, and not of a transformation 
brought about by a small local dyke-eruption. This regional meta- 
^arphism L aitakari considers to have been caused by the penetra
tion of the migmatitizing gneiss-granite, by which process the lime- 
stone has become surrounded by the gneiss-granite and greatly heated, 
although not to a melting-point, as is shown by the retention of the 
°riginal stratification.

I f  this explanation be applied to the Mansjo Mt. district, we find 
that it  is applicable only in a restricted degree. I t  is true that, here 
too, the gneiss-granite has been the cause of the metamorphic mineral- 
formations, and it  is also true that a certain heating of the 
surrounding rocks must have taken place, but this latter feature has 
n°t been sufficient to bring about a regional metamorphism like that 
at Pargas, and this is best shown by the non-metamorphosed graduated 
contacts of the limestone layer towards the gneiss in those parts of 
the field where the off-shoots of the gneiss-granite have not pene
trated (cfr. fig. 60).

The only existing trace of metamorphism is, probably, the coarsely 
granular-structure of the limestone bed, which has certainly not been 
that of the primary sedimentation. 1

1 After this was put in type a few grains of fluorite were also found w ith in  the 
golden-yellow phlogopite in the mansjoite dykes.

44. H . 3 — 4 .]  HOCKS AND MINERALS OP TIIE  MANSJO MT.
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A t the Mansjo Mt. there occurs, instead, just such a local dyke- 
intrusion, although in genetical connection with the gneiss-granite. I  
even question whether the limestone layers, in that part of the gneiss 
wdiich is intruded by the gneiss-granite, have not themselves been the 
cause of the separation from the granite of powerfully penetrative, 
pegmatitic partial magmas.

I  base this assumption on the diminution of the silica content of 
the magma, resulting from the contact-reaction, which must have been 
accompanied by a displacement in the conditions of concentration, this 
probably leading to a migration of the silica from the surrounding 
magma in a direction towards the limestone. This migration of the 
silica is confirmed by the almost constant silica-percentage of the 
pegmatite, in spite of the binding of S i02 at the contact and the 
addition of CaO from the limestone (cfr. the analyses, p. 326)- 
The C02-gas generated during the contact-reactions (silicate forma
tion) can be imagined os being absorbed by the assuredly porous 
sedimentary strata-series; to a certain degree, at any rate. In  con
sequence of this »absorption» or carrying-off of the gas, there w ill 
ensue a concentration of the volatile components of the surrounding 
magmas, in the direction towards the limestone.

I  venture to make this assertion, as one may, with fa irly  great 
certainty, presuppose that the maximum vapour pressure of the sa
turated flu id magma has been considerably superior to the lower 
pressure in the surrounding limestones and sedimentary scries, so that, 
as a result of the diminution in temperature that began simultane
ously with the consumption of heat in the contacts, a distillation has 
finally occurred of the volatile phases in the magma at »t,.», (fig- 
108) — viz. the intersecting point between the vapour-pressure curve 
and the exterior pressure, the products of distillation having, in the 
process, migrated to the regions of lower pressure. Simultaneously, 
the migration of the silica towards the limestone-contact, must, as a 
consequence of the disturbed equilibrium between the solid and the 
gaseous phases of the remaining granite-magma, have displaced the 
vapour-pressure curve, so that the distillation of the gas-phase began 
at an earlier period than that which would have resulted merely from 
the diminution of temperature.

The continuance of this distillation must have been restricted and 
controlled, partly by the original temperature of the magma ■— in 
which case it  would have continued down to point »t2» in fig. 108 
and partly by the ability of the sedimentary series to carry off the 
gases.

In  this latter instance it  appears to me not improbable that, in con-

[Mars— A p ril 1922.
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sequence of the rising gas pressure (the formation of C02), the 
Pressure outside the magma has gradually increased, whereby the 
Point »t2» hag become displaced towards a higher temperature posi- 

u> and the pressure of the limestone and the granite have been 
ou£ht into equipoise at an earlier stage.

^ n support of this we have, firstly, the relative impenetrability of 
k e ^i°Pside-contacts of the pegmatite-dykes to gases, since, as w ill 
G sk°wn later on, the gas pressure has become greater, the farther 
e apophyses have penetrated into the limestone; secondly, we note 
o restricted portion of the large, surrounding granite massive from 

U hich the distillation has taken place.
la  the Mansjo Mt. it  is true, the mineral formation is confined 

0 narrow zones along the apophyses, and it  is clear that no gas 
impregnation of the entire limestone layer — such as might be ex
pected, had there occurred a general distillation from the whole of the 
Sianite mass —■ has taken place. Also, the gneiss-granite exhibits 
around the limestone bed, within an area which is sometimes one 
mndred metres broad, an aplitic sugar-grained appearance. This 

aplitic zone forms the transition between the coarse, pegmatitic 
acies close to the limestone, and the normal gneiss-granite. Bio- 

hte is wanting, and it  carries, as its femic components, nothing but 
rght-red almandite — this probably being the result of the low water 

Percentage. Similar aplitic border-zones around the contact meta- 
^°rphic limestones have been observed by S u s t s c h in s k y , too, in 
in la n d  (34. p. 433).

The degree of metamorphic contact-alteration in the limestone seems 
me, therefore -—- under the presupposition of the presence of the 

accessary high temperature ■— to depend in the first place on the 
capacity of the limestone, and that of any eventually connected sedi
mentary complex, to absorb gases, and, in the second, on the vapour- 
Pressure curve of the metamorphosizing magma in saturated solu- 
tion. This assumption would explain why, in certain cases, the mine
rals of entire limestone layers have been pneumatolytically metamor
phosed, while, in other instances, the mineral-formation has been 
regularly restricted to the contacts (and eventual cracks) as is the 
Gase at Mansjo Mt., and, as I  ascertained with certainty, at Tenn- 
cerget too, although W e ib u ll , in his description of this latter 
ccurrence (39) appears not to have noticed this circumstance.

Judging by L a i t a k a r i ’s monography, the Pargas limestone, on 
the other hand, appears to have been exposed to the distillation of 
the volatile components of an essentially greater magma-body, i. e., to 
an actual regional pneumatolytic metamorphism. As such a pneuma-
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tolytic action at Pargas was not, as at Mansjo Mt., restricted to a 
continuous but relatively short moment of time, but can be imagined 
as composed of a series of periods of varying duration and of greater 
or lesser pneumatolytic influence, we obtain, thereby, an explana
tion of the so-called »shell»-mineral occurrences at Pargas — i. e., of 
the minerals that were already crystallized being overgrown with a 
crust of another mineral. L a i t a k a r i ’s statement that the Parga3 
chondrodite-spinel formation does not exhibit any regular structure 
— while I  have found the corresponding Mansjo Mt. occurrence to 
show the stratification of the old mica-layers in the limestone — also 
tends to support the above explanation.

My hypothesis also elucidates the cause of the non-occurrence of 
boron, lithion, and other common pegmatitic minerals in the Pargas- 
or Mansjo Mt. mineral-paragenesis,1 as, of course, in this instance, the 
pegmatites are not residual solutions that have separated out of the 
granite-magma in the usual sequence of crystallization, but form resi
dual solutions from an already differentiated part of the original 
magma-solutions, which have even been » p r o v o k e d  i n t o e x i -  
s t e n c e» by the limestone itself.

As a result of this distillation in the direction towards the lime
stone, there is formed, consequently, in the neighbourhood of the lime
stone, a pegmatitic residual-solution, the increased viscosity of which, 
resulting from the gradual falling of the temperature, is neutralized 
and diminished by the addition of the volatile components.

The pegmatite, therefore, w ill obtain a high intrusive capacity, and, 
during its penetration of the limestone, the renewed distillation of 
its mineralisers into the limestone can be imagined to follow a course 
corresponding to the distillation from the gneiss-granite itself.

When, therefore, the further fa ll of temperature, on the intrusion 
of the pegmatite, passes the point »ti» on its P—T vapour-pressure 
diagram, there begins a slight distillation of volatile phases, which 
distillation, however, increases with the continued penetration of the 
pegmatite, as the result of the crystallization of the-solid phases and 
their fixation in the mineral-formation at the contact, this leading 
to a relative enrichment of the volatile phases and an accompanying 
rise of the vapour-pressure curve.

The most intensive formation of contact minerals should, there
fore, be found some distance within the limestone, counting from the 
intrusion-point of the pegmatite, a feature that can, as a matter of

[Mars— A p ril 1922.

1 A t my special request Professor J. P e t r iSn  has kindly investigated the presence 
of litb ion and boron in the pegmatites of the gneiss-granite. Boron was proved to he 
altogether absent and of lith ion, only traces were found.
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( j '  ̂’ )̂e observed in the Mansjo Mt. For instance, the occurrence of B- 

ondrodite does not begin along the upper dyke-series before a di- 
Oce of about one half to one metre within the limestone. In  those in

to C6S w^ere the mineral-formation does not present such an increase 
cut S *n êri° r the limestone, the apophyses have evidently 

- mto the latter at a temperature lower than »ti».
Mt 116 t)revi°usly described diopside-scapolite contacts of the Mansjo 
th ' aie a Ŝ° hi the Pargas occurrence, and, in both localities,
o^C titaftite, too, has been crystallized chiefly in the endogenous'part 
 ̂ the contact-zone. The symplektitic plagioclase-diopside contact 
r°ni Pargas is, on the other hand, entirely wanting at Mansjo Mt., 

are also the similar reaction-zones between the grossularite and 
he calcite (20. p. 96).

^ The »apices» of the apophyses — where, therefore, the gas-pressure 
as been greatest — present, on the contrary, a special feature that 
lave not found in the description of the Pargas or any other occur

rence. As a rule, the Mansjo apophyses suddenly alter into the former
ly described fluor-pyroxene (mansjoite) dykes, simultaneously with a 

inning out of the diopside-contacts, which are, at the same time, 
nsiormed into pargasite, and occasional^ disappear altogether, 
de the highly serpentinized B-chondrodite substitutes the fresh G- 

ondrodite of the adjacent limestone.. Sometimes the dykes, in this 
Process, assume a lenticular form; sometimes they enclose fragments 
1 calcite, more or less mineralized (cfr. p. 335).

To me it  appears clear, however, that here we have before us such 
rases where the gas-pressure in the apophyses has risen to such a 
®i&ht, that a momentary explosive expansion of the dyke has taken 

r ace. As a result of the rapid fa ll in pressure there has followed
the aggregatie crystallization of the mansjoite and the blue apatite.

iat> simultaneously, a considerable residual water-content has taken 
Part in the reaction is shown by the complete serpentinization of the 
_ °udrodite, while the latter, along the diopside-contact-»armoured» 
* ykes, is perfectly fresh.

By the sudden crystallization of the mansjoite against the limestone, 
°wever, new residual solutions have been enclosed in the centre of the 

Mansjoite rock, the circulation of which is clearly marked by the gol- 
en yellow phlogopite streaks, whose fluidal habit is unmistakable, 

and by the minerals prehnite, pargasite and calcite, all of which have 
crystallized within the phlogopite.

That the pressure in these last residual solutions must have been 
Very great is indicated by the presence of pargasite. Another indi
cator of increasing pressure is the pargasite in the diopside-contacts

27- -220270. G. F. F. 1922.
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of the pegmatite, where i t  lias gradually replaced the diopside until 
the point of the explosive aggregatic crystallization is reached, when 
all the diopside disappears, and the pargasite becomes all-predoffii" 
nant.

I  hat the pargasite is an indication of high pressure is supported by 
E s k o l a ’s statement in his Orijarvi dissertation (12. pp. 144—145), 
where he points out that »under low pressure the amphiboles are 
formed merely as metastable products at quick cooling melts», and 
»under high pressure, on the other hand, the amphiboles are' stable, 
and the pyroxene unstable. A ll these amphiboles are hydrated». He 
adds: »An increase of volume takes place, when the amphibole is 
formed exclusively, or almost exclusively, from the compounds of the 
corresponding pyroxene.»

The latter feature is illustrated very nicely at Mansjo Mt. by the 
scapolite within the diopside-pargasite contact, which scapolite, on 
the recrystallization of the diopside to pargasite, has been me
chanically deformed by the pressure of the pargasite at right angles 
to the contact-line of the dyke (fig. 89).

I t  is very probable that, had a sufficient content of alumina and 
alkali been present, mansjoite could not have possibly been formed 
either, but that the mansjoite-fels would have been replaced by a 
pargasite-fels. The absence of a greater alumina-content must be 
ascribed to the low temperature reached in the course of the cooling 
of the magma, as a result of which, all of the alumina had already 
crystallized into the scapolite. In  the field it  almost seems as i f  the 
fixing in solid phase of this final alumina should have marked the 
moment of the occurrence of the violent rise of the vapour-pressure 
curve, accompanied by the »explosion». Eig. 70 shows how suddenly 
the scapolite ends and is succeeded by the almost equally sudden 
appearance of the almost alumina-free mansjoite.1

Now, as the pargasite-formation at Pargas is quantitatively so 
enormously in excess of the Mansjo occurrence, the deduction may bo 
drawn that a considerably higher pressure must have prevailed during 
the Pargas-metamorphism.

The difference in the wollastonite-formation also testifies to the 
accuracy of this assumption.

A t Pargas, the course of the reaction has taken place within the 
(Ca C03) — (S i02) — (Ca Si()3) and (C02) — (Ca Si03) — 
(Si 0 2) areas of the CaO — Si 0 2 — C02 diagram, i. e., at a pressure 
of at least 5,000 atmospheres. A t the Mansjo Mt. on the other

1 Compare the, according to my theory, correspondingly formed eulysite’s want of 
alumina!
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4he mineral-parageneses (Ca COs) — (S i02) and (Ca Si03) — 
'A CO,), indicate an essentially lower pressure. 

t i t iBe former paragenesis at Mansjo Mt. is encountered in tlie pegma- 
■apophyses, and points to a lower temperature; the latter para- 

^cuesis is found in the contact towards the great intrusive in the 
■wall of the limestone, where it  indicates a relatively higher tem- 

ferature. I f  the concentration-triangles for CaO — Si02 — C02 
are contemplated at higher pressure and lower temperature, and 
îce versa (fig. 109), such as they are given by N ig g l i  (Lehrb. d. 

c 1921 p. 605), there w ill be seen, still more plainly, how, at the 
^ Wer pressure and the higher temperature, calcite +  wollastonite +  

2 must be formed along the intrusion contacts, as, of course, there 
Xlsts a concentration excess of C02 in the contact, while, at the higher 

Pressure but lower temperature of the dykes, calcite +  quartz +  C02 
are stable beside each other.

™ ollastonite, however, is also found in the shape of microscopic 
Needles and crystal flakes in some few limestone fragments, altered 
¡Jto vesuvianite, within the pegmatite-apophyses and also between 

e vesuvianite and the limestone along a few apatite dykes, which 
P°mts to the presence here, too, of a very short temperature interval 

sufficient for the creation of the wollastonite-calcite-paragenesis. 
ls may also by explained by a temporary increase of temperature, 

caused by the reaction heat on the formation of the silicates.
 ̂ f  his equipoise on the boundary between the two parageneses tends 
c show that the temperature at Mansjo Mt. must have been consider- 

fy lower than that at Pargas, where the wollestonite-formation is 
geueral.

■ho summarize, then, it  may be said that, at Mansjo Mt., the tempe
rature- and pressure conditions have both been of a lower degree than 
. °se at Pargas, and that the difference in their mineral parageneses 
ls to he sought chiefly in' this fact.

Phe other differences, such at the absence of the S and As mine- 
. . > are explained by the chemical differences in the metamorpho- 

granite-magma.
-the explanation of the C02-gas at Pargas, giving rise to the fo r

mations of graphite which, at this locality, are undoubtedly pneu- 
uiatolytic, is more difficu lt to find. The cause may possibly exist 
111 the essentially greater iron content that has participated in the 
mineral-reactions at Pargas, and in an intermediate formation of Fe 

^O-combines such as proposed by W i n k l e r  ( N i g g l i ; L. d. M., 
?' J0b), which, later on, have decomposed on the binding of the iron 
S’ the silicates.
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Summary.

This description of the rocks and contact-minerals of the M a n s ] 0 
M t. which lies in the Swedish province of Halsingland, seven kilo* 
metres north of the Lobonas railway station on the eastern shore 
of the Loan — makes no pretention to be a complete account of the 
extremely variable petrography of the Mansjo district. I t  merely 
gives an account of my investigation of a very small area which, i11 
consequence of its position on the crest of the mountain, has escaped 
being buried beneath the morainic accumulations which, to a great 
extent, conceal the surrounding rock.

The field has been further exposed by the removal of the earth
covering in about a couple of hundred places, this making it  possible 
to map it  out in detail (PI. L X V I). A  profile through the mountain 
has been obtained by means of diamond drilling (PI. LXVIT), and 
shows plainly the regular stratification of the rock-series-.

The rocks of the Mansjo Mt. consist of a synclinally folded, older 
series of beds, embracing l i m e s t o n e ,  p y r o x e n  e-g n e i  s s and 
p a r a g n e i s s ,  which latter has been intruded by a m p h i b o- 
1 i  t e s before the folding of the syncline.

The intrusive character of the amphibolites is shown, not only by 
the behaviour of the reaction zones in respect to the gneiss, but also 
by analyses and, finally, by analogy with the corresponding Orijarvi 
(Finland) rocks.

The pyroxene-gneiss and the limestone are equivalent but different 
facies of the same genetic period.

The strike of the synclinal axis runs NW— SE and dips at an 
angle of 20° towards the NW.
■ Intrusively in the stratified series there also occurs, later than the 

folding of the syncline, but slightly previous to the completion of 
the orogenic movements, a magnesia-periodotite of the character of 
h a r z b u r g i t e  and a, probably also intrusive, iron peridotite, the 
so-called e u 1 y s i  t  e.

The harzburgite along the contacts towards the surrounding acidic 
sedimentary rocks, is bordered by a p y r o x e n e t i c  m a r g i n a l  
r oc k ,  but, towards the basic rocks is limited by a thin shell of 
h o r n b l e n d  e-»f e 1 s». As the origin of the pyroxene-rock cannot 
be the result of a differentiation, as is the case with the pyroxenetic 
shell of the Norwegian peridotites, I  have assumed the cause to lie 1» 
a hydatogeneous enrichment towards the contacts, resulting in a
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sudden aggregatic crystallization following a rapid diminution of 
Pressure or temperature.

rhe crystallization of the harzburgite itself agrees perfectly with 
e MgO-SiO melting-diag ram.
dhe euljrsite agrees with the eulysites from Tunaberg, in Soder- 

manland, described by P a l m g r e n . From my observations of the 
ansjo eulysite, as compared with that of Tunaberg, and two new 

^scoveries I  have made at Loberget and Gymasberget, in the parish 
0 ^  oxna, the latter of which assumes, in part, the character of a 
Pure fayalite rock, I  p u t  f o r w a r d ,  as h y p o t h e s i s  f o r  

g e n e s i s  o f  t h e  e u l y s i t e  i t s  c h a r a c t e r  o f  a 
j J ' d a t o g e n e o u s ,  h a l o g e n e o u s ,  p e g m a t i t i c  r es i -  
a a 1 s o l u t i o n  o u t  o f  b a s i c  m a g m a s ,  and  L e x -  

Pi  a i  n t h e  a g g r e g a t i c  c r y s t a l l i z a t i o n  as a re- 
o f  a s u d d e n  f a l l  o f  p r e s s u r e  f o l l o w i n g  t h e  

l n i r u s i o n  i n t o  t h e  s e d i  m e n t a l  r o c k s .
I  have also discussed earlier conceptions of the origin of the euly- 

sdes, and in support of my assumptions, have drawn up a hypo- 
retical melting-diagram FeO — Si02, based on analogisms. 

j ^he successive alteration of the eulysite into i r o n-a n t h o p h y l -  
11e-s k a r n, g r i i n e r i t e - s k a r n  and h e m a t i t e - s k a r n  

ls shown by the observations in the field and the microscopical deter
minations to be governed by definite laws, which T have endeavoured 

state in schematical reaction-formulae.
hematite-skarn has been mined as iron-ore in olden times from 

jlic Mansjo iron-mines (Mansjo Jarngruva), which constitute nothing 
ut a fragment of eulysite enclosed within the gneiss-granite.
, probably hydatogeneous, pegmatitic a m p h i b o l i t e ,  pos

sibly related to the eulysite, occurs also in the south-western limb of 
syncline. In  addition, the syncline is cut across by met a-the

d i a b a s e  dykes and by gneiss-granite apophyses, which latter are 
alm°st of the same age as the former, although, probably, somewhat
y

highly alkalic and microeline-bearing, white g n e i  s s-g r a- 
1111 e cuts off the syncline at the south-east and the north-east 
mid constitutes the main mass of the north-eastern part of the Mansjo 
*4-, of which it  is the youngest rock.

hhe pegmatitic apophyses of the gneiss-granite intrude the lime
stone layer in an upper and a lower zone; the lower apophyses radi
ating from a thick intrusive bed of granite into the foot-wall of the 
limestone.

-fhe contact-reaction lias thereby formed characteristic d i o p-
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s i d e-p l i l o g ’ o p i t  e - c o n t a c t s  between tlie granite and the lime
stone and has also given rise to a beautiful formation of pneumato- 
lytic minerals. Yellow zones of c h o n d r o d i t e  accompany the 
dykes, which gradually become more and more basic, the acid feld
spars grading into a n o r t h i t e  and s c a p o 1 i  t e. The last por
tions of the dykes alter into a granular light-blue apatite-, and 
greenish-gray flúor pyroxene (mansjoite).

The varying chemical and mineralogical composition of the peg
matite dykes during the alteration from the paragenesis: »microcline 
■ acidic plagioclase» to »scapolite—anorthite» has been investigated 
by means of analyses and beneath the microscope. An essential 
transport of magnesia and alumina to the limestone, by means of 
halogens, has thereby been proved to have taken place.

I  have endeavoured to explain the different mineral formations by 
means of simple reaction-formulae.

In  addition to the mineral-formations along the pegmatite-contacts 
— consisting chiefly of g r o s s  u l a r i t e ,  v e s u v i a n i t e ,  c h o n 
d r o d i t e ,  ph  l o g o  p i t e  and w o l l a s t o n i t e  — the lime
stone exhibits a skarn-zone towards the paragneiss along those con
tacts where the eulysite occurs in the neighbourhood. The presence 
of this skarn-zone is best explained by the assumption of an eulysite 
formation accompanied by the release of halogens.

A  special account has been given of the various contact-minerals, 
and comparisons have been made with the corresponding minerals 
in the genetically closely related mineral-occurences at Pargas (Fin
land) .

Of special interest is the discovery of a new mineral ■— a fluor- 
pyroxene — to which I  have given the name »m a n s j  o i  t e», into tlm 
composition of which, molecules of the humite-group appear, possibly,. 
to enter, either as a compound salt or as a solid solution. Only one 
sample of the mineral has so for been analysed, but several analyses 
from different localities are in progress, and w ill be published later 
on, when the composition of the mineral w ill be further discussed.

A  sky-blue a p a t i t e  is also a characteristic feature of the Man 
sjo Mt. contact minerals.

Finally, when comparing the mineral-paragenesis of the contact- 
minerals of the Mansjo Mt. with that of the Pargas occurrences, I  
have shown how the cause of the, qualitatively, rather inconsiderable 
and, quantitatively, very conspicuous differences is to be sought for 
in the higher temperature and the lower pressure prevailing at Pargas 
during the genetic period.

I  have also put forward the hypothesis t h a t  t he  d e g r e e  of
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a p n e u m a t o  l y t i c  c o n t a c  t-m e t a m o r p li i  s m o f  a 
l i m e s t o n e  l a y e r ,  as t h e  r e s u l t  o f  t h e  i n f l u e n c e  
]  1' a s u r r o u n d i n g  f l u i d  ma g ma ,  i s t o b e a s c r i  b o d 
i n  t he  f i r s t  p l a c e  — b e s i d e s  t o  t h e  t e m p e r a t u r e -  
p o s i t i o n  — t o t h e  g a s - a b s o r p t i o n  c a p a c i t y  o f  
i h e  l i m e s t o n e  bed  a n d  o f  t h e  s e d i m e n t a r y  d e- 
? ° s i t s  t h a t  m a y  e v e n t u a l l y  be c o n n e c t e d  w i t h  
1 b and,  i n  t h e  s e c o n d  p l a c e ,  t o t h e  v a p o u r -  
h 1 e s s u r e-c u r v e  i n  t h e  P—T d i a g r a m  o f  t h e  s a t u -  
r a t e d  m a g m a t i c  s o l u t i o n .
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edenite small patches (black) of serpentinized secondary o li
vine. Ord. lig h t. Magn. 25 times.

7> > > 16. O liv ino  w ith in  hypersthene in  harzburgite. The black and a ll 
the w hite  excepting at lower r ig h t hand, hypersthene; the gray, 
o liv ine, and, lower r ig h t hand white, edenite. Nic. +  Magn. 
20 times.

> X I. > 17. Ore-agglomerations w ith in  pyroxenite, ind ica ting  positions of 
redissolved oliv ine. Ord. lig h t. Magn. 30 times.

X- 18. E u lys ite  from  »Toppgruvan». Mansjo Mt.
» X I I . > 19. Andesitic pegmatite, rich  in  b iotite , from dyke cutting through 

the eulysite at loca lity  K  — 35.
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>Toppgrnvan>. Tho horizonta l jo in tin g  of the eulysite is 
clearly shown. The rock-w all on the r ig h t hand is a peg' 
m atite dyke (J — 41 on the map), intersecting at r ig h t angles 
both the eulysite and the harzburgite, which la tte r occupies 
the foremost part o f the rock-floor.

Fragments of eulysite in  gneiss-granite, south-western syncli
nal lim b , loca lity  E  — 21.

Eu lys ite  (E) between two pegmatite dykes (P) and surrounded 
by reaction zones o f iron-anthophyllite  (A).

Hypothetic m elting diagram FeO — S i0 2.

E u lys ite  from >Toppgruvan>. Ord. lig h t. Hagn. 6 times. 

Eulysite , p a rtly  transformed in to an iron-anthophyllite-skarn, 

Ord. lig h t. Magn. 6 times.

Section across a large iron-anthophyllite  crystal, showing re
mains o f faya lite  and hornblende, besides some quartz. Ord. 
lig h t. Magn. 6 times.

D eta il o f fig. 26. showing faya lite  and quartz. Ord. ligh t. 
Magn. 40 times.

D eta il o f fig. 26, showing remains o f faya lite . Nic. +  Magn. 
40 times.

The transform ation of hornblende (dark kernel) in to  griinerite, 
(colourless shell) bordering on fayalite . Ord. lig h t. Magn. 
100 times.

Polysynthetic lam ellar tw in n in g  of griinerite. Nic. +  Magn. 
60 times.

G riinerite-skarn, dark ly  pigmented by a lteration in to hematite.

The eastern exposure o f >Stora Uttervikshage> Tunaberg, 
looking east. The ve rtica l schistosity and the rectangular 
jo in tings are clearly visible.

The same exposure as fig. 32, looking west.

Section across a narrow part o f the faya lite  dyke at Gym&s- 
berget, Woxna. Arrows show direction o f bedding o f rock- 
sequences I  and I I .  Ord. lig h t. Magn. 4 times.

Deta il o f fig. 34. On the le ft side is seen how a small apo
physis o f tho dyke has cut through the reaction zone of 
hornblende. Ord. lig h t. Magn. 6 times.

Am phibo lite  rich  in pyrite . The corroding of hornblende by 
pyrrho tite  is shown by the columnar crystal a t the bottom 
of the figure close to the colourless quartz. Ord lig h t. Magn. 
25 times.

Hematite-serpentine-skarn from the Mansjo iron mine. The 
hematite is seen occupying pseudoinorphs of serpentine and 
ta lc  a fte r griinerite  and iron-anthophyllite . Ord. lig h t. 
Magn. 20 times.

A m phibo lite  at loca lity  D — 36, showing strong schistozity. 

Strongly folded amphibolite from lo ca lity  D —  36.

Am phibo lite  from lo c a lity  1) — 36. Ord. lig h t. Magn. 20 times. 
(The w hite  spots are holes in  the thin-section).

Garnet-skarn from lo ca lity  C—34 containing griinerite. Ord. 
lig h t. Magn. 30 times.

Garnet-skarn w ith  weathered surface, showing the garnet cry
stals. On the le ft  hand side o f the skarn occurs amphibo
lite ; on the rig h t hand, para-gneiss,
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PI. X X V . F ig . 43. Garnet-skarn 
tour 34.

cut by pegmatite dykes at the fau lt, con-

> X X V I. » 44. Garnetiferous para-gneiss, intruded by  pegmatite.
> » » 45. Schistose para-gneiss. The le ft figure shows the normal

contact towards the limestone (the calcite v is ib le at the 
top pa rt o f the rock); the r ig h t figure, the extremely 
strong schistosity close to the eulysite.

’  X X V II.
» »
1 X X V II I .

» 46. Crystalline schist (para-gneiss). Nic. +  Magn. 20 times.

» 47. Pyroxene-gneiss. Ord. lig h t. Magn. 30 times.

» 48. S trongly schistose pyroxene-gneiss. The rale is la id  down
at r ig h t angles to the schistosity. To the le ft, a white
spot indicates a cross-cutting pegmatite dyke. Loca lity  
D _ E —40.

» > 49. »Stora Kalkbro tte t»  (the great limestone quarry). The
stratified limestone at the bottom is clearly seen squeezed 
up between the gneiss folds. A t  the top of the quarry 
the dark eulysite covers the gneiss.

X X IX . > 50. Limestone, showing the mica-covercd dark bedding plane
and the white fracture at r ig h t angles, ind icating absence 
o f mica.

»

»

» » 51. Pegmatite from the upper dyke-series, consisting m ainly of 
pink-coloured microeline.

X X X . » 52. Pegmatite dyke (A) of the upper dyke-series. The dark 
diopside-contacts towards the stratified limestone are 
clearly visible.

» » 53. AVaterfilled limestone-quarry. On the upper r ig h t hand 
are p la in ly  seen three gneiss folds.

X X X I. > 54. Lum p o f grossularite (G) in  the contact between limestone, 
gneiss (S) and pegmatite (P).

> > 55. Rock-wall o f the great limestone quarry illu s tra tin g  the 
strong schistosity of the gneiss at the contact (marked 
by the rule) towards the stratified limestone.

X X X II. » 56. The north-western rock w a ll o f the >Stora K a lkb ro tte t* . 
>A—A * indicates the contact gneiss-limestone. A t >11» 
the limestone has been squeezed upwards, form ing a t r i 
angular in trusion between two folds of the gneiss.

» » 57. The skarn-formation of the contact between the limestone 
and the gneiss close to the eulysite.

X X X I I I . » 58. Detail o f fig. 57. The enlysite, which occurs immediately 
above the lig h t gneiss (S) is blasted away. The top of 
the rule touches the upper l im it  of the diopside skarn.

> ) 59. Deta il o f fig. 57. >S> is the scapolite outside of the skarn- 
zone, >G> is the garnet-skarn, *D> the diopside-skarn. The 
top o f the hammar handle touches the upper l im it  o f the 
limestone.

X X X IV . »

» »
X X X V . > 

» »

X X X V I. »

60. Norm al contact w ith  a lternating layers o f limestone and
gneiss, a t some distance from  the eulysite.

61. Grossularite (top.-part o f rock) in  contact w ith  gneiss.

62. Limestone enclosing so lita ry  grains o f B-chondrodite.

63. Limestone, containing spinel and chondrodite m arking the
stratifica tion  o f the previous mica-layers.

64. Limestone, thoroughly pigmented by chondrodite.
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PI. X X X V I. F ig. 65.

» X X X V II .  » 66.

» » » 67.

» X X X V II I .  », 68.

» X X X IX . »' 69.

» » » 70.

» X L . » 71.

72.

73.

74.

75.

76.

77.

» X L IV . » 78.

» » » 79.

> X L V . » 80.

» X L V I. » 81.

» X L V I I .  » 82.

X L I.

X L I I .

X L I I I .

Limestone, containing so lita ry  crystals of phlogopite.

Contact between limestone and pegmatite. The white peg
m atite (upper pa rt o f rock) includes rows o f v io le t quartz- 
grains (to the upper le ft).

Fluor-pyroxene (mansjoite) dyke (at the top o f the figure) 
cu tting  the limestone and containing exogenous calcite 
(white) and pargasite (dark). On the r ig h t hand, at the 
bottom, grains of serpentinisized B-chondrodite are seen 
in  the limestone; on the le ft  hand, a dyke of colourless 
apatite (white).

Limestone metamorphosed in to vesuvianite. To the le ft is 
seen spinel-bearing limestone.

Weathered scapolitisized pegmatite dyke, grading at the 
upper part in to  a »mansjoite-dvke>.

The same rock as in  fig. 69 on a fresh fracture surface. 
The sharp lim it in g  of the scapolitisized pegmatite-dyke 
is clearly seen at the bottom of the figure (above »cm»), 
as are the diopside-contact-zones.

Where the dyke grades towards the top in to mansjoite, the 
diopsidc changes in to  pargasite, and the accompanying 
G-chondrododite in  the limestone in to  B-chondrodite.

Calcite-crystals, which show deformation-structures. Nic. + 
Magn. 40 times.

Remains o f an anorth ite  crysta l w ith  enclosures of calcite, 
N ic. +  Magn. 40 times.

Fan of secondary prehnite, crystallized out o f a ground- 
mass of amphodelite. Nic. +  Magn. 60 times.

Diopside-contact between the pegmatite and the limestone. 
The dark spots along the r ig h t part o f the contact are 
leucoxene. Ord. lig h t. Magn. 6 times.

Detail o f fig. 74. S tring o f apatite w ith in  phlogopite. 
Ord. lig h t. Magn. 60 times.

Deta il o f fig. 74. Diopside-rods w ith in  scapolite. The 
sharp sinous boundary between the two sym plektitic  
diopsidc-scapolite-zones is clearly visible. Ord. lig h t. 
Magn. 60 times.

Deta il o f fig. 74. A north ite  and scapolite of the pegmatite- 
dyke w ith in  the contact-zone, the diopside-rods o f which 
are p la in ly  seen in  the upper le ft corner. Nic. +  Magn. 
50 times.

Detail o f fig. 74. Scapolite-quartz sym plektite, close to 
the inner diopside-scapolite-zone. Nic. +  Magn. 60 times.

Mansjoite-fels from  the pyroxene-dykes. The dark spots 
are grind ing powder remaining in holes in  the th in - 
section. Ord. lig h t. Magn. 30 times.

Prehnite(primary)-aggregates w ith in  golden-yellow flu id a lly  
arranged phlogopite. Mansjoite crystals corroded by the 
phlogopite are clearly seen. Ord. lig h t. Magn. 15 times.

Wollastonite-ncedlcs and grains o f diopside w ith in  vesu
vianite. The needles s ta rt from twinned wollastonite-
crystals. Nic. + Magn. 100 times.

Pargasite, intergrown at r ig h t angles by a smaller pargasite- 
crystal (dark). N ic. +  Magn. 40 times.
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PI- X L V II. Fig. 83. Diopsidc-contact transformed in to  a pargasite-contact. The 
cross-section o f a pargasite crysta l is v is ib le in  the 
upper left-hand corner. The dark spots arc lcucoxene. 
The scapolitisized pegmatite is found on the right. Ord. 
ligh t. Magn. 60 times.

» X L Y I I I . > 84. Lenticular rest o f grossularite w ith in  vesuvianite, in ter- 
grown by diopside. Ord. lig h t. Magn. 80 times.

» » 2> 85. A lm and itic  grossularite in  pegmatite-limestone contact, rich 
in quartz. The dark is diopside, the gray garnet, the 
w hite  scapolite and quartz. W ith in  the garnet are also 
seen rad ia ting  chlorite-grains. Ord. lig h t. Magn. 50 times.

’ XL1X. > 86. Grossularite, p o ik ilit ic a lly  intergrown by diopside and cut 
by a vein o f scapolite and quartz. Ord. lig h t. Magn. 
40 times.

* ) 87. F ig. 86 at Nic. +  Magn. 40 times.

1 L . 88. R ing o f scapolite grains around plagioclase. Thin-scction 
from  the upper pegmatite dyke series. Nic. +  Magn. 
30 times.

> 89. Scapolite showing secondary deformation structure at the 
pargasite-bearing dyke contacts. The dark m ineral is leu- 
coxcne. Ord. lig h t. Magn. 80 times.

* L I. > 90. Tho observations on the Mansjo M t. scapolites, entered in  the 
diagram of the refraction and birefringence of scapolites, 
according to S u n d id s .

‘  L I I . > 91. Scapolite, showing pavement structure in  the centre of a 
pegmatite-dyke. Nic. +  Magn. 30 times.

* > 92. Yesuvianite (black) p o ik ilit ic a lly  intergrown by diopside. 
Nic. +  Magn. 60 times.

’  l i i l 93. Vesuvianite p o ik il it ic a lly  intergrown by pargasite. Nic. + 
Magn. 60 times.

* l i y . » 94. Zonaly b u ilt  vesuvianite. On the r ig h t hand is seen gros
sularite. Both minerals are intergrown by diopside. Ord. 
ligh t. Magn. 60 times.

’  LV . » 95. O ptica lly  unliomogeneous vesuvianite. Nic. +  Magn. 25 times.

» > > 96. Prehnite-crystal showing wedge-formed tw inn ing  structure. 
Ord. ligh t. Magn. 80 times.

’  L V I. } 97. G-chondrodite, showing tw inn ing  lamellae (dark), surrounded 
by spinel (black). Nic. +  Magn. 40 times.

» » » 98. G-chondrodite in  limestone; the calcite showing crossed la 
mellar tw inn ing . Nic. 4- Magn. 30 times.

* L V II . I 99. Detail o f fig. 98. Chondrodite-crystal showing tw inn ing  
along (001) and (305). Nic. +  Magn. 60 timos.

» > > 100. C rysta l o f B-chondrodite altered into serpentine. Ord. lig h t. 
Magn. 60 times.

» L V I I I . > 101. Phlogopite crystal enclosing a corroded grain of calcite. 
Ord. ligh t. Magn. 30 times.

» > > 102. T itan ite -crvs ta l in  the diopside-contact o f the lower dyke- 
series. Ord. ligh t. Magn. 60 times.

» L IX . > 103. Apatite-dyke showing pavement structure. On tho le ft hand 
vesuvianite. Nic. +  Magn. 30 times.

> 104. Contact between apatite- and amphodelite-facies o f a pegmatite-
dyke. N ic. + Magn. 35 times.
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PI. LX.

t> »

» LXI.

> LX II.

» »

» L X IIT .

F ig. 105. Apatite-dyke. The dark spots in  the centre o f the dyke 
arc amphodelite. On the outside of the apatite is seen 
vesuvianite w ith  numerous >crocodile-skin>-likc cleavages, 
bordering on so lita ry wollastonito crystals (not visible) 
and diopside. The neighbouring calcite is not in  the 
picture. Ord. lig h t. Magn. 30 times.

> 106. A north ite  and scapolite enclosing remains of calcite and
diopside. Nic. +  Magn. 40 times.

» 107. >Breccia-symplektite>. The dark groundmass is grossuiarite,
the lig h t, vesuvianite. Both are filled  up w ith  fragments 
of calcite, diopside, anorth ite  and scapolite. N ic. + Magn. 
40 times.

» 108. Vapour-pressure diagram for saturated flu id  magma (according
to Niggli).

» 103. Concentration-triangles CaO : S i0 2 : C 02. Crosses indicate
probable conditions at Mansjo M t.

Drawing o f the sym plektitic  diopside-contact between the 
pegmatite dykes and the limestone.

> LXIV.

» LXV.

» LXVI. 
> LXVI I.

The M ansjo-district reprin ted (w ith  additions) from the map 
issued by the Swedish General Staff. Scale 1 : 50,000.1

The va lley o f the Woxnan, south o f the Mansjo d is tric t, 
reprinted (w ith  additions) from the map issued by the 
Swedish General Staff. Scale 1:50,000.

Petrological map of the Mansjo Mt. Scale 1 : 500.

Section through the Mansjo M t. Scale 1 :200.

1 The enlysite at Hagermansdalen i  drawn on the map as ly in g  d irectly  w ith in  
the gueiss-graDite. In  rea lity  i t  is probably surrounded by older rock series, but 
having been unable to determine th e ir  exact positions on account of the earth cove
ring, I  have omitted them altogether.
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Errata

p. 263. 1. 11 r ead:  considerable increase apparently caused by the last factor.
p. 263. 1. 16 r ead:  which, possibly, is the result o f varying manganese percentages and 

is, in  all probability, influenced too, by the percentages o f magnesia 
and other components not specially determined. Those latter 
may account for the difference between my results and M a g n u s s o n  a 

curve (21. p. 622) of the axial angles o f the Olivine-group.
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Ploblems suggested by the Igneous Rocks of Jotnian and sub-
Jotnian Age.

By
P er  G e ij e r .

Tli6 J°tnian an4 sû "4° tnia i1 igneous rocks, and their mutual relations..............412
p 6 Keweenawan and its igneous rocks .....................................................................................................................................421

mParison of the aspects of igneous geology in the Jotnian, the sub-Jotnian,
^  and the Keweenawan......................................................................................423
Tl Sreater post-Archaean petrographic provinces of Fennoscandia.................... 431

e relations of magmatic differentiation to crustal movements........................ 434

Introduction. Attention has repeatedly, and by various geolo- 
t4sts, been called to the fact that the Jotnian of Fennoscandia and 

e Lake Superior Keweenawan, which in the irrespective regions 
occupy the same place in the geological time scale, exhibit very 
great analogies to each other. This appears in the continental 
. aracter of the sediments, and in the climatic conditions that they 
indicate. The study of the physiographic conditions and the pa- 
*°geography of this period derives most of its interest from the 
a°t that i t  represents the stage nearest preceding the Cambrian 
regression and the appearance of its fauna. But also the mani- 
estations of igneous activity during the same period offer many 

Points of interest.
When studying some specimens of a ifelsite» conglomerate from 
evveenaw Point, Michigan, I  observed the remarkable sim ilarity 

0 We pebbles to certain types among those igneous rocks that 
are called in Sweden and Finland sub-Jotnian, or the rapakivi 
g^oirp, an(j  that un con form ably underlie the Jotnian sediments.

bls has caused me to bring together — chiefly from accessible 
Parts of a rather voluminous literature — data on the igneous rocks 

the sub-Jotnian, the Jotnian and the Keweenawan, with the 
enjeet to find out, which features in the igneous activity that, 
)ecause of repetition in both regions, may w ith a certain proba-

28—220270. G. F. F. 1922.
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b ility  be referred to some kind of causal relation with the type 
of crustal movements characteristic of both the regions in ques
tion during those times. I t  is believed that in this way some 
new points have been brought out that, although largely hypothe
tical, may deserve to be published. This paper is intended mainly 
as a contribution to discussions that have long been carried on 
among the geologists of Fennoscandia. Therefore, a general know
ledge of Fennoscandian geology is expected of the reader.1 Only 
some salient features are repeated here.

The Jotnian and sub-Jotniau igneous rocks, and their mutual relations. 
In  order to make clear some definitions, and to facilitate references 
in the following discussion, a very brief summary of our know
ledge of these rocks may first be given. The .term JotDian was 
introduced by Sederiiolm (oG) to cover the sediments of the youngest 
distincly pre-Cambrian period in Fennoscandia, a sandstone series 
of continental character, the largest district of which is the so- 
called Dala sandstone in Sweden. In  the sandstones, there are 
contemporaneous flows of an amygdaloid diabase without olivine 
(Oje diabase) and sills of an olivine-diabase (Asby diabase) (64). 
The discovery of pebbles of the latter in an Ordovician conglomer
ate (40) has shown that also this diabase type, although intrusive, 
belongs to the Jotnian.1 2 Dikes of the diabases occur also in large 
districts outside those where flows or sills are preserved. In the 
times between the Jotnian and the nearest older sedimentary for
mation, the less wide-spread Jatulian, which in contrast to the 
typical Jotnian is folded, falls the eruption period of the rapakivi 
group, represented by rapakivi granites, gabbros and diabases, 
and corresponding flows, both in Finland and in Sweden. These 
rocks are younger than the folding of the Jatulian, but are sepa
rated from the Jotnian by a period of considerable erosion, as 
shown by the fact that, in several districts, the Jotnian arkoses 
rest on rapakivi intrusives of a plutonic character.3 This relation 
has caused H ogbom (43) to call the rapakivi igneous groups sub- 
Jotn ian. This term w ill be employed here, although some authors

1 Good summaries w ith  pa rticu la r reference to the rocks discussed in  th is  paper 
may be found in  works of Hogbom (43 and 44 in  the l is t  o f works cited) and Seder- 
h o l m  (57).

2 A  diabase dike cu tting  the Cambrian in  Idre, Dalarno (29), has been doubtfu l!} 
referred to the Asby type. Therefore Frodin (17) is inclined to regard the Asby 
diabase as p a rtly  of Cambrian age. The correlation w ith  the Asby type is somewha 
doubtfu l, however, as the rock is much altered. For the fo llow ing discussion, i t  is 
sufficient to know tha t by far the largest part o f the Asby diabase occurrences are 
d is tin c tly  older than the Cambrian, which is clearly proved by the ir relation in  cen
tra l Sweden.

3 T h is  r e la t io n  h a s  b e e n  s tu d ie d  in  d e t a i l  b y  S o b r a l  a t  K c r d i n g r i  (59).

[M ars— A p ril 1922.



have extended the use of the name Jotnian to include also the 
Tapakivis. A  sub-Jotnian or Jotnian age is further probable or 
at least possible for a number of scattered occurrences of nepheline- 
syenites in various parts of Fennoscandia, many of which have 
proved greatly interesting to petrologists (Alno, Sarna, Norra Karr, 
^-ltnunge in Sweden, Fen in Norway, Kuusamo and Kuolajarvi 
ln Finland, Umptek and Lujaur Urt in the Kola Peninsula). A ll 
these rocks have that in common with the sub-Jotnian and Jotnian 
eruptives that they are unaffected by folding. Since in most parts 

-Fennoscandia outside the mountain chain the latest now trace-
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p liy ry  stock in black.

able folding took place in Archtean times, a ll these rocks have 
°ften been called post-Archeean as a group name.1

Before proceeding further, a brief account must be given of two 
districts of sub-Jotnian rocks, not previously recognized as such, 
to which reference w ill be made in the following. One of these 
districts is situated in Gustav’s parish in Dalarne, about 8 km.

of the town of Sater ( f ig .  1). Om T o r n e b o h m ’ s geological 
maP of this part of Central Sweden, published in 1880 (65), a system 
°f Parallel quartz-porphyry dikes is shown in the district in ques
tion. As the writer has found during two short excursions, these 
Porphyries clearly belong to the sub-Jotnian group. The porphyry 
°t the dikes, which are probably the feeders of fissure eruptions, 
bas brick red feldspar phenocrysts, generally nearly isometric and 
varying in size from a fraction of 1 mm to about 10 mm. The

Compare especially H ogbom (39).
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quartz phenocrysts may reach 1 or 2 mm. The groundmass is 
greenish gray, fine-grained, microgranitic (fig. 2). I t  makes up 
less than half the volume of the rock. There is also at least one 
small stock-like intrusion, the rock of which belongs to another 
type, with fewer and smaller phenocrysts, more coarse-grained 
(decimillimeter-grained) groundmass and a yellowish red colour. As 
a loose boulder, a red granite was observed, with feldspars of 
2—3 mm and quartz grains of 1—2 mm; microscopic examination 
reveals a beautiful granophyric texture.

[M ars— A p ril 1922.

A . 'IT j . Olsson photo.

Fig. 2. Gustavs dike porphyry, mierophoto w ith  nic. crossed, magn. 20 times.

In a chemical respect, these rocks are characterized by an inter
mediate Or: Ab proportion, as they carry about equal quantities 
of orthoclase and an albitic plagioclase, partly as perthitic inter
growths. The dark constituents are now represented only by a 
lit t le  chlorite. Fluorite and zircon, both common in rapakivis, are 
present. In  one case, fluorite is seen to partly replace a quartz 
phenocryst.

The Gustavs porphyries probably represent the denuded root of 
a limited district of fissure eruptions. They are cut by dikes of 
Asby diabase.

W hile the granitic phase belongs to a type that appears with 
the same general characteristics in several other sub-Jotnian di
stricts, the dike porphyry may possibly be used as an indicator



boulder type, as it  is distinctly different from all other varieties 
° f post-Archman porphyries that are known. Among erratics col
lected on Gotland by H . M ukthe, of the Geological Survey, there 
ls one small boulder from the Stora Karlso island that belongs to 
this type.

The other new district of sub-Jotnian rocks is covered by the 
Sddra Bjorkfjarden part of Lake Malaren, about 30 km W  of Stock- 
°tm. No such rocks are actually exposed, and their occurrence 

there is only inferred from the fact that pebbles of them are rather 
nUinerous in some conglomeratic layers in the Jotnian Malar sand- 
stone, which underlies this open part of the lake and outcrops on 
s°ae of the surrounding islands. The writer’s attention was called 
t° them through T a m m ’s paper on the Malar sandstone (62), in 
v̂bich quartz-porphyries are mentioned among the rocks occurring 
as pebbles in the sandstone erratics on the mainland south of 
Sbdra Bjorkfjarden. The material examined consists of some of 
bhese pebbles, which were most kindly put at the w riter’s disposal 
by Dr T a m m , and a sandstone specimen w ith at least 4 porphyry 
Pehbles, taken in situ on the island Ekeron in 1879 by H j . L u n d - 

The porphyry pebbles appear to be restricted to the eastern 
part of the sandstone basin, but the evidence, being negative, is 
n°t conclusive. The reasons for regarding these pebbles as derived 
from the immediate neighbourhood, and indicating the existence 
°f similar rocks in the substratum of the sandstone basin, are the 
following. The coarser material of the conglomerates is, for the 
most part, clearly derived from the surrounding and underlying 
Archaean rocks. W ith  the exception of the porphyries, there are 
n° pebbles that differ noticeably from them. This is apparent from 
T a m m ’s descriptions,1 and has also been the w riter’s impression 
during a visit in the district. Particularly remarkable is the 
absence of any garnet gneisses from the territory bounding the 
basin on the southern side. The fact that the porphyry pebbles 
occur many together in the conglomerates, also indicates that their 
place of origin cannot be far away. Further, the pebbles are 
closely similar to one another, and show the same characteristics 
n°t known from any previously described sub-Jotnian district. 
They carry feldspar phenocrysts, rarely surpassing 3 mm in size, 
and much fewer quartz phenocrysts of 1—2 mm. The groundmass 
ls reddish brown to chocolate-coloured, the feldspars grayish or 
reddish yellow. The feldspar phenocrysts consist of an albitic

1 The achates described by T am m  are clearly, as also interpreted by him , derived 
rom amygdaloids in  the Jotnian.
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plagioclase w ith at least 92 per cent. Ab. They are often much 
corroded (fig. 3). There also some patches that may be orthoclase 
phenocrysts, but they are so strongly pigmented w ith red iron 
oxide that every determination is impossible. Further, there are 
serpentine pseudomorphs, about 0.5 mm long, of a short prismatic 
habit indicative of original pyroxene, although a parting at right 
angles to the longer axis, which is sometimes seen, suggests the 
possibility of fayalite. Some of the pseudomorphs contain much 
magnetite w ith the serpentine. There are also some large magne
tite  grains, and frequently crystallites in the groundmass, similar 
to those figured by H a u s e n  (27, fig. 5). The groimdmass is gene-

[M ars— A p ril 1922.

A. H j .  Olsson photo.

Fig. 3. M alar porphyry (pebble in  Jotn ian sandstone, Ekero), microphoto, in  ord. 
lig h t, magn. 20 times. Shows corroded albite phenocrysts and the unevenly pigmented

groundmass.

ra lly  micropoikilitic, w ith  the quartz »sponges» only 0.1—0.2 mm 
in size. The quartz is often of the »reticulating» type, which has 
been shown by the writer to be paramorphic after tridymite (19), 
and which is very common in sub-Jotnian porphyries. There is 
much red pigment, irregularly distributed (fig. 3). The relations 
of pigment, magnetite crystallites, and groundmass quartz indicate 
that probably the groudmass originally solidified as glass and that 
the quartz (originally tridymite) and feldspar developed through 
»primary devitrification» (compare 19). There is rather much apa
tite  in these porphyries, and a little  zircon.

This group of porphyries has its nearest affinities in the Oster- 
sjo-quartz-porphyries of the northern Baltic that have been descri
bed by H edstrom (29). They differ from them only by the follow
ing features: quartz phenocrysts are less common; the grain of



the groundmass is finer than observed in the Ostersjo porphyries, 
a&d the pseudomorphs consist of serpentine instead of chlorite. The 
iast-mentioned difference may, of course, be entirely secondary. 
On a whole, this M a la r p o rph yry , as i t  may be called, is to be 
regarded as an isolated outpost of the presumably sub-Jotnian por
phyries of the northern Baltic. The Malar porphyry, therefore, 
is probably to refer to the same age, although there are no clear 
Proofs that it  may not be Jotnian.1 Geologically, this volcanic 
Centre corresponds to those described by Gavelin  (18) from northern 
^malahd, but its products are somewhat different.

After this necessary excursion, we shall now turn to the ques
tion of the mutual relations of the sub-Jotnian and the Jotnian 
^neous rocks. When these two groups are sometimes spoken of 
as one, the reasons are not only to be sought in the fact that both 
ai'e distinctly separated from the Archaean. Another important 
reason which is probably generally recognized, but appears never 

have been clearly stated as such, is the character of the Breven 
dike in Sodermanland, described by W inge (71). This dike, 30 km 
i°ng and on an average about 1 km wide, is composed of an oli
vine diabase, a granophyric granite, and intermediate stages. A  
parallel, somewhat larger dike in the neighbourhood (the Hallefors 
dike) consists only of olivine-diabase and intermediate varieties. 
How these dikes are parallel to the fault lines of Central Sweden, 
^kich are probably of Jotnian age (43), and the diabase belongs 
to the Asby type, as pointed out by T orneboiim (64) and W inge. 
These features class the dikes as Jotnian. On the other hand, 
the granitic phase corresponds chemically w ith the rapakivis (com
pare below, p. 428) and has been classed among them by H olmquist 
(35). A  tendency to a similar differentiation is reported from the 
Asby diabase in Dalarne (50). Also the Oje diabase appears to 
have given rise to granitic differentiates. The peculiar diabase of 
Kullberget in Lima parish, Dalarne, which T orneboiim refers to 
khe Oje diabase and regards as marking a volcanic centre for this 
hype (67), is a fine-grained granophyre w ith a partly albitic plagio- 
clase, potash feldspar and quartz, and pseudomorphs after a mafic

. 1 Incidentally, attention may be called to tlie occurrence of a peculiar diabase 
mtrusive (probably a big dike) on tlie lit t le  island Varnbyskar, on the southwestern 
margin of the sandstone basin (compare map sheet »Sodertelje», ser. Aa, n:o 4, of the 
Geological Survey). According to a specimen collected by T o r n e b o h m  (in the col
lections of the Survey), i t  is sim ilar to intermediate phases of the Breven dike (comp
are the following text). Its  plagioclascs are mantled by albite, granophyrically inter- 
§rown w ith quartz. The albite shows red in the hand specimen.
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mineral (according to specimen in the collections of the Geological 
Survey).

Apparently there are very good reasons to regard the sub-Jotnian 
and Jotnian rocks as one petrographic province. This does hardly, 
however, justify  the use of one formation name (Jotnian) for the 
whole complex, divided as i t  is by a great unconformity. There
fore, the term sub-Jotnian is here retained in the sense it  has been 
used by H o g eo m  (43). A  two-fold division also stands out in the 
chemical evolution of the magmas. The sub-Jotnian eruptions began 
w ith gabbros and diabases or their effusive equivalents, which were 
followed by rocks of a granitic composition. In  the Jotnian, the 
diabases reappeared, but the granitic differentiates were represented 
only by phases of composite bodies, as the Breven dike. There 
are no independent granite bodies of Jotnian age known, nor any 
porphyries. The igneous rocks of the Jotnian evidently represent 
a renewed volcanic activity after a dormant period, and represent 
also a new cycle of differentiation. The pause in igneous action 
seems to have been contemporaneous w ith a long interruption in 
the faulting movements that were characteristic both for the time 
when the sub-Jotnian rocks made their appearance, and for the 
Jotnian (compare below).

I t  has been demonstrated by the Finnish geologists that the 
rapakivi granites were intruded in connection with faulting (for 
examples, see 55 and 15), and that the accompanying effusives 
represent fissure eruptions. I t  is a remarkable fact, perhaps not 
duly recognized, that the effusives are largely bound to now sub
marine areas. I t  is true that the largest area of sub-Jotnian 
effusives, the Dala porphyries,1 forms an exception, but the other 
volcanic districts of this age now occupy some of the deeper por
tions of the Baltic and connected seas. Thus, R a m s a y ' s studies on 
Hogland (52) make i t  probable that the porphyries preserved on 
this horst underlie the neighbouring portions of the Gulf of F in
land. Through studies of erratics on Gotland, H e d s t r o m  (29, 30) 
proved the existence of a considerable area of effusives of sub- 
Jotnian types (Ostersjo quartz-porphyry, etc.) in the northern por
tion of the Baltic. H a u s e n  (27) has in the same way shown that 
sub-Jotnian porphyries must occupy extensive areas on the bottom 
of the southern part of the Bothnian Gulf. This distribution is, 
of course, easily explained as due to later down-faulting, which 
has allowed the effusives to escape erosion better than elsewhere,

1 A fte r L o o s t r o m ' s  studies in  Orsa (50), the sub-Jotnian age of these porphyries 
appears to be defin ite ly proved.



and attention can be called to the Aland rapakivis as probably 
representing a portion that, not being down-faulted in the same 
degree, has been eroded to a deeper level. Yet this is probably 
r>°t the only reason for the distribution of the sub-Jotnian effusives. 
r is obvious that they have never covered much larger areas over 

present land surface than they do now, at least not in Sweden. 
■̂ 'Se their feeding dikes should remain as witnesses of the former 
extension of flows now completely removed by erosion. Now, outside 

Dala porphyries, only the Gustavs district gives really'strong 
Reasons for being regarded as the denuded root of a swarm of 

ssure eruptions, and these have probably not reached far. The 
&l’anite and diabase intrusives of Ragunda (41) and the related 
massifs of Mardsjo (40) and StromsuDd (16) may have been accom- 
panied by outflows of lava, but there are no signs in their now 
exposed portions that prove it. Of the Finnish rapakivis, on the 
°ther hand, at least the Jaala and Viborg massifs appear to have 
been accompanied by surface flows (15, 52). On the whole, how- 
ever, the present extension of sub-Jotnian effusives cannot be much 
j ess than i t  was originally. Therefore, even i f  later faulting may 
be responsible for the present level of the submerged porphyry 
areasJ i t  is highly probable that these areas were the scenes of 
Particularly important faulting and subsidence already in sub- 
^otnian time, combined with the extrusion of the flows. Evidently, 
L*e deeper portions of the Baltic and connected basins were be
ginning to develop as areas of depression already at that time. 
Phis might perhaps also have been expected from studies of the 
-A-rchsean. Just as at least the master faults of southern Sweden 
appear to have been developed already in late Archaean time, part 

the basin of the Baltic seems to have formed a distinct oro
graphic element at that time (36, 1). The new porphyry centre in 
Lake Malaren fits well into this picture.

I f  has already been mentioned that faulting processes were quite 
as characteristic of the Jotnian as of the sub-Jotnian. The dike 
systems of the Jotnian diabases are well-known illustrations. The 
great thickness of the Dala sandstone was explained by T o r x e b o iim  
(66) as due to successive subsidence during the sedimentation. 
L ogbom  (45) has suggested that the Jotnian sediments were gene
rally deposited in flexure or fault basins that were developing 
af that time, and that they never formed a continuous coyer over 
the region where scattered districts are now preserved. Also

-This is  w e l l  i l l u s t r a t e d  in  Ramsay’s d e s c r ip t io n  o f . H o g la n d  (5 2 ) .
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F rodin has adopted this view (17). I t  has important points in com
mon with the views on the origin of the Old lied sandstone ot 
the British Isles that were formulated at just the same time by 
B arrell (2 ).1

As the crustal movements of the sub-Jotnian were similar to 
those of the Jotnian, i t  is pertinent to ask whether the conditions 
of erosion amd deposition also were analogous. However, very little  
is known of sedimentation in sub-Jotnian times. Quartzite pebbles 
in the bottom layers of the Jotnian have been regarded as indica
tions of the former existence of a sub-Jotnian quartzite formation- 
The sediments associated w ith the effusives are, besides typical 
tuffs, built up of porphyry detritus and seem to indicate physio
graphic conditions not very much different from those of the Jot
nian. A  better understanding of these rocks w ill certainly be 
reached through L o o s t r o m ’ s  present studies on the Dala porphy
ries.

I t  is a well-known and most remarkable fact that the Jotnian 
sandstones preferably occur just where the substratum consists of 
sub-Jotnian rocks. An interesting explanation has recently been 
proposed by F rodin (17), who points out that under the mechanic 
weathering characteristic of Jotnian times the areas of rapidly 
disintegrating rapakivi were apt to form depressions, in which the 
sediments could accumulate. This explanation is attractive from 
several points of view, but grave objections also present them
selves. Thus, i t  is hardly possible that the rapakivi areas could 
be excavated (by wind erosion?) so as to form distinct basins, like 
those occupied by several Jotnian districts. Among the best illu 
strations of this relation between sub-Jotnian areas and Jotnian 
sedimentation we find districts, as the Gavle and Data sandstones, 
where F rodin himself gives good reasons for regarding the basins 
as structural depressions by Hexuring. I t  is also remarkable that 
the association is quite as marked w ith the effusives, that show 
no special disposition towards mechanical weathering, as is il lu 
strated by the porphyry and sandstone district in Dalarne, and 
by the Malar porphyry and sandstone. Therefore, while the weather
ing of the rapakivis may have played some part in causing the 
peculiar association, we must also look for another factor of greater 
importance. I t  may be suggested that the faulting movements

[Mars— April 1922.

1 Barrell’s d is c u s s io n  o f  th e  p ro b a b le  p h y s io g r a p h ic  c o n d it io n s  (» d o m in a n t  t lu v ia -  
t i l e  o r ig in  u n d e r  s e a s o n a l r a in f a l l» )  a ls o  c o n ta in s  m u c h  o f  in te r e s t  f o r  th e  u n d e r 
s ta n d in g  o f  th e  J o t n ia n  s e d im e n ts . A  r iv e r - p la i n  o r ig in  o f  th e  l a t t e r  h a d  a l r e a d y  
b e e n  a rg u e d  b y  Ramsay (53).



that localized the eruptions of the sub-Jotnian igneous rocks, and 
those that later within the same areas brought the deposition basins 
°t the Jotnian into being, were expressions of a special instability 
Within restricted areas. .For the present i t  must be le ft an open 
question whether the causes of this instability are to be sought 
ln the interference of great fissure systems, or in magma move
ments in greater depths.

Ihe Keweenawan and its igneous rocks.1 The now accepted three- 
eld stratigraphical subdivision of the Lake Superior Keweenawan 

18 the result of extensive studies by a number of very able geolo
gists. The sedimentation appears never to have been interrupted 

uny erosional intervals of importance, but there is a series of 
smaller structural unconformities due to successive tilting  during 
the deposition. During Keweenawan time a syncline was deve- 
mped, the larger part of which is now occupied by Lake Superior, 
the tectonical features of the Keweenawan are interpreted in the 
same way as those of the Jotnian, emphasis being laid, by com
petent students in both regions, on the gradual deepening of sedi
mentation basins through flexuring and faulting. The stratigra- 
Phical division is based on the different character of the sediments, 
hhe lower Keweenawan is a normal sedimentary series, w ith a 
^ottom conglomerate, shales, sandstones, marls and limestones, 
■hhe middle Keweenawan is dominantly a volcanic formation, built 
UP of lava flows of melaphyre, diabase, porphyrite and quartz
hearing porphyries. The basic members predominate. The flows 
have had the character of fissure eruptions. Interstratified between 
the lavas are sediments of a pronounced continental character, con
glomerates, largely made up of volcanic material (particularly 
Porphyries), red sandstones, and subordinated shales. The upper 
Keweenawan has sediments of the same general character, but the 
volcanic activ ity had ceased.

The large quantities of effusives have their intrusive equivalents 
°1 the same chemical characters. The most shallow intrusions are 
probably the diabase sills that are numerous not only w ithin cer- 
IKn parts of the Keweenawan itself but also far outside it, parti- 
mflarly in the Animikie, the rather flat-lying stratification of which 
has been favourable for intrusion in the shape of sills. A  more 
(leep-seated character is apparent in some massifs of gabbroid 
r °cks, as the Sudbury sheet and the Duluth gabbro. Granophyric 
phases (»red rock») appear on a large scale in these gabbros, and
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are also met with in the diabases. There is also a number of 
independent granite intrusions that are thought to be of Kewee- 
nawan age, hut the published data about them are surprisingly 
meagre.

As already mentioned, no unconformities indicating great erosion
intervals have been proved w ithin the Keweenawan. However, 
L a n e  (48) mentions the occurrence of intrusive rocks (gabbros and 
»red rock») as pebbles in several of the conglomerate horizons of 
Keweenaw Point. To a Fennoscandian geologist, this observation 
instantly suggests the possibility of an unconformity within the

[Mars— April 1922.

A . H j . Olsson phc to .

F ig .  4 . » R e d  ro c k »  p e b b le  in  a  K e w e e n a w  P o in t  c o n g lo m e ra te , m ie ro p h o to . w i t h  
n ic . cro ssed , m a g n . 2 0  t im e s .

Keweenawan, comparable in magnitude to that separating the Jot- 
nian from the sub-Jotnian. I t  was, therefore, of a great interest 
to find, in a »Great Conglomerate» specimen in the collections of 
the Mineralogical Departement of the National Museum of Natural 
History in Stockholm,1 a pebble of one of the rock types in ques
tion. The pebble, about 5 cm. in diameter, consists of brownish 
red felspars, 2 to 3 mm. long, and a litt le  quartz. The micro
scopic examination revealed, however, that most of the apparently 
homogeneous feldspars are intergrown with quartz in a beautiful 
granophyric texture (fig. 4). Part of the feldspar could be deter-

1 T h is  s p e c im e n  b e lo n g s  to  a  s e t o f  th e  » R o h n  c o lle c t io n »  o f  r o c k  s p e c im e n s  i l l u 
s t r a t in g  L a k e  S u p e r io r  g e o lo g y .



mined as albite (Ab95An3, from tlie extinction + 20° in sections _L y), 
ut the red heavily pigmented feldspar is probably orthoclase. 

—iVidently this member of the »red rock» group is no tru ly  pluto- 
1110 rock, but an intrusion solidified at a rather shallow depth. I t  
)Uay have been exposed through faulting and tilting, with very 
ittle general erosion. Its  appearance in the conglomerate is fu lly  

^insistent with the views of the Lake Superior geologists (inclu- 
lng L a n e , who first called attention to these pebbles) that there 

nf6 110 great erosional unconformities w ith in the Keweenawan.
_e petrographic province of the Keweenawan, therefore, is a 

Rnity) not pisected by a lion-volcanic period as the sub-Jotnian and 
°tnian group. On the other hand, the upper Keweenawan is free 

*r°m signs of igneous activity.
Comparison of the aspects of igneous geology in the Jotnian, the snl)- 

•l°tnian, and the Keweenawan. The diabases of the Jotnian have their 
counterparts in the Keweenawan, both in the effusive and the 
lntrusive phases. There are some differences, however, as olivine- 
bearing phases appear among the surface flow's only in the Kewee- 
uawan,’ while instead the sill diabases are, partly at least, more 
acid than the Jotnian Asby diabase. The amygdaloids of the two 
formations are very much like each other in their general aspects, 
aufi achate amygdules are reported from both, although, curiously 
en°ugh, only found as conglomerate pebbles and never in situ. A  
striking difference, however, is the absence of zeolithic copper de
posits in the Jotnian rocks. This is one side of a difference of 
deep-going and peculiar character: the Keweenawan eruptives of 
gubbroid or diabasic character are accompanied by a number of 
deposits, among the most important known, of ores of copper 
(Keweenaw Point, Sudbury), nickel (Sudbury), cobalt and silver 
(Cobalt-Gowganda), but no corresponding concentrations of metals 
are know from the Jotnian.1

The occurrence of aplitic differentiates with granophyric tex
tures in the large gabbro or norite bodies of Duluth and Sudbury, 
aud smaller ones like the Pigeon Point intrusive, is a close parallel 
to the Breven dike.

On the other hand, there is in the Jotnian known no equivalent 
°t the independent granite bodies of the Keweenawan, nor of its 
ffuartz-bearing effusive porphyries. For their counterparts in 
Kennoscandia, we must look among the sub-Jotnian rocks instead.

1 The sub-Jotnian rocks have only given rise to the complex, tin-bearing contact 
deposits of Pitkaranta (63), which are genetically connected w ith  a rapakivi granite, 
a" il to sonic insignificant occurrences of sulpirides w ith  fluorite.
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There being so litte  known of the Keweenawan granites, only the 
effusive acidic rocks w ill be considered here.

These acid effusives, which occur in great quantities in Minne
sota and in Michigan, although- subordinated to the basic members, 
are described as quartz-porphyries and felsites. To judge from 
the scant but probably typical material at the writer’s disposal,1 
the groundmass in the latter has the same composition as in those 
varieties that also carry quartz phenocrysts. The phenocrysts in 
both groups are albite. One section perpendicular to y gives an 
extinction of + 19°, which means Ab94An6 (according to B ecke ’s

A . ITj . Olsson pho to .

F i g .  5 .  M ie ro p h o to . o f  a  K e w e e n a w a n  » fe ls ite » , n ic .  crossed, m a g n . 3 5  t im e s . S h o w s  
th e  a p p e a ra n c e  o f  th e  q u a r t z  as a  p h e n o c ry s t  a n d  as » r e t ic u la t in g »  a n d  in t e r s t i t ia l  

p o i k i l i t i c  a re a s  in  th e  g ro u n d m a s s .

tables). Orthoclase is sometimes represented by antiperthitic inter
growths, but is always quite subordinated, as far as the pheno
crysts are concerned. There is probably more of it  in the heavily 
pigmented feldspar of the groundmass, but this cannot be deter
mined microscopically. I t  is highly probable, however, that in 
the rock as a whole the albite molecule predominates over the 
orthoclase, or is at least equal to it. This is not the case in the 
only available analyses of these rocks, those published in H u b b a r d S 

report on the Keweenaw Point felsites (38). These analyses instead

1 B e s id e s  so m e c o n g lo m e ra te  p e b b le s  f r o m  K e w e e n a w  P o in t ,  th e re  h a v e  b e en  s tu 
d ie d  th r e e  s p e c im e n s  f r o m  t y p ic a l  o c cu rren c es  o n  th e  M in n e s o ta  co a s t, in  th e  K o h n  
s ta n d a r d  c o lle c t io n  (c o m p a re  p .  4 2 2 ) .



show a most decided predominance of the potash feldspar. Unfor
tunately, H ubbard ’s report is not available in any Swedish library, 
■wherefore the writer does not know whether the microscopic cha
racteristics of these rocks are in accordance with the analytical 
results. I t  is entirely out of question, however, that any one of 
the Iveweenawan porphyries examined by the writer should con
tain so much potash feldspar as H ubbard ’s least potassic variety. 
^  may also be recalled that already I rving ’s descriptions (46) 
sPeak of much »oligoclase» among the phenocrysts — the'albite 
evidently being taken for oligoclase, a most natural mistake at a 
time when microscopical petrography was s till in its infancy. I t
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6 . O s te rs jo  q u a r t z - p o r p h y r y  (e r r a t ic  b o u ld e r  f r o m  G o t la n d ) ,  m ic r o p h o to .  a t  
c rossed n ic o ls  a n d  m a g n . 3 2  t im e s . C o m p a re  f ig . 5  ( re p ro d u c e d  f r o m  G . F .  F .  3 5 ,

1 9 1 3 , p . 6 9 ) .

is therefore reasonable to conclude th a t H ubbard ’s analyses repre
sent local and ra th e r exceptional varieties.

Otherwise, the Keweenawan porphyries appear to represent about 
the same variations in composition as do the sub-Jotnian effusives 
°f corresponding quartz contents. Also among them, albite pheno- 
°rysts appear to be most common,1 and there are varieties with 
and without phenocrysts of quartz. Also textnrally the analogy 
is striking. The micropoikilitic texture with »reticulating quartz», 
which is so common in the sub-Jotnian porphyries (19), appears to

1 H ausen (27) d e s c r ib e s  a  q u a r t z -k e r a to p h y r e  f r o m  th e  B o th n ia n  G u l f ,  w i t h  p h e n o 
c ry s ts  o f  la b r a d o r ite .  S in c e  n o  o p t ic a l  d a ta  a re  g iv e n , e x c e p t  t h a t  th e  e x t in c t io n  
a n g le  g e n e r a l ly  exceed s 8°, th e re  seem s to  be rea so n s  to  su sp ec t a l b i t e  in s te a d .
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be the normal type also in the Kevveenawan rocks.1 I t  may be 
remarked, however, that in both regions it  is sometimes found 
also in older rocks (19, 8). To illustrate how the same characteri
stic texture is found in both regions, a picture of a Keweenawan 
porphyry (Lake Superior shore, Minnesota)8 is here reproduced 
together with that of an Ostersjo quartz-porphyry already published 
in an earlier paper by the writer. The latter is regarded as a 
good indicator boulder type.

In  order to give an easily surveyed picture of the accordances 
in chemical characters of the two petrographic provinces here 
considered, the »feldspar proportions» of the acid differentiates are 
illustrated by fig. 7 and 8. As shown by H. E. J ohansson (47), 
the weight percentages of the three feldspar components express 
better than any other feature that can be presented in a plane 
diagram the chemical characters of a group of acid igneous rocks. 
Recently, this proceeding has been used with advantage by S u N -  

dius (60) to characterize the main igneous groups of the Swedish 
pre-Cambrian. A  comparison of Sundius’ diagram of the rapakivis 
with fig. 7 here w ill show some differences, however. As Sundius 
has not detracted CaO for apatite etc., the analyses fall further 
from the O r— Ab line than in fig. 7, which is based on the feld
spar proportions of the norm. Further, only analyses rated by 
W ashington (69) as superior have been used here. Instead, some 
have been added that are not represented in Sundius ’ diagram- 
For the plutonic and dike rocks, the minimum quartz content in 
the analyses represented in fig. 7 is 19 per cent., but the two 
effusive forms range as far down as 17,r per cent. The same prin
ciples have been followed in the construction of fig. 8. The mini
mum quartz content is 20, except for no. 27, the Pigeon Point 
quartz-diorite, which has only 11,8. The analyses of the Keweenaw 
Point felsites that have been published by H ubbard are omitted 
as they would, for reasons already given, be misleading when no 
analyses of more typical effusives could be presented at the same 
time.1 2 3

In  the diagram of the Fennoscandian rocks, the following points 
may be noted.4 There is a characteristic grouping of the rapakivi

1 I t  m u s t  be th e  t e x t u r e  s p o k e n  o f  b y  I rving (4 6 , p . 9 9 )  as a  n e tw o r k  o f secon- 
d a r y  q u a r tz  a p p e a r in g  as a n  » a rb o re s c e n t t r a c e r y  o r f r o s t - w o r k » ,  a  s o m e w h a t  m is le a 
d in g  d e s c r ip t io n  o f  th e  s t r a ig h t  la m e lla e .

2 =  no. 852 o f I rving  (46, p. 108).
3 O f  th e  tw o  a n a ly s e s  in  th e  » s u p e r io r»  g r o u p , o n e  h a s  O r_„ „ A b „„  „ A m ,  a n d  th e

o th e r  O r 98 5A b 1;5A n 0. ' ’ ’8
4 M o s t  o f these features appear also in  Sundius ’ diagram (60).
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(Jo tn ia n ).

Fig. 7. Feldspar proportions of sub-Jotnian and Jotnian acid rocks.

® G ra n it ic  phases o f gabbro and n o rite . o A p lite s  o f N ip iss in g  diabase.

^ g .  8. Feldspar proportions of Keweenawan acid rocks (for explanation compare 
„  foot-noto on p. 428).
J y — 220270. G. F. F. 1922.
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granites about the half-way line between Or and Ab, w ith only mo
derate anorthite percentages. The porphyritic dikes show the same 
general character, but with a marked increase in potash (compare 
Scndios, p. 584). The same is true of the effusives, but i t  is pro
bable — from microscopic examinations — that most sub-Jotnian 
effusive porphyries rather fa ll on the Ab side of the dividing line- 
The analyses nos. 14 and 15 are also instructive as illustrating a 
considerable variety in the An percentage among very closely 
related rocks.

Among the Jotnian acidic rocks, which are all very intimately 
connected w ith  more basic phases, the Breven granite (no. 16) falls 
within the dot group of the rapakivis. The intermediate rock of 
the same dike, w ith 19,i per cent quartz, is also inserted for com
parison (no. 17). The subordinated aplites of the s ill diabases are 
pronouncedly sodic rocks,1 exept no. 20 (from Schtscheliki, Olonetz),“ 
which has a rather peculiar character.

Turning now to the Keweenawan rocks, we have among them no 
analyses of independent igneous bodies to compare with the rapa
kivis. As to the effusives, i t  is evident from the above descrip
tions that they must be, as groups, closely similar to each other. 
The »red rock» of Pigeon Point (nos. 24—26) has a common rapakivi 
composition. There is a striking sim ilarity to its Fennoscandian

Fig. 7. S u b -J o tn ia n  rocks : 1. Rapakivi granite, Rodo, Sweden (69, p. 67).* 1 2 3 — 
2. D:o, Ragunda, Sweden (p. 157). — 3. D:o, Nordingrd, Sweden (p. 131). — 4. D;0> 
Aland, Finland (p. 193). — 5. D:o, Pyterlaks, Finland (p. 67). — 6. D:o, Pitkaranta, 
Finland (p. 67). — 7. Granite-porphyry, Suudsvall, Sweden (p. 67). — 8. Felsite 
porphyry, Rodo distr., Sweden (p. 131). — 9. Quartz-porphyTy, d:o (p. 131). —■ 30. 
Rapakivi porphyry, d:o (p. 131). — 11. Felsite porphyry, d:o (p. 131). — 12. Quartz- 
porphyry, d:o (p. 165). •— 13. »Syenite porphyry», Ragunda, Sweden (p. 146). — 14- 
Orthophyre, Kvarnarp, Tran&s map sheet, Sweden (slightly altered?) (p. 795). — 3.5. 
Orthophyre, Lake Vanstern, TranHs map sheet, Sweden (p. 165). — J o tn ia n  rocks:  
16. Granite phase of the Breven dike, Sweden (p. 145). — 17. Intermediate phase of 
d:o (p. 345). — 18. Micropegmatite (diabase aplite), Ulvo, Sweden (p. 341). — 19- 
Diabase-aplite, Gubben, Rodo distr., Sweden ( p .  77). — 20. Granite (diabase-aplite), 
Schtscheliki, Olonetz, Russia (p. 79).

Fig. 8. Keweenawan rocks: 21. Micropegmatite (granite), Whitson Lake, Sud- 
bury, Ont. (p. 329). — 22. D:o Fairbank Lake, Sudbury, Ont. (p. 349). — 23. »Syenite», 
Onaping, Sudbury, Ont. (p. 219). — 24. »Quartz-keratophyre» (gabbro aplite), Pigeon 
Point, Minnesota (p. 81). — 25. D:o, Pigeon Point, Minnesota (p. 119). — 26. »Soda 
granite», (d:o), Pigeon Point, Minnesota (p. 119). — 27. Quartz-diorite, Pigeon Point, 
Minnesota (p. 343). — 28. Diabase aplite, Cobalt, Ont. (p. 77). — 29. D:o, Cobalt, 
Ont. (p. 163). — 30. D:o, Cobalt, Ont. (p. 163).

1 The albite micropregmatite from Gubben, Rodon (no. 1 9 ) is classed in this age 
group because of its geological relations (compare also S o b r a l  (5 9 ).

2 F r o m  W a h l ’ s d e s c r ip t io n s  o f  t h is  r o c k  (6 7 ) ,  a n d  in  th e  l i g h t  o f  o u r  p re s e n t 
k n o w le d g e  o f  th e  a p p e a ra n c e  o f  a p l i t e s  i n  s i l l  d ia b a s e s , i t  is  c o n c lu d e d  t h a t  t h is  
g r a n i te  b e lo n g s  to  th e  in t r u d e d  d ia b a s e  as a s a l ic  d i f fe r e n t ia te .

3 For brevity’s sake reference is made only to W a s h in g t o n ’ s »Chemical analyses 
of igneous rocks» (69), where the original sourcues may be found.



•counterpart in geological respect, the Breven granite, although 
there is in the Pigeon Point body a more pronounced sweep towards 
the Or corner of the diagram as acidity increases, as shown by 
•comparison w ith the quartz-diorite (no. 27) with 11,8 per cent, 
•fuartz. The granophyre of the Sudbury sheet shows a somewhat 
different aspect, the three analyses (no. 21—23), w ith quartz percen
tages between 24,8 and 32,8, falling close to the much less silicic 
fiaartz-diorite of Pigeon Point.

The aplites of the Nipissing diabase at Cobalt form a characte
ristic group near the albite corner of the diagram, just as do the 
•corresponding phases of the Asby diabase sills.

The variations illustrated by single bodies of igneous rocks, as 
at Breven, Sudbury, or Pigeon Point, are here interpreted as due 
solely to magmatic differentiation. I t  is well known that parti
cularly the American occurrences of this type have been the objects 
®f lively discussions, some writers maintaining that the acid phase 
*s due to assimilation of the country rock, while others agree in 
regarding differentiation alone as the source of the inhomogeneity, 
by disagree in regard to the parts played by fractional crystalli- 
Zation and by differentiation in the liquid state. Now, however, 
riiere seems to be a decisive majority among competent observers 

the view that the assimilation at the actually visible contacts 
bas been insignificant.1 The Breven dike is also a good illustra
tion, as olivine-diabase or at least intermediate rocks separate the 
granitic phase of the dike from the granitic country rock. The 
•character of its intermediate phases point to differentiation in the 
•like fissure as the source of the inhomogeneity.

Whether the composition of the magma substratum or »reservoir», 
before differentiation or eruptions began, was due solely to diffe
rentiation of a primreval magma or modified through abyssal assi
milation, is a problem to the solution of which no new facts or 
Points of view can be produced here. What concerns us for the 
Present are the aspects of differentiation displayed in the various 
fractions of this once homogeneous magma. As to the differentia- 
tion process, the views applied to just the present cases by W r ig h t  
fT2),8 B ow en  (4), and others, and relying on fractional crystalliza
tion as the dominant factor, appears to the writer to give a satis
factory explanation of the problems that are treated here. 1 2 * *

1 Compare D a l y  (11), p. 447.
2 W r ig h t  adopts »the theory of differentation by fractional crystallization com

bined w ith convection currents and general upward movement of the magma» to
explain the relations of the red rock aplite of Mount Bohemia to the gabbro.
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There are particulary two aspects of the differentation illustrated 
by figs. 7 and 8 that deserve attention. One is the close analogy 
between the rapakivis and the granites of Breven and Pigeon! 
Point. This relation forms a new link in the chain of evidence 
that has been presented by B owen for the development of a gi'a" 
nite by differentiation from a gabbro or diabase in analogy with 
the differentiation of the Pigeon Point sill. In Fennoscandia, the 
relations reviewed above allow us to consider the rapakivi granites 
as independent igneous bodies originated in essentially the same 
way as the ’’red rock“ , ’’micropegmatite“ or granite phases oi 
gabbro bodies, but intruded separately. The grain shows, however» 
that these granites partly solidified at greater depths than the 
just-mentioned acid phases, which in turn means that differentia' 
tion took place considerably deeper down in the crust. Already 
in 1891, Sederholm (55) pointed out that a continuous textural 
series can be traced from the porphyritic, granophyric rapakivis 
to the coarse-grained varieties, and attributed the textural diffe' 
rences to original differences in depth. The acid phases observed 
in combination with gabbros or diabases belong, texturally, to the 
former group.

The effusives, being chemical equivalents of the rapakivis, are 
to be similarly interpreted.

The other remarkable feature is the existence of two types of 
aplitic differentiates in gabbros and diabases. In one, the feldspar 
of the acid phase has an intermediate Or-Ab proportion. This is 
the case in all the larger differentiated intrusives, as at Breven, 
Sudbury and Pigeon Point. In the other type, represented by 
most analyses of s ill diabase aplites,1 the march of differentiation 
apparently proceeds nearly along the An-Ab line of the diagram 
to the Ab corner. This type of differentiatiation is possible only 
where the undifferentiated igneous body is extremely low in potash- 
I t  can never result in the development of granites composed like 
the rapakivis, or of corresponding effusives. I t  seems to be a fact, 
although exact figures cannot be produced, that the aplites of the 
latter type appear in much smaller quantities than those of the 
former, not only in an absolute sense, but also in proportion to 
the differentiated rock body as a whole. Among the possible ex
planations for this difference, attention may be called to one as a

[Mars—April 1922-

1 Tho Schtscheliki aplitc (no. 20) occupies a rather isolated position in the dia
gram and w ill not he specially, considered. I t  may he interpreted as a further stage 
in the march of differentitation towards the Or corner, which is also apparent in the 
Pigeon Point group. The high An content is noteworthy, however.



possible object for further study. I t  is suggested that the prono
uncedly albitic aplites occur in diabase bodies which represent the 
^nsic or intermediate fraction from a previous differentiation of 

e other (Breven) type. I f  a rock of this composition is refused, 
dlK subjected to a differentiation similar to the first, litt le  or no 
potash feldspar may be present to concentrate into the aplitic por- 
lon’ there is always a possibility open for a further splitting 

lvP of the plagioclase, a portion of its albite entering into the 
P l t e. I f  the amount of aplitic differentiate is inconspicuous in 

c°mparison to the rest of the igneous body, such a differentiation 
niay mean only a very slight increase of the average anorthite 
Proportion of the diabase itself. Aplites w ith the same relations
0 the diabase, but consisting of pure albite with no potash and 

^ery little  quartz, have been found by the writer in the Archman
1 jabase sills of the Vittangi district in Lappland (20). The ex- 
1 nation of these two types of aplite differentiation forms an im 
portant test-case for the hypotheses of magmatic differentiation as 
aPplied to these rocks. Under the assimilation hypothesis an 
answer is easily found in different compositions of the absorbed 
rnaterial. This fact deserves serious consideration, but the apparent 
S1mplicity of the explanation is no proof of its truth.

^ le greater post-ArcIiaean petrographic provinces of Fennoscandia. I f  
e sub-Jotnian and Jotnian eruptives of Fennoscandia can be re

garded as one petrographic province, it  lies near at hand to ask 
"whether also some other rocks may be referred to the same larger 
Sroup. There are good reasons for a reply in the affirmative.

e other post-Arch man eruptives outside the Caledonian 
fo u n ta in  chain are the following: nepheline-syenites of uncer- 
ain age, diabases that cut the Silurian, the remarkable igneous 

®°ries of the Kristiania district (probably early Devonian), the 
eanian basalts (Tertiary) and the isolated volcanic centres of the 
ellen type. H ogbom (42) has maintained that the nepheline- 

s.yenite of Alno is closely related to the sub-Jotnian rocks. Gave- 
^  (18) argues a similar age for the catapleiite syenite of Norra 

arr. B rogger (5) has recently summarized arguments for a Jot- 
ttian age of the nepheline-syenite group as a whole in Fenno
scandia, except the Palmozoic representatives in the Kristiania 

strict. B rogger points out that an association w ith the Jotnian 
shy diabase seems natural in the ligh t of the intimate relations 

essexites and nepheline-syenites at Kristiania. Thus the sub- 
0 nian and Jotnian petrographic province can be extended to in- 
ude these scattered occurrences of a new rock type, but pre-
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sumably of Jotnian age. I t  may be suggested, however, that this 
province can also be extended upward in the geological time scale. 
The analogies between the Palaeozoic igneous rocks of Kristiania 
and the sub-Jotnian and Jotnian groups (taken together) have 
long been recognized, and have furnished arguments in the discus
sions of the probable age of some the Fennoscandian occurrences 
of alkaline rocks. However, the time that elapsed between the 
eruption of the Jotnian rocks and of those in the Kristiania di
strict, may not have been much longer than the interval between 
the former and the sub-Jotnian group, and the same time interval 
has — outside the mountain chain — been a period of quiet con
ditions without any signs of faulting and great subsidences. There 
are diabase dikes and sheets at various places in the Cambro-Silu- 
rian of southern Sweden,1 but there are, within Fennoscandia out
side the mountain chain, no signs of any important crustal move
ments anywhere before those in the Kristiania district, which were 
contemporaneous w ith the next display of igneous activity. Thus 
there may be traced w ithin Fennoscandia outside the mountain 
zone three great periods of igneous activity in late pre-Cambrian 
and Palaeozoic times. A l l have been contemporaneous with faulting 
movements.

There is further a possibility that also the later extrusions, of 
a proved or probable Tertiary age, ought to be included as repre
senting the last phase of the same petrographic province. The 
Scanian basalts, which are known to be of this age, belong to a 
border zone of Fennoscandia. They are partly alkaline rocks 
that show some possible affinities to the earlier groups. The iso
lated volcanic centres of rhyolitic or andesitic rocks, Dellen (61)’ 
Mien (37), Lappajarvi and Janisjarvi (13), have chemical composi
tions markedly different from those of the earlier groups and 
thought to be due to assimilation processes. Geologically, however, 
they show several points in common with them, for instance w i^1 
the sub-Jotnian centre marked by the Malar porphyry. These 
volcanoes are generally believed to belong tho the Tertiary,2 aIlCl 
have probably been connected with the faulting that appears to 
have accompanied great changes of level in Fennoscandia at that 
time. These signs of volcanic activity are, however, rather i ]i 
conspicuous. The dying out of volcanisrn in this region, whic 1 2

[Mars— April 1922.

1 I f  the diabase occurrences in the Cambrian of Dalarne that are quoted by F®o 
(17) really belong to the Âsby type, they form another illustration of the intnn. 
relations of the various post-Archœan groups.

2) A closer connection w ith  the Jotnian rocks has been argued by E skola ( l  )■
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was fore-shadowed, by this feeble response to great crustal move
ments, was apparently completed in Quaternary time, as no signs 
° f such an activity have then accompained the changes of level.

•To the east and south-east of Fennoscandia, the Russian table- 
land appears to have reached stability at an earlier stage. The 
Volhynian rapakivis and associated rocks, thought to be contem
poraneous with the sub-Jotnian group, appear to represent the last 
activity. There seem to be good reasons for seeing in them an 
°atpost of the same great petrographic province that is evident in 
Fennoscandia. On the other side of the Caledonian mountain 
chain, the basin of the North Atlantic has during the Tertiary 
an<l  up to the present time been a region of subsidences and great 
outpourings of lava. Chemically, these rocks have important feat- 

in common with the sub-Jotnian and Jotnian groups.
The Caledonian mountain chain forms a deep trench in the Fenno- 

scandian resistance block (34, 22). Along this deep-going weakness 
z°ne there has been carried to upper regions an assemblage of 
magma rocks that differ radically from all the post-Archiean rocks 
la rest of Fennoscandia, and have decidedly ’’Pacific“ cha
racters. 1

The use here made of the term ’’petrographic province“ to cover 
aT the post-Archaean igneous rocks of Fennoscandia, except only 

Caledonian ones, which form a province of their own, seems 
entirely in agreement w ith the commonly accepted meaning of the 
term. The recognition of this larger province must not obscure 
the fact that i t  includes several well-defined provinces, more lim i
ted as to time and extension, as the Kristiania district, which has, 
thanks to B rogger ’s works, become universally recognized as an 
1(teal case of a petrographic province. To speak of the larger pro- 
jmce is only to emphasize the fact that at least during late pre- 

ambrian and Palaeozoic times the magma stratum underlying the 
t  ennoscandian resistance block retained the same general charac- 
ors. Whenever any magmas reached the upper parts of the crust, 

1 uring faulting movements or through gas explosions, they re
presented this magma. Probably some of the variations exhibited 
Within the province stand in causal relations to differences in 
regard to the factors just mentioned. The Caledonian rocks are 
.a l ly  different. Their appearance is due to the mountain-making 
°rces. The contrast between the two provinces instantly recalls 

tvvo terms in structural geology, e vo lu tio n  and re vo lu tio n . The
x .Compare, for example, Goldschmidt's descriptions of some of the Caledonian in
cisives (23).
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rocks outside the mountain chain are connected w ith evolutionary 
processes, tectonically speaking, and show only slow changes during 
long ages, while the mountain zone represents a revolution, both 
tectonically and in its igneous geology. This brings us over to 
one of the most debated problems in petrogenetical science, for the 
solution of which the post-Archtean rocks of Fennoscandia offer 
some good clues.

The relations of magmatic differentiation to crustal movements. As IS
well known, it  has been pointed out by H arker (24) and B eck® 
(3) that alkaline rocks are characteristic of those regions that show 
the coast type called by Suess Atlantic, and the sub-alkaline rocks 
of the Pacific type. Because of this correspondence, the terms 
Atlantic and Pacific have been employed also for the rock groups 
in question. The former group, then, is connected w ith radial 
movements in the crust (H arker’s ’’plateau structure“ ), the latter 
with tangential movements. An explanation of this relation has 
by several writers been sought in the supposedly different action 
of the magmatic gases under different structural conditions. Smyth 
(58) has called attention to what appears to be the salient point, 
by laying stress on the conditions of crustal rig id ity  that find an 
expression in reaction by faulting instead of folding. He concludes 
that there is a more quiet development of magmatic differentiation 
under these conditions, w ith better opportunities for gaseous trans
fer within the magma, to which the development of the alkaline 
(Atlantic) rocks is credited.

The views that are expressed by adopting the terms Atlantic 
and Pacific for the two rock groups in question have been sub
jected to severe criticism by a number of other prominent petro- 
logists.1 I t  is also natural that many exceptions to the rules can 
be pointed out, as the two kinds of crustal movements may merge 
into one another, or overlap. Yet, while statistics of this kind cannot 
be rendered in figures, it  seems to the present writer quite im
possible to deny that the alkaline rocks are more often met with 
in resistance areas or regions of faulting, than in folding chains. 
However, this does not allow the conclusion that the areas cha
racterized by each main type of crustal movement are underlain 
by a magma of alkaline or sub-alkaline character. The only jus
tifiable inference is that the particular conditions necessary for the 
forming of that singular product of magmatic differentiation, an 
alkaline rock, are more often realized in plateau regions than in

1 Compare literature quoted by Daly  (12).



folding zones. One of these possible factors is the long-continufed 
action of volcanic gases, as suggested by Smyth. The part played 
by these gases had already earlier been emphasized by D aly in 
his ingenious paper on the origin of the alkaline rocks (9). In 
this paper, syntexis of limestone is regarded as the main factor 
leading to the development of alkaline rocks, stress being laid 
both on the chemical action of dissolved CaO and on the CO., as 
a promoter of differentiation. I t  is also mentioned that juvenile 
Ŝ ses may perhaps bring about the same results as these resurgent 
°nes. However, D aly (12) does not support the application later 
^ade by Smytii.

Let us now see what points of view on these questions that 
may be obtained from the post*Archaean rocks of Fennoscandia.

First, illustrations are found of tbe intimate association of al
kaline and sub-alkaline rocks, The opinion, now embraced by 
aiost petrologists, that the former are only exceptional offshoots of 
tbe latter, is the only one consistent with the actual facts in 
Fennoscandia. Thus, among the sub-Jotnian rocks, most of the 
basic phases show no alkaline traits, but the acid phases, both 
rapakivi granites and effusives, show a distinct tendency toward 
atl alkaline character. This tendency appears in the low anorthite 
percentage (fig. 7). However, an insufficiency of the alumina to 
combine with all the potash and soda to form feldspars, which is 
tbe most characteristic chemical feature of acid alkaline rocks, is 
only rarely met with. The blue amphibole observed by F rodin 
(16) in a Stromsund porphyry is one of the few cases where the 
Qiineral composition of the rock indicates any tendency in this 
direction. The basic rocks which accompany the rapakivis are 
generally ordinary gabbros, sometimes grading into anorthosites. 
The only exception is the diabase of the Ragunda massif, which 
could be called an essexite. I t  may be noted that the accom
panying granite has, among the rapakivis, the lowest anorthite 
Percentage (no. 2 in fig. 7), in other words, is the most pronoun- 
cedly alkaline. I t  is characteristic that R osenbuscii (54) placed 
tbe Ragunda and Nordingra granites in the alkaline group, hut 
tbe Finnish representatives of the same province among the sub- 
alkaline granites. Thus, the sub-Jotnian rocks give evidence of 
the development of alkaline phases together w ith apparently ordi
nary sub-alkaline ones. In  the Jotnian diabases, no clear evidence 
of alkaline traits are observed, except the rapakivi character of 
the acid differentiate of Breven. The more pronounced is the al
kaline character of the nepheline-syenites of supposed Jotnian age,
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and the Palaeozoic eruptives of the Kristiania district form one 
of the most remarkable associations of alkaline rocks that is known 
anywhere. The Tertiary volcanics have already been sufficiently 
characterized.

Also in these respects the igneous rocks of the Lake Superior 
Keweenawan are analogous to those of the sub-Jotnian and Jotnian. 
The extremely low anorthite content in the acid eifusives is per
haps the most pronounced alkaline feature. In  one case, aegirine 
has been observed as constituent of a granitic dike of supposed 
Keweenawan age.1

I f  these various rocks are considered in their relations to crustal 
movements, the following fact deserves attention. The igneous 
cycles of the sub-Jotnian, the Jotnian and the Keweenawan were 
contemporaneous with subsidences by flexuring and faulting. The 
same fact may also be so expressed that they illustrate the nature 
of the magmas brought to surface levels when a region of resistance 
breaks down by regional faulting.

There is a fact that appears to have escaped due recognition in 
the discussion of the »Atlantic» and »Pacific» groups, and that is 
the sca rc ity  or to ta l absence of ty p ic a l ly  »A tlan tic»  rocks 
in ' some of those d is tr ic ts  where, s tru c tu ra lly ,  the A t la n t ic  
type is ve ry  w e ll developed. Thus, the Tertiary and recent 
basalts of the North Atlantic, these imposing products of giant 
fissure eruptions in a region of great faulting movements, cannot 
be classed as »Atlantic». H a r k e r  (25) sees the explanation in a 
combination of Atlantic and Pacific structures, v o n  W o lff  (71), 
who otherwise accepts the views of H a r k e r  and B e c k e , finds it  
impossible to place the basalts in general in either of the two 
groups, and proposes for these a th ird  group, named the »Arctic» 
w ith reference particulary to these North Atlantic basalts. Yet, 
i f  one throws off the bounds of always strictly distinguishing 
between alkaline and sub-alkaline rocks as two sharply contrasted 
groups, it  is easy to see features that mark a tendency to an alka
line differentiation also in this province. These features are simi
lar to those traced in the sub-Jotnian and the Keweenawan. As 
in these rocks, they are best distinguished in the more acid diffe
rentiates. The liparites of Iceland, that were studied by B a c k - 
strom  (6), have proved characteristically difficult to place in either 
the alkaline or the sub-alkaline group. On Skye and in its vici
nity, some typically alkaline rocks have been noted by H a r k e r

[Mars— April 1922.

1 Compare L ane ’s appendix to W r ig h t ’s paper on Mount Bohemia (72).



(-G), as riebeckite-granite and bostonite. The rockallite is also 
Probably a member of the province.

J-he evidence from these three petrographic provinces may be 
summed up as follows. When a resistance area is regionally so 
r°ken by faulting that the underlying magma may reach the sur- 
dCe or at least the upper crust levels, this magma is found to be 

partly basaltic (gabbroid) and partly granitic in composition.
ilere is a more or less pronounced tendency to an alkaline cha

racter in the acid phases, hut only rarely in the basic ones. 
'-Ochs with an intermediate silica percentage are rare.
This basalt-liparite combination without intermediate stages was 

^°tcd among the Icelandic lavas by B ackstrOm (7), who then saw 
ln i t  a proof of limited miscibility between silicate magmas. I t  
111 ay be recalled that this combination is characteristic not only of 
the Keweenawan, but also of the Huronian and Keewatin effusives 
°f the Lake Superior region. On the other hand, in Fennoscandia, 
an(l partycularly in Sweden, the volcanics that antedate the sub- 
Jotnian group are decidedly acid with only subordinated basic 
Phases.
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The structural conditions that regulated the eruptions of the 
Rristiania district were largely the same as in the regions hitherto 
considered, as is well known from B rogger’s works. The alkaline 
character of the rocks, however, is much more pronounced. As a 
Mature of possible value for the explanation of this difference, it  
may be pointed out that, in comparison to the Fennoscandian re
sistance region as a whole, the faulted area of the Kristiania 
district is only a moderate window in the great expanse of rigid 
crust. On the other hand, the opportunities for a syntexis of 
limestone must have been greater there than in the sub-Jotnian 
group.

The nepheline-syenite occurrences of possibly Jotnian age form 
a special group. They are not connected w ith faulting, except the 
Norra Karr area, wich lies in the dislocated zone east of Lake 
Pattern. But also this nepheline-syenite body shares with Alno, 
Almunge, Fen and others the character of a deeply eroded vol
canic vent. As recently emphasized by B rogger (5), the geological 
delations in a ll these cases are those of magma-filled diatremes, 
formed through gas explosions.

This appears to be a common form of nepheline-syenites also 
elsewhere. A  good example is the Tertiary phonolite volcano of 
Cripple Creek, Colorado (49). Denuded, and with the vent further 
exposed through mining operations, i t  gives us an opportunity to
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study the upper portions of a vent of the same character as those 
just mentioned. Its  rather isolated position in an Archncan area 
that has resisted folding and reacted largely through marginal 
faulting1 emphasizes its analogous character. I t  is further con
spicuous by the contrast to the nearest volcanics of the same age 
as regards the chemical composition of its rocks, and this diffe
rence is made s till more remarkable by the fact that i t  belongs to 
the same large metallogenetic province.

This wide-spread appearance of nepheline-syenites as diatreme 
volcanoes suggests a new argument for the role ascribed to mag
matic gases in bringing about, or at least facilitating, the deve
lopment of alkaline magmas. The nepheline syenites are known 
to contain great quantities of gaseous compounds. Their mode of 
occurrence in the cases here reviewed points at a connection with 
volcanic gas explosions of extreme violence. These have been 
much more intense than those of the historically recorded explo
sions of andesite volcanoes, which have only consisted in the driving 
out of solidified lava from the upper portions of the vents, not in 
blowing an entirely new passage through thick masses of older, 
non-volcanic rocks. Perhaps the positions of our nepheline-syenite 
centres, without accompanying similar centres of other igneous 
rocks, are due to lack of sufficient gas tension in the underlying 
magma for the blowing out of diatremes, except at the places 
where the high concentration of gases also led to the development 
of nepheline rocks.

In  the outlining of these views, the question has not yet been 
asked whence those gases came. The field relations, as here revie
wed, point to an explanation similar but not quite identical to 
that alternatively suggested in 1910 by Daly (9) to account for 
the Cripple Creek phonolite: the action of juvenile gases. However, 
the I  ennoscandian nepheline rocks have also furnished some of 
the most spectacular illustrations to the same author’s hypothesis 
of the origin of alkaline rocks through syntexi.s of limestone. Alno 
was well known at the time this hypothesis was formulated. Later, 
the vesuvianite-bearing rocks of Almunge (51) and the Fen district 
w ith its limestone (5) have been added tho the list. I t  is gene- 
ra lly  found most probable that these limestones were stoped down 
from above. I f  so, however, syntexis of the limestone could not 
have furnished the gas necessary for the opening of the diatreme. 
I t  is also difficult to imagine how a funnel could be blown through

1 Compare (14).



perhaps kilometres of granitic rocks and a moderate cover of lime
stone, and yet only limestone go back down into it. On the other 
hand, it  is just as improbable that the magma, on arising, en
countered limestone in sufficient quantities in the depth in these 
districts, which, at the surface, consist exclusively of granitic 
y_°cks. Either these granites are not batholithic as generally be- 
leved, but laccolithic, and there may be a limestone-bearing sub

stratum below them, or the limestone did not cause the first deve
lopment of a nepheline rock, only the later forming of some peculiar 
phases of it, as ijolite.1 Evidently, there is a most striking conflict 
ot important and strongly suggestive field evidences, and the nephe- 
me-syenites are more interesting to the petrologist than ever before.

I t  may be noted that also other kinds of typically alkaline rocks 
occur as similarly isolated vents. The diamond-bearing »pipes» of 
South Africa are examples among ultra-basic members of the a l
kaline group. Also the trachydolerites of Spitzbergen are such 
cases (21, 32), outposts of the North Atlantic basalt region.

I f  th e  N o r th  A t la n t ic  re g io n  is  regarded as an extension  o f th e
"P i °  °

r eunoscandian resistance area, or the s till larger unit that also 
embraces most of Russia, the Caledonian trench is found to form 
a deep scar through a region where faulting has ruled instead of 
folding, and gabbroid rocks, more or less alkaline granites and 
small quantities of nepheline-syenites are the chief types of igneous 
r°cks. From the relations of these two large petrographic provin- 
Ces) it  might be surmised that the sub-alkaline rocks of the Cale
donian chain are derived from greater depths in the crust than 
the more alkaline forms of the surrounding regions, in direct con- 
t rast to Becke’s views on the relations between the »Pacific» and 
Atlantic» families (3). However, this is not necessarily the cause 
°f the difference. In  strong contrast to the magma portions under
l in g  the resistance region, the syntectonic intrusions of the 
Imledonian zone have moved as in a giant mixer, which must have 
resulted in radically different conditions of differentation. The 
causes of the different aspects of magmatic differentiation, there
fore, are probably to be sought in the contrast between the slow 
and gradual evolution of the magma underlying the resistance 
area, and the revolutionary history of the orogenetic intrusions.

Geological Survey of Sweden, April, 1922.
* Compare Shand’s description of the relations of foyaite, ijo lite  and limestone at 

lu i ,  0p G'he nepheline rocks of Sekukuniland, Trans. Geol. Soc. South Afr., 24, 
r « l ,  P- 111). There, however, the geological relations point at an assimilation of 
t h e  carbonate rock at a deeper level in  the conduit ( S i i a n d ,  1. c.)
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Über die KristaUstriiktur von Jodsilber, Marshit (CuJ) und 
Miersit (4 Ag J. CuJ).

Von

G. A m in o f f .

Jodsilber ist schon seit langer Zeit sowohl von kristallogra- 
phischer als von physikalischer Seite ein Gegenstand von grossem 
Interesse gewesen. Der Grund hiervon ist teils darin zu suchen 
dass AgJ (unter + 146°) in einer ziemlich ungewöhnlichen Kristall" 
klasse, nämlich in der dihexagonal-pyramidalen, (Cci.), kristallisiert, 
teils auch in einer nahen Übereinstimmung im Achsenverhältnis 
mit einer Anzahl einfach zusammengesetzter Substanzen von ver
schiedenem chemischem Charakter. Besonders augenfällig ist die 
Übereinstimmung in Symmetrie und Achsenverhältnis zwischen 
AgJ und ZnO. Weiter ist die bekannte Umwandlung bei + 146°, 
wobei die Symmetrie von hexagonal zu regulär übergeht, Gegen
stand für eine Serie zum Teil sehr genauer Studien gewesen. Von 
speziellem Interesse ist endlich auch Jodsilber auf Grund der Holle, 
die es in der Photographie spielt.

Um bei der Diskussion der Probleme, die m it Jodsilber verknüpft 
sind, einen Ausgangspunkt zu erhalten, hat Verf. die genannte 
Substanz einer röntgenographischen Untersuchung unterzogen. H ier
bei wurde Photographierung von ganzen Kristallen mit Brems
strahlung (LAUE-Methode) und von Kristallpulver m it monokroma- 
tischer Strahlung nach D e b y e  bewerkstelligt. Im Anschluss an 
die Untersuchung der regulären Modifikation von Jodsilber sind 
auch Marshit und Miersit zum Gegenstand des Studiums m it der 
Debye-Methode gemacht worden.

I. Jodsilber.
D ie  h exag o n a le  M o d ifik a tio n .

Untersuchung mit ISremsstralilung. Als Material wurden Spalt
blätter // (0001) von künstlichen Kristallen, dargestellt von C. G o ld 
b a c h  in Zell a. H., angewendet. Auf Grund der Plasticität des



odsilbers bot es besonders grosse Schwierigkeiten hinreichend 
Präparate herzustellen ohne dass die Spaltblätter sicli 

^ ummten. Auch sehr gelinde Deformation der Präparate bewirkte, 
^  ss die Interferenzflecken zu Streifen ausgezogen wurden, wodurch 

ssungen unmüglich gemacht wurden. Nach einer beträchtlichen 
zahl misslungener Versuche wurden doch schliesslich ein paar 

’’’togramme (In Fig. 1 schematisch abgebildet) mit völlig unge- 
I ''n Interferenzflecken erhalten. Als Lichtquelle wurde eine 

1 lenfeldröhre mit Pt-Antikathode angewendet. Die Stromstärke 
etr,lg ca 7 Milliampere bei ca 80000 Volt. Eine ziemlich lange
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F ig . 1. LAueiliiigramm von AgJ an (0001).

Pcleuchtungszeit war notwendig (etwa 1 Stunde). Diese hatte m- 
j,J Sen einen weniger wünschenswerten Schleier auf der Platte zur 

. Aus einem KC l-Krista ll wurde die Kleinste photographischWir],
D

(Same Wellenlänge zu ~ 0.20 A. E.1 berechnet.
ün l*6 ^n^er êreriz^P<̂ei’ zeigten eine secbszählige Symmetrieachse 

sechs Symmetrieebenen, senkrecht zur Platte. Da die Rönt- 
brj °^rarame au*' Grrund des zentrosymmetrischen Charakters des 
^iTstallographischen Röntgeneffekts stets zur Symmetriegruppe des 
ma1S • 6S’ muP*PPz êr  ̂ einem Inversionszentrum, führen, hat 

, 111 fPesem Pall m it folgenden Symmetriegruppen, welche alle 
e hexagonale Laue-Symmetrie in der Richtung der optischen 
se autvveisen, zu rechnen, nämlich

Dihexagonal-bipyramidale Klasse =  D0Ä 
» -pyramidale » =  C0„

Hexagonal-trapezoedrische » =  Dc
----- -----Ditrigonal-bipyramidale » =  D,A

v gl. Zeitschr. f. K ris t. »G (1921), S. 497.
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Gewöhnlich wird Jodsilber der dihexagonal-pyramidalen Klasse 
zugeschrieben. Ätzversuche, bewerkstelligt von K r aus  und C ook 
sprechen auch bestimmt zu Gunsten dieser Symmetrieklasse. i a ' 
dessen hat Sp e n c e r 1 2 Messungen au rhomboedrisch ausgebildeten 
Kristallen ausgeführt und nimmt im Anschluss hieran an, dass 
Jodsilber der ditrigonal-pyramidalen Klasse (Cs„) zugeführt werden 
muss. Dieser Klasse angehörende Kristalle müssen indessen aut 
(0001) Röntgenogramme abgeben, die eine dreizählige Symmetrie
achse nebst drei Symmetrieebenen besitzen. Die beobachtete Laue- 
Symmetrie steht also nicht im Einklang mit S pencers  Beobachtung- 
Die gewöhnlich angenommene, von K raus  und C ook mittels Ätzning 
bestätigte, Symmetrieklasse C6„ stimmt dagegen mit der Symmetrie 
der Röntgenogramme überein. Bei der folgenden Diskussion wird 
angenommen, dass Jodsilber dieser Symmetrieklasse augehört. Seiu 
Elementarparallelepiped ist also vom Gittertyp r h (Hexagonale 
Translationsgruppe).

Die genaueste Bestimmung des Achsenverhältnisses des Jodsil
bers scheint diejenige v. Z e p h a r o w ic h s 3 zu sein. E r gibt c:a =  
0.8190:1 an. Bezeichnet man die Kanten des Elementarparallel' 
epipeds mit c und a, so ist also

1: 0.8190 — ma : nc,

oder, m it Rücksicht darauf dass hexagonale Kristalle auf zwei 
verschiedene Systeme von horizontalen Achsen, die m it einander 
30’ bilden, zurückgeführt werden können,

1: 0.8190 =  m \o a  : nc

Es g ilt also die Koeffizienten m und n zu bestimmen und ob die 
morphologisch festgestellten horizontalen Achsen den a-Achsen des 
Elementarparallelepipeds entsprechen oder mit ihnen 30° bilden- 
Wie von G ross4 nachgewiesen, gewährt das Lauediagramm hin
reichende Aufklärungen für eine solche Bestimmung. Dies wird 
dabei in Eorm eines Indicesfeldes wiedergegeben. Der Gedankengang 
ist folgender: Die Indiceskombinationen, die als Interferenzfleeken 
in einem Lauediagramm auftreten, können als Punkte in einer 
Koordinatendarstellung abgesetzt werden, beispielsweise in deiu 
nun vorliegenden Fall mit x  — l, y  =  h2 + i 2 + h i (siehe Fig. 2). 
In  einer solchen graphischen Darstellung von allen denkbaren In-

1 Zeitschr. f. K rys t. 46 (1909), S. 424.
2 Ib id . 35 (1902), S. 452.
3 Zeitschr. f. K rys t. 4 (1879), S. 119.
1 Centralbl. fü r  M ineralogie etc. 1919, S. 203.



Kceskombinationen müssen die im Lauediagramm (hier auf (0001)) 
^glichen Indiceskombinationen innerhalb dreier Grenzen liegen, 
Voq welchen zwei in dem Origo der graphischen Darstellung Zusam
mentreffen. Die drei Grenzen werden bestimmt, die im Figur obere

^lüch den Faktor ~  (den »Lorentzfaktor»), wo ¿1 =  der Flächen

inhalt des Elementarparallelogrammes ist, die links in der Figur 
ürch die kleinste in der Bremsstrahlung vorhandene, photogra- 

P üsch wirksame Wellenlänge (/,„,„), die untere durch den Radius (r) 
1 es Kreises auf der Platte, in welchem die Interferenzflecken ge
messen werden.
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In einem Kreise mit dem Radius r  auf der Platte können nun 
ÜUl' solche Interferenzflecken liegen, deren Indiceskombinationen 
111 der graphischen Darstellung innerhalb der Grenzen des Indices- 
jeldes liegen. Es kann indessen eintreffen, dass den Indiceskom- 
binationen im Indicesfelde keine Interferenzflecken auf der Platte 
entsprechen. In  solchem Fall ist der Strukturfaktor für die be
treffende Fläche =  oder ~ 0. Für jedes Achsenverhältnis me : na, 
bezw. \3m c : na werden nun für die Interferenzflecken verschiedene 
Indiceskombinationen berechnet. Für jedes solche Achsenverhält- 
üis erhalten auch die Grenzen verschiedene Lagen in der graphi
schen Darstellung. Die Grenzen werden durch Absetzen der y-Koor-
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dinate h2 + i 2 + h i für x  =  1, x  =  2, usw. konstruiert. Bei der

h, i  und l sind Bravaissche Indices, wobei die horizontalen Achsen 
120° m it einander bilden, /. =  Wellenlänge, Je =  Abstand Kristall— 
Platte, i9 =  dem doppelten Reflexionswinkel. Die in (1) einbe- 
griffene Konstante a2c2 ist bei den Berechnungen ausgeschlossen 
worden, was gleichbedeutend damit ist ¿ /2CioTi» =  1 z u  setzen. Ans 
(3) und (4) w ird die r-Grenze berechnet.

Die Lage der z/2-Grenz'e wird durch den Interferenzfleck be
stimmt, für welchen /1% am grössten ist. Hiermit is t die Lage 
derselben für einen Z-Wert bestimmt. Kür die übrigen l -Werte 
wird sie aus (1) berechnet. Die ¿/2-Grenze und die r -Grenze besitzen 
dieselben Lagen für verschiedene Anzahlen Moleküle im Elementar- 
paralleleiped, dagegen nicht die ¿„„-„-Grenze.

Bei Prüfung mit verschiedenen m a : nc  werden Indicesfelder mit 
ungleicher Anzahl Lücken, d. h. m it ungleicher Anzahl Indices- 
kombinationen erhalten, die auf der Platte nicht wiedergefunden 
werden. Das Achsenverhältnis des Kiewzewterparallelepipeds ist an 
der kleinsten Anzahl Lücken zu erkennen. Jedem anderen Achsen
verhältnis entspricht ein grösseres Parallelepiped, das, da es meh
rere Atome enthält, für mehrere Indiceskombinationen den Struk
turfaktor 0 gibt. Bei dieser Prüfung ist eine Konstruktion der 
¿(«¡»-Grenze, wenigstens im vorliegenden Kall, nicht notwendig. Es 
zeigt sich, dass

d. h. dass das Achsenverhältnis des Elementarparallelepipeds vom 
Typ a : c =  1:1.6 ist. Die üblichen Symbole für die K rista llfor
men des Jodsilbers müssen also so transformiert werden dass ?x =

Berechnung kommen folgende Eormeln zur Anwendung, die für 
hexagonale Gitter gelten.

tg!) =  rJe 
. d

sm 2  =  ~
a l\o

(4)

ma : ne =  a : 2c,

Die morphologisch gewählten horizontaleJj
mit denjenigen des Elementarparallelepipeds.

Die morphologisch gewählten horizontalen Achsen decken sich
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Aus dem nun gefundenen Achsenverhältnis werden die Symbole 
der innerhalb eines Radius von 30 mm auf der Platte liegenden 
Interferenzflecke bestimmt zu:

(2021) (2131) (3141) (4041) (3251) (3142) (3252) (4152)
5 15 9 8 3 10 2 3

Die unter den Symbolen stehenden Ziffern sind aus einem Ver- 
such hervorgegangen, den Schwärzungsgrad der Flecke, verglichen 

einer Schwärzungsskala m it 15 Graden, zu bestimmen. Diese 
Abschätzung ist nur insofern zuverlässig als eine höhere Ziffer 
eitler stärkeren Schwärzung entspricht.

Hie aufgezählten Indiceskombinationen sind in Fig. 2 ausgesetzt; 
ist =  23 angenommen, berechnet aus (4152), die das grösste 

Elementarparallelogramm hat.
Hie ¿„„„-Grenze ist für ein und zwei Moleküle im Elementar

parallelepiped konstruiert. W ird 1 Molekül angenommen, so fä llt 
(3251) ausserhalb der ¿„„„-Grenze. 2 Moleküle innerhalb des Ele- 
llientarparallelepipeds müssen daher wahrscheinlicher sein. Unter 
dieser Voraussetzung fehlen folgende innerhalb des Indicesfeldes 
hegende Indiceskombinationen auf der Platte, nämlich (3031), (2241) 
Und (41ol). Den beiden letztgenannten entspricht eine Wellen
länge, kleiner als 0.40 Ä. E. Sie können also nur Interferenzen 
ei'ster Ordnung verursachen. Von (3031), der eine Wellenlänge 
eHvas grösser als 0.40 A . E. entspricht, könnte man dagegen einen 
(sehr schwachen) Reflex zweiter Ordnung erwarten. Für (3031), 
(4151) und (2241) muss also der Strukturfaktor l:ster Ordnung =  0 
sein, für (3031) muss ausserdem die Intensität 2:ter Ordnung =  oder

0 sein. Die nun beschriebene Eigenschaft des Indicesfeldes 
spricht für ein »raumzentriertes» hexagonales Gitter, d. h. mit Atom-

- 1 . Die Diskussion der 
o 3 2JJ

Atomlagen im Elementarparallelepiped ist weiter unten im Aufsatz 
lürchgef'ührt.

Hie Untersuchung mit Bremsstrahlung hat also als Resultat er
geben, dass das Gitter des Jodsilbers hexagonal ist, (FA); das Achsen- 
Verhältnis des Elementarparallelepipeds ist vom Typ a :c  — 1: l.G. 
Hie Anzahl Moleküle AgJ im Elementarparallelepiped ist (wahr
scheinlich) zwei. Bevor die Strukturbestimmung weitergeführt 
wird, ist es notwendig die Bestimmung der Anzahl Mokiile im 
Elementarparallelepiped m it Hülfe von monokromatischer Strahlung 
zü kontrollieren.

Bd 44. H. 3—4.] ÜBER DIE KRISTALLSTRUKTUR VOX JODSILBER.

■gen sowohl bei [[00 0]] wie bei
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Untersuchung mit nionokroinatischer Strahlung. Wie zuvor in einer 
Notitz1 mitgeteilt worden ist, wurde bereitwillig von Br. Lindb 
im  physischen Laboratorium in Lund ein HEBYE-Film von Jod- 
silber exponiert. Hierbei wurde Kupferstrahlung angewendet. 
Seit dem das Köntgenlaboratorium der Stockholmer Hochschule 
auch für monokromatische Strahlung eingerichtet worden ist, hat 
Verf. daselbst eine Anzahl Aufnahmen von Jodsilber gemacht, 
wobei Eisenantikathode angewendet wurde. Bei diesen Exponier
ungen war die Spannung ca 40-000 Volt; die Stromstärke variierte 
zwischen 5 und 12 Milliampere. Hie Films wurden lange exponiert, 
selbst bis zu 4 Stunden.

Ha das Gitter hexagonal ist, müssen die Sinusquadrate unter 
der Form

.
Sllr 2 ~  4 d'2

+  P  +  111) + , - , f  U  . . . .(5)
(low) 4  « q 0001)

ausgedrückt werden können. I I ,  I  und L  sind BßAVAissche Indices, 
in höheren Ordnungen m it ganzen Zahlen multipliziert, d(hij t) =  den 
Abständen zwischen den Atomebenen ('Intel).

Aus dem Achsenverhältnis a : c  =  1: 1.6392 und der Bichte 5.071 
werden für die Alternativen 1 und 2 Moleküle im Elementarparal- 
lelepiped berechnet:

âoTo) (̂oooi)
1 Mol. 3.16 5.97 A. E.
2 Mol. 3.97 7.53 » »

Aus diesen Werten können nun die Konstanten in der Gleichung 
(5) für die beiden Annahmen berechnet und gemessene Sinusquad
rate m it berechneten verglichen werden. Es ze ig t sich h ie rbe i 
dass die A n zah l M olekü le A g J  im  E lem en ta rpa ra lle lep iped  
zw ei ist.

In  Tab. 1 sind berechnete und beobachtete Sinusquadrate aufge
führt (die beobachteten Werte von dem besten mit Eisenstrahlung 
erhaltenen Film). Nur a-Linien sind vorhanden. Hoch kann hin
sichtlich der Linie n:o 3 ausser (10l3)ß auch (U22)<> mitwirben- 
Hie Sinusquadrate werden berechnet_aus

sin1 2!  =  0.0591 ( I I 2 +  I 3 +  H l )  + 0.0164 L 2 . . . . (5a)

1 Zeitschr. f. Krist. 50 (1921), Die dimensionen, die dort aufgegeben werden, 
differieren unbedeutend von den hier angegebenen, da nämlich hier m it 1.66 x 1 0 " 21 
g als Gewicht des Ii-Atoms, aber früher m it 1.64 x 10“ 24 g gerechnet worden ist.

2 Laut Bestimmung von D a m o u b  an synthetischem AgJ (5.669). R a m m e ls b e KG,
Kryst. phys. Chem. I, S. 303.
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Anordnung der Atome im Elemcntarparallelcpiped. Es handelt sich 
nun darum in  einem hexagonalen Elementarparallelepiped zwei Ag- 
und zwei J-Atome so zu plazieren das einerseits die Symmetrie des 
Raumsystems dihexagonal-pyramidal wird, andererseits die eigenar
tige Intensitätsverteilung in den L aue- und DEBYE-Photogrammen 
erk lä rt werden kann. Im  LAUEdiagramm fehlten die Eiecken (2241)! 
(3031) und (4151), auf dem Debyefilm ausser (2241) und (3031) auch 
eine Anzahl andere Linien, unter welchen (0003), (1123), (1121), 
(0005), (1125) und (3033) besonders zu beachten sind. Gemeinsam 
fü r die nun aufgezählten Indiceskombinationen ist dass

4 H  + 2 1  +  3 L  =  Ge + 3 ..........................(6)
<* =  0, 1, 2, 3 ...............)

Die Atomanordnung wird also für Indiceskombinationen, welche 
die Bedingung (6) erfüllen, in dem Strukturfaktor 0 resultieren.

Bei einer Diskussion möglicher Strukturen wird die Annahme 
gemacht dass die beiden Ag-, bezw. J-Atome strukturell identische 
Lagen einnehmen. 2-zählige Lagen (orthohexagonal: 4-zählige) 
sind in auf den trigonalen Drehungsachsen, in auf den
hexagonalen Drehungsachsen, in auf den hexagonalen Schrau
benachsen und in G0„ sowohl auf den hexagonalen Schraubenachsen 
als auch auf den trigonalen Drehungsachsen, die nicht gleichzeitig 
hexagonale Schraubenachsen sind, möglich. Die verschiedenen Raum
systeme geben hierbei folgende Strukturtypen:

6 1 =V-/Gt’ 0 0 01M K M H i--
---

1
o o ]'[B M I • ■

G2 ••'- 'G V o o oj M [°°a M |o Oj; |H | ° ° M ) 1
GV • --

(«)

• • (ß)

@4 a) Au f hexagonalen Schraubenachsen: =  (£*„
b) Au f trigonalen Drehungsachsen die nicht gleich

zeitig hexagonale Schraubenachsen sind:

M H B H M H H K H ! (7)

c) Die Atome der einen A rt auf den hexagonalen, 
die der anderen auf den trigonalen Achsen:

i)  Ar

2) J p
'  12 
L 3 3

• (? )

■ (à")
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Eine Diskussion der geometrischen Eigenschaften der Struktur 
a lässt u. a. erkennen dass der Strukturfaktor für (1121), welche
Indiceskombination auf dem Eilm fehlt, null wird nur für p  =

Eür p  =  1  zerfällt indessen diese Struktur in zwei,1 jede m it hal
ber Identitätsperiode in der Dichtung der c-Achse und 1 Molekül 
iTn Elementarparallelepiped. Die Struktur a kann also die experi
mentellen Daten nicht wiedergeben.

Eie Struktur ß ist, m it derselben Beschränkung, die in der Fuss- 
^°te angegeben ist, als zwei Strukturen mit halber Identitätsperiode 
111 der Dichtung der c-Achse aufzufassen und ist also unbrauchbar.

Es verbleiben demnach nur die Strukturen y und ö als möglich 
*116 gemachten Beobachtungen wiederzugeben. Es muss indessen 
hier bemerkt werden, dass die Beugungsfähigkeit der Ag- und 
J-Atome, wenn dieselbe proportional zu den Atomnummern gesetzt 
’wird, ungefähr gleich gross sein muss. Es wird dadurch zweifellos 
Unmöglich die Strukturtypen d' und ö" von einander zu unter
scheiden.

Eie Strukturen y und ö besitzen nun eine wichtige Eigenschaft 
gemeinsam in Bezug darauf welche Indiceskombinationen den Struk
turfaktor null erhalten.

Eer Ausdruck für den Strukturfaktor für einen allgemeinen 
Wert für p  zwischen V2 und 1 ist fü r die Struktur y:

I8 f l  = A g  +  A g  cos 2?r i ~ -  + — + ^ j + J  cos 2?rp L  +

+ J  cos 2^  4b f  + (p  -  2 ) l ) ]  +  [A g  sin 2,r ( ^  + * + § )  +

+ J  sin 2 n p L  + J  sin 2r t
2 H  I
3

1
P)

Damit /SI2 null werden soll, muss in der Cosinusparenthese 
gleichzeitig die Summe der A^-Tcrmen und die Summe der (/-Termen 
null sein. Gleichzeitig muss in der Sinusparenthese der Mr/-Term 
null sein und die Summe der /-Termen null sein.

Eie Summe der M¿/-Termen in der Cosinusparenthese wird =  0, 
Wenn

„  1211 I  L
2 ,i (-U- + 3 + 2 ungerade Anzahl 7t

1 S t r e n g  g e n o m m e n  n u r  w e n n  d ie  A to m e  »p a r a l le lo r ie n t ie r t »  a n g e n o m m e n  w e rd e n .  
-pa  es u n s  in d e ss en  a n  M i t t e l n  f e h l t  d ie  O r ie n t ie r u n g  d e r  A to m e  z u  u n te rs u c h e n , e n t 
b e h r t  d iese  g e o m e tr is c h e  B e d in g u n g  p h y s ik a l is c h e s  In te re s s e .
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Hieraus wird die Bedingung
4I I  + 21 + 3 L  =  (D +3 . . . . ...............(6)

(* =  0. 1, 2, 3 ...............)
abgeleitet.

Gleichzeitig wird natürlich der A g -Term in der Sinusparenthese
=  0.

Hamit die Summen der -/-Termen in beiden Parenthesen null 
werden sollen, muss der Unterschied derselben gleich einer unge
raden Anzahl n  sein, woraus dieselben Bedingungen wie oben (6) 
berechnet werden.

In  Bezug auf die Struktur 8 stellt sich die Sache folgender- 
massen: die /(/-Termen (8') sind hier dieselben wie in der Struk
tur y, weshalb sie um zu verschwinden dieselben Bedingungen er
fordern wie oben (6). Damit die /-Termen verschwinden sollen, ist 
erforderlich dass L  eine ungerade Zahl ist, welche Bedingung in 
(6) enthalten ist. Die Struktur 8" gibt natürlich dieselben Be
dingungen, da hier nur A g - und /-Termen den Platz gewechselt 
haben.

Aus sowohl y wie 8 wird also der Strukturfaktor 0 berechnet, 
wenn I I ,  I  und L  die Bedingung (6) erfüllen.

Wie bereits bemerkt wurde, fehlen nun auf sowohl den Laue
photogrammen als auch auf dem Debyefilm alle solche Interferenz
flecken (-Linien), wo entsprechende Indiceskombinationen die Be
dingung (6) erfüllen.

Es g ilt nun zu untersuchen, ob die Intensitätsverteilung auf den 
Photogrammen bezüglich anderer Indiceskombinationen als solcher, 
die die Bedingung (6) erfüllen, zu einer Entscheidung zu Gunsten 
einer der beiden Strukturen y oder 8 und eventuell zur Bestimmung 
des Parameters p  führen kann. W ir untersuchen dann zuerst die 
Struktur y in Bezug darauf wie das Produkt von Kombinations
zahl und Strukturfaktor (n • /SJ2) mit p  variiert. Dieses Pro
dukt gibt in erster Approximation die Intensität und damit die 
Schwärzung in der Linie auf dem Debyefilm wieder. Das grösste 
Interesse bieten in dieser Beziehung natürlich solche Indiceskom
binationen, deren Strukturfaktor innerhalb des betreffenden Ge
bietes, d. h. p  zwischen 1/s und 1, stark variiert. Bei der Berech
nung des Strukturfaktors ist die beugende Fähigkeit des A g  gleich 
der des /  angenommen worden. (Die Atomnummern sind A g  =  
47, /_ =  53.) _

(1014), (1124), (2024), (3034), (2134), (0004). Für diese sämtlichen
1 3Indiceskombinationen besitzt n /S /2 M ax im a  bei p  =  P — -g und



p ~  1, wo n /S /2 für (1154) und (3054) 96, für (2134) 48, für (10l4) 
und (2024) 24 und für (0004) 4 ist. M in im a  liegen bei p  — und

P =  tt, wo n /S /2 =  0. Diese säm tlichen L in ie n  feh len auf dem o
1 3

Die Gebiete ringsum p  =  un(* * müssen also als sehr
5 7unwahrscheinlich ausgeschlossen werden, während p  — — und -

sich m it den experimentellen Resultaten vereinigen lassen.
(1122), (3032). n/S1/2 besitzt für diese Indiceskombinationen Mamma,

bei p  — A und p  — 1 • n/S /2 ist hier =  96. Ein M in im u m  liegt bei

P =  wo IS /2 =  0. A u f dem Film  kommt (1122) als starke

Linie, (3032) als ziemlich starke vor. Die Werte für p  um 
3 3 7 • •J herum sind also unmöglich. Die Werte -  und —, die m it den In 
tensitäten bei den im vorhergehenden Absatz aufgezählten Ind i
ceskombinationen vereinbar waren, lassen sich indessen ziemlich 
gut mit der Stärke der Linien auf dem Film  vereinigen. n /S /2 ist
=  48 für (1122) und (3032) bei p  =  ^ und

(0002) variiert in derselben Weise wie (1122) und (3032). Das 
Maximale n /S /2 derselben ist indessen nur _1G.

(1011), (2021), (10T5), (2025), (2131), (3141) • n /S /2 für diese indi
ceskombinationen steigt von 0 bei p  =  ~ bis zu einem Maximum
hei p  =  1. Dieses ist für die vier ersten =  54, für die zwei letz
ten =  108. Da von dieser Serie Indiceskombinationen nur (1 Ol 1) und 
(ev.) (2025) sehr schwache Linien auf dem Film  entsprechen, muss

3V wenigstens kleiner als -  sein. Die zuvor fort bestehen de Möglich-

keit p  ~ — muss also mit Rücksicht auf diese Gruppe von Indices-b
kombinationen als sehr unwahrscheinlich ausgeschlossen werden

5Und als einzige Möglichkeit verbleibt p  ~

(1013), (2023), (2133). Für diese Gruppe von Indiceskombinatio-
uen besitzt n /S /2 M ax im a  beij? =  0 und p — 1. Für (1013) und

3
(2023) ist n /S /2 hier =  72, für (2133) das doppelte. M in im a  liegen 

bei p  =-. i  und p  =  jj m it n /S /2 =  0. Yon diesen Indiceskombina
tionen sind (10l3) und (2133) auf dem Film  durch Linien vertreten,
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dagegen nicht (2026). p  =  liegt freilich etwas seitlich von demO
für diese Gruppe kennzeichnenden Maximum, aber n /S /2 ist doch 
hier noch recht hoch und müsste zu Linien auf dem Film  Anlass 
geben. Dass solche fehlen, könnte indessen eventuell damit in 
Zusammenhang geDracht werden, dass der Glanzwinkel hier sehr 
gross ist, so dass die Stichhaltigkeit des BnAGGschen Ansatzes in 
Frage gestellt werden kann.1

Für die übrigen Indiceskombinationen, wo l nicht =  0 ist (in 
welchem Fall /S /2 natürlich von p  unabhängig ist), variiert /SJ2 allzu 
unbedeutend als dass man sie bei dieser Diskussion anwenden 
würde. Unter Indiceskombinationen m it l =  0, ist /S/2 hoch (=  16) 
für (1120), (3060) und (2240), die auch durch deutliche Linien 
repräsentiert sind.

Vorstehende Untersuchung hat also als Resultat ergeben dass
die Struktur y m it der Stärke der Linien auf dem Film  vereinbar
ist. (Vgl. jedoch oben (2023).) Der Parameter muss in solchem Fall

1 .~ 0- sein.O
Dagegen erweist sich die Struktur d bei einer ähnlichen Unter

suchung unvereinbar mit der Intensitätsverteilung auf dem Film.
(lOU), (2024), (2134) ,(0004), (1124) und (3034) bilden hier keine 

in Bezug auf die Variation von n /S /2 einheitliche Gruppe, sondern 
zerfallen in zwei. Die eine, die drei ersten Indiceskombinationen

5 7umfassend, zeigen M a x im a  bei^i =  ■ und p  — -  mit n /S ;2= 54,.bez\v.O Ö
-  . 1  8108 (für (2134)), M in im a  bei p  =  ■■ -, p  =  und p  — 1. Bei diesen 

Minima ist n /S /2 =  6, bezw. 12. Die zweite Gruppe, die drei letzten
i  o. . .  1 o

Indiceskombinationen umfassend, besitzt M ax im a  bei p  =  —, p  =
5 7und p  — 1, M in im a  bei p  =  -  und —. Bei den Maxima ist n/S /2O O

=  96 für (3034) und (1124), 16 fü r (0004). Bei den Minimis ist n /S /2 
=0. Die eine Gruppe zeigt also Maxima, wo die andere Minima besitzt. 
Da keine der aufgezählten Indiceskombinationen auf dem Film  re
präsentiert ist, kann selbstredend diese S tru k tu r  n ic h t m it der 
S tärke der L in ie n  au f dem F ilm  in  Übere instim m ung ge
b rach t werden. Eine nähere Untersuchung der Struktur d in Bezug 
auf die Abhängigkeit des Strukturfaktors von p  ist also überflüssig- 
Der Vollständigkeit halber wird indessen hinzugefügt, dass für

1 Debye mid sciieerer Phys. Zeitschr. 19 (1918), S. 474.
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-2), (3032) und (0002) die M ax im a  bei p  =  -- und 1 m it ¡S j- =  10,

die M in im a  bei P =  ^  m it /$/2 — 0 liegen. Für die sämtlichen In-

diceskombinationen (1011), (2021), (2131), (3141), (2025), (10l5), (10l8), 
(2023) und (2133) ist der Strukturfaktor innerhalb des Gebietes

P ^  2 bis P =  1 konstant und gleich 3. Für (10l2), (2022) und 

(2132) liegen die M axim a  bei p  =  ^  m it ¡S/~ =  0, die M in im a  bei 

p =  g ^ d  1 mit /S /2 =  1.

iiie Strukturbestimmung hat also darin resultiert, dass hexago- 
nnles Jodsilber eine Struktur besitzt, die folgendermassen beschrieben 
^ erden kann: Translationsgruppe JV, c — 7.53 Ä . E., a =  4.59 Ä. E.; 
^tomkoordinaten: (Origo auf dreizähliger Drehungsachse, die nicht 
e'ne sechszählige Schraubenachse ist):

A / : [ [ 0 0 0 ] ] , p i i

d iiíH
I)a8 Parameter ^ ist nur approximativ bestimmt, 

dn Tabelle 2 (S. 451) sind nach der approximativen Formel
r n/sr-

J ~ tt  . -,..... .....................................
^rechnete Intensitäten, verglichen m it auf dem Film  beobachteten 
ltld in ¿re{ Schwärzungsgraden abgeschätzten Linien, zusammen

gestellt.

(8)

•  -Ag 
O - J

Fig. 3. Atomanordnung von A g J  (hexagonal).
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Die beobachteten Intensitäten geben die berechneten grob wieder. 
Die augenfälligste Abweichung liegt bezüglich (2023) vor, von der 
man erwarten sollte, dass sie auf dem Film  aufträte. Vgl. jedoch 
hierüber oben.

* #*

[M a rs — A p r i l  1922-

Im Phil. Magazine 42 (1921), S. 202 te ilt W ilsey die Resultate 
einer rüntgenographischen Untersuchung von AgCl, AgBr und 
AgJ mit. Als Material wurden Fällungen angewendet. AgC^ 
und AgBr erwiesen sich als von kubischer Struktur von NaCl-Typi 
fü r AgJ stellte W ilsey kubische Struktur vom Zinkblendetyp fest- 
Dieses letztere Resultat steht im Widerspruch zu demjenigen des 
Verf. und lässt sich auch nicht m it der Kenntnis die w ir betreffs 
der morphologisch-kristallographischen und physikalischen Eigen' 
schäften des Jodsilbers besitzen zusammenreimen. Da indessen 
hexagonale Gitter mit dem Achsenverhältnis a : c — 1:1.0392 relative 
Gitterdimensionen besitzen, die denjenigen kubischer Strukturen 
sehr nahe liegen, müssen aus kubischer Struktur berechnete Sinus
quadrate diejenigen Sinusquadraten, die aus hexagonaler Struktur 
m it dem eben erwähnten Achsenverhältnis berechnet werden, sehr 
nahe liegen. Eine Verwechslung ist daher denkbar. In Tabelle 3 
sind die Sinusquadrate, die eine mutmassliche MyJ~-Struktur von 
Zinkblendetyp1 abgibt und entsprechende Sinusquadrate, die aus 
der zuvor diskutierten hexagonalen Struktur berechnet werden, 
aufgeführt. In  einer besonderen Spalte sind ausserdem die Sinus
quadrate der beobachteten Linien aufgeführt.

Aus kubischem Gitter, 4 Moleküle A g J  im Elementarparallelepiped 
und Dichte — 5.67 wird die Seitenkante des Kubus berechnet zu

a =  0.50 Ä. E.
Der Quadratische Ausdruck wird dann

sin2 l 2
2 “  4 ■ d.fjO2 (.I I 2 +  K 2 +  I r ) (9)

In Strukturen von Diamanttyp ist der Strukturfaktor fü r alle 
Indiceskombinationen m it »gemischten» Indices und ausserdem für 
alle mit geraden Indices, wo I I  + K  + L  nicht eine Vervielfachung 
von 4 ist, =  0.

1 Da das Beugungsvcrmügen von Ag ~  ,7 ist, kann die Struktur als D iamanttyp 
aufgefasst werden.
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Tab 3.

n i s r -

?,2z/2
(Regulär)

Indices

&
Sin22

Berechnet
Gemessen

Regulär Hexagonal Regulär Hexagonal

4 .3 111 0002 0 .0 6 6 0 .0 6 5 0 .0 6 7

— — 1011 — 0 .0 7 6 0 .0 7 5

4 .8 220 1120 0 .1 7 G 0 .1 7 7 0 .1 7 8

— — 1013 — 0 .2 0 7 0.200,1

3.5 311 1122 0 .2 4 2 0 .2 4 3 0 .2 4 5

1.2 400 — 0 .3 5 2 — - __  2

2.0 331 2130 0 .4 1 8 0 .4 1 4 0 .4 1 1

3.2 422 3030 0 .5 2 8 0 .5 3 2 0 .5 3 2

—
1333

2133 — 0 .5 6 1 0 .5 6 1

1 .9
(.511

3032 0 .5 9 4 0 .5 9 8 0 .5 9 5

— 2025 — 0 .6 4 6 0 .6 4 1

1.2 440 2240
3140

0 .7 0 4 0 .7 0 9 0 .7 1 4

2.2 531
1

1126
2242

0 .7 7 0 0 .7 7 2 0 .7 7 8

Wie aus der Tabelle bervorgeht, zeigen die aus der Annahme 
V°R kubischer Struktur berechneten Sinusquadrate ungefähr gleich 
gute Übereinstimmung m it den beobachteten wie die Sinusquadrate, 
'Le aus der hexagonalen Struktur berechnet werden. Ausser den 
Linien, welche die Diamantstruktur abgibt, sind indessen auf den 
Üilmen weitere 4 Linien gemessen, die nicht aus Diamantstruktur 
^geleitet werden können, nämlich m it den Sinusquadraten 0.075, 
0-561, 0.641 und 0.200, das jedoch als /S-Linie zu 0.245 erklärt 
Börden lcann. Die drei erstgenannten Linien sind sämtlich sehr 
schwach.

Aus D ia m a n ts tru k tu r  und aus der hexagonalen S tru k tu r, 
die Verf. vorstehend fe s tg e s te llt hat, werden also Debey- 
photogramme berechnet, wo die Lage der L in ie n  p ra k tisch  
genommen dieselbe is t. Auch die Intensitätsverteilung wird in 1 2

1 Vgl. Seite 451.
2 Eine äusserst schwache, unsichere Linie konnte auf zwei Filmen in dieser Lage 

verspürt werden.
31—2 2 0 2 7 0 .  G. F. F. 1922.
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beiden Fällen nahezu dieselbe, m it starken Linien bei sin2 ^ ,0.007,

0.178 und 0.245. Die Entstehung von ein paar sehr schwachen L im en 
(bei hexagonaler Struktur) oder (bei Diamantstruktur) die Entstehung

x/' • *einer schwachen Linie bei sin2 0.352 sind Unterschiede, die nw

wenn sehr gute, wenig geschwärzte Filme vorliegen, m it Sicherheit 
festgestellt werden können. Wenn es sich darum handelt zu ent
scheiden welche Struktur die wahrscheinlichste ist, müssen in' 
dessen auch folgende Daten berücksichtigt werden: A g J  krista lli
siert (unter + 146’) dihexagonal-pyramidal, nicht selten in g&* 
ausgebildeten Kristallen, welche deutlich hemimorphe Ausbildung 
zeigen. Ätzversuche resultieren in derselben Symmetriebestimmung- 
Laue-Photogramme auf (0001) zeigen hexagonale Symmetrie. Die 
Kristalle sind doppelbrechend und zeigen thermische Anisotropie- 
Diese Beobachtungen sind unvereinbar mit W ilseys Strukturbe
stimmung, stehen aber in Übereinstimmung m it' derjenigen des 
Verf. Eine Deutung der Struktur des Jodsilbers (bei gewöhnlicher 
Temperatur) als Diamanttyp besitzend kann also nicht aufrechter
halten werden.

Berechnung des Rauminhalts der Atome. Die Struktur y kann als 
aus sich gegenseitig tangierenden Sphären von zwei verschiedenen 
Arten aufgebaut werden. Jedes Jodatom liegt nämlich auf der 
Senkrechten gegen eine Fläche (=  0001) in einem nahezu regu
lären Tetraeder, in dessen Ecken die A g -Atome liegen. Wird 
die Bedingung eingeführt dass das ,7-Atom alle vier A^-Atome 
tangieren soll, so werden hierdurch (d. h. wenn der Radius des 
A<7-Atoms bekannt ist) sowohl der Radius des J-Atoms als auch 
das Parameter p bestimmt. Aus metallischem Silber wird nun der 
Radius des Silberatoms zu 1.44 Ä . E. berechnet. W ird dieser Wert 
eingesetzt, so erhält man als Resultat einer einfachen Rechnung

Tj — 1.37 Ä. E.
B ragg1 berechnete aus Alkalijodiden r j  — 1.40 Ä. E. D ie Über

einstimmung ist gut. Hierzu ist nun auch zu bemerken, dass O 
aus Strukturen mit verschiedener Symmetrie berechnet worden ist.

Da die vier Silberatome in den Ecken eines nahezu regelmässigen

Tetraeders liegen, wird demnach Ip sehr nahe —;O
wird an

genommen dass das Jodatom die vier Silberatome tangiert, so kommt 
man also zu dem Parameter zurück, das mit der Intensitätsver-

1 Phil. Mag. 40 (1920). S, 1G9.



teilung auf dem Film, wie auch mit der Schwärzung auf dem 
-,auephotogramm1 am besten harmoniert.

-yr Us A g C l w ird ( r Ci =  1.05 Ä. E.), wenn die Struktur nach 
il*ey (1. c.) als von N aC l-Typ angenommen wird, r Ag — 1.73 Ä. E. 
rechnet. Hieraus wird aus der Jodsilberstruktur r j  =  1.04 be

rechnet, welcher Wert indessen nicht mit dem von Bragg (1. c.) 
¿ -kn e te n  übereinstimmt (Vgl. auch unten Marshit). Auffallend 
^  ^er grosse Unterschied zwischen den Werten für den Radius 

8 Ag-Atoms, die aus metallischem A g  und aus A g C l und A g B r  
rechnet werden. Für r Ag wird nämlich nach W ilsey (1. c.) aus 

J (l.7o Ä. E.) berechnet.2 Das Silberatom scheint also in K r i-
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Tab. 4. (Nach R inne .)

c:a

M g ............................................................... 1 : 1.6391
B e ............................................................... 1.5802
C , l ............................................................... 1.6554
h \O s  (Iridosm inm )................................... 1.6288 3
C  (G ra p h it ) ............................................... 1.63

Z n O ........................................................... 1.6219 «

B e O ............................................................... 1.6305

Z n S  ( W u r z i t ) ........................................... 1.6006

C d S ............................................................... 1.6208

F e S  (Magnetkies)....................................... 1.6502

C u S ............................................................... 1.5888

N i A s ........................................................... 1.6389

N i S b ........................................................... 1.7220

A q J .............................................................. 1.6392

H , 0 ............................................................... 1.617

S i0 2 (Tridym it über +  130°).................... 1.6530

C d J 2 ........................................................... 1.5940

P b J 2 ........................................................... 1.6758

C S i ............................................................... 1.6324
C u2S  (Psendohexagonal).................... 1.6707

B e A l2Ot  ( » ) .................... 1.6321

‘ Zeitschr. f. Krist. 5C (1921).
Aus der von W y c k o i t ,  Am. journ. of sei I I I  ( 1 9 2 2 ) ,  S. 1 8 4 ,  bestimmte A g 20 -  

r|i u.r  wird, wenn ro  =  0.(15 . E., r Ag — 1.41(5) berechnet.
erj  ^ ei Röntgenuntersuchung' des V e r l.  und G. P iiragm i5ns wurde der Wert 1.59

1 Für reines Z n O  wird der Wert 1.0077 angegeben (T rauue).
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stallen zwei verschiedene r-Werte einnehmen zu können, n ä m lic h  

r Ag =  1 .4 2 — 1.44  Ä. E. (A g , A g J , A g 20 )  und r Ag =  1 .7 0—1.77 (AgC  > 
A g B r) .

Zusammenhang1 zwischen (1er ^(«'/./-Struktur und anderen Strukturen* 
Isotypie. Die Struktur, die im vorhergehenden für hexagonales Jod* 
silber festgestellt worden ist, ist völlig analog m it der Struktur 
des Zinkoxyds1. Dieses Resultat ist von Interesse, da sich näm
lich hierdurch herausgestellt hat, dass die oft hervorgehobene Ähn
lichkeit in Symmetrie und Achsenverhältnis zwischen ZnO  und A ff" 
damit zusammenhängt, dass die Atome in beiden diesen Verbindunge0 
in derselben Weise angeordnet sind.

Die Tatsache, dass häufig einfach zusammengesetzte Substanze11 
mit ganz verschiedenem chemischen Charakter in demselben K vl~ 
stallsystem und mit nahezu demselben Achsenverhältnis krista lli
sieren, ist besonders von R in n e  betont worden. E r nannte solche 
Substanzen isotyp. Yon Interesse ist besonders die Gruppe von 
isotypen Substanzen mit dem Achsenverhältnis c:a ~ 1 . 0 : 1 ,  zu 
welcher u. a. ZnO  und A g J  geführt wurden. Nach M g, das hierzu 
gerechnet wird, wurde dieser Typ von R in n e  Magnesiumtyp genannt* 
Tabelle 4 ist die von R i n n e 1 2 * * gegebene Tabelle

Von hierhergehörigen Substanzen sind folgende untersucht, näm
lich M g 8 9, Cd*, Iridosmiu 6m5, Grafit(:, Zinkoxid7, W urzit (teilweise)8! 
Jodsilber, IL J J ‘\  Carborundum10 11.

Durch Hulls11 Untersuchungen sind nunmehr eine weitere Anzahl 
Grundstoffe bekannt, welche hexagonale Struktur mit dem Achsen- 
verhäitnis c:a ~ 1.6 : 1 besitzen, nämlich T i, Z r , Ce, I iu ,  Os, Co.

Es hat sich herausgestellt dass sämtliche untersuchten Struk
turen m it Ausnahme von Grafit, welches rhomboedrisches Gittei 
besitzt, von »raumzentrierten» hexagonalen Gittern oder Kombina
tionen von solchen aufgebaut sind. Dagegen zeigte sich dass das 
Elementarparallelepiped von Ccl das Achsen Verhältnis 1.89  : 1 be
sitzt. In  den bisher untersuchten Fällen hängt also tatsächlich 
die Ähnlichkeit der Kristallform mit einer übereinstimmenden

1 B r a g g , P h il. Mag. 39 (1919), S. 647, Aminoff, Zeitschr. f. K ris t. oG (1921). S. 495-

2 Ber. säohs. Ges. d. Wiss. G9 (1917), S. 57.
9 H ü l l , P h y s .  Review 1 0  (1 9 1 7 ) , S. 661 .
‘  > , Ib id . 17 (1921), S. 571.
5 A m i n o f f  u. G. P i i r a g m i^n , Zeitschr. f. K ris t. 5G. (1912), S. 510.
6 D e b y e  und S c i ie r r e r , Phys. Zeitschr. 18 (1917), S. 291.
7 B r a g g , P h il. Mag. 39 (1919), S. 647. A m i n o f f , Zeitschr. f. K ris t. »G (1921)> 

495.
* B r a g g , P h il. Mag. 39 (1919), s. 647.
9 G r o s s , Central!)], f. Mineralogie. 1919, S. 203.
10 E s p in g , Abhandl. Math. Phvs. K l.  Sachs. A. Wiss. 1921.
11 Phys. Review 17 (1921), S. 571 und 18 (1922). S. 38.

[Mars—A pril 1022-
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Ä tom anordnung  zusamm en. M an  h a t indessen o ffenba r zw e i S tru k -  
iu r ty p e n  zu  un terscheiden, von w e lchen  der eine du rch  das A chsen- 
Verh ä ltn is  c:a ~  1.6 : 1,. de r andere von  c:a ~  1.9 : 1 c h a ra k te r is ie r t 
' v ird . F ü r  den ersteren k a n n  zw eckm ässig  die B eze ichnung  i l / y - T y p  
Jeihehalten w e rd e n ; de r le tz te re  ka n n  m it  V o r te i l  a ls  C d -T yp  
^ze ich n e t w erden. Z u  diesen gehören ausser Cd auch Zn  und  Ug 
(V g l. un ten). E in e  Ü b e rs ic h t übe r se ith e r u n te rsu ch te  S tru k tu re n  
Von Mg- und  C d -T y p  fo lg t  nachstehend.

V Magnesium-Typ. T ra n s la tio n s g ru p p e  F h c:a ~  1 .6 :1 .
a) E in fache  ra u m z e n tr ie rte  G it te r ,  d. h. m i t  den A to m la g e n

O oo 2 1 IT
_3 3 2j

M g  c:a =  1.639 :: 1
Co1 =  1.608 : 1
Ti =  1.59 :: 1
Z r =  1.59 :: 1
Ce =  1.62 : 1
B u =  1.59 : 1
Os =  1.59 ;: 1

(Os, J r ) =  1.59 : 1
b) Kombinationen von 2 raumzentrierten TV-Gitter

Ä to m a rt m it  den k o o rd in a te n 000 2 1 r
3 3 2

d ie

n ; d ie  eine 

andere m it

0 0  p

Moz w e i___
^ 9 -G itte r ,

D as E le m e u ta rp a ra lle le p ip e d  e n th ä lt also

ekttle  von  V e rb in d u n g e n  A B . D ie  S t ru k tu r  is t  a ls  zw e i 
in  de r R ic h tu n g  der c-Achse zu e inander verschoben,

anzusehen. p  ~ 8
ZnO  c:a =  1.608 : 1 
A g J  =  1.639 : 1

[ Z nS  (W urzit) 1.601 : 1. Nach B ragg (1. c.) zeigt 
V 'urzit Ähnlichkeiten in der Struktur m it ZnO. Ausführlichere 
Messungen fehlen jedoch.]

Ü- Kadmiumtyp. Translationsgruppe F h; c:a ~ 1.9 :1.
a) Einfache raumzentrierte Gitter, d. h. Atomlagen wie M g -T yp  a)

Cd c:a =  1.89 : 1 
Z n  = 1 .86 :1

b) Kombinationen von zwei raumzentrierten Gittern. Atom

koordinaten dieselben wde beim il/y-Typ b). p  ~ (?) Die Struk-
1 Nach Hüll bestehen gewisse Proben von Co aus einer Mischung von hexagonaler 

kubischer Struktur.
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tu r  ka n n  angesehen w erden a ls  zw e i C d -G itte r, in  der R ic h tu n g  der 
c-A chse im  V e rh ä ltn is  zu  e inander verschoben. H ie rh e r  g e h ö rt die 
von  Verf.1 gem e in sch a ftlich  m it  N. A lsiSn u n te rsu ch te  S tru k tu r :

H g  c:a =  1.88 :1

[C a rb o ru n d u m  vom  »T yp  I I»  b e s itz t nach E sping (1. c.) hexagonale 
T ra n s la tio n sg ru p p e , abe r das E le m e n ta rp a ra lle le p ip e d  e n th ä lt  6 
M o le kü le  CSi. E s  sch liess t s ich  jedoch  gew isserm assen an den 
M g -T y p  an, da es n ä m lic h  a ls » tetraedrisch» au fge fass t w e rden  ka n n .] 

V ersch iedene  V erfasse r haben den nahen Zusam m enhang zw ischen 
hexagona len  S tru k tu re n  vom  M g -T y p  ( in  beschränktem  S inne, d. h. 
m i t  c:a ~  1 .6 :1 )  u n d  regu lä ren  S tru k tu re n  nachgewiesen. E ü r 

4 p 3
c:a =  1.G33 =  —= werden die Dimensionen in der hexanonalen 

o(2
S t r u k tu r  v o lls tä n d ig  g le ic h  m it  kub ischen  S tru k tu ra b s tä n d e n , da

- - ________  [M a rs -A p r i l  1922.

dem Verhältnis zwischen dernämlich — ’’ gleich ist mit von 
3(2 3

Raumdiagonale und der Flächendiagonale des Kubus. In  einer 
Struktur vom M g -Typ in beschränktem Sinne liegen also die Atome

 ̂11 in den Ecken eines nahezu

regulären Tetraeders. In Strukturen vom M g -T y p  b) liegen die 
Atomen der einen A rt tetraedisch umgeben von den Atomen der 
anderen Art.

In  Strukturen vom Kadmiumtyp bilden die eben aufgezählten 
Atomlagen kein reguläres Tetraeder mehr. Eür c:a =  1.88 bei
spielsweise wird das Verhältnis zwischen den Abständen dessen 

2 1 1T1 f r .  _ .11 .IT  ul rr ul
=  1.1 :1 .  E s  v e rd ie n t in -332 000)| u n d j j o 0 0 | | ,  j j  l O O

hervorgehoben zu werden, dass ein enger Zusammenhang zwischen 
Strukturen vom M g- und Cd-Typ existiert und damit auch 
zwischen dem Cd-Typ und regulärer Struktur. Das Achsenver
hältnis in einer regulären Struktur, wo die Raumdiagonale des 
Kubus als c-Achse und die Diagonale der Kubusseite als «-Achse

genom m en is t, is t  n ä m lic h  c:a =  2.450 1 I — • 2.450 1.633 . W e r-

den zu «-Achsen nicht die Diagonalen der Kubusseiten, sondern 
deren Bissektricen genommen, so wird das Achsenverhältnis c:a

Geol. Foren. Förh. 44 (1922), S. 124.
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(Pseudo-) re g u lä re  S tru k tu re n  au fge fass t w erden.
Zusammenhang' zwischen den geometrischen Eigenschaften (1er AyJ- 

^ tiuk tn r und der Morphologie der Jodsilberkristalle. Kohäsion. Jod - 
s^l>er b e s itz t eine ausgeprägte S p a ltb a rk e it  /  /  (0001). S enkrech t zu 
(0001) s ind  auch d ie  grössten  A tom ebenenabstände vo rhanden ; diese 
8Old, in  A . E . ausg e d rü ck t: (D as A tom ze ichen  u n te r  der Z a h l g ib t

C h a ra k te r is tisch  u n d  e ve n tu e ll m itbes tim m end  f ü r  die E n ts te h - 
U llg  von S p a ltb a rk e it  is t  dass G ruppen  von  zw e i Ebenen, e ine r Ag- 
11 nd e iner ./-E bene , nahe an e inander liegen  u n d  d u rch  grösseren 
■A-hstand von  der nächsten G ru p p e  g e tre n n t. I n  w e n ig e r ausge
p räg tem  G rade  g i l t  dies auch fü r  d ie (lO lO )-E benen. D ie  P e rio d i-  
zi tä t  is t  h ie r fo lgende:

S p a ltb a rk e it / /  (1010) sche in t indessen an A ^ -J -K r is ta lle n  n ic h t 
beobachtet zu  sein, dagegen b e s itz t Z in k i t ,  dessen A to m a n o rd n u n g , 
^ ie  oben a n g e fü h rt, m i t  d e r des Jo d s ilb e rs  ana log  is t,  e ine deut- 
^'ehe S p a ltb a rk e it p a ra lle l m i t  P rism enflächen e rs te r O rdnung .

_ Belastung und Flächenfrequenz. E in  gewisses In te resse b e s itz t 
e*ne A n a ly s e  des G it te rs  m it  R ü c k s ic h t a u f den Zusam m enhang 
f i s c h e n  de r B e la s tu n g  d e r A tom ebenen u n d  der F requenz der 
beobachteten K r is ta llf lä c h e n . »Belastung» w ir d  nach N ig g l i1 zw eck
mässig e in  A u s d ru c k  der F o rm

Parallelogramm der Ebene (hkl) absorbiert werden. A kann zweck
mässig durch die A to m n u m m e r ausgedrückt werden, wobei der

hä ltn isse entsprechen den beiden A u fs te llu n g e n  von  hexagona len  
K r is ta l le n , d ie von  G o ld s c h m id t  Gl u n d  G.2 g e n ann t w o rden  sind. 
Sowohl S tru k tu re n  vom  Mg- a ls vom  C d -T y p  können also auch a ls

die A rt Atome an, die in der Ebene gelegen ist)
v 0.94 2.82 0.94 2.82

O(oooi) =  A (J  j  A g  J

ö{mo)-  Ag + J
1.32 2.65 1.32 2.65

Ag + J  " A g + J  Ag +  J

l _ 1\ A i + ch A i ch A * + • • • • (10)

H ie r  beze ichnet q d ie  A n z a h l A to m e  A, d ie vom  E le m e n ta r-

K u sd ru ck  (9) in  gew issem  G rade d ie  E le k t ro n d ic h t ig k e it  de r Ebene
bezeichnet.

Üiskontinuuin, S. 465.
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In Tabelle 5 sind die in dieser Weise berechneten Belastungen 
für eine Anzahl Flächen m it niedrigen Indices wiedergesehen- 
Der in den Nenner von (10) einbegriffene konstante Faktor ac 
(Vgl. Formel 1) ist ausgelassen. (A ff =  47, J  =  53).

[M ars— A pril 192--

Tal». 5.

Symbol L , Absorbierte
Atome L t Absorbierte

Atome L Mittel
Frequenz

_

1120 115.5 2 Ag + 2 J _ 115.5 2
1010 100.0 Aff + ,7 — — 100.0 6
0001 88.9 Aff 100.2 j 94.6 8
1011 41.5 Aff 46.8 j 44.2 7
3033 38.6 2 A g  + 2 J — — 38.6 j p
1012 32.3 Aff 36.1 j 34.3 3
3032 29.6 2 A g 33.3 2 J 31.4 2
1121 25.9 Aff 29.3 J 27.6 0
3034 25.6 2 Ag 28.9 2 J 27.2 2
1013 25.0 Aff 28.3 J 26.6 1
2021 22.7 Aff 25.6 J 24.2 4
1014 20.1 Aff 22.6 J 21.4 2

Die in der) 7ten Spalte der Tabelle aufgeführten Ziffern sind 
aus der Kombinationstabelle berechnet, die sich in K r aus  und  C ooks 
Aufsatz1 über die Kristallographie des Jodsilbers befindet. Hierbei 
ist jedoch zwischen (hikl)- und (hikl)-Formen kein Unterschied 
gemacht worden. Die Ziffern geben die Anzahl Fundorte an, wo 
die resp. Formen nacbgewiesen sind. Die Symbole sind zu dem 
richtigen Achsenverhältnis c:a =  1 : 1.6392 transformiert.

Eine gewisse Übereinstimmung ist vorhanden zwischen Durch
schnittszahlen von Belastung für verschiedene Atomebenen, parallel 
m it einer gewissen Fläche, (L müM), und der Frequenz derselben. 
Dies g ilt von den Formen (lOlO), (0001) und (lO ll), deren mittlere 
Belastung gross ist. Diese Formen sind gleichzeitig die gewöhn
lichsten. Eine auffallende Abweichung ist indessen vorhanden 
hinsichtlich der am stärksten belasteten Fläche (1120), die an den 
bisher untersuchten Kristallen selten ist. Dasselbe g ilt von (1121)! 
die trotz ziemlich grossen Wertes für L miUel nicht beobachtet ist.

Eine ähnliche Rangordnung zwischen den auftretenden Flächen

1 Zeitschr. f. Kryst. 46 (1909), S. 417.
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zeigen die untersuchten Kombinationen von ZnO-Kristallen. Eine 
Zusammenstellung1 nach G rotii, Chem. Krystallogr aphie, gibt

Frequenz: 14 13 13 5 3 2_
(1010) (1011) (0001) (2021) (1013) (2025)

(1012) (1124) (1120)
( 1122)

Bd u .  H. 3 — 4.] ÜBER DIE KRISTALLSTRUKTUR VON JODSILBER.

Auch hier spielt (1120) verglichen m it (1010) eine unterge
ordnete Rolle.

Bezüglich dieser Zusammenstellungen ist natürlich zu bemerken, 
dass die Belastung nur als e iner der Faktoren, die den Rang 
der Formen bestimmen, angesehen werden kann.

Zw illingsb ildung . An Jodsilber sind von mehreren 'Forschern 
Zwillingkristalle nach (3038) beobachtet worden. Die Form {3038} 
is t an künstlichen Kristallen von v. Z epiiarowicii1 2 beobachtet, 
Zw illiDgkr istalle nach (3038) sind beschreiben von Gentii und v. 
R atii,3 4 Spencer1 sowie von K raus und Cook.5 Wie aus Tabelle 5 
hervorgeht, besitzt (3038) trotz der relativ hohen Indices eine hohe 
Belastung (¿3038 =  38.0). Sie kommt in dieser Hinsicht zunächst 
n a c h  (1011). Ihre starke Belastung hängt damit zusammen dass 
das Elementarparallelogramm alle vier Atome des Elementar- 
Parallelepipeds absorbiert, was hervorgeht wenn ihre Indices 
eißgesetzt werden in den Ausdruck

ha +  iß  +  ly =  N ............................. (11)

Wo a, ß und y Atomkoordinaten sind. N  vird für [[0 0 0]], 

eine ganze Zahl.

2 1 1
3 3 2•Ir

h u
~\
| und 2 1 IT

LL 8j j 3 3 8
nahezu normal gegen (dUdo; stent ciie uitteim ue ^ U!3

dem allgemeinen Ausdruck dafür dass die Einie [uinr] 1)0 m it der 
Hitterlinie \u x vx m>,] bildet, oder

a2uux +  b2v v x +  c - w w 1 +  bc ( y w x +  w v x)  cos a  +  c a  { i v u x +  Mitq) cos ß  

+  ab ( u v x +  v u x)  cos y  —  0 .....................................................................................(1 2 )

wird der für hexagonales Gitter geltende Spezialfall abgeleitet,oder

ÍT UUL +  VVy -  -  (ltV x +  VUj) 4- c2m vx =  0 . . . . (13)

1 Die Frequenzziffern geben hier die Anzahl verschiedene Typen an, an welchen 
“ ie resp. Formen beobachtet worden sind.

2 Zeitschr. f. Kryst. 4 (1879), S. 119.
3 Zeitschr. f. Krist. 10 (1885), S. 473.
4 Ibid. 35 (1902), S. 452.
5 Ibid. 4(1 (1909;, S. 417.
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a, b, c sind in (11) die Kanten des Elementarparallelepipeds, «, />’, 7 
die Vinkel desselben. Pür hexagonales Gitter ist « =  &; « =  ß 
=  90°; y =  120°.

Für die Berechnung der Indices u, v, w für die zu (3088) recht
winklige Linie kann zweckmässig1 die Bedingung angewendet wer
den, dass \uvw ] rechtwinklig zu zwei in (3038) liegenden Gitter
linien sein soll. Die Schnittlinien zwischen (3038) ünd (0001) bezW- 
(OlIO) sind zwei solche Gitterlinien. Die Zonenindices derselben 
werden zu [OlO] und [803] berechnet. Bei Anwendung der Formel 
(13) ergibt sich dann

\u  c*
— =  5—ä =  l-343 ! w 2 fr

Hieraus geht hervor dass [423] eine I ’seudonormale zu der Ebene 
(3038) ist. Die Abweichung von 90° ist nur 0’ 12'.

Fig. 4. P ro jektion der S tru k tu r von A g J  (hex.) bei Zw illingsb ildung  nach (3038), 
Projektionsebene (0110). Nur in  der Projektionsebene liegende Atome sind angegeben. 

Die gestrichelte L in ie  is t die Spur der (3038)-Ebene in (0110).

1 Vgl. N igg li. D iskontinuum, S. 519.
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Nach F r ie d e l 1 ist das Vorhandensein von Gitterlinien, welche 
Nahezu senkrecht zur Zwillingfläche verlaufen, eine kennzeichnende 
Eigenschaft für Zwillingkristalle. M it der Pseudonormale und 
zWei Gitterlinien in der Zwillingsebene kann dann ein Gitter kon
struiert werden, das sich nahezu exakt über die Zwillingsfläche 
v°a demeinen Individuum nach dem andern fortsetzt. I  riedel nennt 
solche Zwillinge »macles par pseudomeriedrie réticulairé» zum 
Unterschied von »macles par mériédrie», wo das Gitter des einen 
Individuums sich exakt in dem des andern fortsetzt.

Uriedel diskutiert in seiner vorzüglichen Arbeit über das Zwil- 
Ungproblem (1. c. p. 278) auch Jodsilber. Das Achsenverhältnis, 
das er dabei voraussetzt (c : a =  1 : 1.2294) ist indessen nicht das 
richtige. Yon diesem Achsenverhältnis ausgehend findet F riedel 
indessen dass (3088) in der BiiAVAisschen Rangordnung (nach der 
Urösse der Elementarparallelogramme) die vierte Fläche ist. [(3038) 
erhält in F riedels Aufstellung das Symbol (10l2)]. Da der Aus
gangspunkt (das Achsenverhältnis) nicht richtig ist, ist selbstredend 
;;nch diese Konsequenz unrichtig. Au f Grund der Atomanordnung 
•Er Jodsilberstruktur zeigt sich indessen nun dass (3038) tatsächlich 
•Ein Range nach die fünfte Fläche ist, wenn nämlich die Flächen 
aa°h abnehmenden L miud (mittlere Belastung. Vgl. Tabelle 5) geordnet 
Werden. Grössere Belastung besitzen nur (1010), (1120), (0001) und 
(1011). Yon diesen sind die zwei erstgenannten Symmetrieebenen 
u*id können daher keine Zwillingkristalle erzeugen. Nach (0001) 
können sich »macles par meriédrie» bilden. Solche scheinen jedoch 
bei A cjJ  nicht beobachtet zu sein. Dagegen sind sie unter K r i
stallen von ZnO  gefunden. Pseudomeroedrische Zwillinge nach 
(1011) sind natürlich denkbar. Eine für diese h lache bewerk
stelligte Berechnung derselben A r t wie oben lässt indessen erkennen, 
dass hier keine Pseudonormale m it einfachen Indices existieren. 
Man erhält nämlich bei Anwendung von (13)

^  =  5.374,( ~ 5 ^
«2 l  °

u
2

Eie einfachste Pseudonormale gegen (1011) wäre also [16 -8-3], 
•lie offenbar im Vergleich zu [423] sehr wenig belastet ist. [423

ist ausserdem doppelt belastet, da sie nämlich die Atome 

absorbiert.
1 Études sur les groupements cristallins. Bull. Soc. de l ’industrie minerale. IA -e 

feMie. Tomes 111 et V.

2 1 11
_3 3 2J
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Die Fläche (3048) kann also als die nach der Rangordnung mR 
Rücksicht auf Belastung erste Fläche (die nicht Symmetrieebene 
ist oder senkrecht zur Symmetrieachse steht) charakterisiert werden, 
die eine Pseudonormale mit einfachen Indices besitzt. Werden 
starke Belastung und Pseudonormalen m it einfachen Indices als 
Voraussetzungen für Zwillingbildung angenommen, so is t  demnach 
(3038) als die F läche in  der A g J -S tru k tu r  anzusehen, nach 
welcher a p r io r i m it  grösster W a h rs c h e in lic h k e it S w il" 
lin g sb ild u n g  m it n ic h t pa ra lle le n  Achsen zu erw arten sein
muss.

Die Abweichung der Pseudonormale [423] von 90° wird grösser in
4:V 3demselben Masse als das Achsenverhältnis sich von —-  =  1.632
oV'2

e n tfe rn t, d. h. w enn d ie  D im ensionen  des G itte rs  s ich  von denjenigen 
eines kub ischen  G itte rs  en tfe rnen . M ög liche rw e ise  h ä n g t h ie rm it 
zusam m en dass Z w il l in g e  nach (3038) be i Z in k o x y d  n ic h t beobachtet 
s ind . N ach  T r a u b e 1 is t  n ä m lich  das A ch se n ve rh ä ltn is  des reinen 
Z in k o x y d s  c : a =  1 : 1.6077, was bedeutend m ehr von dem kub ischen 
a b w e ich t a ls es das A c h s e n v e rh ä ltn is  des Jo d s ilb e rs  tu t .  Z u  
bem erken is t  indessen dass f ü r  ZnO  auch A ch se nve rhä ltn isse  ange

geben sind, welche näher an 4V3
3^2

liegen.

Die reguläre Modifikation (Stabil über +  146°).

Auf der Basis von Reflexionsmessungen gegen (0001) an Wurzit- 
kristallen vermutet B r a g g 1 2 dass Z n S  in hexagonaler Modifikation 
analog mit ZnO  gebaut ist. Es ist daher ziemlich naheliegend 
anzunehmen, dass A g J , dessen hexagonale Modifikation strukturana
log m it ZnO  ist, in regulärer Modifikation dieselbe Struktur wie 
reguläres ZnS , besitzen müsse. Bei Untersuchung von A g J  über 
+ 146° hat Verf. indessen gefunden, dass dies nicht der Fall ist. 
Die reguläre Modifikation, die über + 146° stabil ist, hat eine Struk
tur, die bedeutend komplizierter ist und anscheinend enhält der 
Elementarkubus eine so grosse Anzahl Moleküle, dass eine de
taillierte Strukturbestimmung kaum durchführbar sein dürfte.

Beim Debye-Photographieren von A g J  über + 146° wurde eine in 
Göttingen verfertigte offene Kamera angewendet, wo der Film  durch 
ein schwarzes Papier geschützt wurde so dass das Präparat bei 
Tageslicht eingesetzt und zentriert werden konnte. Diese Kamera

1 N. Jakrb. f. M in. Beil. Bd. 9 (1894—5), S. 147.
2 P h il. Magazine 39 (1919), S. 647.
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konnte ohne Veränderung zum Photographieren bei höherer Tem
peratur angewendet werden. Da es nämlich für die Bestimmung 
der Struktur nicht fü r nötig angesehen wurde, während der Ex
ponierung eine sehr konstante Temperatur einzuhalten, wurde fol
gende einfache Anordnung gemacht. Das Kristallpulver (durch 
Pulverisieren eines einzigen grossen Kristalles erhalten) wurde mit 
Leim auswendig auf einem Kapillarröhrchen von Glas befestigt, 
das in gewöhnlicher Weise in die Kamera eingesetzt wurde. Unter 
dieser wurde eine kleine Gasflamme placiert, über welcher in der 
Kamera ein Metallrohr angebracht wurde, durch das der warme 
Luftstrom dem Präparat zugeführt wurde. Die Temperatur wurde 
Zu Anfang und am Schluss einer jeden Exponierung wie auch bei 
Luterbrechung derselben an einem Thermometer abgelesen, der 
nachdem die Probe herausgehoben war, an Stelle der Probe in die 
Kamera eingesetzt wurde. Zwei wohl gelungene Films wurden 
fu'h alten nebst ein paar weniger guteD. Die Linien waren voll
kommen scharf, wenngleich einige sehr schwach waren. Eine a ll
gemeine Schwärzung macht jedoch die Reproduktion derselben 
Unmöglich. Bei der Exponierung des Films n:o 1 wurden folgende 
Temperaturen abgelesen: 190°, 195°, 207°, 190°, 188°; Durchschnitts
zahl =  194°. Während der Exponierung des Films n:o 2 wurden 
die Temperaturen 185°, 190°, 185°, 195 abgelesen; Durchschnitts
zahl =  190°. N:o 1 wurde 5 Stunden, n:o 2 3 Stunden exponiert. 
Die Spannung war c:a 40 000 Volt; die Stromstärke c:a 10 M illi
ampere. Die Vermessung des Films gab als Resultat die Sinus- 
fluadrate, die in Tabelle (! aufgeführt sind.

44. H. 3— 4.] ÜBER DTE KRISTALLSTRUKTUR VON JODSILBER.

Tab. (!.

Linie
N:o Schwärzung

S in - j
M ittel X

Film  N:o 1 F ilm  N:o 2

1 Stark 0.077 0.077 0.077 a

2 Schwach — O.loF 0.104 ß  ?
3 » — 0.126 0.126 a

4 Stark 0.152 0.152 0.152 a

5 Schwach 0.187 0.188 0.1875 ß i

6 Stark 0.227 0.230 0.2285 a

7 Mittelst. 0.800 0.303 0.3015 a

8 Schwach 0.373 0.369 0.371 a

9 Stark 0.527 0.528 0.5275 a
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Eiu Vergleich m it Tabelle 1, wo die Sinusquadrate der hexa
gonalen Modifikation aufgeführt sind, lässt unmittelbar erkennen, 
dass Jodsilber eine andere Struktur angenommen hat. Als ß-Linien 
können die Linien n:rs 2 und 5, zu bezw. n:rs 4 und 6 gedeutet 
werden. Als ß-Linie zu 0.152 wird nämlich 0.103 (beobachtet: 
0.104) berechnet; zu 0.228 wird 0.188 (beob.: 0.187 und 0.188) 
berechnet.

Die Sinusquadrate, welche eine reguläre Struktur erzeugt, müssen 
ausgedrückt werden können durch die Formel (9), oder

S in2 ~  =  ( I I 2 + K 2 +  L 2)2 4 < rv 7
l 2Da , — s, wo a =  Kantenlänge des Elementarkubus, eine Kon- 4 a2 °

stante ist, müssen die Sinusquadrate sich verhalten wie ganze 
Zahlen, die in Form einer Summe der Quadrate von ganzen Zahlen, 
inklusive 0, dargestellt werden können. Sinnlos sind daher u. a. 
die Zahlen 7, 15 und 28.

Die in Tabelle 6 aufgeführten Sinusquadrate für «-Linien können 
vorerst zweckmässig ausgeglichen werden zu folgender Zahlen
serie, in welcher die Zahlen ganze Multipla einer Konstanten sind:

0.075 0.125 0.150 0.225 0.300 0.375 0.525

Die mittlere Abweichung von den beabachteten Werten wird dann 
etwas mehr als 1 %.

Diese Serie Sinusquadrate lässt erkännen dass die Jodsilber
struktur bei dieser Temperatur regulär ist.

Die erste Möglichkeit,* 1 welche diskutiert werden kann, ist dass
X10.075 =  3 —- ^ .  0.075 entspricht dann einem Keflex von (111)-

Hierbei erhält man die Zahlenserie 3, 5, 6, 9, 12, 15, 21. Diese 
is t indessen unmöglich, da 15 nicht als Summe von drei Quadraten 
von ganzen Zahlen dargestellt werden kann und 0.375 nicht als 
/?-Linie erklärt werden kann.

I 2W ird 0.075 =  4- ^ ^  angenommen, so kann 0.125 nur mit Schwie

rigkeit eingepasst werden. Ausserdem erhält 0 525 die Zahl 28,

A2
1 0.075 =  1 • ^ ^  füh rt zu der Zahlenserie 1, 2, 3, 4, 5, 7, wo 7 sinnlos ist. Ausser

dem kommt dann 0.125 nicht mit. W ird 0.075 =2 ■ angenommen, so kommt auch 

0.125 nicht mit.

[Mars— A pril 1922.
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A2
Was offenbar sinnlos ist. In  die Annahme 0.075 =  5- kann

gleichfalls 0.125 nur mit Schwierigkeit eingepasst werden. Ausser-

dem erhält 0.225 die Zahl 15, was sinnlos ist. W ird 0.075 =  ß •

^genommen, so erhält man die Zahlenserie 6, 10, 12, 18, 24, 30, 42.
- Jer erste Reflex würde in diesem Falle von (211) herrühren. Diese 
Annahme ist die einfachste, die nicht sinnlos ist. Bevor dieses 
vesultat anerkannt wird, muss indessen die Linie 0.125 m it ein 

paar Worten diskutiert werden. Dieselbe kommt auf dem stärksten 
der F ilms vor un^ ^  hjer vollkommen deutlich, wenngleich ziemlich 
f cWach. Sie lässt sich nicht als /S-Linie erklären. Es stellt sich 
lndessen heraus, dass selbst wenn man von dieser Linie' absieht,

doch 0.075 =  G ■ „ als die einfachste mögliche Annahme angesehen
4 <r

A2 A2 A2 „ A2 
"'enden muss. Die Annahmen 0.075 =  1 • "-5, 3 • -—3, 4 • -—3, 5 • ^4 a- 4 a2 4 a2 4
^ e n  Zahlenserien, wo die Zahlen 7, 15 oder 28 vorhanden sind

A2
Und die also sinnlos sind. Verbleibt die Möglichkeit 0.075 =  2 ■ •

hieraus werden die Zahlen 2, 4, G, 8, 10, 14 erhalten (0.125 kommt 
dann nicht mit). Aus

0.075 =  2 wird berechnetJ l
4 a2 ̂  

a =  4.98 Ä. E.
Hie Dichte von hexagonalem Jodsilber ist im vorhergehenden 

^  5.07 angenommen, welcher Wert sich in gutem Einklang mit 
dem Debye-Film erwies. Nach Volumenmessungen von T a m m a n 1 
llnd B e n e d ic k s 2 ist die Volumenverminderung, welche A r /J  bei 
+ 146 erleidet =  0 01 cc pr 1 gr Substanz. Hieraus wird die Dichte 

+ 146 zu 6.01 berechnet. Da indessen bei der Untersuchung 
des Verf. die Temperatur ungefähr + 190° war, muss eine etwas 
niedrigere Dichte den Berechnungen zu Grunde gelegt werden, die 
nn der Hand von B e n e d ic k s  Kurven (1. c. p. 251) auf etwas weniger 
als 6.00 eingeschätzt werden kann. W ird mit dem approximativ 
nichtigen Werte 6.0 gerechnet, so erhält man die Anzahl Moleküle 
Im Elementarkubus mit der Seite 4.98 Ä. E.,

=  ........  6
(4.98)3 

1.00 x 234.8 =  1.90

1 Zcitsclir. f. Phys. Oheinie 75 (1911), 8. 377. 
s Journal of tlie Trou and Steel Institnte 1912, I I ,  p. 242
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Selbst wenn man annimmt dass der Fehler in der Ziffer 6-0 ft11 
die Dichte so gross ist, dass N  hierdurch den W ert 1.9 anstatt 2.0

erhalten hat, führt dennoch 0.075 =  2 - ™  zu sinnlosem R esu lta t-

Zwei Moleküle A g J  im Elementarkubus können nämlich nicht so 
placiert werden dass kubische Symmetrie erhalten1 wird, und 
die Symmetrie dieser Modifikation wohl als völlig sicher bestimmt 
(optisch) angesehen werden muss, ist kein Grund vorhanden d>e 
Struktur von niedrigerer Symmetrie als kubischer anzunehmeu-

12
Airs 0.075 =  6 • — wird berechnet4 a1

a =  8.63 Ä. E.
Die Anzahl Moleküle im Elementarkubus, N , =  9.67.

Nimmt man an dass die Abweichung von 10.0 mit einem Fehler in 
der Ziffer für die Dichte zusammenhängt, so würde also die ein
fachste Möglichkeit zu einer Deutung der Struktur dieser Jodsilber
modifikation besagen, das der Elementarkubus 10 Moleküle A gJ  
enthält. Es können also nicht sämtliche A g - bezw. J -Atome 
strukturell identisch sein, da 10-zählige Lagen nicht möglich 
sind. Versuche die Atomkoordinaten in einer kubischen Struktur 
m it 20 Atomen zu bestimmen müssen als aussichtslos angesehen 
werden. Hierzu kommt dass 10 Moleküle im Elementarkubus die 
n ied rigs te  Anzahl ist, die m it der Lage der Linien auf dem F ilin  
vereinbar ist. Eine höhere Ziffer als 10 ist natürlich sehr wob 
denkbar, und m it Rücksicht darauf dass bei 10 Molekülen nicht 
alle Atome derselben A r t strukturell identisch werden, vielleicht 
wah rscheinlich er.

Die Berechnung der Debye-Films gibt also als Resultat dass 
A g J  über + 146° (bei c:a 190°) reguläre Struktur besitzt. Diese 
Struktur stimmt m it keinem zuvor bekannten regulären Struktur
typ (raumzentriert, flächenzentriert, Zinkblende-Typ etc.) überein. 
Der Elementarkubus muss mindestens 10 Moleküle A g J  enthalten. 
Wenn alle Atome derselben A rt strukturell identisch sind, muss 
der Elementarkubus eine noch grössere Anzahl (12, 16, 24, 32 
oder 48) enthalten. * 10

1 Dies würde besagen dass zwei 2-zählige Lagen oder vier 1-zählige L a g e n  vor
handen waren. Wären anstatt Atome A gJ-M o le kü le  Struktureeinheiten, so könnte 
die S truk tu r als raumzentriert aufgefasst werden, wobei gerade die Zahlen 2, 4, o, - i
10 und 14 auftreten müssen.
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II. Marshit und Miersit.

V uJ  (das Mineral Marshit) kristallisiert nach Untersuchungen 
v°n Spencer  (1. c.) tetraedrisch und besitzt eine vollkommene Spalt
barkeit nach (110). Das Mineral Miersit, m it der Zusammensetzung 
4 A g J . CuJ, kristallisiert gleichfalls tetraedrisch und zeigt auch 
1bombendodekaedrische Spaltbarkeit (S p e n c e r  1. c.). Mischkristalle 
jnit grösserem Gehalt an Cu als vorstehende Formel angibt sind 
bekannt. Bei Überschuss von Ä g J  entstehen jedoch Zusammen
fassungen von Miersit m it A gJ. S pen cer  schliest aus diesen 
Tatsachen, dass die über + 146° stabile, reguläre Jodsilbermodi
fikation isomorph mit C uJ  und also tetraedrisch ist. Durch Dr. 
Spencers zuvorkommende Vermittlung, für welche Verf. hier die 
Gelegenheit benutzt, seine grosse Dankbarkeit zum Ausdruck zu 
bringen, wurden vom British Museum Proben von dem Original- 
Material von sowohl Marshit als Miersit aus Broken H ill erhalten. 
Liese Mineralien wurden beide einer Untersuchung mit Debye- 
klethode unterzogen, wobei konstatiert wurde dass sie S tru k tu r  
v °n Z inkb le nde typ  besitzen.

M a rs h it .

Struktiirbestimmmigr. D as P rä p a ra t w u rd e  l 1/ 2 S tunden  bei c:a 
40 000 V o lt  und  c:a 8 M . A . expon ie rt. F e -A n tik a th o d e  w u rd e  
angewendet. D ie  gemessenen L in ie n  ergaben fo lgende S in u squad ra te :

Linie N:o 1 2 3 4 5 6
Sin* t  _  

2 ~ 0.0796 0.207 0.234 0.284 0.412 0.487

Mittel Stark Schwach Stark Schwach Mittelst.

Linie N:o 7 8 9 10 11
Sin2 — — 

2 0.511 0.615 0.693 0.821 0.898

Schwach Stark Mittelst. Stark Stark

Von diesen Linien können als ß-Linien gedeutet werden 0,234 
(als /3-Linie zu 0.284; Ber.: 0.234) und 0.511 (als ß-Linie zu 0.615; 
Ler.: 0.505). Werden diese Linien (N:ris 3 und 7) abgesondert, 
so verhalten sich die Sinusquadrate der verbleibenden Linien sehr 
nahe wie die Zahlen 3, 8, 11, 16, 19, 24, 27, 32 und 35, woraus 
hervorgeht dass die Struktur regulär und aller Wahrscheinlichkeit 
nach von Zinkblendetyp ist. Die Übereinstimmung geht aus 
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nachstehenden Ziffern hervor, (für die a-Linien), welche durch 
Multiplikation mit den in der Zahlenserie 3, 8, 1 1 .... enthaltenen 
Zahlen m it der Konstante 0.0257 erhalten werden,

4 7 6  G. a m in o f f . [M a rs — A p r i l  1922.

Linie N:o 1
0.0771

8 9 10 11
0.617 0.694 0.822 0.899

0.0257, die KantenseiteAus der Formel (9) wird, wenn

des Elementarkubus berechnet zu
a =  6.02 Ä. E.

W ird Priors Analyse1 (Ag  =  1.19 %) als für das photographische 
Material massgebend angenommen, so wird (Dichte nach Prior 5.59) 
die Anzahl Moleküle (1.00 J , 0.98 Cu, 0.02 Ag) im Elementarkubus zu

N  — 3.84,
oder nahezu 4 Moleküle, berechnet. Eine etwas höhere Dichte als 
5.59 muss also für das untersuchte Material angenommen werden. 
(Bestimmung der Dichte m it Röntgenanalyse gibt oft höhere Werte 
als andere Methoden). Für reines CuJ, dessen Dichte von Spring3 
zu 5.63 angegeben wird, wird wenn 4 Moleküle im Kubus ange
nommen werden, berechnet

a =  6.08 Ä. E.
Dass der Elementarkubus in der Struktur des Marshits vier 

Moleküle enthält, dürfte als völlig sicher angesehen werden können. 
Die Zahlenserie 3, 8, 11, 16 usw. ist kennzeichnend für reguläre

Strukturen mit den Atomlagen [[0 0 (

I I

( T U  o l i ( )
r

0 i i ]
Ll 2 2 uj ? [_2 2_ L 2 2JJ

1 3 3
444

3 13
4 4 4

Sind diese Atomlagen sämt

lich m it gleichartigen Atomen (Struktur von Diamanttyp) besetzt, 
so wird der Strukturfaktor =  0 für alle Indiceskombinationen m it 
gemischten Indices und solche m it gleichartigen wo aber ( H + K + L )  
nicht mit vier teilbar ist. Sind vier Atomlagen mit einer Sorte 
Atome, die übrigen vier m it einer anderen Atomart besetzt (Struktur 
von Zinkblendetyp), so wird der Strukturfaktor nicht mehr =  0 in 
dem letztgenannten von den vorstehend angegebenen Fällen, sondern 
erhält einen Wert, der sich in demselben Masse null nähert als 
der Unterschied zwischen der Beugungsfähigkeit der Atomarten 
klein wird. Die Atomnummer von Cu ist 29, von J  53. (Nimmt 
man an dass die Atome in der Struktur in Ionenform enthalten

1 Mineralog. Magazine 13 (1901—03), S. 189.
2 Zeitschr. anorg. Chemie 27 (1901), S. 308.



so wird die Anzal Elektronen 28, resp. 54). In  runder Zahl 
Jarni also bei der Berechnung der Strukturfaktoren für Cu, 1 für J, 

eingesetzt werden.
Strukturen von Zinkblendetyp (mit den Atomen A  und B )  veran- 

assen vier Typen von Strukturfaktoren, nämlich
1) Alle Indices ungerade: /S /2 =  (A Ä f  + ( ± AB)2

Gemischte Indices: /S/2 =  0
3) Alle Indices gerade:

a) (H  +  K + L ) teilbar m it 4: /S r  =  (4A  +  AB)'1
b) (H  +  K + L )  nicht teilbar mit 4: /S /2 =  (4A  — AB)2.

dem Wert 1 für Cm, 2 für J, wird dann für diese Typen 
V 011 Strukturfaktoren erhalten: 1) /S /2 =  80, 2) /S /2 =  0, 3 a) /S /2 
~~ 444, 3 b) /S /2 =  16, oder, wenn 16 =  1 gesetzt wird, 1) /S /2 =  5, 

a) /Sj2 =  9, 3 b) /iS/2 — 1. In  Tabelle 7 sind diese abgerundeten 
trukturfaktoren aufgeführt. Ausserdem finden sich in dieser 
abeile die den Linien entsprechenden Indiceskombinationen, Kom

^  44. H . 3— 4 .]  ÜBER DIE KRTSTALLSTRUKTUR VON JODSILBER. 477

bi; 71/ /  S /'Uätionszahlen, als berechnete Intensität in der ersten Ap-
r 2 J 2 1

Proximation nebst Abschätzung der Stärke der Linien in drei
*raden. Die Nummern in der ersten Spalte beziehen sich auf das
®rzeichnis über Sinusquadrate auf der vorhergehenden Seite. DieVi

tunie n:o 7 ist wahrscheinlich ausschliesslich als /S-Linie aufzu
fassen. Indiceskombinationen m it gemischten Indices sind nicht
aufgenommen.

Tab. 7.

I
L in ie
N:o Indices /8/2 n M/S1/2

J -V /2

Schwärz
ung

1 111 5 4 6.7 2

— 200 1 3 0.7 O

2 220 9 6 6.7 3

4 311 5 12 5.4 3
— 222 i 4 0.3 0

5 400 9 3 1.7 1

6 331 5 12 3.2 2

(7 420 1 6 0.3 0)
8 422 9 12 4.5 3

9 333; 511 5; 5 4; 12 3.0 2

10 440. 9 6 1.7 3

11 531 5 24 3.4 3
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Die Übereinstimmung zwischen den beiden letzten Spalten muss 
als durchaus befriedigend angesehen werden. Struktur von Zink
blendetyp gibt also die experimentellen Daten einwandfrei wieder. 
Hiermit steht auch der tetraedrische Habitus und die Spaltbarkeit 
//(HO) der Kristalle in Übereinstimmung.

[M a rs  — A p r i l  11*22-

Fig. 5. Atomanordnung von CwJ.

Berechnung des Rauminhalts der Jodatome. Jedes Jodatom ist 
tetraedrisch von vier Kupferatomen umgeben. Y ird die Seite des

Elementarkubus mit a bezeichnet so ist — r Cu +  r J- Aus me

tallischen Cu w ird r Cu =  1.28 A. E. berechnet. W ird a =  6.02 A. E. 
der Berechnung zu Grunde gelegt, so ergibt sich dann

r j  =  1.33 A. E.
Aus reinem CuJ (a —

6.08) wird berechnet 0 = 1 .3 6  A. E.
Hexagonales Ä g J  gab o  =  1.37 Ä. E. Die Übereinstimmung 

ist sehr gut.
M ie rs it.

Von P r io r s  Analyse (1. c.) übriggebliebenes Material wurde mit 
Fe-Strahlung unter denselben Bedingungen wie beim Marshits | 
photographiert. Die Belichtungszeit war jedoch länger (4 Stunden). 
Folgende Linien wurden gemessen:

Linie N:o 1 2 oO 4 5 6 7

S in 21 =  0.0705 0.187 0.255 0.368 0.439 0.554 0.623

Mittel Stark Stark Sehr
schwach

Mittel Stark M ittel



B d 44. H. 3 — 4 .]  ÜBER DIE KRISTALLSTRUKTUR VON JODSILBER. 479

Von /^-Strahlung herrührende Linien scheinen nicht vorzukommen. 
(Die Films waren sehr schwach.)

Die Struktur ist offenbar von demselben Typ wie die des Mar
g its . Die Sinusquadrate verhalten sich nämlich sehr nahe wie die 
ZaMen 3, 8, 11, 16, 19, 24 und 27.

Multipliciert man diese Zahlen mit dem Faktor 0.0231 so erhält 
man die Serie
Linie N:o 1 2 3 4 5 6 7

=  0.0693 0.185 0.254 0.370 0.439 0.554 0.624

l 2Aus 0.0231 =  -—= vird berechnet4 al
a =  6.35 Ä. E.

D rior  (1. c.) fand eine Zusammensetzung, die sehr nahe mit 
4 A g J .C u J  übereinstimmte. Die Dichte wurde zu 5.64 bestimmt. 
Aus diesen Ziffern wird die Anzahl Moleküle 4 A g J .C u J berechnet zu

N  =  0.77
4 - 4Wird 0.77 auf 0.8 =  -̂  abgerundet, so bedeutet dies, dass ^ von

4 A g J .C u J  in jedem Elementarkubus mit a =  6.35 Ä. E.1 gefunden 
Werden. Jeder solche Kubus enthält also, in Atomen ausgedrückt, 
16
wAp, 4 J, -  Cu, oder 4 Moleküle von der Zusammensetzung 

5
4  A  1

5 CuJ.

Die Struktur kann also aufgefasst werden als eine Struktur von
/ 4:

Zinkblendetyp, mit vier Molekülen l l . J  im Elementarkubus; der

A-Atome bestehen aus Ag, aus Cu. (Ob die H -Atome so angeordnet

sind, dass kubische Gitter mit grosser Periode gebildet werden, 
mag einstweilen unentschieden gelassen werden.) Da die meisten 
A-Atome A g -Atome sind, deren Atomnummer derjenigen der Jod- 
Atome sehr nahe liegt, wird in einer solchen Struktur der Struk- 
türfaktor für die Flächen, wo (H + K + L ) nicht m it 4 teilbar ist, 
sehr nahe 0. Die Intensitätsverteilung wird also praktisch genommen 
dieselbe wie in eine Struktur von Diamanttyp.

Von Interesse wäre eine systematische Untersuchung von Misch
kristallen zwischen A g J  und C uJ  m it Kücksicht auf ihre Struktur, 
wie gleichfalls auch eine ähnliche Untersuchung über Mischkristalle

1 Die Dichte wird in  diesem Fall =  5.86.
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zwischen A g J  und A gC l resp. A g B r, wo die Strukturen flächen
zentriert sind.

Zusainmcufassuug'. A g J  bei gewöhnlicher Temperatur gibt Laue
diagramme mit hexagonaler Symmetrie. Aus dem Indicesfelde geht 
hervor dass das Achsenverhältnis von dem Typ c : a ~ 1.6 :1 ist. 
Untersuchung mit Debyemethode lässt erkennen dass im Elementar- 
parallelepiped 2 Mol. A g J  vorhanden sind. Diskussion der Pla
cierung der Atome resultiert in einer Struktur, die völlig analog 
m it der ZwO-Struktur ist. Gittertyp r h; a =  4 .59  A. E., c =  7.53

Aus der von W ie s e y  für (gefälltes) Jodsilber vorgeschlagenen 
Struktur von Diamant-(Zinkblende-)Typ werden Sinusquadrate 
berechnet, die sich innerhalb der Grenzen der Versuchsfehler mit 
den Sinusquadraten decken, die aus der oben erwähnten hexagonalen 
Struktur berechnet werden. Der Unterschied der Intensitätsver
teilung ist unbedeutend. M it Rücksicht darauf dass A g J  bei 
gewöhnlicher Temperatur hexagonal kristallisiert, muss die hexa- / 
gonale Struktur bevorzugt werden.

Aus der Ay<7-Struktur wird der Radius des Jodatoms zu 1.37 
Ä. E. berechnet. (r AlJ =  1.44 Ä. E.; berechnet aus Ag). W ird die

Struktur als »close-packed» angenommen, so wird p  =  iO

Die Übereinstimmung in der Struktur zwischen isotypen K r i
stallarten von -M<7-Typ wird diskutiert. Zusammenhang zwischen 
hexagonalen Strukturen mit c : a ~  1.9 und c :u ~ 1 .6  wird nach
gewiesen.

Zusammenhang zwischen der Placierung der Atome und der 
Kohäsion und Flächenfrequens der A^R-Kristalle wird untersucht.

Bei M#J"-Kristallen sind Zwillinge nach (3038) beobachtet. Die , 
Rolle dieser Fläche in der Struktur wird untersucht. Sie zeigt die 
nächst ( lO ll)  grösste Belastung. Nahezu senkrecht zu (3038) 
stehen die Gitterreihen [423], Pseudonormalen gegen (1011) mit 
niedrigen Indices sind nicht vorhanden. (3038) ist also (nach 
Friedei) die Fläche, nach welcher Zwillinge m it nicht parallelen 
Hauptachsen a priori am wahrscheinlichsten sein müssen.

Â .E . A g : [[0 0 0]], [-2 1 IT
332 *  D O M ].
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Debyephotogramme bei + 190° und +  194° zeigen dass A g J  bei 
dieser Temperatur eine reguläre Struktur angenommen bat. Die 
Zablenserie der Sinusquadrate zeigt dass der Elementarkubus 
mindestens 10 Moleküle A g J  enthalten muss. Eine noch grössere 
-Anzahl Moleküle ist jedoch wahrscheinlich.

Marsbit (nahezu reines GW) zeigt reguläre Struktur von Zink
blendetyp. Aus dieser Struktur wird t j  =  1.33 Ä .  E. berechnet. 
Aus reinem C uJ  wird f  j  =  1.36 Ä. E. berechnet.

Miersit (4 A g J .C u J) zeigt gleichfalls Struktur von Zinkblende- 
typ, die als Mischkristallstruktur aufgefasst werden kann.

Mineralogisches Institu t der Stockholmer Hochschule, März 1922.

Bd 44. H. 3—4.] ÜBER DIE KRISTALLSTRUKTUR YON JODSILBER.
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Kolumbit fräu Omst.
Av

G-. K a r l  A lm str ö m .

Under min verksamhet soin handelskemist har ej sällan hänt, 
att personer t i l i  laboratoriet medfört fynd av mineral eller berg- 
arter, v ilka de förmodat vara av värde. Yid ett tillfä lle  inläm- 
nade en bergsprängare frän Orust ett mörkt ocb tungt mineral, 
som vid undersökning befanns vara kolirmbit. I  Sverige är detta 
mineral endast funnet pä Orust. Da en analys av mineralet 
frän svensk fyndort icke föreligger, ocb da en undersökning därav 
frän Hera synpunkter erbjöd intresse, bar jag företagit mig att 
verkställa en sädan.

Mineralets fyndort ligger nära gränsen mellan Torps ocb Köra 
socknar pä Orust ungefär 1200 m sydost frän Henäns utlopp i 
Ängskilen. Norr om landsvägen ocb nära invid den bär belägna 
sjön finnes ett fältspatbrott. Det började bearbetas för ungefär 
trettio är sedan, men sedan tre eller fyra är bar arbetet varit ned- 
lagt. Endast fältspat, mikroklinpertit, har dar brutits. Brottet 
är ett dagbrott i  ett stup med ungefär 45 graders vinkel, det är 
32 m högt och ungefär 250 m längt. Det stupar mot SSO. Vid 
ett besök pä detta ställe fanns kolumbiten i  fast k ly ft, men mycket 
sparsamt; endast en större körtel och nägra mindre, otydligt kri- 
stalliserade stycken künde anträffas inom ett mycket begränsat 
omräde vid övre kanten av stupets västligaste del. Det är tvivels- 
utan pä denna plats, som kolumbiten förut anträffats av O. L in d - 
STRöm . 1 Dels av bonom dels av 0. N o r d e n s k jö ld  insamlade stuffer 
finnas i Riksmusei samlingar under beteckningen: Kolumbit frän 
Timmerhult. Nägra av dessa stuifer äro tyd lig t kristalliserade.

Mineralet visar kolumbitens yttre  egenskaper, ocb dess egentliga 
v ik t har av mig bestämts, varvid talet 6,20 erhölls. En kvalitativ 
undersökning därav, 3 gr. bearbetades, visade att tenn, wolfram,

1 Beskrivning av kartbladet Uddevalla, sid. 45, utgiven av Sveriges Geologiska 
Undersökning.
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uran, zirkon, thor, ceritjordar och gadolinitjordar ej forekomma i 
Pavisbar mángd. Forutom allmant forekommande element inne- 
káller mineralet endast niob, tantal och titan. Liksom fyndorten 

mineralfattig, visar sig sáledes aven mineralet vara í'attigt pá 
bestandsdel ar.

Den kvantitativa analysen verkstálldes genom mineralets (2— 
° §r.) dekomponering med kaliumpyrosulfat. Det visar sig harvid 
afr ej ens genom dubbel dekomponering och smaltans upplosning 
1 halit vatten titanet kan fullstandigt bringas i losning, ntan huvud- 
lukngden darav medfoljde metallsyrorna. En motsatt uppgift av 
L̂ASSEN1 befinnes alltsá vara oriktig. Daremot lyckades det latt 

att genom smaltans behandling med varmt vatten och ett par 
timmars upphettning pá vattenbad bringa hela titanmángden i  olost 
form. De pá detta satt erhállna metallsyrorna skulle enligt en 
uPpgift av M e y e r  och H a u s e r 1 2 kunna bringas i losning medelst 
vktesuperoxid och svavelsyra. Upprepade forsbk visade emellertid 
afr endast en brákdel av syrorna gingo i losning. Den korniga 
-°rm av niob- och tantalsyrorna, som erhálles vid smáltning med 
kaliumpyrosulfat, ager sáledes icke de sásom gel utfallda syrornas 
losligDet i namnda agens. Daremot kunde syrorna támligen lá tt 
briugas i  losning medelst 40 %-ig fluorvatesyra. Efter tillsats av 
fluorkalium och losningens koncentrering avskilde sig fina nál- 
formiga kristaller av kaliumfluortantalat. Dessa skildes frán moder- 
luten genom filtrering med vacuum, varvid tantalforeningen upp- 
t°gs pá filtrerpapper i  en G oochs degel av platina och tváttades 
med ka llt vatten. F iltra te t passerade ett ror av kautschuk 
°ch upptogs i  en platinaskál. Yid ytterligare tillsats av fluor- 
halinm och koncentrering erhollos darur ytterligare fraktioner av 
tantalforeningen, tills  slutligen aven niobforening utkristalliserade. 
Den sista fraktionen omkrisstalliserades ur en ringa nuingd kallt 
fatten, och tantalfraktionerna sammanfordes. Den darur erhállna 
tantalpentoxiden vagdes. Den befanns vid undersokning vara fr i 
%an titán, i  det dess sura losning ej fárgades av vatesuperoxid. 
frven niob kunde medelst zink och svavelsyra ej pávisas dári, 
°ch den gav med gallappleextrakt en svagt brunfargad fallning. 
Niobpentoxiden och titandioxiden avskildes tillsammans ur moder- 
frtarna. Deras frihet frán tantal framgár darav att ej mera 
kaliumfluortantalat kunde erhállas darur. De vagdes tillsammans,

1 Ausgewählte Methoden der Analytischen Chemie, Band 1, sid. 762, Braunschweig, 
'ieweg uod Sohn 1901.

2 Margosches, Die Chemische Analyse, Band X IV —XV sid. 305. S tuttgart, Ferd i
n a n d  Enke 1 9 1 2 .
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ocli efter smältning med ka liumhydroxid bringades de i lösning 
medelst vätesuperoxid och svavelsyra, varefter titanet bestämdes 
kolorimetriskt. Den titanhaltiga niobpentoxidens lösning gav mörk 
blaaktig färgning med zink och svavelsyra och mörkt orangefärgad 
fällning med galläppleextrakt. Kiselsyran bestämdes i  ett särskilt 
prov genom uppslutning med kaliumpyrosulfat och metallsyrornas 
vägning före och efter avrykning med svavelsyra och fluorväte. 
V id alla vägningar av dessa syror har iakttagits att bringa syrorna 
t i l i  konstant v ik t genom glödgning med ammoniumkarbonat. De 
övriga ämnena bestämdes enligt vanliga analysmetoder; alkalierna 
enligt L a w r e n c e  S m it h  efter uppslutning med kalciumkarbonat och 
klorammonium. Sammanställning och medeltal av ett flertal mer 
eller mindre fullständiga analyser ger som mineralets samman-

[Mars— April 1922 .

sättning:
S iO „ ......................................... 0.45 %
Ta.,Ö5..................................... 42.9 5 »
Nb” Oä .................................  37.4 9 »

T i0 2 ....................................  0.6 6 »
F e O ......................................... 2.50 »
M nO ........................................13.02 »
A120 3   0.53 »
C a Ö ..................................... 1.5 5 »
M g O .................................... O.io »
K , 0 ............................................. 0.07 »
Na,0 .............................  • 0.14 »
Glödgningsförlust................... 0-4o »

99.86 %

Möjligen kan halten av kiselsyra och nägra andra beständsdelar 
härleda sig fran en ringa inblandning av andra mineral, vilka vid 
analysmaterialets beredande icke kunnat observeras. Mineralet 
innehäller säledes mera tantalpentoxid än niobpentoxid, och skulle 
därför kunna kallas tantalit. T il l sin sammansättning stär mineralet 
mellan tantalit och kolumbit. Da emellertid kolumbit och tantalit 
synas vara blandningskristaller av samma isomorfa föreningar i 
olika förhällanden, och man därför icke torde kunna särskilja dem 
säsom olika mineralspecies; har jag icke frängätt den förut av 
L in d s tr ö m  givna benämningen.

Göteborg, Statskemistens Laboratorium den 15 februari 1922.
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Einfluss der Tenazität auf die Schleif härte einiger Mineralien.
Von

P . J .  H o l m q u is t .

Dass Unterschiede in der Tenazität fester Körper ihre Härte 
beeinflussen, ist wohlbekannt. So werden natnrgemäss spröde Sub
stanzen von schnell wirkenden mechanischen Kräften, die hohe 
Spannungen hervorrufen, verhältnismässig leicht dauernd defor
miert. Andererseits können zähe Substanzen derartigen Beanspru
chungen oft besser widerstehen, auch wenn sie kleinere, aber lang
dauernd wirkende Spannungen nicht aushalten. Die sehr ungleich- 
massigen Resultate der Härteprüfungen einer Reihe von Mineralien, 
z- B. denjenigen der Mohs’schen Härteskala, die nach verschiede
nen Methoden erhalten werden, bezeugen auch, dass die Tenazität 
an der Härtefestigkeit beteiligt ist.

In der Mineralogie wird allgemein hinsichtlich der Tenazität 
zwischen spröden, »milden» (sektilen), elastisch biegsamen und pla
stischen (gemein biegsamen, geschmeidigen, dehnbaren oder duktilen) 
Substanzen unterschieden. Die meisten Mineralien verhalten sich 
wie spröde Körper, einige sind »mild», sehr wenige plastisch. Un
terschiede in der Sprödigkeit kommen bei den meisten Prüfungs
methoden nur wenig zum Vorschein. Die von M ü g g e  entdeckte 
Eigenschaft der Translation1 sowie die von E. R e u s c ii gemachte 
Beobachtung, dass Kristallsubstanzen durch Druck unter Zivillings- 
bildung deformiert werden können,2 und das allgemeine Vorkommen 
derartiger Erscheinungen auch unter solchen Mineralien, die als 
spröde bezeichnet werden, lassen vermuten, dass die Ursache der 
fehlenden Übereinstimmung der verschiedenen Härteprüfungen we
nigstens teilweise darin zu suchen ist. So spielen z. B. bei der 
Härteprüfung von Calcit, Steinsalz, Gips, Cyanit wahrscheinlich 
Translationen und Druckzwillingsbildung mit. Nicht weniger betei- 
ügt sind wahrscheinlich die Elastizitätseigenschaften und besonders

1 Neues Jahrb. f. MiD. 1889, Bd. I: 145.
s Pogg. Ann., Bd. 132 (1867): 441 uud Bd. 147 (1872): 307.
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die elastische Biegsamkeit an der Härte der sog. spröden Minera
lien. Es ist vorauszusehen, dass die Elastizität besonders bei Ver
wendung solcher Härteprüfungsmethoden, bei denen die erste Ent
stehung von Bruchbildung als Grenzzeichen für die Härte verwen
det wird, von bestimmendem Einfluss ist. Dieser Einfluss kommt 
aber, wie im folgenden gezeigt werden wird, auch bei der Schleif
methode zum Vorschein, wiewohl diese mehr den Charakter einer 
Prüfung der Abnutzungs- oder Zermalmungsfestigkeit besitzt. 
Dank der Genauigkeit, m it der die Härteprüfungsmethode durch 
Komparationsschleifen und Wägen arbeitet, können nämlich bei 
einigen spröden Substanzen bedeutende Tenazitätsunterschiede zum 
Vorschein gebracht werden. Im folgenden werden solche Fälle, die 
ich bis jetzt studiert habe, beschrieben.

Bei diesen Untersuchungen verwendete ich als Schleifmittel Kar- 
borundumpulver verschiedener Sortierungen m it eng begrenzten 
Korngrössen. Diese waren durch sorgfältiges Abschlämmen aus 
käirfiichem Karboruudum hergestellt. Um zu vermeiden, dass die 
Veränderung der Korn grosse, die durch das Schleifen infolge von 
Zermalmung eintritt, die Schleifbedingungen beeinflusste, wurde 
immer reichlich Schleifpulver hinzugesetzt und das Abschleifen 
nur kurze Zeit fortgesetzt. In  solchen Fällen, sowie auch wenn 
sehr feines Schleifpulver verwendet wurde, verloren die Probe
stücke bei jedem Versuch nur sehr wenig an Gewicht. Zur Be
stimmung dieser kleinen Gewichtsverluste stand mir zur Verfügung 
eine der mineralogischen Abteilung der Technischen Hochschule 
gehörige M ikrow age  von dem bekannten Fabrikat W. H. F. K uiiL' 
manns in Hamburg. M it dieser Wage kann leicht eine Genauig' 
keit von wenigstens 5 M illiontel eines Grammes und bei sehr 
genauer Arbeit bis zu 1 M illiontel erreicht werden. Die Wage 
trägt bis zu 20 g auf jeder Schale, ohne dabei wesentlich an 
Empfindlichkeit zu verlieren. Die von mir gebrauchten Probe
stücke wogen gewöhnlich nur ein paar Gramm, nur ausnahms
weise verwendete ich solche Stücke von mehr als 10 g Gewicht.

Relative Sclileifliärte von Apatit und Flussspat.

Über die Schleifhärte dieser Substanzen wurde von m ir früher 
ausführlich berichtet.1 Es wurde gezeigt, dass der Apatit mehr 
zermalmt wird als der Flussspat, wenn beide unter gleichen Ver
hältnissen abgeschliffen werden. Der Schleifschlamm, den der 
Flussspat dann abgibt, besteht nämlich aus Partikelchen, die unge' 
fahr 9 mal grösser sind als diejenigen, die von dem A patit abgege-

1 »Die Härtestnfe 4—5». Diese Zeitschr. 38 (1916): 501.
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ben werden. Dies bedeutet, dass der Apatit sich in diesem Falle 
ß>ehr mild (weniger spröde) als der Flussspat verhält. Die durch 
^le Schleifbewegung bewirkte Zermalmung der Schleifflächen ver- 
^Mt also verschieden, wiewohl die Beanspruchungen die gleichen 

sind. Hieraus wurde gefolgert, dass es bei den Schleifmethoden 
richtiger wäre, die Härte oder Weichheit eines spröden Körpers, 
!iicht nach den Volumina der abgenutzten Substanzmengen, son- 

nach der Summe der durch den Prozess entstandenen Bruch- 
nchengrössen zu beurteilen. Dies stände in Übereinstimmung mit 
en Prinzipien für die Bestimmung des Zermalmungswiderstandes, 

c le jetzt in der Technik Verwendung gefunden haben. Theoretisch 
Und experimentell ist nämlicb nachgewiesen, dass fü r Zermalmung 

Gesteinen und Erzen das Gesetz von R it t in g e r  gilt, welches 
esagt, dass die Arbeit, die die Zermalmung fordert, proportional 

(len produzierten Flächen oder annähernd den reziproken Durch
messern der entstandenen Körner ist.1

Meine Untersuchung über die Schleif härte des Apatits und des 
^Gussspats ergab auch das Resultat, »dass der Flussspat im Ver
hältnis zum Apatit um so härter erscheint, je härter das Schleif
mittel ist, das man für den Versuch gebraucht».2 Dieses Ergebnis 
iv’urde durch Komparationsschleifen der beiden Minerale m it Pnl- 
Vern aus Stahl, Quarz, Alundum und Karborundum erhalten.

ich später gefunden hatte, dass bei mehreren spröden Sub- 
stanzen die Relativwerte der Schleifhärte mit der Korngrösse des 
Schleifmittels variierte, so führte ich einige Versuche aus, um 

bestimmen, inwieweit derartige Einflüsse bei dem Verhalten von 
Flussspat und Apatit mitspielen können. Die Ergebnisse dieser 
^ersuche finden sich in Tabelle 1.

Aus der Tabelle ist sofort ersichtlich, dass die A b nu tzung  
des A p a tits  im  V e rh ä ltn is  zum F lussspat m it der K o rn - 
S^össe des S c h le ifm itte ls  — in diesem Falle Karborundum- 
Pulver — in  regelm ässiger W eise fä l l t .  Wenn w ir die Re
sultate der in meiner früheren Untersuchung Uber die Härte dieser 
-‘Minerale ausgeführten Messungen hier hinzufügen, so finden wir, 
(lass sich auch diese derselben Regel fügen, wiewohl andere Schleif
mittel dabei verwendet wurden. Es wurde nämlich gefunden mit 
Schleifmittel aus

1 ,ß ÜST- E. Bring . Nägot om malmers och bergarters krossningsmotständ ur an- 
^n ingssynpunkt. Jernbontorets Annaler 1919: 1 (¡4—177.

L. c., S. 517.
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Apatit
K a rb o ru n d u m  von der Korngrösse 0.090 m m . Abnutzung j r jnsssp^t =

[Mars— April 1922.

Alundum (AJ203) » » » O.ioo > > > = 0.89
Quarzpulver » > 0.100—0.2OO > » ■» = 0.86
Stahlpulver > > > O.IOO—0.200 ^ > » =  0.68

Beim Verwenden eines Schleifmittels von den Korngrössen 0.050—- 
0.100 mm (50—100 p) gehen die Versuche beinahe dieselbe Härte 
für Apatit wie für Einssspat. W ird die Prüfung mit einem feine
ren Pulver ausgeführt, so zeigt der Flussspat den grössten Wider
stand gegen die Abnutzung. M it gröberen Schleifmitteln tr i t t  das 
gegenteilige Verhältnis ein. Überhaupt zeigen die Versuche eini- 
germassen Proportionalität zwischen Korngrösse und steigender rela
tiver Abnutzung des Flussspats. Für die Korngrössen 0.100—0.200 
mm tr ifft dies aber weniger gut zu. Die Ursache dieser Unregel
mässigkeit ist bis jetzt nicht näher studiert worden.

Schon früher wurde von mir ein anderer Fall erwähnt, der in 
gleicher Weise wie Apatit und Flussspat eine Schwankung der

Tabelle 1.

1. Abschleifen von Apatit gegen Flussspat m it Karborundumpulver von der 
K o rn g rö sse  2—5 ft. Zeit f iir  jeden Schleifversuch 3 Minuten.

A pa tit auf (1010) Flussspat auf (111)
D, : D2

Gewicht Verluste: D, Gewicht Verluste: D2

5.629218 g 

5.624190 > 
5.619585 »

0.005028 g 
0.004605 >

4.417307 g 
4.413466 i 
4.410305 >

0.003841 g 

0.003161 >

M ittel

i.31 1 ,
}• 1.39 

1.46 j

2. Karborundumpulver 40—50 Schleifzeit 1 Minute.

6.9770 g 
6.9564 » 
6.9231 »

0.0206 g
0.0333 >

8.5841 g 
8.5649 » 
8.5336 >

0 0192 g 
0.0313 »

1.07 ,
\  1.07 

1.06 1

3. Karborundumpulver 100—150 ft. Schleifzeit 1 Minute.

6.9231 g 
6.8730 > 
6.8230 > 
6.7709 .

0.0501 g 
0.0500 . 
0.0521 »

8.5336 g 
8.4829 > 
8.4264 > 
8.3633 »

0.0507 gr 
0.0565 > 
0.0631 >

0.99 ]
0.89 1 0.90 
0.83 J



relativen Abnutzungsfestigkeit m it der Korngrösse des Schleifmit
tels zeigte. Dies tra f nämlich ein beim P rüfen von S aph ir auf 
^•cbat durch Schleifen mit Karborundumpulver.1 Es stellte sich 
eraus, dass Karborundumpulver von der Korngrösse <  25 li als 

■eoliermittel auf den Saphir einwirkte, und dass dieser sich dabei 
^"'9 mal härter als der Achat erwies. Ein Karborundumpulver 
v.°n 9.100 mm Korngrösse griff dagegen den Saphir verhältnismäs- 

viel kräftiger an, so dass die Relativhärte auf 2.7—2.8 des 
chates herabfiel.
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Verhalten des Magnctites beim Abschleifen.

Fer Magnetit kommt in der Natur nur selten in mechanisch 
^gestörter Form vor. In den Eisenerzen der kristallinen Schie- 
ê gesteine und als Einsprenglinge solcher Gesteine zeigt er so gut 

^ le immer die Drucklamellen nach (111) und hat infolgedessen 
eine rissige Struktur und grosse Sprödigkeit. Beim Abschleifen 
®rhalten diese Magnetite daher immer sehr rauhe Schleifflächen. 
^ Ur wenn der Magnetit als kleine, in Kalkspat oder Talk einge- 
''vachsene Körner oder in Holilräumen als aufgewachsene Kristalle 
v°rkommt, entbehrt er die Druckstrukturen. Er zeigt dann einen 
^Usgesprochen muscheligen Bruch mit glasig glänzenden Bruch- 

ächen. Beim Abschleifen erhalten solche Magnetite ebene Schleif
t e n  ohne Spaltenbildungen.
Für meine Schleifversuche standen mir zur Verfügung einige 

tö n e  dodekaedrische Magnetitkristalle aus Nordmarken, die mir 
lerr Professor H j . Sjögren aus den Sammlungen des Reichs- 

üüiseums m it wohlwollendem Entgegenkommen für diese Unter
suchungen übergeben hatte. Diese Kristalle waren teilweise in 
•falk eingewachsen und zeigten keine Spuren von Druckstrukturen, 
^-üsserdem habe ich einige Magnetitkristalle aus Ferneho und Ta- 
erg (Smäland) nebst derben Kristallstücken von Magnetit aus 
] agnet Cove, Arkansas, die sämtlich den Sammlungen der Tech

nischen Hochschule zu Stockholm gehören, verwenden können.
Schleifversuche, die ich m it diesem Materiale hei einigen Gele

genheiten vorgenommen habe, ergaben Resultate, die nur schlechte 
cereinstimmung zeigten. Ich nahm die Sache wieder auf, als 

t  die Spinellminerale bei der Untersuchung über die Härte von 
Mischkristallen2 behandelte. Es stellte sich da bald heraus, dass 
le Schleifhärte des Magnetits im Verhältnis zu der des Quarzes mit

’ Diese Zeitschr. 33 (1911): 295.
Diese Zeitschr. 42 (1920): 393.
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der Körnigkeit des Schleifmittels ausserordentlich stark schwankte. 
Die Abnutzungen, die die beiden gegeneinander geschliffenen Probe
stücke gleichzeitig erlitten, verhielten sich nämlich wie in der 
Tabelle 2 angeführt:

Tabelle 2.

A bnu tzung  M a g n e t i t : Quarz.
K a rb o ru n d u m 

s c h le ifm it te l
M a g n e t it  (110) Q u a rz  (0001) Härte M it t e l  aus

35—40 f i

h f t

7.75

0.76

1
1

252
2567

4 M essungen

3

35-40 u
M a g n e t it  (111) 

6.86 1 291 3 »
5 f i 0.S3 1 2098 6 »

35—40 f i

M a g n e t it  (001) 
7.43 1 273 5 >

5 f i 0.84 1 2323 2 >
» 0.78 1 2501 5 »

25 f i 3.33 1 586 5 »

Zu diesen Messungen wurden Magnetitkristalle aus Kordmarken 
benutzt. Bei dem zuletzt in der Tabelle 2 angeführten Versuch 
wurde ein inhomogenes Karborundumschleifmittel angewandt, das 
aber hauptsächlich aus Körnern von der Grösse 0.025 mm bestand- 
Der Gang einer der in Tabelle 2  angeführten Versuchsserien ist in 
Tabelle 3 und graphisch in F ig . 1 dargestellt.

Fig. 1. Mächtigkeit (A) der abgenutzten Schichten von Magnetit (111) beim Ab ' 
schleifen m it Karborundnmpulver, 1) von der Korngrösse 35—40 fi, 2) 5 ft. Die Ordi- 
naten geben in  Gewichten die relativen Abnutzungen des Magnetits (M) nnd des

Quarzes (Q) an.
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Tabelle 3.

Korngrösse 
des Schleif

pulvers

Magnetit aus Nordmarken 
auf (111)

Quarz auf (0001)
Dj : D2

Gewichte Verluste: D, Gewichte Verluste: D2

Karborundum
^5—40 f t 13.4608 g

0.0178 g
3.2532 g

0.002G g 6.84 :1
• 430 > • -06 »

6.87 :1••158 » ••-23 5
> 4272 » •483 1

> 13.3734 >
•-158 >

3.2465 »
• -23 * 6.87 : 1

D •576 > • -44 »
t

5  f i 13.3576 g
0.0027 g

3.2444 g
O.0012 g 2.25 : 1

• -49 >
•••13 »

•32 >
• • 10 » 1.30 :1

• -36 > . .99 »
1.85 : 1■ -24 > • -13 >

» • -12 >
• -12 »

• • -9 »
■ -16 » 0.75:1

> ■500 »
• -14 >

•393 >
• • 11 > 1.27 :1

> •486 »
••10 »

• -82 »
. . -9 > 1 . 1 1 : 1

> • *7G >
•■1! 1

• -73 >
• • 13 > 0.92 : 1

» • -64 >
• • . 7 >

■•60 >
• • -9 » 0.78 : 1

» • *57 »
• • 15 »

• -51 »
• •20 ^ 0.75 : 1

} • •42 » • -31 >

In der F ig . 1 sind die relativen Abnutzungen (als Gewichte) von 
Magnetit und Quarz als Ordinaten benutzt, ln  der Abszissenrich
tung sind die Höhen (Mächtigkeiten) der abgenutzten Schichten 
ukkumulativ eingetragen. Man sieht, dass beim Abschleifen mit 
dem. Karborundumpulver 35—40 u von dem Magnetit auf (111) 
jedesmal in einer Minute eine durchschnittlich 0.042 mm starke 
Schicht abgetragen wurde, eine Abnutzung, die 6.86 mal grösser 
War als die an dem Quarz auf (0001) gleichzeitig entstandene. 
Nach 3 solchen Bestimmungen wurde das Abschleifen m it Karbo
rundumpulver 2—5 g fortgesetzt in der Weise, dass eine feinge
schliffene Quarzfläche (0001) gegen die nun rauhe Magnetitfläche 
geschliffen wurde. Die aufgelockerte Magnetitfläche verlor bei 
diesen Versuchen, die jedesmal 2 Minuten dauerten, zuerst eine 
O.Olo mm dicke Schicht, aber die Schleiffestigkeit des Magnetits 
stieg dabei im Verhältnis zu der des Quarzes rasch, und nach 5 
Weiteren solchen Versuchen zeigten die beiden Substanzen eine 
gleich grosse Schleiffestigkeit. In  den darauf folgenden Ver
suchen nahmen die Abnutzungen des Magnetits im Verhältnis zu 

33—220270. G. F. F. 1922
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denjenigen des Quarzes noch mehr ab, so dass schliesslich die 
Schleifhärte des letzteren nur ®/4 der des ersteren betrug.

t

l

°  o o
—----------!------------1---------------------1--------

\
\- o

- \
_j:| 3 5 -  40 f i \ •*>=-\ J

\
O

.1-4 _ . ^ r Y . _______ ‘ -_r>- ------ Ö - - Q -  D- -0- ------------------

Fig. 2. M ächtigkeit der~abgenutzten Schichten von Magnetit (110) heim Abschleife11 
m it Karborundumpulvcr, 1) von der Korngrösse 35—40 /i, 2) 5 fi. Die Ordinaten gehen 
in  Gewichten die relativen Abnutzungen des Magnetits (M) und des Quarzes (Q)

F ig . 2  zeigt graphisch eine andere in gleicher Weise ausgeführte 
Yersuchsserie, nur m it dem Unterschied, dass in diesem Falle (110) 
des Magnetits geprüft wurde. Diese Fläche zeigte einen noch klei
neren Widerstand gegen das Schleifmittel 35—40 g  als die (111)- 
Fläche, nämlich als Endresultat nur 89 % desselben. Bei dem Schleif
mittel 5 g  verhielt sich aber die (110)- genau wie die (lll)-Fläche. 
Noch eine dritte Yersuchsserie, .die insgesamt 17 Bestimmungen 
der Abnutzung umfasste, wurde mit Magnetit (110) und Quarz in 
gleicher Weise und mit gleichem Resultate ausgeführt.

Aus den Diagrammen F ig . 1 u. 2  kann herausgelesen werden, 
dass die Auflockerung der Magnetitflächen, die durch wiederholtes 
Abschleifen m it Karborundumpulver 35—40 g  bewirkt wird, 0.025 
mm tief in das Magnetitmaterial hineinreicht.1 Erst nach Ab
schleifen einer Schicht von dieser Dicke wird nämlich der Abnut
zungsbetrag für gleiche Schleifarbeit konstant. Bei Verwendung 
des feinen Schleifmittels werden die Schleifflächen am Magnetit 
sehr feingeschliffen und beginnen sogar Politur anzunehmen. 
Dagegen bleiben die Schleifflächen des Quarzes unter denselben 
Umständen matt und zeigen keine Spur einer Politur.

Der M ag ne tit von Magnet Cove, Arkansas, verhielt sich, wenn 
in gleicher Weise wie der Magnetit von Nordmarken geprüft, etwas 
verschieden. Von dem genannten Magnetit standen mir nur derbe

1 Bei dieser Berechnung wird von rauher Beschaffenheit der Schleiffläche abgesehen.
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jü'is talist ücke zur Verfügung. Eines von diesen zeigte in einer 
äche zufälliger Orientierung mit Karborundum 35—40 ¡u eine 
bnutzung =  4.76 mal der des Quarzes (Mittel aus 6 gut überein- 

s unmenden Versuchen), d. h. nur 70 % der Abnutzung des Nord- 
ltlarkenmagnetits in (111). Der Magnet Cove-Magnetit war also, 

so grobem Schleifpulver geprüft, um 70 % härter als letzterer. 
Urde derselbe dagegen mit Karborundumpulver von der Korn- 

ffösse 5 ¡.i gegen Quarz abgeschliffen, so war die Abnutzung: 
;JgQetit zu Quarz gleich 1.56  (M ittel aus 5 Messungen), d. h. seine 

cMeifhärte nur die Hälfte der des Nordmarkenmagnetites in (111). 
le Amplitude der Härtevariation des Magnetits aus Magnet Cove 

Sfheint also bedeutend kleiner als bei dem Magnetit aus Nordmarken 
sein. Hie Versuche zeigten auch, dass die Auflockerung der 

phleifüäche des ersteren bei dem groben Schleifmittel nicht tie f 
ünabgedrungen war, weil die kleinere Abnutzung (1.60) sich beim 
Nutzen des feinen Pulvers sogleich einstellte.

Verhalten des Eisenglanzes.

Gleichwie der Magnetit zeigt der Eisenglanz immer, wenn er als 
gestand teil der kristallinisch schiefrigen Gesteinsbildungen auftritt, 
uie Druckzwillingsbildungen nach (10 ll) und ist daher gewöhnlich 
v°u den drei verschieden stark entwickelten Lamellensystemen 
durchsetzt. Diesen folgen auch meistens ausgeprägte Absonderungen. 
Solche Eisenglanzkristalle haben als Folge dieser Struktur 
s°hwankende mechanische Eigenschaften und sind oft sehr brüchig. 
Gleichwie der Magnetit kommt der Eisenglanz auch in Kristallen 
Vor! die die Druckstrukturen ganz entbehren und dann den musche
ligen Bruch m it blanken Bruchflächen zeigen. Diese edle Varietät 
des Eisenglanzes findet sich als aufsitzende Kristalle in Hohlräumen. 
Einige Kristallstücke dieser A rt aus dem bekannten Vorkommen 
111 Malmberget, Gällivare,1 standen mir zur Verfügung zu Schleif- 
versuchen. Diese wurden genau wie mit dem Magnetit ausgeführt. 
Ei#. 3 gibt graphisch eine Übersicht dieser Prüfungen. Man 
ersieht daraus, dass die Abnutzung des Eisenglanzes auf (0001) mit 
Earborundumpulver 35—40 p 3 bis 4 mal so gross (an Gewicht) 
ist wie die gleichzeitige Abnutzung des Quarzes auf (0001). M it 
dem Schleifpulver 5 u gegen Quarz geprüft, zeigt sich der Eisen
glanz dagegen nicht viel weicher als der Quarz, indem seine Ab-

, 1 G. Flink. Bidrag t i l i  Sveriges M ineralogi 2. K . Svenska Vet.-akad:s A rk iv  f. 
»emi, m ineralogi och geologi 3 (1910): 35, s. 56.
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nutzung nur 1.5 mal grösser (an Gewicht) ist als diejenige des 
Quarzes. Die Auflockerung des Eisenglanzes bei dem gröberen 
Schleifpulver betrug nur 0.010 mm (0.025 beim Magnetit, siehe oben)- 
Der Eisenglanz zeigt somit eine ähnliche Variation der Schleif' 
härte m it der Korngrösse des Schleifmittels wie der Magnetit. f>el 
letzterem war dieselbe aber bedeutend grösser.

F ig . 3. M ächtigke it der abgenutzten Schichten von Eisenglanz (0001) heim Abschleifen 
m it Karborundum pnlver 1) von der Korngrösse 35—40 fi, 2) 5 «. Die Ordinaten geben 
in  Gewichten die relativen Abnutzungen des Eisenglanzes (E) und des Quarzes (Q) an-

llm enit und Titaneisen.

Schwarze, undeutlich ausgebildete Kristalle von llmenit vom 
Ural wurden mit Karborundumpulver 35—40 ¡.i und 5 p gegen 
Quarz auf (0001) geprüft und ergaben in ersterem Falle nach 5 
recht gut übereinstimmenden Versuchen als Durchschnitt eine 
Abnutzung von 7,4 mal grösser (an Gewicht) als die gleichzeitig 
beim Quarz entstandene. M it 5 ft geschliffen, verloren die beiden 
Substanzen nach 4 Versuchen Mengen, die sich an Gewicht ver
hielten wie 4,82 für den llmenit zu 1 für den Quarz. Der llmenit 
zeigte sich also bei dem gröberen Schleifmittel ein wenig weicher 
als der Magnetit und bei dem feineren bedeutend weicher sowohl 
als der Magnetit wie auch als der Eisenglanz unter denselben Ver
hältnissen. Kristallstücke von Titaneisen von Snarum verhielten 
sich recht abweichend von den übrigen geprüften oxydischen Eisen
mineralen. Die zu prüfenden Stücke waren von blaugrauer Farbe 
und enthielten dünne, einige mm lange, tafelige Einlagerungen 
von schwarzem llmenit (?). Diese schienen der Basisebene parallel 
gestellt zu sein. Dieselbe Fläche zeigte nun in 3 gut übereinstim
menden Versuchen für 35—40 ¡.i Abnutzungen, die sich zu denje
nigen des Quarzes verhielten wie 4,51 : 1. M it dem Schleifmittel 
5 /.i wurde entsprechend 2,86 : 1 erhalten. Dieses Titaneisen, das,
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seiner hellen Farbe nach zu urteilen, offenbar dem Eisenglanz 
chemisch nahesteht,1 war entschieden weicher als dieser, nämlich 
Wle ungefähr 7 : 9, wenn die Prüfung mit Schleifmittel 35—40 /t 
Seschah, und zeigte, mit dem Pulver 5 p geschliffen, doppelt so 
grosse Abnutzungen wie der reine Eisenglanz. Im Vergleich m it 
dem reinen Umenit war das Snarumer Titaneisen aber das ent
schieden härtere Mineral. Seine Härte liegt also zwischen der 

drte der beiden Komponenten, aus welchen er als isomorphe 
"lischung zusammengesetzt ist, und zwar näher demjenigen End- 
glied, dem er auch in der Zusammensetzung am nächsten steht. 
Rieses Verhalten fügt sich also gut in die Reihe von Ergebnissen, 
eini die ich früher erwähnt habe, und die beweisen, dass im allge
meinen die Härte der Mischkristalle zwischen denjenigen ihrer 
Komponenten liegt.2

Hg- 4. Graphische Darstellung der Varia tion  der Schleifhärte des R u tils  auf (001) 
beim Verwenden von Sch le ifm itte ln  (Karborundum) verschiedener Korngrössen. Die 

Schleifhärte des Quarzes auf (0001) gleich 1000.

1 Titaneisen aus Snarum enthält nach D a n a  (System o f H in .) nur 10,47 % T i Oa. 
• Diese Zeitsehr. 42 (1920): 411,
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Verhalten des Rutils.

Kristalle aus R util sind beim Abschleifen m it Schleifmitteln von 
verschiedener Körnigkeit in sehr ungleichem Masse widerstands
fähig.1 Die Tabelle 4 giebt eine Versuchsserie wieder, die ich über

Tabelle 4.

Korngrösse 
des Karbo- 

rundum- 
schleifpul- 

vcrs

R util aus Herreijuelo auf 
(001) Quarz auf (0001)

Dj : D 2

Schlcif-
härte

Gewichte Verluste: D, Gewichte Verluste :D2
M ittel Quarz 

=  1000

5—10 (x 4,3731 g
• 689 V 

•■43 »
• 597 »

0,0042 g
• • 46 x
• • 46 »

10,2525 g 
; ' 456 x

• 385 »
• 315 x

0,0069 g
• • 71 x

• ■ 70 i
0,64: 1 2527

1 0 -2 0  [j. 4,4063 g 
3952 > 
• 846 x  

■ 731 x

0,0111 g
• 106 x
• 115 x

10,2837 g 
■ 740 x
• 638 >
• 525 x

0,0097 g
• 102 x
• 113 x

1,06 : 1 1507

30—40 ¡X 4,3597 g 
■ 447 x

• 250 x

• 130 »

0,0150 g
• 167 >
• 150 x

10,2315 g
• 188 x
■ • 34 i 
1897 x

0,0127 g
• 154 x
• 137 x

1,12 : 1 1436

4 0 -5 0  ¡x 4,3130 g
• 034 • 
2795 x
• 669 >
• 547 >

0,0096 g
• 239 x
• 128 x

• 122 x

10,1897 g
• • 19 x
• 623 »
• 514 x

• 415 x

0,0078 g
• 196 >
• 109 >

• 199 x

1,21 : 1 1321

5 0 -6 0  ¡J. 4,2547 g
• 419 x

• 248 x
• 094 x

• 962 x

0,0128 g
• 171 x
• 154 x
• 132 »

10,1415 g
• 328 >
• 205 x
• 104 >
• 014 x

0,0087 g
• 123 i
• 101 x
■•90 »

1,46 : 1 1099

I

die Schleifhärte von .Rutil und Quarz ausgeführt habe. Die Prü
fungen wurden m it 5 verschiedenen Korngrössen des Schleifmittels 
(Karborundum) vorgenommen. Sehr ähnlich wie beim Vergleich 
von Magnetit und Quarz tra t auch in diesen Versuchen ein grosser 
Unterschied in dem Verhalten der beiden Substanzen nach dem

1 Dieses Verhalten wurde schon in  meiner Abhandlung über die Härte von M isch
k ris ta llen  kü rz lich  erwähnt. Diese Zeitschr. 42 (1920): 408.
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Grad der Körnigkeit des Schleifmittels hervor. Bei dem feinen 
Pulver war der Rutil im Verhältnis zum Quarz sehr widerstands
fähig. Seine in diesem Falle berechnete Schleifhärte betrug dann 
2o27, wenn] diejenige des Quarzes zu 1000 angenommen wird. Der 
Rutil begann dann auch Politur anzunehmen, während die Schleif- 
fläche des Quarzes matt verblieb. Austauschen des feinen Pulvers 
Segen gröbere führte ungleich stärkere Wirkungen auf die beiden 
Substanzen herbei, so dass die Relativhärte des Rutils stark herab
gesetzt wurde. M it dem Karborundumpulver 50—60 u wird der 
Rutil 1,5 mal an Gewicht mehr abgenutzt als der Quarz, und seine 
Rärtezahl nähert sich der des Quarzes. Seine Schleiffläche erhält 
dabei eine sehr rauhe Beschaffenheit. Insgesamt ist das Verhalten 
dßs Rutils ganz ähnlich demjenigen des Magnetits. Nur war die 
RärteVariation des letzteren viel grösser als beim Rutil.

Verhalten des Topases.

Die Bestimmungen der Härte des Topases ist nach verschiedenen 
ungewandten Methoden sehr ungleich ausgefallen. Wenn die Härte 
des Quarzes auf (0001) gleich 1000 gesetzt wird, so ist dieselbe

n a ch  J ag g ar =  3800 (A b g e ru n d
» P f AFF =  1800 »

A u e r b a c ii =  1700 »
PÖSCIIL =  1500 »

» B orgström I =  1970 »
» I I =  1400 »

» R o s iw a l  I =  925 A u f (001)
» » » =  1570 » (110)

» I I =  1210 £ (110)
» » £ =  806 » (001)
» H o lm q u ist =  633 » (001)
» » =  813 _L’ (001).

Es lag die Vermutung nähe, dass die Ursache dieser grossen 
Variation in ähnlichen Verhältnissen wie beim Magnetit und R util 
zu suchen sei. Daher habe ich den Topas durch Abschleifen gegen 
Quarz mit Karborundumpulvern verschiedener Korngrössen unter
sucht. Ich führte diese Untersuchung mittels Wägens m it der 
Mikrowage aus, was besonders deswegen vorteilhaft war, weil sehr 
kleine Abnutzungen bestimmt werden konnten, und das Abschleifen 
also jedesmal nur kurze Zeit (einige Minuten) zu dauern brauchte. 
Dadurch wurde auch der Einfluss der Zerkleinerung des Schleif-



mittels vermindert, indem hauptsächlich nur frisch bereitetes Pulver 
zur Einwirkung kam. Für die Versuche verwendete ich ein Spalt
stück von farblosem, wasserklarem Topaskristall vom Ural, das 
mir zu den ersten Versuchen1 über die Relativschleifhärte von 
Topas und Quarz gedient hatte. Als Schleifmittel kam zuerst ein 
besonderes Präparat von Karborundumpulver zur Verwendung, 
das aus Körnern 2—5 ¡.i bestand und im Mikroskope sehr homogen 
aussah. Die Tabelle 5 zeigt das Resultat dieses Versuches. Mani

Tabelle 5.
Abschleifen des Topases auf (001) gegen Quarz auf (0001) m it Karborundumpulver 
2— 5 p.. Während der acht zu le tz t angeführten Bestimmungeu dauerte die Ab

schleifung jedesmal 4 M inuten.

4 9 8  ■ p. j .  HOLMQUIST. [M a rs — A p r i l  1922.

Koragrösse 
des Karbo- 

rundum- 
schle ifpu l- 

vers

Topas vom U ral auf (001) Quarz auf (0001) Di : D2 Schleif
härte

Quarz 
=  1000Gewichte V e rlus te : D, Gewichte V e rlus te : D2 M itte l

2—5 p. 3,666412 g 

• • 5950 > 

•■4967 »

• ■ 3537 >

• • 2321 >

• • 0671 »

• 59452 »

• • 8265 >

• ■ 7152 >

■•6766 j

0,000462 g 

• • • 983 > 

■ •1430 > 

• • 1216 > 

• • 1650 >

•■1219 »

■ •1187 »

• • 1113 >

• • 1386 >

5,070718 g 

■••491 » 

• •■ 068 * *

• 69375 > 

• • 8848 >

• • • 151 >

• • 7635 >

• • • 121 »

• ■ 6647 >

• • • 036 »

0,000227 g 

••■ 423 > 

• • • 693 >

•• • 527 > 

•••697 >

• • • 516 >

• • • 514 >

• • • 474 »

• • • 611 >

2,03
2,32
2,06
2.31
2,36)2,26
2,36
2.31 
2,35 
2,27.

584

sieht, dass der Topas unter den Umständen des Versuches erheb
lich weicher als der Quarz ist. Der Versuch wurde wiederholt 
m it der Veränderung, dass der Druck während des Abschleifens 
möglichst klein gehalten wurde, nämlich bei ungefähr 20 g anstatt 
des gewöhnlichen (ungefähr 100 g). Nach 16 Messungen war 
die Abnutzung dann im M ittel 2.19:1, d. h. beinahe gleich derjeni
gen des ersten Versuches, 2.26:1 ( Tabelle 5). Letzterer Wert liegt 
etwas niedriger als derjenige, den ich früher bei der Prüfung des
selben Topases erhielt2. Die Ursache der Verschiedenheit liegt ohne 
Zweifel in der Beschaffenheit des damals verwendeten Schleif
mittels, das eine ziemlich heterogene Körnigkeit hatte und nicht

1 Diese Zeitschr. 33 (1911): 292.
* 2,47: 1. Diese Zeitschr, 33 (1911): 292.
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Tabelle 6.

Korngrösse 
d(5s Karbo- 

ranflam- 
äcWeifpal- 

Ver8

Topas ±  (001) Quarz auf (0001) Di : D2 H
Schleif
härte 
Quarz 

=  1000Gewichte Verluste: D, Gewichte Verluste: D2 M ittel

2—5 0,650803 g 
•••324 »
• 49961 > 
•■9649 > 
••■358 » 
••■177 »
• • 8878 >
• ■ •562 •
• • • 217 » 
■ • • 117 »
• • 7731 » 
•■ • 440 > 
. . .  038 »

0,000479 g 
. . .  363 » 
• • • 312 » 
••■291 > 
••■181 > 
•••299 i 
■••316 » 
•••345 » 
•••100 > 

••■386 > 
. . .  291 > 
■ • • 402 >

5,063665 g
• • ■ 379 > 
•••062 » 
•.2806 > 
•••608 > 
•••425 > 
•• • 036 > 
■•1731 > 
••■400 > 
••- 118 >
• • 0900 • 
. . .  549 > 
•••139 >

0,000286 g

•••317 >
•••256 >
■■•198 »
•••183 »
•••389 »
••■305 > 

. . .  331 »
•••282 > ( 
■ • ■ 218 » J
•••351 >
•••410 >

1,70
1,14
1,22
1,47
1,00
0,77
1.04
1.04

0,97

0,83
0,98.

1,0*6 1246

5~10 p. 3,647038 g 

. . 5888 » 

■•4626 >

• ■ 3572 > 

. . 2107 > 

•• 1190 >

• 39825 >

• • 8665 >

0,001150 g 
• • 1261 >

• • 1054 >

• • 1465 > 

. .  ■ 917 » 

• • 1365 >

■ • 1150 »

5,060139 g
• 59173 > 

••8111 » 

• • 7162 > 

•■5811 > 

••4981 >

• • 3765 >

• • 2682 >

0,000966 g 
• • 1062 >

• • • 949 >

• • 1351 »

• • • 830 > 

. . 1226 »

• • 1083 >

1.19
1.19

; ,n1,08
1,10
1,11
1,06.

d,12 USO

4 0 -2 0  p 3,638665 g
• • 7490 >
••5230 >
• • 4019 > 
. . 2248 > 
••0437 >

0,001175 g 

••2260 > 
••1211 > 
••1771 > 
■•1811 >

5,052682 g
• • 1911 >
• • 0290 >
• 49372 »
• • 8100 > 
• ■ 6788 »

0,000771 g 

••1621 » 
. . .  918 »
• • 1272 >
• • 1312 >

1,52
1.39 
1,32
1.39 
1,38

1,40 943

30—40 ¡i 3,630437 g 

■ 27790 > 
••5886 • 
• • 3486 »

0,002647 g 
• ■ 1904 -» 
••2400 >

5,046788 g 
■•4966 »
• • 3603 >
• • 1932 »

0,001822 g
• • 1363 »
• • 1671 >

1,45
1,40
1,44

1,43 923

40 -50  p 3,623486 g
■ ■ 0747 »
• 18044 »
• ■ 4570 »
■ • 1452 >

0,002739 g 
■ • 2703 . 
••3474 > 
••3118 >

5,041932 g 

• • 0157 > 
. 38407 i 
. . 6027 > 
■ • 3881 >

0,001775 g
• • 1750 »
• • 2380 >
• • 2140 >

1.54
1.54 
1,46 
1,45,

1,50 SSO
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unbedeutende Mengen grösserer Körner enthielt. Der Wert 2.19 
repräsentiert ein M in im u m  für das Abschleifen von Topas (001) 
gegen Quarz (0001). Derselbe stellt jedoch einen Mittelwert von 
12 bei sehr kleinem Druck erhaltenen Abnutzungen dar, unter 
denen 4 bis zu 1.70 (entsprechend H  =  777) herabgingen.

Tabelle 6 stellt die Ergebnisse einer Prüfung des Topases gegen 
Quarz auf (0001) dar. Es wurde diesmal eine Eläche in der Pris
menzone des Topases untersucht. Die Fläche hatte eine zufällige 
Orientierung erhalten, die später um 26° von (010) abweichend ge
funden wurde. Das Abschleifen wurde m it 5 verschiedenen Körnig
keiten des Schleifpulvers ausgeführt. Es geht aus der Zusammen
stellung in der Tabelle 6 deutlich hervor, dass die Schleifhärte 
des Topases im Vergleich mit der des Quarzes stark abnimmt, 
wenn man von einem feineren zu einem gröberen Schleifpulver 
übergeht. Beim Komparationsschleifen von Topas _L (001) und 
Quarz (0001) zeigt ersterer den grösseren Widerstand nur, wenn 
das Schleifmittel die Korngrösse 10 ¡x nicht übersteigt. Gegen 
gröberes Pulver ist der Topas auch in einer solchen Eläche ent
schieden weicher als der Quarz.

Nach Beenden der Versuche der Tabelle 6 wurden auch Prüfun
gen m it noch gröberem Karborundumpulver, nämlich von der 
Korngrösse 100—200 p, vorgenommen. Diese ergaben Abnutzungen 
von Topas (140): Quarz (0001) =  2.78 . . . 2.45:1, entsprechend 
einer Schleifhärte des ersteren von nur 475 bis 540. Bei diesen 
Versuchen konnte konstatiert werden, dass die Fläche des Topases 
bedeutend gröber als die des Quarzes korrodiert wurde.

Zusammenfassung nnd Diskussion der Ergebnisse.

Die Versuche haben gezeigt, dass eine Veränderung der Korn
grösse des Schleifmittels eine sehr verschiedene Wirkung auf die 
durch Schleifen ermittelte Härte der Minerale mit sich bringt. In 
mehreren Fällen, besonders beim Prüfen von Magnetit, Rutil und 
Topas, wurde gefunden, dass die Abnutzungsvariation, die durch 
Verschiedenheit der Korngrösse des Schleifmittels hervorgebracht 
wird, nicht derjenigen des zum Vergleich verwendeten Quarzes 
folgt. Ein ähnliches Verhalten zeigte der Apatit beim Vergleich 
mit Flussspat.

M it einem sehr feinen Schleifpulver geprüft, ist also der Mag
netit eine sehr harte Substanz, doppelt bis 2,5 mal härter als der 
Quarz, m it gröberem Pulver aber sehr viel weicher und zeigt die 
Härtezahl von nur V4 des Quarzes. Die Härtezahl des Magnetites
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schwankt also unter diesen Verhältnissen zwischen etwa 250 bis 
d. h. um das Zehnfache des kleinsten Betrages. Sehr ähn

lich verhält sich der Rutil, aber seine Härtezahl, die bei dem fein
sten Schleifpulver auch bei etwa 2500 liegt, sinkt nicht so tie f 
Wle diejenige des Magnetites, sondern überwiegt auch beim Ver
wenden gröberer Schleifpulver bis zu 60—70 ^  noch die Härtezahl 
^es Quarzes.

Hei dem Topas verläuft die Variation in ähnlicher Weise. Seine 
§rÖsste Relativhärte 1246 bezieht sich auf das feinste Schleifpulver, 
brr obere Pulver geben nur 2/3 bis weniger als die Hälfte davon. 
Heim Apatit wurde gezeigt, dass seine Relativhärte im Vergleich 
züm Flussspat von der Korngrösse des Schleifmittels (Karborun- 
hum, Alundum, Quarz oder Stahl) abhängt. Diese Versuchsreihe 
ist von besonderem Interesse, weil daraus hervorgeht, dass die 
Härteunterschiede der Schleifmittel die Relativhärte nur wenig zu 
beeinflussen vermögen1. Zwar ergab das Stahlpulver grössere Härte- 
Unterschiede zwischen A patit und Flussspat als die übrigen Schleif
pulver von gleichgrosser Körnigkeit. Dies dürfte aber dadurch 
bedingt sein, dass die Stahlkörner beim Ausführen der Schleif- 
Probe nicht wie die spröden Pulver zermalmt werden und deswegen 
Jbre Grobkörnigkeit während des ganzen Versuches bewahren.

Her Ilm enit und das Titaneisen haben sich ähnlich wie der Mag
netit verhalten. Die Variation der Relativhärte dieser Minerale ver* 
Hef aber zwischen engeren Grenzen.

Es kann nicht bezweifelt werden, dass ähnliche Verhältnisse 
auch im allgemeinen die Härteprüfung mittels Schleifens beein
flussen. Wahrscheinlich verläuft die Abnutzungsvariation für ver
schiedene Korngrössen der Schleifmittel nie ganz ähnlich wie beim 
Quarz auf (0001). Um vergleichbare Resultate zu erhalten, muss 
*uan daher immer nur m it ganz bestimmten Korngrössen arbeiten. 
Das Abschleifen bis zur Unwirksamkeit des Schleifmittels kann, 
wie ersichtlich, in vielen Fällen sehr irreführen.

Die Resultate der obigen Untersuchung stellen die Schleifme
thode als Härteprüfung selbst gewissermassen in ein kritisches Licht. 
Es erhebt sich nämlich die Frage, welche Ergebnisse — die mit 
feinerem oder gröberem Schleifmittel erhaltenen — man als Här- 
tenaass verwenden soll. Der Magnetit ergab als Extremwerte die 
Härtezahlen 2500 und 250, der Topas etwa 1250 und 500. Wenn man 
das Verhalten gegen das feinere Schleifmittel den Härtezahlen zu

B fl- 44. H. 3— 4 .]  SCHLEIFHÄRTE UND TENAZITÄT.



Grunde legt, erhält zvar der Topas eine Härtezahl, die in guter 
Übereinstimmung mit seiner Stellung in der Mohs’schen Skala steht1. 
Für den Magnetit bekommt man aber dann den Härtewert 2500, 
d. h. diese allgemein als ziemlich weich erkannte Substanz müsste 
als 2.5 mal härter als der Quarz bezeichnet werden.

Derartige mehr oder weniger auffallende Widersprüche scheinen 
aber bei allen solchen Härteprüfungsmethoden, die Abnutzungs
vorgänge (Schleifen, Bohren, Sägen) gebrauchen, Vorkommen zu 
müssen. Unter diesen Methoden zeichnen sich indessen die eigent
lichen Schleifmethoden durch die Verwendung eines Schleifmittels 
besonders aus. Von den Körnern desselben führen in jedem Augen
blicke (z. B. einer Sekunde) und pro Flächeneinheit nur wenige 
die Abnutzungsarbeit aus. Es sind das die Körner, welche bei 
der Bewegung (Bollen) die anderen überragen. Von diesen werden 
wieder die höchsten zermalmt. Der Gesamtwiderstand der übrigen 
entspricht dem Druck, der auf das Schleifstück ausgeübt wird. 
Beim Verwenden von feinerem Schleifmittel sind die tragenden 
und wirksamen Körner pro Flächeneinheit zahlreicher, als wenn 
ein mehr grobkörniges Schleifmittel verwendet wird. Der Druck 
jedes Kornes auf die Schleifflächen ist dann auch im ersteren Falle 
kleiner als im letzteren. Es werden dadurch einer Substanz von 
hoher Elastizität (elastischem Widerstand und elastischer Deformier
barkeit) mehr Möglichkeiten geboten, ohne Bruchbildung dem 
Körnerangriff zu widerstehen, als im Falle eines weniger ela
stischen Körpers. W ird dagegen ein Schleifmittel verwendet, das 
aus groben Körnern besteht, so erzeugt dasselbe an den Angriffs
stellen der mehr elastischen Substanz hohe Spannungen, die zu 
einer tiefgreifenden Bruchbildung führen, während der weniger 
elastische Körper zwar in den entsprechenden Flächenteilen zer
malmt wird, aber wie eine »milde» Substanz unter Bildung zahl
reicher, nur kurzereichender Brüche. Im letzteren Falle entsteht 
eine weniger rauhe Schleifoberfläche und ein feiner verteilter 
Schleifschlamm als im ersteren. Die F ig . 4. soll diese Verhält
nisse in vereinfachter Form verdeutlichen.

Aus diesen Überlegungen kann gefolgert werden, dass die Sub
stanzen, die beim Abscbleifen m it verschiedenen Pulvern, wie die 
obige Untersuchung gezeigt hat, widersprechende Ergebnisse lie
fern, elastische Eigenschaften besitzen, die von denjenigen des 
Quarzes erheblich abweichen.1

1 D ie neuen Bestimmungen rosiwals über die H ärte des Topases (110) im  Ver
gleich zum Quarz (0001) haben zu dem Verhältnis 121:100 (=  1200:1000) geführt 
(Verhandl. d. k. k. geol. Reichsanstalt 1916 :142.)

502 P. J. IIOLMQUIST. [Mars— April 1922.
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H ie r e rö ffnen  s ich  M ö g lic h h e ite n , d ie  E la s t iz itä ts e ig e n s c h a fte n  
der K r is ta l le  d u rc h  d ie  S ch le ifm e thode  zu  untersuchen. E s  is t  
näm lich  zu  e rw a rte n , dass ä h n lich e  V a r ia tio n e n  in  der S ch le ifh ä rte  
Wle zw ischen  e in igen  M in e ra lie n  auch zw ischen u n g le ic h w e rtig e n  
D ich tungen  be i K r is ta l le n  von  v a r iie re n d e r E la s t iz i tä t  d u rch  K o m - 
Para tionssch le ifen  zum  V o rsch e in  geb rach t w e rden  können. I n  
^ er T a t habe ic h  auch ge funden, dass d ie  (OOOl)-Fläche des Q uar-

B d - 44. H .  3— 4 .]
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®!'S- 4. Darstellung des Verhaltens einer elastischen und spröden Substanz gegen 
eine milde, weniger elastische beim Komparationsschleifen m it einem groben Schleif

pulver. Verschiedenheit der Bruch- und Schleifschlammbildung.

zes gegen eine (lO lO )-F lä ch e  desselben M ine ra les , d u rch  K o m pa- 
i'a tionssch le ifen  g e p rü ft, bedeutende V a r ia tio n e n  der re la t iv e n  
A b n u tzungen  ze ig t. D ie  fo lgende  Tabelle 8 z e ig t diese E rgebnisse.

Tabelle 8.

K irb o ru n d u m - A bnu tzung A bnu tzung B er. H A n za h l
P u lve r a u f  (1010) a u f  (0001) (1010) Versuche

2 - 5  f i 1,S1 1 (¡02 7

5 -1 0  > 1,21 1 827 7

2—5—20 » 1,12 1 1)00 141 2

D ie  V e rä n d e ru n g  der re la tiv e n  A b n u tz u n g  der (OOOl)-und der 
(lO lO )-F läche  des Q uarzes e rg ie b t also, dass e rs te re  d ie  höchste 
S ch le ifh ä rte  fü r  fe ines u n d  d ie  k le in s te  fü r  grobes S c h le ifp u lv e r 
b e s itz t. D ies s te h t in  g u te r Ü b e re in s tim n u n g  m it  der in  ähn lichen  
F ä lle n  h ie r  gegebenen D e u tu n g  u n d  der bekann ten  Tatsache,

1 Das Verhältnis von Flussspat und Apatit beim Komparationsschleifen kann in 
analoger Weise gedeutet werden. Von diesen verhält sich ersterer elastisch und spröde, 
letzterer weniger elastisch und mehr mild.

2 Diese Zeitschr. 33 (1911): 287.



dass die Elastizität des Quarzes senkrecht zur Basisfläche bedeu
tend grösser ist als senkrecht zu den Prismenflächen [Elastizitäts
modul (elastischer Widerstand)!c =  10304, l c  =  7853].

Über die Beziehungen zwischen Schleifhärte und Elastizität 
besonders beim Quarz und Topas hoffe ich später ausführlicher 
berichten zu können.

5 0 4  p . J. HOLMQursT. [M ars— A p ril 1922.
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Om isokrona strandniväer.
Av

G e r a r d  D e  G e e r .

^ e tt fö re d ra g  v id  Y e tenskaps A kadem iens s is ta  sam m anträde 
iedogjorde fö r f. fö r  e t t  n y t t  u p p s la g  t i l i  e x a k ta  u n d e rsö kn in g a r 
g ra n d e  va ra  s e n k v a rtä ra  n iv a fö rä n d rin g a rs  n a tu r  och nä rm are  fö r-  
~°PP- E n  k o r t  redogörelse fö r  nag ra  d ä rv id  fra m la g d a  s y n p u n k te r  
°^de h ä r v a ra  pá s in  p la ts .

V e d  avseeDde pá den högsta  m a rin a  gränsen h a r e fte r hand  frá n  
i ld a  h a l l  ko n s ta te ra ts  sásom v e r k l ig t  va d  som redan  t id ig t  fra m - 

. °Us sásom m ö jlig t ,  e lle r  a t t  sagda g räns t i l l  s ina  d is ta la  d e la r 
'°ke  ä r s y n k ro n  m cd de m era p ro x im a la , som k n n n a t u tb ild a s  fö rs t 
1 ¿en m án land isen  b o rts m ä lte  och läm nade h a ve t t i l l t r ä d e ,  da 
e m e lle rtid  den fo rtgáende  la n d h ö jn in g e n  redan  u p p ly f ta t  en de l av 
0lDradet över h a v s y ta n .1

Gen m a rin a  gränsens skä rpa  ä r d ä rfö r  ej be tingad  d ä ra v , a t t  
en u tg jo r t  en s ta t io n ä r v ä n d p u n k t fö r  en transgress ion , u ta n  en- 

c ast av  den k o n tra s t, som t r o ts  págáende la n d h ö jn in g  genom vá- 
S°i'nas in v e rk a n  pá  m o rä n s trä n d e r i  öppe t läge  u p p k o m m it m e llan  
av v a ttn e t u rs p o la t m a te r ia l sam t d ä ra v  a llde les  o p á ve rka t mo- 
rängrus.

V ad  a te r an g ä r transg ress ionsg ränse rna  fö r  A n c y lu s h a v e t och 
aet p o s tg la c ia la  have t, ä r  d e t nog m era s a n n o lik t, a t t  de t i l i  he ia  
e lle r s tö rre  delen av s in  s trä c k n in g  v a r  fö r  s ig  äro i  d e t he ia  syn - 
jsrona. K a g o t m edel a t t  avgö ra  de tta  h a r h i t t i l l s  dock icke  fö re - 
eSat, ej h e lle r h a r m an h a f t  nágon m ö jlig h e t a t t  t i l i  kö jn in g so m - 

i’adets m era p ro x im a la  de la r fö l ja  näm nda transg ress ionsg ränse r f rá n  
de m era d is ta la  tra k te rn a , d a r pá g ru n d  av savä l rö re lsens a r t  
som te rrä n g e n s  jä m n h e t tra n s g re s s io n s lin je rn a  b l iv i t  hast u t-  
präg lade.

1 G. De Geer , Skand, nivälforändr., G. F. F., Bd 12 (1890), p. 73.
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Yid de första försöken att skaffa sig âtminstone en ungefärlig 
föreställning om ifrägavarande strandytors läge och motsvarande 
kustkonturers förlopp var man därför nteslutande hänvisad t i l l  dels 
minimivärden, grundade pa de högst belägna förekomsterna av 
vattenorganismer fran ifrägavarande transgressioner, dels antagan- 
det, att motsvarande isobaser varit nâgorlunda proportionella mot 
dem, som betecknade den marina gränsen, eller slutresultatet av 
samtliga hithörande niväförändringar.

Emellertid känner man ännu alldeles för lite t om det baltiska 
havets pätagligen mycket komplicerade hydrografiska utvecküng» 
om dess mängskiftande fördelning av sött ytvatten och mer eller 
mindre bräckt vatten pä större djup och om motsvarande, skarpt 
skilda men alldeles samtidiga bestand av söt- och saltvattensorga- 
nismer pa skilda djup.

Pa grund av sin anpassningsförmaga draga sig organismerna 
vid en förskjutning i  det omgivande mediets temperatur och salt- 
halt t i l l  den för deras uppehälle gynnsammaste nivän, varvid denna 
kan bliva betydligt avvikande fran den nórmala.

I  sâdana fa ll gäller att pä rent geofysisk väg bestämma den 
motsvarande strandnivans läge. Sälunda visade randterrasser, 
erosionsrännor och samtida strandlinjer vid Ed, att Yoldiafaunan 
vid Kristianiafjordens mynning inför avsmältningstidens a llt m il' 
dare klimat sökt sig ned t i l i  det kallare bottenvattnet och inga- 
lunda angav grunt vatten, sasoin ju  vanligen är fallet i  verkligt 
arktiska klimat.

Organismernas batymetriska missvisning pa grund av en abnorm 
fördelning av vattnets salthalt är nog knappast mindre farlig. D a 
det gäller de postglacigena, baltiska strandnivâerna, kunna ocksä 
givetvis israndterrasser ej hjälpa oss.

För länge sedan tankte jag mig, att själva transgressionsgrän- 
serna, sä längt sâdana kunnat utbildas, borde vara möjliga att ur- 
skilja pa de likformiga, lä tt eroderade äsarna, men h ittills  torde 
intet allvarligt försök hava gjorts att uppsöka dem.

För nâgra är sedan framhöll jag, att man härvid och för utrö- 
nande av landhöjningens gradient borde kunna uppsöka och be- 
gagna sig av sâdana särskilt utpräglade strandlinjer, som excep- 
tionellt starka stormar borde hava efterlämnat pâ sandâsarna a den 
sida, som i  varje fa ll vette mot vinden.

A r 1894 hade jag pä Ekerön, â västra sluttningen av den stora 
rullstensâsen, iakttagit en pâfallande krä ftig t utbildad erosions- 
terrass, som just ledde tankarna pä ett sädant Ursprung. Pä Stock
holmsäsen, ett stycke norr om staden, hade jag ocksâ sett en sär-

[M ars— A p ril 192*.



skilt utpräglad terrass, och dâ jag i höstas nivellerade höjden pa 
_̂euna, som vette ät samma hall som Ekeröterrassen, syntes det 
rimligt nog, att de künde vara samtidiga. Nu uppsöktes ytter- 
^gare nägra tillräcklig t höga och mot vaster t r i t t  belägna as
t illa r , tvâ norr och en söder om Stockholm, och vid alla träffades 
P& västra sidan, och endast pa denna, en alldeles särskilt kräftig t 
utbildad strandterrass, som överallt patagligen tillhörde samma, 
'minera svagt lutande strandplan. T ill ytterligare kontroli besök- 
ts  en hög askulle vid Södertälje, dar jag för nâgra ár sedan pâ 
vüstra sidan sett en utpräglad strandterrass. Som ocksä denna 
Vld nivellering visade sig noga sammanfalla med samma lutande 
Ptn som de övriga fern punkterna, torde numera vara pätagligt, 
aG sâdana stormstrandlinjer verkligen kunna följas fran punkt t i l l  
Punkt, och därmed efter hand fullständigt isokrona strandnivaer 
skola kunna fastställas över betydande sträckor av Mälarehalvön. 
Pventuellt genom kombination av Aera olika stormniváer öppna 
sig härigenom nya utsikter t i l i  ett exakt studium av niväför- 
ändringarnas dynamik och av deras vagformiga, centripetala för- 
skjutning genom jämförelse med de momentant, under en enda 
storm utbildade stormstrandplanen.
_ Genom dessa lär man sig speciellt känna lagen för de postgla- 

c'gena niväförändringarna, vilkas skilda, stadier salunda böra 
kunna noga fastställas, även dar inga transgressionsgränser pa- 
Gäffats.

-För att man sä inom hojningsomrádets proximala delar skali 
kunna bestämma de strandnivaer, som motsvara själva transgres- 
sionsgränserna, erfordras, att höjdbestämningen av stormstrandpla- 
Geu framföres t i l i  närheten av nämnda gränser.

En ledning vid detta arbete erhälles därav, att stormstrandlin- 
Jernas orientering vid varje lokal ganska väl anger stormens un- 
Sefärliga riktning, varför snart nog erhälles antydningar om storm- 
centrets läge och om de samtidiga vindriktningar man bör vänta 
Sl§ inom andra delar av den synoptiska kartan. Om det pâ detta 
sätt skulle lata sig göra att över Aland vinna förbindelse med 
motsvarande storm strandplan pâ den fińska sidan, skulle det in- 
Gessanta material rörande den postglaciala transgressionen, vilket 

R a m s a y 1 publicerat, stödd pâ H. L in d b e r g s  viktiga undersök- 
uing av högsta utbredningsgränsen för de postglaciala brackvat- 
tensdiatomacéerna och särskilt för Campyloäiscus clypeus, kunna 
t i l i  sin geologiska niva definitivt fastställas.

1 Litorinagränsen i  sydliga Finland, G. F. F., Bd. 42 (1920) p. 243.
34—220270. G. F. F. 1922.
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P â  samma s a tt bö r ku n n a  u trönas, h u ru  den av U . Scndelin1 
inom  Ö ste rg ö tla n d  och angränsande de l av  S m â land  fle rs tädes fast- 
s tä lld a  C iypeusgränsen  därstädes ka n  fö rh ä lla  s ig  t i l i  s jä lv a  grän- 
sen fö r  d e t p o s tg la c ia la  have t.

Den riktning, i  vilken man dock torde hava mest utsikt att 
erna förbindelse med den postglaciala transgressionens högsta 
strandniva, är tvivelsutan mot vaster.

Sedan förf. utmed södra delen av landets västknst pävisat och 
höjdmätt den postglaciala transgressionsgränsen upp emot Göte
borgstrakten, dar den nâdde ett par och tjugu meter over havet, 
samt vidare en antagligen hithörande strandlinje vid Nol, 30 m. 
ö. h., syntes det pâ grund av gradienten och den verkliga post
glaciala molluskfaunans utbredning vara sannolikt, att det postgla- 
ciala havet vid sitt högsta stand visserligen närmat sig, men icke 
översvämmat Yänerns avloppströskel, eller 44 m. ö. h. Förekom- 
sten av reliktformer i Yänern, vilka sedan ârtusenden anpassatsig 
för sott vatten, talade ju  ocksâ emot en högre näende transgres
sion av det för dem numera sannolikt dödande, salta havsvattnet.

Det var att vänta, att Vänern vid nyssnämnda tidpunkt p» 
grund av den sedan inträffade utstjälpningen mot söder haft en 
avsevärt större utbredning mot norr,1 2 om ocksâ dennas närmare 
omfattning givetvis icke künde fastställas, sä länge traktens iso- i 
baser icke künde grundas pâ annat än minimivärden.

E tt stört framsteg i dessa trakters kvartärgeologi togs i  och 
med L. von Posts viktiga upptäckt3 samt hans och R. Sandegrens4 
undersökningar och nivelleringar av en särskilt utpräglad strand
linje, som kunnat följas nära nog omkring heia Yänern. Denna 
linje tolkas närmast säsom en transgressionsgräns, uppkommen 
vid en postglacial landsänkning med maximum norrut samt därpä 
följande höjning med utstjälpning mot söder.

Strandlinjen ligger vid sjöns utlopp 2 m. över detta eller 46 m- 
ö. h. samt stiger sedan efter band t i l i  57 m. IST om Kinnebulle,
63 in. N om Sjötorp, 82 m. ME om Gullspäng samt 92 m. W NW  , 
om Letälvens utlopp i Skagern.

Strandlinjen synes särskilt pä sistnämnda sträcka, som är belä- i 
gen pâ en och samma urbergsribba, hava en särdeles regelbunden

1 Über die spätquart. Gesch. der Küst. Österg. and Smälands, B u ll. Geol. Inst.
Ups., Vol. 16, 1919, p. 195.

2 G. De Ge e r , Om s trand lin j. förskj. v id  vâra insj., G. F. F., Bd. 15 (1893), p- 
382, samt Skand. Geogr. U tv., S thlm  1896, p. 141 och Tavl. 6, jäm f. med Tavl. 5.

3 Hos K . E. Sa h ls tr ö m , Om V.götl. stenäld.-bebyggelse, Akad.avh., Sthlm  1915, 
p. 2 9 -3 2 .

4 En postgl. strandl. v id  Ö. sidau av Vänern, S. G. U. Ser. C, N:o 270 (Ärsbok 9 
1915), N:o 6), Sthlm  1916.
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stigning mot NNE, varför särskilt en kortare extrapolering át 
detta hall synes fü llt  berättigad och är av stort intresse. Sâsom 
Jag redan vid föreningens aprilmöte 1920 framhállit, finnes nämli- 
§eQ en högst pâfallande överensstämmelse mellan den närbelägna 
passhöjden t i l l  den baltiska dalen och den sannolika höjden pä 
den punkt av Storvänerns strandlinje, som kan antagas vara lika 
mycket upplyftad. Passhöjden ligger sálunda omkring 105 m. ö. h., 
och motsvarande punkt av strandlinjen troligen minst lika högt, 
eBer kanske snarare inemot 110 m. ö. h.

Denna överensstäm m else kan  sv a rlig e n  ha v a r i t  t i l l f ä l l i g ,  v a r fö r  
S torvänerns v a tte n s ta n d  v id  s i t t  m a x im u m  u ta n  tv iv e l  v a r i t  be
k ä m t av näm nda p a ssp u n k t och sa lunda  h a ft  s i t t  a v lopp  icke  ge- 
11010 G ö ta  ä lv  u ta n  genom S veakanalens passdal e lle r  e f t  v a tte n - 
drag, som lämpligen künde kallas Svea ä lv. Dess längd och fall- 
_ öjd voro icke betydande, da de givetvis betingades av Storvänerns 
1 varje fa ll ringa men ännu ej närmare bestämda höjd över det 
Postglaciala stenäldershavets högsta yta.

Kring den del av Vänern, som omger det nuvarande utloppet, har 
aoträffats en serie översvämmade fornminnen frân stenâldern, vilka 
torde föreskriva sig frân den tid, da sjön hade sitt avlopp genom 
Svea älv. De översvämmades sedermera, när sjön genom den norr- 
111 större landhöjningen försköts mot söder, ocb fick sitt nuvarande 
aylopp, som efter hand nedskurits 2 m.

Storvänerns strandlinje är därför ej fü llt synkron vid sina skilda 
delar, utan äldst i närheten av s itt första utlopp. Hum djupt un
der vattenytan vid sjöns sydände, som terrestra bildningar kunna 
pavisas, innan den översvämmade äldsta strandlinjen päträffas, är 
ej  känt, om det ocksä synes patagligt, att djupet ej kan vara sár
jeles stort, och i varje fa ll ej na djupare än t i l i  den samtida havs- 
ytan, vilken väl näppeligen legat sä mycket som ett halvt tiotal 
meter under nuvarande sjöytan.

Härav synes framgä, att siffror för Storvänerns strandhöjd i 
trakten av Svea älv ganska obetydligt torde överstiga stenälders
havets maximistand, vilket salunda bör träffas vid motsvarande 
höjd inom närmast angränsande del av den baltiska dalen. Med 
hänsyn t i l i  den betydande mängd sötvatten som tillfördes stenäl
dershavets närkesvik frân Svea älvs heia vattenomräde, är det 
dock naturligt, att inga saltvattensformer kunna väntas förekomma 
1 hithörande grundvattensbildningar, dar man salunda i stallet 
exempelvis bland diatomacéerna kan vänta att päträffa ungefär 
samma ancylusflora, som utmärker Storvänerns avlagringar.

Den strandniva ater, som motsvarar ancylustransgressionens

Bd 44. H . 3— 4.]
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granslinje inom sydbaltikum, máste sáledes tydligen traffas vid en 
betydligt hogre nivá ocb hogt over Sveapasset mellan varldsha- 
vet ocb baltikum.

E. A ntevs djarva slutsats,1 att ancylustransgressionen stod i  for* 
bindelse med varldshavet, synes darfor redan vara pá god vag att 
kunna siffermassigt faststallas.

Men stormstrandplanen oppna ej blott mojligbeter att samman- 
knyta de fińska, de sydbaltiska och de vastsvenska transgressions- 
granserna med varandra. De komma att f3r forsta gángen moj- 
liggora en tillfo r lit lig  kartering, sarskilt av de flacka slatterna pa 
omse sidor av Alands bav under skilda skeden av stenaldershoj- 
ningen och darmed lamna fasta hallpunkter for stndiet av sával 
vaxternas och djurens som manniskans besittningstagande av land- 
vinningarna.

Den skarpa, med vilken landhojningens sekulara gradient kan 
bestammas, torde genom kombination med nyare matningar av 
den annu fortgáende niváforandringen kirnna vksentiigt bidraga 
a tt belysa denna och darfor ocksá erhálla praktisk betydelse.

Ivanske ar det ej heller omojligt att man genom den nya arbets- 
metoden t i l l  sist skali kunDa erbálla forbindelse mellan ifrágava- 
rande strandniváer och L id é n s  daterade postglaciala landhojnings- 
skala vid Angermanalven och sálunda mellan stenáldershojningen 
och den svenska tidskalan.

[Mars— A p ril 192'2.

1 Postgl. marine shellbeds in  Boh. G. P. F. Bd 39, 1917, sid. 257.
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Foto 1897.

Minnesteckning av

H j . Sjögren.

Den 9 november 1921 avled fil. dr. R obert M auzelius, kemist vid 
Sveriges Geologiska Undersökning, vid endast 57 ärs alder. Med 
bans död avslutades en forskaregärning som är vida betydelseful- 
lare än vad den t i l i  kvantiteten mindre betydande produktion, som 
ban under eget namn publicerat, later första. I  själva verket star 
ben svenska mineralogiska forskningen under de señaste trettio 
bren i en tacksamhetsskuld t i l i  honom, som knappast kan över- 
skattas. Ty ehuru M auzelius var kemist faller dock tyngdpunkten 
av bans vetenskapliga insats inom mineralogiens och petrografiens 
omrade.

Mauzelius föddes den 3 jun i 1864 i Uppsala, dar fadern, A nders 
Mauzelius, verkade som privatlärare; modern var K arolina Cecilia, 
född T helander.
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Efter avslutade studier i Uppsala högre allm. läroverk och stu- 
dentexamen 1884 fortsatte Mauzelius sina studier vid universitetet, 
dar hau efter tre är avlade fil. kandidatexamen inom naturveten- 
skapliga Sektionen. Pedan nu visade sig hans intresse för det 
ämne ät vilket han sedan skulle komma att egna sig, i det att 
han i kandidatexamen hade betyget berömlig i  kemi. I  licentiat- 
examen, som avlades vären 1894 och som omfattade ämnesgruppen 
kemi, mineralogi och geologi, hade han berömlig i kemi och icke 
utan beröm godkänd i  mineralogi. För sina stora vetenskapliga 
förtjänster promoverades Mauzelius t i l i  fil. hedersdoktor i Uppsala 
1917.

Pedan innan Mauzelius avlagt licentiatexamen, hade hans insikter 
lagits i  ansprak för handledningen av de studerande vid universi- 
tetets kemiska institution. Sâlunda tjänstgjorde han höstterminen 
1887 säsom e. o. amanuens och under 1888 och varterminen 1889 
sasom ordinarie amanuens vid syntetiska avdelningen av laborato- 
riet för allmän och analytisk kemi. Professor P. T. Cleve, som 
uppmärksammat hans ovanliga förmaga, skyndade sig att tillgodo- 
göra sig denna och under âren 1889—1892 biträdde Mauzelius 
honom vid utförandet av olika kemiska arbeten. En lig t ett av 
Cleve avgivet intyg, daterat den 4 februari 1892, hade Mauzelius 
därvid adagalagt »säväl ovanliga teoretiska insikter som stor skick- 
lighet i utförandet av kemiska arbeten» och »särskilt i  kemisk 
analys adagalagt stor skicklighet och samvetsgrannhet».

Samtidigt hade han även kommit i  praktisk verksamhet i det 
att han varit t. f. assistent vid Ultuna Försöksanstalt under prof. 
H ampus v. Post (1889) och under en kort tid  vik. lektor i allmän 
kemi vid tekniska elementarskolan i Norrköping (28/8—26A9 1890. 
Frän dec. 1891 t i l l  okt. 1897 tjänstgjorde han som assistent vid 
kemiska Stationen i Grävle.

Denna verksamhet var dock ej av den art, att den tillfredsställde 
Mauzelii pä mera vetenskapliga uppgifter riktade häg. Det var 
därför som han med tillfredsstäl leise antog ett anbud av författa- 
ren t i l i  denna levnadsteckning att biträda honom med utförandet 
av analyser t i l l  de mineralogiska arbeten, varmed jag da var sys- 
selsatt. Härmed begynte ett vetenskapligt samarbete, som utan 
avbrott varade i nära tio âr, frän 1892 t i l i  1901, eller t i l l  dess att 
Mauzelius inträdde i statstjänst.

För Mauzelius blev detta den tid  under vilken han, kanske mera 
ostört än nagonsin senare, fick ägna sig ät vetenskapliga uppgifter. 
Det var ocksa under denna tid  som han utvecklade sig t i l i  den 
enastaende skickliga mineralanalytiker, som han sä snart blev, och
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da lärde sig att med aldrig svikande tälamod lösa de sväraste 
analytiska uppgifter.

• I  yttre avseende sönderfaller denna tid  i  tvä perioder, den förra 
frän 1892 t i l i  1896, under vilken tid  Mauzelius kvarstannade i 
Uppsala och arbetade pä universitetets kemiska institution, den 
senare frän 1896 t i l i  1901 efter hans flyttning t i l i  Stockholm, under 
v ilken tid han arbetade pä ett av mig för Maüzelii räkning upp- 
rättat privatlaboratorium. Under den förra av dessa perioder ät- 
öjöt Mauzelius ett anspräkslöst arvode av 120 kr. i  mänaden. Vid 
avüyttningen t i l i  Stockholm, som skedde i  Oktober 1896, hade en 
överenskommelse träffats, att M auzelius skulle ätnjuta ett arvode 
av 2,500 kr. pr är och bostad i samband med laboratoriet. Detta 
s°m var beläget i ett numera ombyggt hus, med nummer Döbelns- 
gatan 39, utrustades med nödig laboratorieinredning, varjämte för 
detsamma inköptes platina, en Bunges vag, reagentier o. s. v. Nödig 
Utteratur, bl. a. en serie av Zeitschr. f. analytische Chemie anskaf- 
frdes även.

De senaste ären av 1880-talet och de första av 1890-talet utgöra 
ei1 period som utmärkte sig genom en serie nya och intressanta 
miueralfynd vid de värmländska järn- och mangangruvorna. Visser- 
frgen hade flertalet av dessa nya fynd redan tidigare b liv it under- 
sökta och beskrivna av A nt. Sjögren, C. W. Blomstrand, Gr. 
F link, A xel H amberg, H. Bäckström och andra, men fiera, särskilt 
sadana av vilka dr. Gr. F link stallt material t i l i  m itt förfogande, 
äterstodo att undersöka. Detta var en uppgift som krävde biständ 
av en skicklig mineralanalytiker, och sedan jag genom överens- 
kotnmelse om samarbete med Mauzelius försäkrat mig om den bästa 
tänkbara, künde v i gripa verket an. Därigenom möjliggjordes be- 
stämningarne av en serie nya mineral, förnämligast arseniater, säsom 
ade lit, som samtidigt pävisades frän Längban och Kittelgruvan i 
Nordmarksfältet, (sedermera ocksä frän Jakobsberg), S vab it frän 
Harstigsgruvan och Jakobsberg, T i la s it  frän Längban och Moss- 
gruvan, Nordmarken, B e tz ian  likaledes frän Mossgruvan. Därtill 
kotnmo det nya pyroxenmineralet U rb a n it frän Längban och frän 
Grlakärn samt b a ry tfä ltsp a te n  Celsian frän Jakobsberg.

Utom dessa nya mineral lämnade de av M auzelius utförda ana- 
lyserna viktiga bidrag t i l i  kännedomen om den kemiska samman- 
sättningen av redan tidigare kända mineral eller mineralgrupper, sä
som n a tro n r ic h te r ite n  frän Längban, det förut av Gr. F link upp- 
täckta antimonitet längban it, m anganvesuvian frän Harstigen, 
ax in i t  frän Nordmarken och Dannemora, s a f f lo r it  frän Nordmar
ken m. fl. I  nägra fa ll gävo dessa Maüzelii analyser anledning t i l i  en
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ingâende diskussion av ifrâgavarande minerais eller mineralgruppers 
kemiska konstitution, sâsom fôrhâllandet var i frâga om axinit 
och vesuvian. Av särskilt intresse voro Mauzelii analyser av 
i Kogruvan i Nordmarksfältet anträffade kum itm inera len , vilka 
analyser pâvisade, att hnmitgruppens tre mineralspecies, humit, 
klinohumit ock kondrodit äga olika formier och bilda ett inom 
mineralriket enastâende fa ll av morfotropi. M auzelii analyser 
voro utförda samtidigt med Penfields, och han hade kommit t i l l  
ovan nämnda résultat fü llt  oberoende av nämnde forskares arbete, 
ehuru Mauzelii undersökning publicerades señare. I  samband med 
dessa undersökningar analyserade han även de intressanta och 
egendomliga serpentiniseringsprodukterna av säväl chondrodit som 
ocksä tremolit och dolomit, som uppträdde i Kogruvan i samband 
med humitmineralen.

M auzelius tog varje honom anförtrodd analytisk uppgift med 
största vetenskapliga allvar, och fiera ganger, da analysmaterialet 
var ytterst begränsat eller da dess homogenitet var tvivelaktig) 
ställdes han inför uppgifter, inför vilka en annan mineralanalyti- 
ker sannolikt skulle hava dragit sig tillbaka. Sa var t. ex. för- 
hällandet med mineralet ka inos it, för vars analys endast dispo- 
nerades O.0666 gr. Enär material ej fanns för en föregaende kva- 
lita tiv  analys, skedde den ganska oväntade upptäckten av ytter- 
och erbinjordar först under den kvantitativa analysens gang. Och 
torde det fâ anses som en t i l l  virtuositet driven analytisk skick- 
lighet a tt kunna utföra en fullständig analys pa ett mineral 
med sä pass komplicerad sammansättning och innehallande säll- 
synta jordarter, alkalier och vatten, vilka alla bestämdes direkt pa 
en sä liten kvantitet analysmaterial.

Pä analysmaterialets homogenitet och renhet lade Mauzelius en 
särskilt stor vikt, och sällan godkände han det analysmaterial, som 
av andra préparerais. Innan han skred t i l i  utförandet av den 
kvantitativa analysen, underkastade han materialet en ytterst nog- 
grann mikroskopisk granskning och prövade även dess homogenitet 
genom behandling i  tunga vätskor eller med syror 0. s. v. Häri- 
genom minskades visserligen det slutliga analysmaterialets kvan
tite t ofta i oroväckande grad, men med Mauzelii förmaga att arbeta 
med smä kvantiteter, föredrog han detta framför att lägga ned 
arbete pâ ett med avseende pä homogeniteten otillfredsställande 
analysmaterial. Yid analysering av det sedermera M auze liitbe - 
nämnda mineralet befanns, att det först sâsom homogent betraktade 
analysmaterialet i  själva verket utgjordes av tvä mineral, nämli- 
gen dels ett antimoniat (Mauzeliit), deis en gul mangangranat, t i l l

[Mars— A p ril 1922.
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det yttre sä lika varandra, att de icke ens ander lupp künde säkert 
atskiljas. Forst vid behandling med fluorväte visade sig att tvä 
mineral förelägo.

Mauzelius ägde ett för en mineralanalytiker synnerligen lycklig t 
temperament, framför a llt ett outtömligt talamod. Ofta satte kan 
sina medarbetare eller uppdragsgivare pä svara prov. Tid tycktes 
icke existera för honom, ätminstone spelade tidsfaktorn ingen som 
halst ro ll i jämförelse med vikten att komma t i l i  ett säkert resul- 
tat. Detta var ju även ett fü llt r ik tig t tillvägagangssätt, särskilt 
i de fall, da analysmaterialet var sä begränsat, att ett misslyckande 
av analysen eller en oklarhet skulle hava omöjliggjort ett positivt 
Resultat. A tt ban oaktat den skenbara längsamheten i  arbetet lik- 
väl medhunnit sä mycket, torde bero pä att han sällan eller aldrig 
behövde göra om ett arbete. Hans starka sjä lvkritik  drev honom 
att i  det längsta uppskjuta att sätta de slutliga siffrorna pä pap- 
peret, men dä de t i l i  sist kommo, sä voro de definitiva. Y id ana- 
iysen av Retzian, som företogs pä en heit liten kvantitet, endast 
*i-07 95 g., anträffades en beständsdel, som t i l i  följd av det ringa 
materialet ej künde identifieras, oaktat den ingick t i l i  den relativt 
betydliga mängden av 10,3 %. Analysen lades därför äsido. Forst 
ett par är senare, vid förnyad prövning av den ej identifierade 
snbstansen, utgörande endast 8 mg., vilken med Mauzelii pedan- 
tiska noggrannhet bevarats, befanns att densamma utgjordes av 
sällsynta jordarter, och därmed var mineralets sammansättning i 
huvudsak känd.

Enär mineralfynden vid de värmländska järn- och mangangru- 
vorna under senare hälften av 1890-talet blevo sparsammare, läm- 
äades nu även mineral frän andra fyndorter t i l i  undersökning. 
Sälunda analyserade Mauzelius även de pä L ille  Arüe och Övre 
Aröe av dr. Gr. Flink funna mineralen e p id id ym it, a lb it  och 
diaspor, vilka publicerades i Uppsalabulletinen samtidigt som G. 
Flink olfentliggjorde de kristallografiska beskrivningarne av samma 
mineral.

Ä r 1897 hade dr. G. F link ätervänt frän en mineralogisk forsk- 
üingsresa t i l i  Grönland, företagen för »Kommissionen for Ledelsen 
af de geologiske og geografiske Undersogelser i  Grönland» och däri- 
frän medfört ett överraskande r ik t och vetenskapligt betydelsefullt 
material. Jag ansäg att för tillfä lle t ingen mineralogisk uppgift 
Vore mera angelägen än att de nya mineral, som funnes bland det 
av dr. F link hemförda materialet blevo fullständigt undersökta 
°ch att knappast nägon annan mineralogisk arbetskraft än M auze- 
Lius skulle vara skickad att ätaga sig en sädan uppgift. Jag
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ställde därför M a o z e l iu s  och m itt laboratorium t i l l  förfogande frö 
ändamälet, och hau utförde under loppet av 1897 och 1898 sju ana
lyser, som tillsammans med dr. F l in k s  kristallografiska bearbet- 
ning av materialet publicerades i Meddelelser om Grönland, Bd 
X X IV , 1899.1 Resultatet blev bestämningen av icke mindre än 
sju nya mineralspecies, nämligen c o rd y lit  (=  bariumparisit), an- 
c y lit ,  ta in io l it ,  Lorenzen it, leucosphenit, cha lco lam prit, 
ende io lit.

För att hugfästa min utmärkte medarbetares förtjänster hade 
jag redan 1895 uppkallat ett ny tt mineral efter honom, vilken 
»genom sina synnerligen noggranna och förtjänstfulla kemiska un- 
dersökningar verksamt bidragit t i l l  utredningen av talrika mine
rals och mineralgruppers samniansättning och konstitution.»1 2

Anställningen vid S. G. U. är 1901 medförde en upplösning av 
värt nära tioariga samarbete. Laboratoriet vid Döbelnsgatan över- 
togs av Mauzelius, som inlöste större delen av laboratorieutensi- 
lierna, platinaförrädet, vag och viktsatser m. m.

M a u z e l i i  ställning vid S. G. U. var först sasom biträdande labo- 
rator under aren 1901—1907. E iter S a n t e s s o n s  avskedstagande, 
sistnämnda är, blev han ordinarie tjänsteman sasom kemist vid 
Undersökningen, i  vilken befattning ban kvarstod t i l i  s itt fränfälle.

Under hans tjänstetid utgjordes hans sysselsättning t i l l  stor del 
av rutinarbete, som ofta nog kanske icke erbjöd synnerligen stört 
intresse. En lig t en summarisk uppgift frán ¡S. G. U. har han under 
sin tjänstgöring därstädes utfört omkring 30 mineralanalyser, 250 
bergartsanalyser, 25 malmanalyser samt 20 fullständiga och cirka 
500 partiella jordanalyser. Flertalet av dessa analyser av berg- och 
jordarter äro publicerade i S. G. U:s skrifter, men mycket är även 
opublicerat. Men understundom förelades honom även uppgifter 
av större vetenskapligt intresse. Da sâlunda A. E. T örnebohm âr 
1906 beskrev den egendomliga katapleitsyeniten, som anträffats pä 
gränsen mellan Smâland och Östergötland öster om Vättern, sa 
kom Mauzelii ovanliga förmaga att isolera mineralbestândsdelarna

1 G. F l in k : On the Minerals from Narsarsuk in  Southern Greenland, i  »Meddelelser 
om Grönland», X X IV . p. 14. »Most of the new minerals have been found in  small 
quantities, om account of w hich the analyses, mostly very d ifficu lt, have in  many 
cases been made on very scanty m aterial. This d iff icu lt and im portant work could, 
however, thanks to the great kindness and lib e ra lity  o f Professor H j. Sjögren, be 
placed in  the most competent hands. Most of the analyses, and among them those 
offering the greatest d ifficu lties, have been made in  the laboratory of Professor Sjö
gren by his chemical assistant, the eminent analyst Dr. R. Ma u zeliu s . For the 
valuable and libera l assistance thus aflorded I  desire to express my hearty thanks 
to these gentlemen.»

2 G. F. F., 17. 318 (1895).
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även i  en fm k o rn ig  b e rg a r t v ä l t i l i  pass och hau  u tfö rd e  a n a lyse r 
Pä f le r ta le t av de ingäende m in e ra le n , d ä r ib la n d  ä g i r iD ,  e u d ia l y t ,  
k a t a p le i t ,  n e f e l in ,  n a t r o l i t  och p e k t o l i t .

Inför en annan ännu svärare uppgift ställdes M a u z e l iu s , da det 
§ällde att utröna sammansättningen av det mineral, som A. GrAVE- 
Dn med mikroskopet pävisat i  järnmalmen i Ruoutevare malmberg 
°ch som han benämnt Högbom it. Detta mineral, som förekommer 
i smä körn i  den som bergart uppträdande järnmalmen, intim t 
associerad med pleonast, kornnd och hydrargillit, kunde varken 
s°m gr0vt pulver eller som smä splittror skiljas frän de ledsagande 
Mineralen. Sedan pnlvret dels genom magnet, dels genom behand- 

med HCl befriats frän magnetiten, och frän större delen av 
Bmeniten, äterstod en blandning huvudsakligen av Högborpit, men 
även av pleonast och ilmenit som analyserades, sedan först propor- 
üonerna av de ingäende beständsdelarne bestämts medelst Rosiwals 
öietod. Sedan genom särskilda analyser sammansättningen av de 
lättare isolerbara beständsdelarne pleonast och ilmenit b liv it fast- 
skäl]J, kunde därefter sammansättningen av den tredje beständs- 
delen, Högbomit, beräknas.

Analysen av det av P e r  G e ij e r  funna, vid Riddarhyttan i  cerit 
fth'ekommande nya mineralet Törnebohm it (1920) var ävenledes 
en svär analys, vid vilken, pä en ringa mängd material, cer-, 
'anthan- och didymoxider skulle bestämmas.

Men M a u z e l iu s  togs vid ,S. Gr. U. även i anspräk för uppgifter 
ech utredningar av mera speciell art, varvid hans eminenta förmaga 
kunde göra sig fü llt gällande. Da statsmakterna, efter upprepade 
i’örsök frän enskilt hall att utreda möjligheten av en inhemsk 
skifferoljeindustri, börjat intressera sig för detta problem och t il l-  
satt en kommitte för dess utredning, sä anlitades M a u z e l iu s  da 
<let gällde att utarbeta tillfö rlit lig a  metoder för bestämning av 
°lj eh alten i  skiifrarne. Han ntförde ocksa ett stört antal oljebe- 
stämningar pä sädana skifferprov som tagits under kommissionens 
uPpsikt. En del av dessa äro offentliggjorda som bilaga 3 av 
kommittens utlätande, men mycket av hans arbeten i  skifferolje- 
fl’ägan är ännu opublicerat. Da Ingenjörsvetenskapsakademien är 
1920 upptog skifferoljefrägan pä sitt undersökningsprogram, togos 
även M a u z e l ii erfarenheter i  anspräk, och ett av de arbeten som 
avbrötos av hans fränfälle var en jämförande bestämning av olje- 
kalten i  frisk t brüten skiifer och sädan som under längre eller 
kortare tid  legat utsatt för atmosferilierna.

Ännu mycket betydelsefullare blevo de undersökningar rörande 
den exakta bestämningen av radiumhalten i  vissa rämaterial och
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däru r fra m s tä lld a  rad ium prepara t, a t v ilk a  M adzelius fick  anled- 
n in g  ägna sig.

A r 1909 hade Aktiebolaget Kolm bildats med uppgift att ur 
kolm som ramaterial framställa högvärdiga radiumprodukter. Vid 
denna tidpunkt var ännu kännedomen om de radioaktiva ämnenas 
kemi och övriga egenskaper relativt ofullständig och i vissa fall 
oriktig. Sâlunda uppgavs frän auktoritativt hall, att aktiviteten 
hos ren radiumbromid utgjorde 2,000,000 uran-enheter, d. v. s. att 
den totala aktiviteten hos en viktsmängd ren radiumbromid skulle 
vara tvä millioner ganger större än totala aktiviteten hos samma 
viktsmängd ren uranmetall. Under denna förutsättning hade 
kolmens radiumhalt pä grund av aktivitetsmätningar beräknats 
t i l i  3 mg. pr ton, och radiumhalten i  de utvunna produkterna 
beräknades efter samma standard. Dâ emellertid vid den fabriks- 
mässiga driften vid Kolmbolagets fabrik vid Islinge en vida 
mindre kvantitet högprocentigt radiumsalt erhölls än vad man 
beräknat, vände sig Kolmbolagets styrelse t i l i  M auzelius, »en 
av värt lands skickligaste analytiska kemister, som pä styrel- 
sens uppdrag gjorde sig förtrogen med de synnerligen vanskliga 
radiometriska undersökningsmetoderna, pä sädant sätt, att han 
otvivelaktigt för närvarande är den förnämste svenske kännaren pa 
detta forskningsomräde».1 T ill en början pekade M a u ze lii gransk- 
ning av fabrikationsmetoderna i den riktningen, att betydande för- 
luster skulle hava uppstätt under fabrikationsprocessen, och syste- 
matiska och ingäende undersökningar anställdes för att finna för- 
lustkällorna. Men sedermera befanns, vid jämförelse med en i 
M:me Curie ’s laboratorium befintlig radiumstandard, att själva ut- 
gängspunkten var oriktig, i  det att aktiviteten hos ren radium
bromid skulle utgöra 4,400,000 U och icke 2,000,000 säsom förut 
antagits. Detta medförde ater att radiumhalten hos kolmen i stal
let för att utgöra 3 mg pr ton endast var 1,3 mg, och den av A /B 
Kolm tillämpade metoden künde icke, lika lite t som nâgon annan 
da känd metod, med ekonomisk fördel tillämpas pa det radiumfat- 
tiga ramaterial, som kolmen i  verkligheten visade sig vara.

Genom arbetena för Kolmbolaget hade Mauzelius sä fullständigt 
satt sig in i  detta ämne, att han inom Sverige var den obestridda 
auktoriteten i  a llt som rörde radium och radioaktiva substanser. 
Sedan radiumterapien börjat tillämpas i  värt land, har Mauzelius 
i  stor utsträckning anlitats för framställning av radiumpreparat 
för terapeutiskt ändamal saväl av fiera institutioner som ock av

1 U r  P .  M .  a v  K o lm b o la g e ts  s ty re ls e  a v  d . 1 7  m a j 1 9 1 1 .



R. MAUZBLIUS. 519

enskilda läkare, bl. a. av prof. Gtösta F orssell (radiuminstitutet i 
Stockholm), av doc. med. dr. L ars E dling , Land, av med. dr. D ag 
ß- Carlsten vid Allmänna sjukhuset i  Malmö, av dr. U nge i  Norr- 
'Oping, ay Kronans drogbandel i  Göteborg o. s. v.

Ur de meddelanden jag erhällit rörande M a ü ze lii verksamhet pä 
^etta omräde, v ill jag anföra följande yttranden, vilka utgöra till-  
i’Rckliga bevis pä huru bögt ban var uppskattad av radioterapeu- 
Uci och buru svär han b lir att pä detta omräde ersätta.

Uocenten L ars E dling  i  Lund sk rive r:
»Eil. dr. M adzelius har ända frän 191t> t i l l  och med 1921 baft vän- 

Bgheten ät mig utföra diverse arbeten med for terapeutiska ändamäl 
lnköpta radiumpreparat, de allra fiesta tillbörande Lunds Lasarett.

Uessa arbeten bestä i:
a) kontrollmätningar av originalpreparaten;
b) i  de fiesta fa ll överförande af de lösliga originalsalterna i 

ra(iiuinsulfat;
c) fördelning ocb packning af radiumsalterna i guld- eller platina- 

Uiber, hvilkas matt pä förhand noga beräknats af M auzelius efter 
salternas volym ocb med hänsyn t i l l  af mig.angifna önskemäl; 
Uiberna ba utförts af instrumentmakare R ose i  Uppsala samt af 
^enne hoplödts under öfverinseende af M auzelius ;

d) i  ett fa ll isolering af radiumsaltet ur ett gammalt preparat, 
'^ r  det varit insmält i  en organisk massa (asfalt?). Isoleringen 
har enligt M a ü ze lii uppgift utförts antingen genom försiktig för- 
bränning i  syrgas eller förbränning med svafvelsyra. Hvilkendera 
laetoden som kom t i l l  användning, bar jag mig icke bekant. Eör- 
^sten vid detta besvärliga arbete uppgick t i l l  blott 6 %, ett re- 
Sultat, som mäste betraktas som mycket vackert;

e) undersökning af äldre radiumtuber (af platina) pä deras tät- 
samt ompackning af en del preparat i  nya tuber. Det sista

arbetet af ifrägavarande slag utfördes i somras, och mitt sista bref 
Uän M. i ämnet är dateradt den 22/s 1921.

Samtliga dessa arbeten ba af dr. M auzelius utförts med en nog- 
grannbet ocb en sakkunskap, som enligt m itt ringa förständ stä 
+ö.fver a llt beröm. Jag kan icke nog högt uppskatta värdet af att 
°r dylika viktiga ocb svära manipulationer ba kunnat fa anlita 

vetenskapsman af hans rang. Hans korta och koncisa medde- 
atulen äro a lltid  utmärkta af klara ocb exakta uppgifter och ha 

Ji1' mig, säsom lekman pä omrädet, varit synnerligen lärorika. 
^lans oväntade fränfälle var därför for mig som for alia andra 
^diologer i  Sverige en mycket smärtsam förlust, som f. n. ätmin- 
8t°ne icke synes kunna ersättas.

Bd 44. H . 3— 4].
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Kanske kan det vara m ig  tillä te t att tillägga, det M a u ze lii sätt 
att ekonomiskt uppskatta sina arbeten bar vittne om samma an- 
spräkslöshet och försynthet, som syntes mig prägla hans person- 
liga uppträdande, da vi träffades.»

Dr. D ag B. Carlsten vid Allmänna sjukhuset i  Malmö skriver:
»Genom sin speciella knnskap i  radiumfrägor och erfarenbet om 

sättet för radiums förpackning, för att inte tala om bans rättskaf- 
fenbet och försynthet blef ban en förtroendeman för oss radiotera- 
peuter — i sanning svär a tt ersätta.

Hvad bans arbete för Malmö Allm . sjukhus beträffar sä invägde 
han och kontrollerade heia det bär befintliga stora radiumförrädet 
i  tuber och plattor och dar det behöfdes utdrygade han radiet 
(för att fä jämn utfyllnad i tuberna) med annat salt enligt af 
bonom utarbetad metod, som rnedgaf att lä tt koncentrera radiet 
igen om sä skulle päfordras.»

Da svenska staten 1912, genom köp frän österrikiska arbetsmini- 
steriet, skulle förvärva en s. k. sekundär radiumstandard, bade av 
Sveriges Geologiska Undersökning föreslagits att densamma skulle 
förvaras bos nämnda anstalt och motiverade detta med att »vär 
institutions kemist bar nämligen genom flerärigt sysslande med 
radioaktiva bestämningar vunnit större erfarenbet i arbeten av 
detta slag än nägon annan svensk för närvarande torde besitta 
och bar redan tillhandagátt de svenska sjukhusen med bestämning 
av radiumpreparat». Da Yetenskapsakademien instämde i  nämnda 
förslag, blev detta även förverkligat, och radiumstandarden ställdes 
under M a u ze lii direkta värd.

Men även under M a u ze lii tid vid S. G. U. togs bans framstä- 
ende förmäga som mineralanalytiker i  anspräk av mineraloger, som 
önskade fä nya eller sällsynta mineralfynd kemiskt undersökta 
pä bans eget laboratorium. Sälunda analyserade ban för H j . Sjö
gren b a ry s i l i t  och p y ro c h ro it frän Längban (1905), s a rk in it  
frän Pajsberg (1906) och T h a le n it frän Äskagen (1906).

För Eiksmuseets mineralogiska avdelning utförde han fr. o. m- 
är 1909 en serie mineralanalyser, nämligen av den nya bly-vis- 
mutsulfoseleniden p la ty n it  frän Falu gruva, av l i l l i a n i t  frän 
Gladhammar, av m enegb in it frän Hällefors, av a n k e rit frän 
Knollegruvan pä Dal, av K o b e llit  frän Yena och av b a ry s ilit ,  
t r im e r it ,  b a rs t ig it  och b raun it frän de värmländska mangan- 
gruvorna. Samtliga dessa analyser äro publicerade i G. F l in k S 
»Bidrag t i l i  Sveriges mineralogi», häft. 2, ö och 4, 1910—1917.

Da är 1917 och följande ar en ny period av rika nya mineral
fynd, förnämligast genom dr. G. F l in k , gjordes vid Längbans gru-



K. MAUZEUUS. 521Bd 44# H .  3— 4 ].

Vor, anförtrodde de forskare, som beskrevo de nya fynden, deras 
kemiska undersökning ät M auzelius . Sälunda analyserade han för 
^r- Gr. A minoff N asonit (1916) och den märkliga rombiska modifi- 
kadionen av Mn (OH)., som A minoff benämnde B äcks tröm it. Yidare 

samma författare det nya arsenitet arm angit. För Dr. G. 
FLINK analyserade han de av denne utmärkte mineralog vid Längban 
uPptäckta nya mineralen m argarosan it (1917), sphenom anganit 
(1919), p y ro b e lo n it (1919), t r ig o n it  (1920), d ix e n it (1920), liksom 
0°ksä k a to p tr i t  frän Nordmarken (1917). Yid tiden för M a u ze lii 
Iränfälle förelägo ett mycket stört antal nya eller oundersökta 
Mineral frän Längban, varigenom denna redan förut ryktbara mine-

(F o togr. 1901.)

ialfyndort otvivelaktigt framstär säsom enastäende i  världen. Dessa, 
vükas upptäckt och tillvaratagande är dr. F u n k s  förtjänst, uppgä 

t i l i  mera än ett hnndratal och äro förvarade pä Stockholms 
Högskolas mineralogiska institute I  mänga fa ll förekomma de 
endast i  sä ringa mängder, att deras kemiska undersökning icke 
skulle kunna anförtros ät nägon annan än M auzelius, med hans 
enastäende förmäga att, även i sädana fa ll da ett minimalt mate
rial stod t i l l  buds, kunna lösa svära analytiska uppgifter. I  detta, 
Üksom i sä mänga andra fall, har M auzelii fränfälle utgjort en 
°ersättlig förlust för den mineralogiska forskningen, sä mycket 1

1 Se d r . F lin ks  » l is ta  p ä  m in e r a l  f r ä n  L ä n g b a n , so m  k r ä v a  u n d e rs ö k n in g ,»  i  G- 
f  • F . ,  43, 1 9 5  (1 9 2 1 ) . D o n n a  fö r te c k n in g  h a r  se d a n  n ä m n d a  t i d  y t t e r l ig a r e  u tö k a ts  
1 G . F .  F .  44, 5 3 5  (1 9 2 2 ) .
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beklagligare, som icke blott i Sverige, men aven i utlandet, sadana 
forskare, som agna sig at mineralanalys, f. n. aro mycket fataliga- 
Yisserligen finnas ta lrika analytici, som ataga sig det mer eller 
mindre schablonmassiga utforandet av bergartsanalyser, da obe- 
gransad mangd material star t i l l  buds, men at vilka man knap- 
past kan anfortro svarare mineralanalytiska uppgifter vid starlit 
begransad materialtillgang. Dessa intressanta ocb viktiga veten- 
skapliga uppgifter, vilka vantade pa att det skulle forunnas 
M auzelius halsa och krafter att ataga sig dem, maste salunda 
iaggas asido.

En aterblick pa M a u ze lii verksamhet som mineralanalytiker gel' 
vid handen att det ojamforligt mesta av vad som gjorts i Sverige 
under de sista trettio aren pa mineralanalysens omrade harleder 
sig fran konom. Sarskilt har det for den svenska mineralogiska 
forskningen varit av en betydelse som knappast kan skattas hOgt 
nog, att vid sadana perioder, da de bekanta mineralfyndorterna 
Langban, Jakobsberg och Pajsberg levererat sa manga nya och 
intressanta mineralfynd, hava tillgang t i l l  en analytiker, vars ena- 
staende skicklighet mojliggjort deras undersokning och faststallan- 
det av deras kemiska sammansattning. Antalet av nya mineral- 
species, som pa grund av M a u ze lii analyser kunnat uppstallas, 
uppgar t i l l  atminstone tjugosju och nastan alia viktigare omraden 
av det mineralogiska systemet aro daribland representerade. Sa
lunda tinner man bland sulfoseleniderna platynit, bland hydroxi- 
derna Backstromit och sphenomanganit; bland karbonaten fluokar- 
bonaten cordylit och synchysit samt det vattenhaltiga karbonatet 
ancylit. Yidare bland metasilikaten av pyroxenserien Urbanit, 
Sobralit och den blyhaltiga margarosaniten; av perowskit-ilmenit- 
gruppens mineral Hogbomit; ortosilikatet tainolit; bland de poly- 
kiselsyrade salterna faltspaten Celsian och de titanhaltiga Loren- 
zenit och leucosphenit; bland de basiska silikaten Tornebohrait 
samt de egendomligt sammansatta heteropolysilikaten katoptrit, 
dixenit, chalcolamprit och endeiolit. Vidare vanadatet pyrobelonit, 
de klorfluo- och basiska arseniaten adelit, Tilasit, Svabit och Ret- 
zian, arseniterna armangit och trigonit samt antimoniatet Mauzeliit. 
D artill komma de talrika bidrag hans verksamhet lamnat t i l l  kan- 
nedomen om manga redan tidigare kanda minerals sammansattning 
och t i l l  hela mineralgruppers kemiska konstitution. Hans arbete 
har vardigt uppehallit de traditioner pa mineralanalysens omrade, 
som vart land agt att bevara sedan B e r z e lii, H isingers och M osan- 
ders dagar.

Oaktat sin tillbakadragna, t i l l  synes timida natur, besatt dock

[Mars— A p ril 1922.
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H a u z e l iu s  i  grund och botten en stor karaktärens självständighet. 
frän Uppsalaären, da han tillhörde föreningen Yerdandi, följde 
Łonom en tilltalande frisinthet och ett intresse för social utveck- 
^ ng, som bland annat gav sig uttryck i  bans arbete för föreningen 
Studenter och arbetare, bland vilkas grundare han var. Da denna 
trening sedermera i  Stockholm pa 1890-talet satte i  gang en verk- 
samhet i  olika riktningar, bland annat genom bildandet av före- 
njngen Stockholms Läsestugor (vilkas verksamhet sedermera upp- 
gick i  F olkbiblioteksförbundet), sä blev M a u z e l iu s  en av dem, som 
kraftigast bidrog t i l l  deras organisation. Särskilt nedlade han ett 
Łetydande arbete pä ordnandet och katalogiserandet av läsestugor- 
nas bokförräd. Detta hans oegennyttiga arbete, förestavat uteslu- 
fande av socialt intresse, förblev obekant även för ñera av hans 
karnrater vid S. Gr. U.

Personligen var M a u z e l iu s  en synnerligen ñn, rättskaffens och 
försynt natur, som högt uppskattades av alia i  hans omgivning. 
®u längvarig ohälsa tvingade honom att föra ett tillbakadraget 

som sannolikt mest överensstämde med hans anspräkslösa 
Porsonlighet. Under de señaste áren, da hans tilltagande astma- 
Üdande beredde honom svärigheter att förflytta sig t i l i  sitt arbete 
* S. Gr. XJ:s laboratorium vid Frescati, säg man honom komma t i l i
sin arbetsplats och hämtas därifrän i  en Fordbil, förd av hans 
Lustru.

Hela hans liv  och verksamhet var vigd at de vetenskapliga in- 
Hessena, utan tankę pa att darav skorda nagra fordelar, och at 
dessa offrade han sina sista avtagande krafter. Det vetenskapliga 
arbete han utforde publicerades mestadels av andra, och det har 
darfor synts mig som en enkel gard av rattvisa, att nagot utfor- 
^igare dn sedvanligt redogora for hans livsgarning. Sakerligen 
akola flera instamma med mig daruti, att det stun dom missbru- 
kade ordet att en person ar oersattlig, i detta fa li har s itt fulla
Łerattigande.

Sasom narmast sorjande efterlamnar M a u z e l iu s  maka, E l in  A d OL- 
Pin a  K in d s t r a n d , med vilken han ingick aktenskap den 4/5 1992.

35—220270. G. F. F. 1922.
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M in e ra la n a ly s e r av R . M auze lius .

Analyserad för P n b lice ra t i 1
Längbanit,1 2 Längban . . Hj. Sjögren G.F.F. 13, 259 (1891) Bull. 

"• Längbanit, » . . . » » 13,260 ( > ) »
Längbanit, » . . . > » 13,260 ( » ) »
Blä astochit > . . . » > 13,606 ( » ) »
Grä astochit, » . . . > » 13,606 ( » ) »

’• Adelit, Kittelgruvan, Nord-
Marken ...........................  » » 13,783 ( » ) »

I ' Adelit, Längban..............  > » 13,788 ( » ) >
■ Svabit, Harstigen . . . .  » > 1 3 , 7 9 1  ( > ) »
• Pinakiolit (tavelformig)3,

ln  ^ängban....................• • » —
l ’ inakiolit (prismatisk)3,
Längban...........................  » —

P Arseniat, Längban (=  Ti-
l9 l a s i t ) .............................  » » 17,292 (1895)
“ • Schefferitliknande mineral,

Glakärnsgrnvan............... » — »
Manganvesuvian, Har-

, s tig e n ............................. » » 17,269(1895)
Svart Järnschefferit, Läng-

, _ b a n ................................. > > 14,251 (1892) »
Humit, Kogruvan, Nord-

. m a r k e n ..........................  > — »
Chondrodit,E.ogruv.,Nord-
m a rk e n .......................... » — »

1 ‘ ■ Klinohumit,Kogruv.,Nord-
m a r k e n ...........................  » — »

]?• Axinit, Nordmarken . . .  » » 17,279(1895)
L I Berzeliitliknande mineral
~ (=  Adelit), Jakobsberg . . » — >
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1 G. F. F. = Geol. För. Förhandlingar.
Bull. = Bulletin of the Geol. Inst, of Upsala.
Arkiv = K. V. A., A rkiv för kemi ete.
Analyser 1—35 ur Sjögrenska Analysboken »Ny Serie 1890— >. 
Antagligen opnblicerad analys. (Tillägg av N. Zenzen)

4 Tydl. orent material. Se Flink, Bidrag etc. 2, Arkiv, Bd 3, 1910, 
lagg av N. Zenzen).
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p. 19. T ill-
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Áter liar en geolog av den äldre stammen gâtt ur tiden, förre 
statsgeologen, fil. doktor Lennart Eugène Svedmark, som den 27 
januari avled i  s itt hem i Stockholm, nära 75 âr gammal.

Svedmark var född i  Boras den 7 aug. 1847. Han genomgick 
läroverken i Borâs och Skara 1856—1866, avlade maturitetsexamen 
i sistnâmnda stad, blev student vid Uppsala universitet sarnina 
ar, fil. kandidat 1873, fil. doktor 1875 och docent i mineralogi och 
geologi vid universitetet 1876. Här var han förordnad att under 
fyra terminer áren 1877—1880 uppehâlla professuren i de näinnda 
ämnena. Eöre sin docenttid tjänstgjorde han som amanuens vid 
universitetets mineralogiska och geologiska samlingar, och under 
ett par âr var han förste kurator vid Yästgöta nation.
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^ id  Sveriges Geologiska Undersökning anställdes Svedmark 
1^77 säsom biträdande geolog, och förordnades frän 1881 t i l i  geoJog. 
-Wter 3 U/s ärs tjänstgöring vid Institutionen erhöll han, frän och 
]'led utgängen av är 1908, avsked med pension. Frän 1901 var 
nan riddare av Yasaorden.

Säsom tjänsteman vid S. Gr. U. har han, med biträde av flera eller 
iarre s. k. extrageologer, i faltet utfört rekognoscerings- och kartlägg- 
aiIigsarbetet inom omrädena für ätta geologiska ka rtb la d  iskalan 
1: 50,000, inom Stockholms, Östergötlands och Kalmar län, samtin om 
Fladen F jä llb a c k a  och Oskarshamn i skalan 1 :100,000 och bladet 
^a rbe rg  i skalan 1:200,000; vidare färdigställt kartbladen für tryck- 
Dlag och författat de tillhörande beskrivningarna. Förutom de egent- 
bga bladundersökningarna har han även gjort geologiska resor inom 
andra delar av Sverige, säsom Dalarne, Hälsingland och Skane, 
samt lämnat redogörelser för därvid gjorda iakttagelser. I  Sve- 
r iges Geologiska Undersöknings publikationer har han, förutom 
kartbeskrivningarna, offentliggjort ett tjugutal avhandlingar och 
llPpsatser av huvudsakligen petrografiskt och seismologiskt inne- 
^äll, säsom H a lle- och Hunnebergs trapp  (1878), M ikrosko- 
Pisk undersökn ing av de v id  D ju p a d a l i  Skane förekom- 
^ande basa ltbergarte rna  (1883), Gabbron pä itädmansö och 
angränsande tra k te r  av Roslagen (1885), Om u ra litp o r fy re n  
°°h h ä lle f lin ta n  v id  Vaksala (1885), Meddelanden om jo rd - 
?tötar i  Sverige, I —V I (1890—1902) m. fl. — E tt ända större 
aßtal geologiska uppsatser och referat samt minnesteckningar (över 
avlidna ledamöter) har han publicerat i Geologiska Föreningens 
-Förhandlingar.

Svedmarks arbete pä tjänsterummet, vid sidan av kartarbetena 
ru- m., utgjordes under mänga är, t i l i  en ganska avsevärd del, av 
"ukroskopisk undersökning av bergartspreparat (slipprov) samt 
av den ständigt tillväxande preparatsamlingens ordnande, etikette- 
Ilng och katalogisering. Ehuru visserligen även flera andra av 
geologerna voro ganska hemmastadda med de mikroskopiska under- 
sökningsmetoderna, och mera eller mindre sysslade därmed, ansägs 
dock Svedmark under ätskilliga är som institutionens m ik roskop is t 
ex o ffic io , vilken skulle granska och bestämma eljest svärtydda 
bergartsvarieteter frän säväl egna som andras kartgebit. Härför 
bade han ocksä samlat erfarenhet genom geologiska resor och stu
dier i utlandet, är 1875 säsom innehavare av ett riksstatens rese- 
stipendium, är 1877 pä egen bekostnad. — Under den första resan 
besöktes de gamla vulkaniska omrädena Siebengebirge, Eifel, Laa- 
chersee och Lahndalen, samt studerades de geologiska och minera-

B d 44. H .  3— 4 .]
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logiska samlingarna i Bonn, Heidelberg, München, Berlin och Dres
den, men största delen av tiden upptogs av mikroskopiska berg- 
artsnndersôkningar vid universitetet i  Leipzig under ledning av
F. Z ir k e l , vilken jarate H. R osenbusch  i  Strassburg var dâtidens 
mest ansedda kännare och utövare av den mikroskopiska under- 
sökningsmetoden. Resan 1877 gällde Schweiz, huvudsakligen för 
studium av de schweiziska glaciärerna och frán dem härledda av- 
lagringar, varjämte ett kortare besök gjordes hos professor H. 
R osenbusch  i  Strassburg för ytterligare mikroskopiskt-petrografiska 
studier.

Jämsides med sina âligganden som geolog ägnade S v e d m a k k  in- 
tresse och arbete ät Geologiska Föreningen. Ledamot av för- 
eningen sedan 1876 var han áren 1884 t. o. m. 1902, alltsä under 19 
âr, dess sekreterare, och hade sig i  denna egenskap anförtrodt 
redigerandet och utgivandet av dess tidskrift, Geologiska Förenin- 
gens Förhandlingar. För âr 1904 var han vald t i l i  ordförande, 
och 1905 t i l l  styrelseledamot. — Yid Föreningens sammankomster 
uppträdde S. ofta med foredrag och meddelanden i geologiska ocb 
petrografiska ämnen, och även sedan han avgâtt frân sin geolog- 
befattning och b liv it pensionerad (31/ i2 1908) bevistade han ganska 
regelbundet Föreningens sammankomster. — I  tidskriften Ymer 
skrev S. vid mitten av 1880-talet fiera uppsatser berörande de vul- 
kaniska utbrotten m. m. i  Sundasundet och vid Alaska o. s. v. 
Frân 1909 var han redaktör och utgivare av »Sten och Cernent», 
svensk tidskrift för praktisk geologi.

S v e d m a r k s  mângâriga och trägna sysslande â tjänsterummet med 
mikroskopering, vid säväl dagsljus som, under den mörkaste ärs- 
tiden, även gasbelysning, ledde smaningom t i l i  överansträngning, 
varigenom gründen lades t i l l  den ögonsjukdom varav han sedan blev 
lidande, och som smaningom utvecklade sig t i l i  starr pâ bäda ögonen. 
Fyra ganger nödgades han härför underkasta sig operativa ingrepp, 
sista gangen hösten 1921. — Hösten 1917 y ttra r han sig i  ett t i l i  un- 
dertecknad stäldt brev: »Mina ögon äro tämligen bra efter Opera
tionen i  varas, sä att jag kan läsa och skriva t i l i  husbehov». — 
Synförmagan avtog emellertid alltjämt; dock künde S. ännu under 
förlidet âr heit ensam, oeh mestadels t i l i  fots, göra besök i Geo
logiska Undersökningens nya lokaler vid Frescati. Da vid det se
ñaste operativa ingreppet läkaren föreslog att, sásom varande lamp- 
ligast, heit och hallet borttaga det ena ögat, yttrade sig S v e d m a r K, 
som alltifrän början hoppats pâ förbättring och fortfarande var 
förhoppningsfull, ungefär sälunda: »Ahnej doktorn, det gör vi inte 
ännu, jag b lir kanske ändä smaningom bättre». — Sä blev dock

[Mars— A pril 1922.
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!cke. Utvecklingen gick ej i den riktningen. Tvartom. Sjukdo 
hade framskridit för làngt. — Härefter försvagades synför- 

ftkigan efter hand t i l l  nära gränsen för blindhet, och krafterna 
voro mycket nedsatta; men ingen bland hans närmaste hade dock 
a]>at, att slutet skulle vara sä nära, dâ livsgnistan pä grund av 
hjärtförlamning slocknade, och vár vän sálunda befriades frân den 
tunga prövning han sä länge med tälamod och utan klagan burit.

är han borta, den stillsamme, anspräkslöse och välvillige man- 
üen- Geologtiden och sina gamla kamrater behöll han in t i ll det- 
sista i  gott minne. A tt  ocksa Geologiska Föreningen ända in i  

señare áren utövat en viss dragningskraft visas därav, att han 
^Pprepade ganger infann sig vid dennas sammankomster, och ännvt 
Sa sent som 1916 dar höll ett föredrag.

Lyckligt g ift sedan 40 âr tillbaka sörjes den bortgängne när- 
^ast av maka, född L indman, tre döttrar och tvä söner.

Frid!
E dvard  E rdm ann .
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Albert Blomberg.

Knappast mer än en mânad hade forgâtt, sedan en av S voriges 
Geologiska Undersöknings äldre f. d. tjänstemän — statsgeologen 
d:r E. Svedmark — lämnade det jordiska, dâ bndet om ett nytt 
dödsfall inom samma kamratkrets nâdde oss. Forre statsgeologen 
fil. doktor K a r l  A l b e r t  Blo m b e r g  avled nämligen den 10 mars â 
Stockholms sjukhem, dar han sedan tre veckor vârdats, nära 78 
âr gammal.

B lo m ber g  var född i Hardemo socken av Örebro lân d. 16 ju li 
1844, blev student i Uppsala 1863, fil. kandidat 1870 och fil. dok
tor 1872. Yid innevarande ârs promotion i  Uppsala skulle han 
alltsá, om han levât, hava mottagit jubeldoktorskransen. — Aren 
1870—1874 verkade B lo m b e r g  som extra lärare vid läroverk i 
Stockholm, men tillika  tjänstgjorde han under sommarmánaderna 
1872—1874 som rekognoscör, s. k. extrageolog, vid Sveriges Greo- 
logiska Undersöknings fältarbeten. Yaren 1875 blev han b iträ -
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^ande geolog och irán och med 1878 geolog vid Institutionen.
sistnämnda egenskap, sedermera med titeln statsgeolog, tjänst- 

gjorde han t i l i  1911, da han erhöll avsked med pensión. Frän 1896 
Var han riddare av Yasaorden.

Under sin 36 ár langa tjänstgöring vid Sveriges Geologiska Un- 
dersökning har B lo m b e r g , biträdd av ñera eller färre extrageologer, 
atfört undersökningen och kartläggningen av ett ovanligt stört 
antal geologiska kartbladsomráden inom Hera av södra Sveriges 
tandskap, nämligen bladen i skalan 1 : 50,000 Öregrund (med 3 bi
träden), A lunda  (m. 2 bitr.), G lim akra  (m. 6 bitr.), Y it ts jö  (m. 2 
b^r.), M edevi (jämte E. Erdmann och 2 biträden), Loka (m. 3 bitr.), 
K ris tineham n (m. 2 bitr.), Skagersholm  (m. 1 bitr.), Yadstena 
(nn 1 bitr.), H jo  (med 1 bitr.), Boxholm  (m. 5 bitr.) och L in k ö p in g  
(ni- 2 bitr.), samt dessutom reviderat bladen Penningby, Björne- 
h°rg 0ch G-ällö. — I  skalan 1:100,000 har rekognoscerats bladet 
Göteborg (m. 2 bitr.), och i  skalan 1: 200,000 bladen N issafors (m. 
•J) bitr.), Särö (m. 1 bitr.) och Kungsbacka (m. 4 bitr.), varjämte 
bladet Ölmestad reviderats. Beskrivningarna t i l i  alia dessa kart
blad äro författade av B lo m b e r g . —  Han har ocksá deltagit i den 
geologiska undersökningen av B lek inge  län under 1890-talet (jämte 
b andra geologer och 8 extra biträden), ävensom i de s. k. berg- 
slagsundersökningarna inom de malmförande trakterna i norra 
^elen av Örebro län, vilka med bidrag av Järnkontoret págingo áren 
1872—1882; vidare jämte A. Lindström utfört praktiskt-geologiska 
Undersökningar i  Härjedalen och Jämtland, pá 1870-talet, samt 
inom Gävleborgs län áren 1889—1893.

I  Geol. Undersökningens publikationer har B lomberg utgivit föl- 
jande arbeten: Om m alm förekom ster v id  översta L jusnan  
° ch L jungan. I  »Prakt. Geologiska undersökningar inom Härje- 
balen och Jämtland», S. G. U. Ser. C. N:r 32, 1879. — Anteck- 
n ingar frán  en i p ra k t is k t  sy fte  före tagen geol. resa i 
^äs te rbo ttens län, S. G. U. Ser. C. N:r 123, 1892. — P rakt. 
geol. undersökningar inom Gävleborgs län, S. G. U. Ser. C. 
bbr 152, 1895. — Geologisk beskrivn ing  över B lek inge  län, 
S- G. U. Ser. Ca, N:r 1. 1900. — Geologisk beskrivn ing  över 
i^ärke och K a rlskoga  bergslag samt E e llin g sb ro  härad 
(jämte G. Holm). S. G. U. Ser. Ca, N:r 2, 1902. — B lombergs akad. 
gradualavhandling 1872 hade tite ln Om h y b r id b ild n in g  hos de 
lanerogama växterna. — I  Läsning för Folket har han skrivit 
iöljande uppsatser: K o r t fa tta d  fra m s tä lln in g  om uppkomsten 
av Sveriges v ik t ig a re  jo rd s la g  samt deras allm ännaste 
egenskaper. Bd. 16. H. 2, 1884. — Om det organ iska l iv e t

£(J 44. H . 3— 4.]
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under o lik a  skeden av jo rdens irtveck ling . Bd. 17. H. B 
1885. — Om de svenska moss- och to rv b ild n in g a rn a , deras 
u tb re d n in g  och anvándbarhet. Bd. 18. H. 1. 1886.

Av G eologiska Fôreningen var B lo m b e r g  ledamot sedan 1874 
och kvarstod sâsom sâdan t i l l  sin dod; áren 1883 och 1884 var 
han av Fôreningen utsedd t i l l  revisor. Personregistret t i l l  banden 
V I—X  (árg. 1882—1888) av Geol. Fôrenrs Fôrhandlingar ár upp' 
rattat av honom.

B l o m b e r g , som var ogift, hade sina kanske fiesta vanner och 
bekanta utanfor den intimare geologkretsen, och sárskilt inom Stora 
Sállskapet, dar han under en láng foljd av ár intog sina middags- 
máltider och tillbringade sina lediga aftnar. Under de señare áren 
nar álderdomen borjade giva sig alltmer t i l l  kanna, blevo besôken 
pá Sállskapet a lit sâllsyntare, och han tillbragte dá sina dagar 
stilla och fornojsamt i  s itt ansprâkslosa ungkarlshem pâ Ostermalm- 
Vid ett besôk, som undertecknad i bôrjan av februari gjorde hos 
sin gamie kamrat dârstâdes, gâvo sig visserligen fiera âlderdomssym- 
ton tillkanna, men att slutet skulle vara sá nara kunde man ej 
ana. Pâ Stockholms sjukhem, dit han nâgon vecka señare forflyt" 
tades, avtogo livsformogenheterna och krafterna ganska hastigfi 
och sist tillstôtte lunginflammation.

Vile han i frid!

[Mars— A p ril 1922-

Edvard  E rdm ann.
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N o tis .

■^örteckning p ä  S to ckh o lm s H ö g sko las  sa m lin g  av n y a  e l le r  o fu l l -  
stä n d ig t b e s k riv n a  m in e ra l f râ n  L ân g b a n . ( fo r ts . ) 1

Upprättad av ',

G u s ta v  JFl in k .

Trots depressionstiden har gruvverksam heten v id  Lângban fo rtg â tt y tte r- 
hgare e tt ár sedan den lis ta  t illk o m , som här ska li fortsättas. H u rud an t 
*fisul ta tet av denna verksam het v a r it  säsom ekonom iskt företag lämnas där- 
aan —  i  e tt avseende har det v a rit lysande, näm ligen beträffande u tb y te t 

fö r vetenskapen v ik tig a  m inera l. K unde v id  denna listas startande det 
betecknas som e tt rekord, a tt 87 okända m inera l v id  samma gruvor upp- 
^ärksam m ats under en t id  av 4 — 5 âr, sâ mä väl det nu  uppnádda re- 
®Rltatet i  än högre grad fö rtjän a  a tt betraktas som e tt sâdant, dá det om- 
^ring  tredubbe lt öve rträ ffa r det forra. D e t arbetsrum i  Lángbansgruvorna, 
s°m  under 1921 och närm ast fö ru t ge tt det rikaste m inera lu tbyte t, var 
^Ttindenburg». D a r anträffades t r im e r i t  och h e d y fa n  av fö ru t obekant kva- 
h te t samt en mängd andra, m indre  ansenliga nyheter. I  denna högeligen 
S tande  o rt avbröts verksamheten m ot s lu te t av fö rra  âret fö r a tt m öjligen 
VG  t i l l fä lle  áter upptas, och är det an tag lig t, a tt dar ännu kunna göras 
D ktiga  fynd . D ärem ot äro tvä  nya orte r öppnade under señare tiden, 
ûamligen »Bämsorten» och »Irland». D en förra  är huvudsakligen ka raktä ri- 
*erad genom förekom sten av k e n t r o l i t ,  visserligen som re la tiv t smä k r i-  
®taller, v ilk a  dock förekom m a ganska r ik l ig t ,  jäm te andra ovanliga saker. 
■'-'en señare orten är dock v ida v ik tiga re . D e fö r  densamma känneteck- 
Dade huvudm ineralen äro: p y r o a u r i t ,  t i l a s i t  o c h d ix e n i t .  T ilas iten , som 
^a rit y tte r lig t  sällsynt, finnes här ganska r ik l ig t  som kris ta lle r, v ilk a  även 
’ va lita tiv t v ida öve rträ ffa  a l lt  som fö ru t fu n n its  av detta m inera l. D ixen itm a - 
erralet är av h e it annan beskaffenhet än orig ina lm ate ria le t, v ilk e t här- 

stammade frâ n  »H indenburg» och bestod av b lo tt bladiga massor. D e t 
°ya  m ateria le t frâ n  »Irland» b ilda r mest rä tt  ansenliga, »kottlika» aggregat 
av smä k ris ta lle r, med v ilka  py ro au ritta v lo r o fta  äro sammanväxta i  regel- 
lä s s ig  orien te ring . Även d ixe n itk ris ta lle r, som tyd ligen  ägna sig fö r  
vm kelbestäm ningar, äro funna i  den nya arbetsorten. D e bada orterna,
D  ka d ixen iten salunda anträ ffa ts , äro om kring  50 m eter avlägsna frân  
varandra och átskiljas av o fynd ig  do lom it.

1 Jämför dessa Förhandl. Bd. 43, sid. 195, (1921).
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D en fo ru t meddelade lis ta n  slutade med n:o 87, vare fte r hár fo rtsá ttn iugen 
fó lje r. De tillgán g liga  kvan tite te rna  av de sárskilda m inera len betecknas, 
sásom fo ru t med a, ná r god tillg á n g  finnes, sá a tt fu lls ta n d ig  undersok- 
n ing  kan aga rum , med b, ná r fu lls ta nd ig  undersokning med viss fors ik- 
het s a n n o l ik t  kan ske och med c, nár endast m ikroskopiska bestám ningar 
och m ikro reaktione r synas kunna foretagas. T i l l  forekom m ande av miss- 
forstánd sáttes nu  kvantitetsbokstaven e f t e r  den korta karaktá ris tiken.
N :o 88. D á rb t, rodbrunt, ru tila r ta t, bildande korte l i  do lo m it med gul 

om vand lingsprodukt och m agnetit. fe(?)
89. Smá, porslinsvita , hexagonala prism or, apatitliknande, tillsam - 

mans med v ita  taggiga s fá ro lite r och tungspat. c.
90. V a tten k la r, streckad, margarosanit- e lle r b rand titliknande  kri- 

stallstángel, i  samma om givn ing som foregáende. c.
91. Y t te r lig t  tunna, smá, bruna k ris ta llta v lo r, erinrande om bro-

k it ,  t ills . m. hedyfankris ta lle r pá f in k o rn ig  já rng lans och scheí-
fe r it .  c.

92. V attenklara , tungspatliknande k ris ta llta v lo r med hárdhet ungef- 
6. I  samma om givn ing som foregáende. ( b?)

93. Nagot storre och tjoekare tav lo r, erinrande om tungspat, men 
med andra v inke lvárden i  en rod, berze liitartad substans, som 
likaledes bor undersokas, pá sm ákornig hausm annit. 6(?)

94. B run  o fu llk o m lig  k r is ta ll i  gu l be rze liit med tungspat pá
do lom it och hausm annit. b.

95. M orkbruna, \S tundom  nástan kub liknande k ris ta lle r, stundom
med m er kom plicerad begránsning, t ills . m. grá r ic h te r it, 
hedyfan och fo ljande. b.

96. Smárre hár- e lle r gulbruna, spetsigt romboedriska(?) k ris ta lle r, 
já m te  e tt svart lángban itliknande m inera l, i  sm ákornig járu- 
glans och schefferit. c.

97. S tä rk t glänsande, jä rnsvarta  k ris ta lle r, tetraedriska, erinrande 
om zinkblände, t ills . m . tr im e r it  och berze liit, i  kalkspat pä 
körn ig  hausm annit c.

98. M ycke t smä, jä rnsvarta , glänsande k ris ta lle r, erinrande om 
braun it, t ills . m. orangegul be rze liit och tungspat, pä körn ig  
hausm annit. c.

99. D e rb t e lle r o ty d lig t s tängligt, g rä tt, fettg länsande m inera l, 
ganska l i k t  77, men m indre  glänsande i  b ro tte t, pä do lom it 
med serpentinränder, a.

100. H artsb runa k ris ta llfragm e n t med m usslig t b ro tt. K ris ta lle rn a  
synas vara tave lform iga med s tä rk t glänsande plan, inväxta  
i  samma röda be rze liit som v id  93 och samma association 
i  övrig t. b.

101. P in a k io lit l ik t ,  men med hornb ländev ink la r i  längdzonen, regel
mässig ändbegränsning saknas, med m agnetit, sche ffe rit och 
tungspat i  do lom it, Eäm sorten. a.

102. Tungspatliknande i  o tyd liga  bladiga pa rtie r, fält.spathärdhet(?), 
med g rä tt, h e d y fa n lik t m inera l, i  kö rn ig  jä rng lans. b.

103. Y t te r lig t  smä lju s t brunröda k ris ta lle r, pä sm ävärtig krusta av 
lju s rö tt M n.-karbonat, pä do lom it m. be rze liit och hausman
n it.  e.
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120. 
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122.

3— 4-.]

Järnsvarta k ris ta lle r, synbarligen lika  med Bäckström itensr 
men m ycket härda och utan klyvbarhet, t il ls ,  m . pyroau rit av 
»nordmarkstyp», pä kalkspat. c.
T r im e rit.  H u ruv id a  det som tr im e r it  ansedda m inera le t frän  
Längban är id e n tis k t med orig in  a lm ateria le t frän  H arstigen är 
icke avg jo rt; —  förekom m er i  ätm instone tre  o lika  typer, vä l k r i-  
stalliserat. a.
Serpentinartade pseudomorfoser(?), lju s t grä, erinrande om kon- 
d rod it, med glänsande y to r, förekom m er t ills , m. föregäende. c. 
Thaum asitaktiga k r is ta lle r i  m örkgrä, k lo rita rtad  skö lb ildn ing  
e lle r i  tungspat, t ills , m. tr im e r it  pä väl e tt 20-ta l skärvor, men 
b lo tt nägra fä  e lle r en  k r is ta ll pä varje. b.
E n  grä schefferitartad k ris ta ll, inbäddad i  m agnetit och tä tr 
b run schefferitmassa, e rin ra r om 17. c.
Större hartsbrun, o fu lls tänd ig  k r is ta ll jäm te  m indre  körn av 
samma art, e rin ra r nägot om k a ry in it, förekom m er 't i l ls ,  m. ber- 
ze liit, r ic h te r it, m anganofyll och storspatig, rosenröd kalkspat. b. 
H edyfan , u tm ä rk t väl k ris ta llise rad i  o lika  typer, är k ris ta llo - 
g ra fisk t undersökt, men bör analyseras. a.
Ovanstäende 23 num m er, u tom  n:o 101, frän  Iiin d e n b u rg .
G ul pyroxenart i vackra k ris ta lle r, sannolig t besläktad med 63r 
men rä tt o lik  denna. a.
B run gu l k lo r ita r t, ofta i  m ask lik t krökta  gestalter, med g lim - 
m erartad klyvbarhet v in k e lrä tt m ot längd rik tn ingen , synes övergä 
i  fö ljande. a.
Som föregäende, men m e ta llisk t tennvit. pä k lyvytorna, eljest 
svart. In d iv id e rn a  mest större än föregäende, med v ilk a  den 
i  öv rig t m ycket överensstämmer. a. [De tre  sistnämnda frän  
Rämsorten.]
B lekgröna oktaedrar, fluspatliknande, men tro liga s t nägot annat, 

med kalkspat fy lld a  hä ligheter i  blödsten, t ills , m . de bäda 
fö ljande  frä n  Ir la n d , b.
O ty d lig t s tänglig t-b lad ig t, färg löst, men tyckes omvandlas i  l ik -  
het med pyrokro it. a.
Smä tave lform iga, färglösa k ris ta lle r, erinrande om tungspat, 
men väsentlig t o lik  denna. c.
Smä, v ita  e lle r ljusgrä, taggiga ku lo r, o fta  t il ls ,  m välutb ildade 
a lla k titk ris ta lle r, 88 och 89, pä hausm annitm alm , H indenburg . a. 
T ave lfo rm ig  k ris ta ll, som e rin ra r dels om hedyfan, dels om t r i 
m erit, nästan k la r och färglös e lle r nägot gu laktig . H in d e n 
burg. b.
Större g y ttr in g a r av m örkröda e lle r bruna k r is ta lle r i  hä lrum . 
t il ls ,  m. spetsiga ka lkspa tskris ta lle r och spar av pyroau rit. I r 
land. b.
U tm ä rk t fina , vattenklara  k ris ta lle r, som lik n a  tungspat e lle r 
t ila s it ,  s itta  svärätkom liga i  kalkspat pä blödsten. Ir la n d , b. 
Vaxgula, nägot tillrund ad e  k ris ta lle r, oktaedrar(?) i  kö rn ig  kalk, 
t ills , m. k e n tro lit, Rämsorten. b.
M örkb run t hornblände, tyd ligen  e tt m ellan led m ellan van lig t horn- 
blände och r ic h te r it ,  goda k ris ta lle r i  en rand av körn ig  kalk. a-.
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2T:o 123. Färglöst, va tten k la rt m inera l med nästan g lim m e rlik  klyvbarhet 
och pärlemorglans pä k lyvy to rna  tills, m. korn av hedyfan och 
ganom alit(?), i  kö rn ig  kalk. b.

124. G u l k ris ta ll, liknande 21, men m örkare, anväxt pä blödsten, c-
125. T ila s it, ny  typ , i  goda k ris ta lle r, t il ls ,  m . pyroau rit och fö l" 

jande. a.
126. D ix e n it och pyroau rit i  paralle llsam m anväxning, även bestäm- 

bara k r is ta lle r  av d ixe n it, liksom  de tvä föregäende frä n  I t '  
land. a.

127. Färglösa tv ill in g k r is ta lle r  t il ls ,  m. 28 och 29, frä n  H indenburg- &•
128. K la r t,  svagt g rö na k tig t m inera l med g lim m erartad klyvbarhet, 

t ills , m. koppar och b ly  i  do lom it med smä g lim m erfjä ll- 
Rämsorten. b.

129. M in im a la , em a ljv ita , hexagonala k ris ta lltav lo r, t ills , m . tungspat 
och 28. H indenburg . c.

130. B ru n t, harts liknande m inera l i skälla k r in g  lin s fo rm ig t avsön-
dra t skarnstycke. b.

131. G u lb run t, vä l k ris ta lle ra t pyroxenm inera l i  kalkspat pä järnglans- 
blandat skarn. b.

132. B rungu la, kubiska k r is ta lle r med (sekundär) avsöndring efter 
ytbegränsningen med lju sg u l be rze liit. H indenburg . c.

133. B rungu la , tungspa tliknande k ris ta lle r, t ills , m  79 och pyrokroit. 
Japan? b.

134. E kdem ita rta t, l iv l ig t  gu lt, avsöndrat i  p la tto r, ej l ik t  39 och 
även i  annan om givn ing, med jä rng lanstav lo r, t r im e r it  m. tu- 
H indenburg . b.

135. Färglösa, m atta tv ill in g k r is ta lle r , m onoklina , med pyroaurit, 
a lla k t it  m . m. Ir la n d , b?

136. G röngul k r is ta ll, nägot erinrande om tila s it, dock väsentlig t 
o lik  denna, med pyroaurit, Ir la n d , c.

137. O rangegult, be rze liita rta t m inera l, dock s tä rk t b lyha ltig t, med 
k e n tro lit och 121, Rämsorten. b.

138. L iv l ig t  c itrongu la , rombdodekaedriska k r is ta lle r, med kentrolit, 
Rämsorten. c.

139. Grä, a topitartade k ris ta lle r i  hedyfan och i  samma om givn ing 
som 12, H indenburg . c.

H ä r har sälunda under c irka  e tt är t il lk o m m it y tte rliga re  52 olika 
m in e ra l, v ilka  icke kunna t om edelbart iden tifie ras. V isserligen äro nägra 
av dem här uppförda under kända namn, säsom hedyfan, tr im e r it,  d ixen it 
o. s. v. men även dessa äro sä avvikande frä n  vad som fö ru t är kän t un
der de resp. namnen, a tt en undersökning även fö r  dem är päkallad van- 
genom ju  ock en alls id igare kännedom om dessa m inera l skulle vinnas- 
Genom den sälunda faststä llda ökningeh av m ineralspecies frä n  vär fynd- 
o rt fram gär y tte rlig a re  det berättigade i  äsikten som fö ru t u tta lats, att 
d e n n a  f y n d o r t  ä r  d e n  m e s t g iv a n d e  som  ä r o c h  m ä h ä n d a  n ä g o n s in  
v a r i t  k ä n d . A t t  detta sä pä tag lig t kunna t pävisas beror i  första ram m et därpä- 
a tt, säsom fö ru t fram hä llits , en sä fram stäende samlare finnes pä platsen- 
D e  a llra  fies ta  av de nya sakerna voro av honom redan iakttagna innan 
m ateria le t överläts ät m ig . D e t är da endast en enkel gärd av rättvisa, 
a t t  denne vaksamme iakttagares nam n fästes v id  nägot av de mänga i
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dagen komna m inera l, v ilk a  av honom raddats fra n  a tt obem iirk t aterga i  
det tysta.

M atte nu  ocksa den ana ly tike r fram triida  som atm instone i  nagon man 
van ersatta den oerhdrda fo rlu s t den svenska m ineralog ien l i d i t  genom 

r ' M a u z e l u  bortgang!

Bd 44. H. 3— 4.]

N a g ra  b id ra g  t i l i  Y x s jö  g ru vo rs  m in e ra lo g i.

Av

N ils Zenzén.

K r i s t a l l e r  av o l ig o k la s .

I  anslutning t i l l  vad G. LlNDROTH nyligen i  sin avhandling rörande 
Mxsjöfältet (G . F. F ., B d 44, 1922, pp. 19— 123) nämnt om plagioklasen 
1 skarn och kalksten därstädes, skulle jag v ilja  meddela följande.

V id  e tt besök v id  Y xs jö  gruvor sommaren 1921 samlade ja g  bland varp, 
s°m  uppgavs härstamma frä n  N ävergruvan, bl. a. nágra s tu ffe r av mesta- 
dels grovspatig kalkspatmassa, i  v ilk e n  i  m . 1. m. r ik l ig  mängd voro in - 
lu xna  re la tiv t stora in d iv id  av en v itg râ  —  rödaktig  plagioklas. I  a llm änhet 
voro dessa ansamlade t i l i  ränder, v ilk a  tyckas bestâ enbart av detta m i
neral, här och dar dock med en ringa  in b la nd n ing  av epidot. P lagioklas- 
m div iden v id  rändernas gräns m ot kalkapatmassan visa regelbundet k r i-  
stallbegränsning, men sallan äro dock dessa k ris ta lle r ru n t om utb ildade 
Pa grund av hopväxningen med andra in d iv id .

De efte r u tlösn ing  av kalkspaten erha llna  kris ta lle rna , v ilk a  nägon gang 
uPpnä m er än 2 cm. storlek, men van ligen äro m indre  an 1 cm., ha sin 
habitus bestämd av y to rna  1(110), T (1 Ï0 ) och x(101), v ilk a  äro de över- 
vägande, va rjäm te  även P (00 1 ) och M (01 0 ) m er underordnat uppträda. 
-Nägon gang synas k ris ta lle rn a  vara utdragna e fte r vertika laxe ln , ib land 
aro de isom etriska, men i  regeln tyckas de dock ha en ty d lig  tendens 
t i l i  s träckning e fte r b-axeln. V e rk lig  pe rik linh ab itu s  är l ik v ä l icke fö r 
handen, i  det a tt ju  bl. a. basis är sä svagt utvecklad.

P lagioklasen frä n  Y xs jö  b ildar, säsom man redan m akroskopiskt kan 
lakttaga, o fta  ka rlsbadertv illinga r. E n  kon tro llm ä tn in g  av v in ke ln  m el
lan genomgángarna e fte r P  i  en sádan tv i l l in g  gav t i l i  résu lta t 126’ 30 ’ 
(ber. värdet =  c:a 127°). I  e tt s lipprov har jag  kunna t konstatera, a tt 
dessutom även bavenotv illingar förekom m a. A lb it la m e lle r in g  är sällsynt 
°ch förekom m er endast inom  smärre fläcka r i  p lag iok las ind iv ide rna ; peri- 
k lin la m e lle ring  synes därem ot vara allm ännare, men kan även den saknas.

I  ett sn itt ungefär _L P  och M  och visande ett endast obetydligt snett 
Utträde av den negativa bissektrisen bestämdes pä klar plagioklassubstans 
utsläckningen a:  tracen av M  =  — 5°, v ilke t enligt BECKE’ska diagrammet 
dotsvarar en sammansättning av A b 83A n 17. Detta résultat överensstämmer 
Pa det allra närmaste med det, va rtill Ge u e r  fö ru t kom m it beträffande
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plagioklasen i  skarnet vid Yxsjö, nämligen A b jjA n jj1. Jag v ill tillägg®! 
att en helt svag zonalstruktur hos denna klara oligoklassubstans ibland 
är skönjbar, men skillnaden i  sammansättning är likvist uppenbarlig®11 
högst obetydlig.

T ill en mycket stör del är plagioklasen dock ej klar, utan i  stallet full- 
proppad med smâ sericitfjäll, i  överensstämmelse med vad LlNDROTH an- 
fo rt (1. c .,p . 80). Den omvandling, som härvidlag ägt rum, bar tydligen 
ofta fö ljt strukturlinjerna, d. v. s. den Ursprungliga Zonalstrukturen, delvis 
även den ibland förefintliga tvillinglamelleringen. För utsläckningen h°s 
denna av sericitfjäll fullproppade plagioklassubstans har jag i  ovannämnda 
snitt _L P och M funn it ett värde av c:a —  17,5°, vilket visserligen Pa 
grund av förhällandena mâst bliva nägot approximativt, men dock torde 
vara tillräck lig t noggrant för att kunna sägas vara bevisande för att ren 
albit här föreligger. Detta star dock ej ails i  överensstämmelse med det 
résultat, vartill LlNDROTH i  motsvarande fa ll kommit: han anför i  stället 
en plagioklassammansättning av Ab66An34— Ab63An37 (1. c., p. 80). Den 
av honom t i l i  stöd härför äberopade maximala utsläckningsvinkeln i  snitt 
_L (010) bestämmer ju  emellertid inom ifrägavarande gebiet icke plagio
klasen entydigt, utan lämnar den möjligheten öppen, att i  stället en pla- 
gioklas av väsentligt olika sammansättning kan föreligga ( i detta fa ll albit)• 
Jag har därför icke kunnat värja mig för den misstanken, att det kanske 
varit fräga om albit även i  det av LlNDROTH avsedda fallet?

K r is ta l le r  av m ik ro k lin p e r t it .

LlNDROTH omnämner (1. c., p. 97 ff.) den särskilt i  Kvarnäsgruvans 
amfibolskarn vanliga mikroklinen och framhäller, att den blävioletta fluss- 
spaten m. m. fy ller rummen ‘mellan de icke sällan idiomorft begränsade 
mikroklinindividerna. I  detta sammanhang synes det mig vara lämpligt 
att päminna om de av G. FLINK tidigare beskrivna1 2 baveno- och mane- 
bachertvillingkristallerna —  mestadels bavenofyrlinga'r —  av m ikroklin
pertit frän Yxsjö. För dessa kristaller, som skänkts är 1889 av O- 
G üMELIüS, finnes ej angivet frän vilken gruva inom faltet de härstämma. 
Visserligen är allra största delen av den kristallerna ännu vidhäftande flus- 
spat, vari de Ursprungligen varit invuxna, ej violett, utan vingul, men vid 
närmare efterseende har jag dock funn it ett par smä violetta partier av 
detta mineral, varför väl även dessa mikroklinkristaller gott kunna förmodas 
vara frän Kvarnäsgruvan.

T i l l  h is to r ik e n  ro rande  flu ssp a te n  fra n  Y xs jo .

I  de bada senare upplagorna (1826 oeh 1843) av HiSINGER’s »Mineral- 
geografi», resp. »Handbok for mineraloger under resor i  Sverige» uppgives 
att flusspaten fran Yxsjo bl. a. karakteriseras av en relativt stor lattsmalt- 
barhet for blasror, ett forhallande, som ej aterfinnes hos andra flusspater. 
Om vi valja framstallningen i ovannamnda arbete av ar 1843, lasa vi 
salunda dar foljande (1. c., p. 43):

1 S. G. U., Ser 0. N:o 275, p. 2 i l .
2 K. V. A., A rk iv  f. Kemi, Hd 5, N:o 10, 1914, p. 98.
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* .............en hvitgrä, halfklar, ta t  F lusspa t, som uppvärmd ej fos-
°rescerar och icke dekrepiterar, men för bläsröret är lättsmält t i l l  hvit 

emalj, hvilken med liten kokning och smä utväxter, fosforescerar.»
Det synes ha varit är 1815, som HlSINGER prövat Yxsjö-flusspaten pä 

¡̂essa dess bläsrörsförhällanden, om vilka han tydligen i  brev lämnat 
■Berzelius meddelande. I  s itt svar t i l l  HlSINGER av den 9 okt. 1815 
Pttalar sig BERZELIUS härom pä följande satt:1

tHyad Yxsiö hvita flusspat beträffar, sä mäste T it. gripa sig an dermed, 
Een är visst ingen flusspat i  ordets egentliga bemerkeise; utan är säkert 
e] dubbelsalt. A f det T it. i  s itt bref anförer rörande dess förhällande 
10r bläsröret, later det gissa sig at den kan vara dubbelsalt af flusspat 

gips af samma art med det, som bildas för bläsröret af dessa salters 
bopsmältning, hvilken icke vore möjlig, utan at et sädant dubbelsalt af 
dem künde formeras. Det är ganska tro ligt at det gifves fluosulphater 
hka väl som fluoborater, och denna flusspat kan draga med sig en läng 
Bedja af uptäckter.» •

Med anledning av B e r z e l iu s ’ här ovan citerade uttalande frägade mig 
Professor H. G. SÖDERBAUJ1 för ett är sedan (1921), huru det egentligen 
förhöll sig med Yxsjö-flusspaten, och detta föranledde mig att underkasta 
denna en närmare prövning i  vissa hänseenden.

Pä material, som under mikroskopet visade sig f r i t t  frän inneslutningar, 
taget frän en stuff av det vita och säsom flusspat ansedda mineralet frän 
Mxsjö, bestämde jag sälunda:

a) att mineralet verkligen är fu llkom ligt isotropt;
b) att det har samma brytningsindex som säker flusspat frän Macomb 

(immersionsmetoden);
c) att det ifräga om (svär)smältbarhet för bläsröret förhäller sig fü llt 

likartat med nyssnämnda flusspat frän Macomb;
d) att det dekrepiterar för bläsrör, om ock tämligen svagt och svagare 

än flusspaten frän Macomb;
e) att det — i  likhet med flusspaten frän Macomb —  i blandning med 

gips är synnerligen lättsmält for bläsröret.
Det ovan anförda torde vara tillräcklig t för att visa, att det vid Yxsjö 

forefinnes flusspat, som i  intet avseende skiljer sig frän vanlig sädan. 
Emellertid är det ocksä tydligt, att BERZELIUS mäste ha haft rätt i  sitt 
Päpekande sätillvida, att det itminstone icke kan ha varit nägon ren fluss- 
sPat, som HlSINGER undersökt. För BERZELIUS lag det givetvis närmast 
t i l l  hands att tiinka pä inblandning av gips i  nägon form,2 men med vär 
Puvarande kännedom om Yxsjöfältet och dess mineral synes det nog 
°jämförligt sannolikare, att det i  stallet varit scheelit, vilket minerals 
förekomst vid Yxsjö ju  icke var bekant pä BERZELIUS’ och HISI.NGER’s 
tid. Säsom LlNDROTH mycket stärkt poängterat i  sin avhandling, är ju  
scheeliten vid Yxsjö ytterst in tim t associerad med flusspaten därstädes, 
°oh dessutom är den nog ibland icke sä alldeles lä tt att med blotta ögat 
skilja  frän den senare, även när den förekommer i  makroskopiskt u rskilj- 
bara körn.

Bd 44. H. 3—4.]

1 Jac. B e r z e l iu s ’ brev, IV : 1, 1921, p. 44.
. 2 J fr  hans ingSende behandling i »Om Bl&srorets Anvandande>, Stockholm 1820, 

PP- 55—66, av det redan dS, sedan gammalt valbekanta forhitllandet, a tt g ips'och 
flusspat b ilda  en mycket la ttsm a lt blandning.
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Ben scheelit kan det emellertid ej ha varit. som HlSINGER kommit att 
undersöka. Säsom jag förvissat mig om, är scheeliten frän Yxsjö lika 
svärsmält för bläsrör som den rena flusspaten. Däremot har det visat 
sig, att man utan större svärighet kan fä en blandning av flusspat och 
lite t scheelit (bäda frän Yxsjö) att smälta för bläsrör t i l i  en vitaktig emalj' 
kula, i  likhet med den av HlSINGER undersökta flusspaten.

Den förmodan, som jag här framställt, att denna varit förorenad av 
scheelit, synes mig sälunda ha en ganska stör sannolikhet för sig. Det 
skulle ha varit intressant, om det funnits möjligheter att eventuellt fä en 
mera direkt bekräftelse härpä, men tyvärr har jag h ittills  icke lcunnat. 
finna nägon enda säsom flusspat frän Yxsjö etiketterad stuff bland de 
HlSINGERska samlingarna.

T ill slut kan rörande flusspaten frän Yxsjö tilläggas, att mineralogerna 
torde ha fä tt sin uppmärksamhet fast pä densamma ätskilligt tidigare än 
är 1747, det är, dä DAN IEL T iL A s ’ av LlNDROTH citerade relation offl 
bl. a. Yxsjöfältet skrevs.1 Sälunda synes det knappast kunna betvivlas, 
att de »täte pellucide (spater) utan kanter» frän »Yxsiö i  nya Koppar- 
berg», som TlLAS i  tryck omnämnt redan är 1738,1 2 mäste ha varit flus
spat. För övrigt torde väl detsamma fä antagas gälla även om den »GyP' 
sum Pellucidum aqveum . . . Agas. Neric. Yxio.», som LlNNÖ upptagit i  sin 
»Pluto Svecicus»3 av är 1734.

Jä rn spa t och H is in g e r it .

Är 1897 emottog Riksmuseet frän nuvarande gruvingenjören i  Sulitjelms, 
dävarande ingenjören vid Yxsjö gruvor, F r e d r ik  Ca r ls o n  ett större stycke 
av järnspat med bl. a. Hisingerit frän Rävgropen därstädes. Angäende 
fyndet av denna järnspat, som av a llt att döma hör t i l i  den primara mi- 
neralassociationen vid fyndigheten och som tyckes vara en motsvarighet 
t i l i  de skarnet och malmerna pä andra stallen inom Yxsjöfältet ätföljande 
grovspatiga kalkspatmassorna, meddelade ing. CARLSON följande:

»Vid de försöksarbeten, som innevarande är gjorts här, men som nu 
b lifv it instälda, päträffades en gäng tillsammans med kopparmalmen en 
större klump af jernspat (c:a 100 kg.)»

Genom begynnande omvandling är järnspaten rätt stärkt brunfärgad. I  
huvudsak fär massan betecknas säsom grovspatig, och det största av järn- 
spatindividerna visar en spaltyta med .en dimensión av c:a 5 cm. Stora 
partier av järnspatmassan ha tydligen varit ganska rena. Pä sina stallen 
ser man dock ungefär V2 cm- stora, idiomorfa scheelitkristaller jämte litet 
kiser inbäddade. Pä särskilt ena sidan av blocket uppträda hornblände, 
delvis violettaktig flusspat, talrika scheelitkristaller, nägot kopparkis samt 
ätskilligt svavelkis jämte kanske ur magnetkis framgąngen Hisingerit.

1 For lasarna av L in d r o t h s  v ik tiga  och intressanta arbete kan det kanske fortjana 
plpekas, a tt det p i  e tt par stallen (1. c., p. 22 och 75) efter T i l a s  citerade u ttrycke t 
>svart blandahalyt hornberg» endast ar tryck fe l hos L in d r o t h  fo r »svart b landaktig t 
hornberg».

2 D a n i e l  T i l a s , En Bergsmans Ron ocb Forsok i M ineral R iket, Abo 1738, p. 28.
3 L i n n e ’ s Pinto  Svecicus och Beskrifn ing ofwer Stenriket, utgit'vna a f C a r l  B e 

n e d ic k s , Uppsala 1907, p. 13.
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Järnspaten har en sp. v. av 3,7 9. En kvalitativ analys visade, att den 
utgöres av ganska rent järnkarbonat, tillsammans med vilket endast ringa 
tfiangder av mangan-, kalcium- och magnesiumkarbonat inga.
. Hisingeriten har jordartat brott, stärkt glänsande spjälkningsytor, smälter 
1 ^ar’ °' ■px” ulssrör och ger i  kolv vid upphettning rätt r ik lig t vatten.

med HC l utlöses r ik lig t järn under kvarlämnande av 
ursprungliga fragmentens form. LösniDgen med HC l ger 

behandling med H 2S ej spar av koppar. Med soda och Salpeter er- 
älles ej heller nägon tydlig manganreaktion.

behandling 
kiselsyra i  de

G edigen koppar, m a la k it, a z u rit , m. m.

lö r  fullständigande av minerallistan över Yxsjö kan t i l l  slut dels pä- 
®innas om den i  t. ex. H is in g e r ’s »Handbok för mineraloger», p. 43, 
0rekommande uppgiften om att lite t gedigen koppar nägon gang skall ha 

Päträffats därstädes, dels omnämnas, att ett par smä stuffer av en vittrad 
Jreccia med brottstycken av kalksten, vilka prof härröra ur D a n ie l  T il a s ’ 
Sattiling och äro etiketterade Yxsjö gruvor, äro stärkt färgade av malakit, 
sPar av azurit, och rikliga mängder limonitartade produkter.

Kiksmuseets Mineralogiska avdelning, Stockholm, mars 1922.

■^ägra o rd  a n g ä e n d e  fö r lä g g n in g e n  av L .  G. i  de  av t ra n s g re s s io n  
ej  d ra b b a d e  d e la rn a  av d e t b a lt is k a  o m rä d e t s a m t a n g ä e n d e  t id -  

p u n k te n  f ö r  L i to r in a h a v e ts  in trä d e .

Av

U n o  S u n d e l in .

Eftersom Red. av G. F. F. icke önskar en förlängning av d:r HALDENS 
°ch m itt lilla meningsutbyte, i vad det rör mer speciella fragor, nödgas 
13g avstá frán ett besvarande av d:r HALDENS señaste inlägg. Red. har 
eöiellertid benaget lämnat mig tillfä lle  att fä säga ännu nägra ord rörande 
de i  rubriken här ovan angivna frägorna, som äro av större räckvidd och 
kied hänsyn t i l i  kommande forskningar pä omrädet torde kräva en ytterli- 
Sare klarläggning.

Även om man skulle lyckas uppleta varenda Mastogloia-individ, som in- 
^äddats i  vara nordsvenska baltiska sediment, har man därmed ändä icke 
bestämt L . G., om man definierar denna sä som HALDEN i  anslutning t i l i  
Er itz  JONSSON gjort.1 A tt söka bestämma den med ledning av Mastogloia-

1 >L. G. är inom ett visst omräde den i  nutiden bögst belägna n ivä t i l i  v ilken  
"a ltik u m  nä tt, räknat frän  den tidpank t, dä dess vattenyta t i l i  fö ljd  av den postgla- 
?iala landsänkningen bragtes i  n ivä  med Atlanten, sälunda oavsett huruvida vattnet 
1 B a ltikum  v id  denna sin inaxim inivä, var sott, bräckt eller salt samt oavsett huru- 
yida denna högsta n ivä uppnätts tid igare  (säsom i norra och mellersta B a ltikum , dar 
lngen säker sänkning konstaterats) eller senare (säsom i  södra B a ltikum , dar ifräga- 
Tarande strand lin ie  näddes v id  sänkningens maximum)> — H a l d e n  G. F. F. 1921 
s- 428.
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arterna eller brackvattensorganismer över huvud är ett jagande efter ett 
'Ouppnäeligt ideal, eftersom gränsen ifräga utan tvivel ligger högre —  ovisst 
huru mycket —  än de högst belägna sparen efter bräckt vatten. Detta 
torde ej av nägon förnekas. Det kan emellertid med rätta sägas, att den 
mastogloiagräns, man t i l i  äventyrs kan bestämma, i  vart fa ll ligger när- 
mare den av HALDEN och FRITZ JONSSON teoretiskt formulerade L. G - t  

än den av mig o. a, med L. G. identifierade clypeusgränsen.
Härmed äro vi emellertid vid frdgan, huruvida den Jonsson— H a ldenska  

definitionen av L. G. och L-hav är den lämpligaste. I  N. Sverige ar 
denna ideala L. G. endast en fiktion, som icke existerar i  verkligheten. 
Man har ju  anledning förmoda, att Balticums vatten här successivt s ju n k it  
även vid övergängen mellan ancylus- och litorinastadierna, och bade före 
och efter passerandet av nyssnämnda ideala och imaginära L. G. har det 
ägt samma färskvattenskaraktär.

H ä rtill sällar sig nu den fara, som svävar över den ifrägavarande defi
nitionen, i  händelse Ancylussjön, som nyss ater i  denna Publikation gjorts 
gällande, befunnit sig i  nivä med havet. Ty skulle denna asikt visa sig 
riktig, b lir ju  den Jonsson— Haldenska definitionen meningslös. Vore det 
inte därför förnuftigt att icke förankra sin uppfattning vid en teoretisk 
Standpunkt, fotad pä sä pass osäker grund?

Men även fränsett detta, är det inte att göra väld pä verkligheten til i 
förmän för teorien att säga, att vid en viss bestämd tidpunkt upphör Ancy- 
lussjön och börjar Litorinahavet, oavsett om dess vatten da var sott, bräckt 
eller salt? övergängen mellan dessa stadier har ju  i  verkligheten icke 
skett med ett slag utan sä smäningom. övergängsskedet är just det, som 
(torde hava inletts genom Eunotia Cleveis uppträdande och) karakteriseras 
av vissa Mastogloia-wctei och en eller annan svag brackvattensform dess- 
utom. Det är ju  givet, att Litorina litorea, som fä tt ge Litorinahavet dess 
namn, under mastogloiatiden ännu icke uppenbarat sig i  Balticum, som 
alltsa dä varit ett L-hav utan Litorina.

Utan att göra nagt yrkande i  saken kan jag ju  fä framkasta ett förslag, 
möjligen värt att diskuteras, nämligen att utbryta övergängsskedet mellan 
Ancylussjön och L-havet och exempelvis kalla det Mastogloiahavet. Jag 
önskar för visso ej införandet av facktermer, dar de lika gott kunna und- 
varas, men kanske skulle i  detta fa ll härigenom vissa svärigheter undan- 
rödjas och en del missförständ förebyggas.

Gränsen mellan ett sädant Mastogloiahav och det egentliga L-havet 
kan enligt m itt förmenande icke läggas lämpligare än vid clypeusflorans 
invandring. Forst med denna uppträdde en verklig brackvattensflora och 
förmodligen ocksä -fauna i  Balticum. Och clypeusgränsen torde utan större 
svärighet kunna fastställas runt heia det baltiska bäckenet. —  Naturligtvis 
har det ocksä sitt intresse att söka utröna, hur högt däröver mastogloia- 
zonen stracker sig, vilket emellertid stöter pä vida större svärigheter.

[Mars— A p ril 1922.
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Geolognytt.

Ej mindre än tre av landets ordinarie professorsbefattningar inom äm- 
®esgruppen mineralogi-geologi-paleontologi äro för tillfä lle t lediga. Pro- 
essuren i  mineralogi och geologi vid Upsala Univ. blev med professor 

-uÖgboms avgäng pa grund av uppnädd pensionsälder d. u / i  22 ledig. 
ßeu 23 mars inträffade prof. HjALM AR SJÖGRENS plötsliga dödsfall, vari- 
8enom intendentsbefattningen för Mineralogiska Avd. vid Riksmuseum blev 
t̂an. innehavare och slutligen har prof. Ge r h a r d  HOLM d. 19 april be- 

vJjats avsked frän befattningen som intendent vid Biksmuseets paleozoolo
g i a  avdelningen.

Professuren i  Upsala har h itin tills  ej anslagits ledig, da Kungl. Propo
rtion  om professurens delning genom den personliga professurens i  paleon- 
lologi uppförande ä ordinarie stat avlämnats til i riksdagen. Enligt förslaget 
skulle den lediga Professuren som nu gär under benämningen professur i 
^ ’neralogi och geologi framdeles benämnas professur i  geologi med petro- 
8rafi och mineralogi, under det att prof. C. WlMANS personliga professur i 
Paleontologi skulle ändras t i l i  en ord. professur i  paleontologi och historisk 
geologi.

Enligt ingänget meddelande kommer D eu tsche  G eologische G ese ll
schaft att hälla sin »Hauptversamlung» i  Breslau under senare hälften 
av ju li mänad efter ett utvidgat program. Svenska geologer inbjudas 
^ärvara. Bland diskussionsämnen angivas:

1. Die Beziehungen zwischen alten Intrusivmassiven und ihrer Um
gebung.

2. Die geologischen Beziehungen zwischen Fennoskandia und M itte l
europa.

3. Die internationale geologische Karte der Erde.
Den t i l i  Geol. Föreningen riktade skrivelsen slutar med följande ord:
W ir sind nicht in  der Lage, Ihnen grosse festliche Empfänge zu bieten 

'  wir können Sie nur herzlichst zur gemeinsame Arbeit und zu unseren 
Exkursionen einladen und können Sie nur dessen versicheren, dass w ir Sie 
u iit herzlichster Freude bei uns willkommen heissen würden.

Skrivelsen är undertecknad av Pompeckj, Deutsche Geol. Gesellschafts 
Uuvarande ordförande, t i l i  vilken ev. förfrägningar eller anmälningar torde 
riktas adr., Berlin N 4, Invalidenstr. 43.

Prof. V. M. GOLDSCHMIDT meddelar följande program för S tavanger- 
exku rs ionen .
Avresa frän Kristiania fredag den 9 jun i pä kvällen med ’Kystrute’bäten. 
Ankomst t i l l  Stavanger söndag middag d. 11 juni.
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En vecka tillbringas i  Stavanger med dagliga exkursioner.
Tillbakaresa over Bergen eller over Kristiania med avresa frän Stavanger 

lördag d. 17/6 pä kvällen eller söndagen d. 18/s pä morgonen.
Exkursionerna företagas med motorbät. Regnkläder torde medtagas, da 

man far förutsätta enstaka regndagar.
Omkostnaderna för heia exkursionen frän Kristiania och tillbaka beräk- 

nas t i l l  400 norska kronor.
Stavangerbergarter demonstreras k mineralog. inst, i  Kristiania fredagen 

d. 9/ 6 pä förmiddagen.
Antalet deltagare begränsas t i l l  20. Anmälning t i l l  GOLDSCHMIDT fore 

april mänads utgäng.

I  Prag har under tiden 19— 24 april avhâllits en agro-geologkonferens, 
vars officiella tite l lyder A u s s e ro rd e n tlic h e  in te rn a t io n a le  boden- 
k u n d lic h e  K o n fe re n z  ( I I I  in te rn a t io n a le  b od e n ku n d lich e  K o n 
fe re nz ) zu Prag. Deltagare har infunnit sig fran följande stater: Sverige? 
Norge, Danmark, Finland, Holland, Schweiz, Tyskland, Ungern, Tjeckoslo- 
vakien, Jugoslavien, Polen, Rumänien, Ryssland, Ukraina och Forenta Sta- 
terna. Sverige représenteras av K . A. V e s te r b e r g , Finland av FrosterUS.

Om konferensen meddelar prof. VESTERBERG den 24 april fran Prag f ölj - :
Sedan den andra agro-geologkonferensen i  Stockholm 1910 bestämt, att 

den tredje konferensen skulle hâllas 1914 i  Petersburg, tillsattes en rysk 
lokalkommission för sakens vidare ordnande. Efter ett par âr nödgades 
emellertid den ryska kommittén meddela, att av vissa anledningar den 
avsedda konferensen tillsvidare mâste nppskjutas. Sedan efter krigets slut 
hela H âr fö rflu tit, utan att den ryska kommittén gett nâgra livstecken 
ifrân sig och förmodligen ej pâ länge blir i  stand att fungera, medan det 
â andra sidan vore i  högsta grad önskvärt, att det agro-geologiska sâvâl som 
allt annat internationellt samarbete med det snaraste kunde komma igâng, 
företogo sig i nov. 1921 prof. K o pec ky  i  Prag, prof. S chucht  i  Berlin 
och direktör H is s in g  i  Groningen att t i l l  en del olika agrogeologer i  olika 
länder utsända en inbjudan att under april eller maj 1922 samlas i  Prag 
t i l l  en konferens, dar bl. a. förberedande mâtt och Steg för sammankal- 
landet av en tredje agrogeologkonferens kunde vidtagas. Sedan dârpâ i  
febr. detta âr meddelats, att agrogeologer tillhörande c:a 20 nationer voro 
villiga att infinna sig i  Prag, överraskades de inbjudna i  slutet av mars 
mânad av ett meddelande att inbjudarna beslutat betrakta den avsedda 
förkonferensen som den verkliga tredje agrogeologkonferensen. H elt na- 
turlig t hôjdes mot detta godtyckliga och förhastade beslut, bade före och i  
början av konferensen, flere prostester, med rätta framhâllande, att denna 
förändring av motets ursprungliga karaktär icke b liv it tillräcklig t tid ig t 
eller tillräcklig t allmänt bekantgjord. Sedan emellertid konferensen fak- 
tiskt kommit t i l l  stand och högtidligt öppnats i  det tjeckiska Polytechni- 
cums lokaler, beslöts efter längvariga diskussioner att utmärka kongressens 
mera extraordinära natur genom ovan angivna officiella benämning.

T ill hederspresident valdes prof. ÜAMANN München, samt t i l i  övriga 
medlemmar i  kommittén hrr LlPM AN, New Jersey, HlSSING Groningen, 
M ü RGOCI, Bukarest, SCHUCHT Berlin, SlGMOND, Ungern samt VESTERBERG 
Sverige.
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Pro*s av mötet, pâ grund av den alltför korta tiden ej kunnat pâ 
f  hofredsställande satt förberedas, hava under detsamme mänga värde- 

. föredrag och diskussioner framkommit. Av den tjeckoslovakiska re- 
Seringen har mötet omfattats med stört intresse och deltagarna hava frân 
T.a|.ens ŝ a â tn ju tit en storartad gästfrihet. Under mötets gang har frân 

auen ankommit telegrafsk inbjudan att förlägga niista intrrnationella agro- 
Seologkonferens t i l i  Rom, förslagsvis 1925.

44. H . 3— 4 .]

sândn ing  av v â x tfo s s il i rá n  K in a . I  mitten av mars 1922 
‘ Glande t i l l  Riksmuseets paleobotaniska avdelning en ny sândning av vaxt- 
°ssil frân Prof. J. G. ANDERSSON i Peking. Samlingen omfattar ej mindre 

aa 203 làdor och ar den storsta, som riksmuseet, eller overhuvudtaget 
na8ot muséum, h ittills  fá tt mottaga irán Kina.

Storsta delen av materialet kommer fràn norra Kina. Framforallt ar 
Pr°yinsen Shansi val representerad ; det vida overvàgande flertalet ládor âr 

anfrân —  naturligt nog dâ denna provins omfattar Kinas storsta kolfâlt. 
Aven frân Kailan M ining Administrations stora gruvor norr om Tientsin i  

‘Uli foreligger en stor samling. Av ovriga provinser i  norra Kina aro 
^Rensi, Honan, Shantung, Anhui och Mongoliet representerade. Aven frân 
s°dra Kina har prof. ANDERSSON denna gang lyckats anskaffa en stor 
]amling (ej mindre an 34 ládor), som hopbragts i  Fukien och Iviangsi av 
^ea infodde samlaren CHEN.

I  motsats mot forra sândningen dominerar denna gang det paleozoiska 
Materialet fullstandigt ; endast nâgra mindre viktiga lokaler, frân vilka 
ûiaterialet annu ej âr uppackat, torde mojligen tillhora mesozoicum.

En sàrskilt intressant del av sândningen utgores av en samling pâ ej 
Oindre an 98 ládor, som hopbragts vid Tai-yuan-fu, huvudstaden i  pro
pulsen Shansi, av forre amanuensen vid Stockholms hogskola f il.  kand. 
E- K orin . Denna samling âr icke blott mycket vacker utan fâr ett sàr- 
sk ilt varde dârigenom, att kand. N orin samtidigt utfôrt en noggrann 
stratigrafisk undersokning, sâ att de olika flororna kunna inpassas pâ sina 
nivâer i en generell profil.

For understod av kand. N oRINS arbeten har ett samarbete âgt rum mel- 
prof. J. G. Andersson i  Peking och prof. E. N ystrom i  Tai-yuan-fu. 

For ovrigt har prof. ANDERSSON liksom forut samarbetat med Kinas 
Seologiska undersokning, som enligt overenskommelse skali erhàlla en 
torsta representativ samling dubletter av alla samlingar med undantag av 
fand. NORINS. Av dubbletterna i  dennes samling skali den forsta serien 
1 stàllet overlàmnas t i l l  universitet i  Tai-yuan-fu.

T. I I .

En geologisk förening har den 27 januari bildats i  Kina med uppgift 
att förena dar verksamma geologer t i l l  ett sällskap för främjande av geolo- 
|*®ka och närstäende vetenskaper, särskilt vad som rör Kinas geologi. 
4 öreningen skali utgiva en Publikation: »Bulletin of the Geological Society 

China.» Bland styrelseledamöter märkas D r V. K . TING, professor 
G. A ndersson och D r A. W. Grabau .
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Motet den 2 mars 1922.

Narvarande 55 personer.

Meddelade ordforanden, h r B ackstrom, a tt  s tyre lsen  t i l l  medlem 
i  fo reningen in v a lt :

Professorn vid universitetet i  Riga B oris P opoff foreslagen av 
hr H olmquist.

Beslot Foreningen inga t i l l  Kungl. Maj:t med begaran om for- 
nyat statsanslag for 1922.

Foredrogs ett av styrelsen tills ty rk t stadgeandringsforslag av- 
seende att infora ett ordinarie oktobermote. Forslaget motiverades 
med den av den utstrackta tjanstgor ingen vid statens ambetsverk 
foranledda señare timmen for sammantradena Och darav foljande 
kortare foredragningslista. Forslaget bordlades stadgeenligt t i l l  
nasta sammantrade.

Foredrogs revisionsberattelse over styrelsens och skattmastarens 
forvaltning under ár 1921 och beviljades av revisorerna tills ty rk t 
•ansvarsfrihet.

Av revisionsberattelsen framgár att foreningens inkomster under 
aret utgjort kr. 19,172.30 under det utgifterna utgjort kr. 20,673.93, 
utvisande en brist á kr. 1,501.63, vilken summa emellertid kan 
vantas komma att tackas av utestáende fordringar á 982.4 4 samt 
oguldna ledamotsavgifter á kr. 1,210.

Reservfonden utgor vid árets slut liksom vid dess borjan 
8,250 kr.

Áterstoden av de Forsbergska gávomedlen ha under áret mast 
tagas i  bruk. T il l Foreningens 50-ársfest och I I  Skandinaviska 
'Geologmotet anvisades darav kr. 2,425.7 7.

Inkomster och utgifter aro fordelade pa foljande poster:



In k o m s te r.

Arliga ledam otsavgifter...................................................  7,082:16
Statsbidrag.........................................................................  3,000: —
Järnkontorets b idrag..........................................................  2,500: —
•^örsäljning av föreningens förbandlingar......................  1,332: 32
Portoersättningar ocb diverse............................................ 195: 56
•^äata á reservfonden............................. .........................  414:29
Willst á annonsbilagan ...................... ......................... ...  • 540:01
^ illfä lliga  trycknings- ocb korrigeringsbidrag............... 1,089: 03
^ävom ede l...............................................      157:82
i ’orsbergska gävofonden................................................... 2,861:11
&rist vid árets s l u t ..............................................................,1,501:63
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Summa kr. 20,673: 93
U tg if te r .

i'örhandlingarnas tryckning ocb illustrationer..........  14,399:18
» distribution . . . .  . ......................  799:27

Expeditionskostnader.......................................................  889:86
Mötena............................... . .......................  420:65
A rv o d e n ........................................ ....................................  1,500: —
ßibliografiarvode, brandförsäkring ocb diverse..........  239: 20
I I  skandivaviska geologmötet: exkursionsbidrag ocb tryck 

m. .......................................................................... ...  ■ • 2,425:77
Summa kr. 20,673: 93

D:r A strid Clev e -E uler b ö ll föredrag över ämnet: A na lys  av 
®ära senkvartära n ivä fö rä nd rin ga r och nägra  konsekvenser därav.

Med anledning av föredraget yttrade sig h rr H amberg, Sande- 
QREn och fö redraganden.

Professor A x el  H amberg böll därefter ett av ta lrika  skioptikon- 
bilder belyst föredrag om den g lac ia la  erosionen.

En uppsats i  anslutning t i l i  föredraget kommer a tt in fly ta  i 
Rästa bäfte av förbandlingarna.

Med anledning av föredraget yttrade sig h rr G e ije r , B ertil 
H ögbom, L jungner, Sten H e G eer, H olmquist ocb fö redraganden.
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Mötet den 6 april 1922.

Närvarande 42 personer.

Ordföranden meddelade att sedan förra mötet âter tvä av före
ningens äldre ledamöter, f. d. statsgeologen, fil. d:r A lbert Bloji- 
berg ocli intendenten vid Biksmuseets Mineralogiska avdelning, 
professorn, fil. d:r H jalmar Sjögren avlidit. Med nagra korta 
minnesord erinrades om de insatser, vardera pâ sitt Ball gjort inoru 
geologiens verksamhetsfält och föreningslivet.

T ill ledamöter i föreningen hade S tyreisen invalt:
Folkskolläraren J ohan A l in , Göteborg, föreslagen av h rr Munthe 

och H. E. Johansson samt
Amannensen T or H agerman,
Agronom E rik N ilsson,
F il. kand. A nton Sörlin och
F il. stud. T horsten D u B ietz, samtliga i  Stockholm och föreslagna 

av sekreteraren.

Beslöt föreningen enhälligt godkänna det frän föregaende mötet 
bordlagda stadgeändringsförslaget, varigenom ett ättonde ordinarie 
möte â första torsdagen i  Oktober manad införes.

§ 3 av föreningens stadgar av den 7 jan. 1909 erhaller genom 
beslutet följande ändrade lydelse:

Föreningens ordinarie möten äga rum första torsdagen i  mana- 
derna februari, mars, april, maj, Oktober, november och december, 
samt dessutom en gang i januari â dag som pâ decembermötet be- 
stämmes.------------

Meddelade sekreteraren att svar ingâtt frän organisationskom- 
mittén i  Bryssel â föreningens skrivelse av den 30 januari 1922. 
Svaret hade följande lydelse:

Monsieur le Président.

Le Comité d’Organisation de la X I I I  Session du Congrès Géo
logique International, apres avoir examiné avec tout le soin, quelle
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mérite, la lettre que vous lu i avez adressée sous la date du 30 
Janvier 1922, regrette de ne pouvoir se rallier à votre manière de 
Voir.

En conséquence, i l  lu i est impossible d’adopter vos propositions.
Veullez agréer, Monsieur le Président, l ’assurance de notre 

Parfaite considération.

Le Secrétaire Général Le Président
A rm and  Renier. Jean Lebasqz.

Styrelsen skulle t il l foljande sammantrade meddela foreningen, 
^l k̂a âtgarder den ev. kunde finna sig fôranlâten vidtaga med an- 
edning av det inkomna svaret.
Meddelade sekreteraren att en skrivelse ingâtt frân Deutsche 

^cologische Gesellschaft angâende planerad ârssammankomst i ut- 
vMgad form i  Breslau under señare halften av ju li mânad med 
^iskussioner och exkursioner. T ill sammankomsten inbjods fôrenin- 
Sens medlemmar att deltaga (se Geolognytt).

Meddelade sekreteraren programmet for prof. Y. M. Goldschmidt’s 
PMnerade exkursion t i l l  Stavanger i bürjan av jun i mânad (se 
Geolognytt).

Professor T hoee H alle lâmnade ett av kartor belyst preliminart 
r̂eddelande om den fossila flo ran  i  Iv inas Tcolfôrande form ationer.

Med anledning av fôredraget yttrade sig brr W iman, Sven H edin 
°cli fôredraganden.

Eil. lie. Bror A sklund lâmnade dârefter nâgra bidrag t i l l  ôstra 
Versions geologi, grundat pâ materiel frân Sven Hedins resor 1904 
-05 .

Med anledning av fôredraget yttrade sig b rr W iman och Sven
Hedin.

[Mars— A p r i l  1922 ],
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I. Beskrivande del.

R&belovssjon.

B&belovssjons stenaldersboplatser. Rabelovssjon i  NO Skane bar 
b liv it omtalad pa grund av de rika och under egendomliga forhal- 
lauden antraffade boplatsfynd fran stenaldern, som bar b liv it gjorda. 
Om den fornamsta av dessa boplatser har sagts, att darover »nagot
gatfullt vilar ----------- mera an over nagon annan [boplats] i vart land»
(K jellmark 1904, s. 218). Den asyftade gatfullbeten sammanhanger 
Gl. a. med att fynden, som jamte yngre stenaldersredskap uppvisa 
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sadana av mycket aldrig typ, antraffats tillsammans a sjobottnen 
under forhalianden, som synts utvisa, att nagon boplats bar ej 
kunnat existera forran vid slutet av yngre stenaldern. Aven da 
ansags en stenaldersboplats hava kunnat forekomma pa ifragava- 
rande lokaler endast under forutsattning, att folket bott pa tim- 
merflottar eller i  palbyggnader.

Endast en kombinerad arkeologisk och geologisk undersokning 
skulle kunna sprida ]jus over ifragavarande problem. Med det 
arkeologiska utforskandet har f il.  kand. E. af E icenstam i  flera ar 
varit sysselsatt. Av cbefen for Sveriges Geologiska Undersokning, 
t i l l  vilken kand. af E kenstam vant sig med anhallan om bistand 
fran geologiskt hall, erholl forf. sommaren 1917 i uppdrag att 
foretaga en geologisk rekognoscering av forhallandena. I  efter- 
foljande uppsats meddelas de huvudsakliga resultaten av niina 
undersokningar, som efter att vid namnda tillfa lle  hava paborjats, 
fullbordades vid ett par besok somrarna 1919 och 1920, sistnamnda 
ar med understod fran K. Vetenskapsakademien.

Rorande de arkeologiska fynden och fyndomstandigheterna naa 
foljande sammandrag av de t i l l  forf. av kand. af E kenstam med- 
delade uppgifterna lamnas.

De forsta fynden gjordes (som aven K jellmakk 1. c. omtalar) 
sommaren. 1878 av en da 13-arig mjolnarson N ils Svensson fran 
Balsby, som i sydvastra delen av Rabelbvssjon »i vattnet pa en 
halv alns djup nara land» insamlade ett antal stenaldersforemal, 
som lamnades t i l l  laroverksmuseet i  Ivristianstad och delvis publi- 
cerades i  arsredogorelsen for namnda laroverk for lasaret 1878—79.

Under 1880-talet foretog museiforestandaren lektor A ukaham 
A iil^n] ett flertal farder runt Rabelovssjon, varvid han isynnerhet 
vid Osterslov a sjons ostra strand fann flint- och stensaker, met- 
krokar och benharpuner, a llt troligen tillhorande en boplats.

Samma decennium besoktes sjon av greve F ritz Reventlow, som 
gjorde det forsta klart uppfattade boplatsfyndet a sjons vastra 
sida a udden Naset och strandkanten runt om denna. Harvarande 
fynd tillhorde aldre stenalder och utgjordes av ett 10-tal skivyxor, 
nagra trindyxor, tunnackade yxor, en borr, ett par lerkarl, flint- 
avfall m. m. Han betonar i beskrivning over boplatsen, att sakerna 
lago i strandlinjen och under vattnet, men ej i gyttja . 1

Kand. af E kenstam sammantraffade i okt. 1910 med finnaren av 
1878 ars fynd, numera smeden N ils A iilquist i  Brannskulla, vilken 
utpekade platsen for dessa: invid badhusbryggan vid Kristinelund 
i  sjons SY del. Med ledning harav aterfann kand. af E kenstam  i

1 Detta fynd omtalas aven ay Iv jellm a e k  1919, s. 226.

[M aj 1922.
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jüni 1911 kulturlagren i  fräga (se fig. 1). De befinna sig i  strand- 
^anten inom tvenne skilda omräden. Det ena stracker sig frän 
Jadhusbryggan ett hundratal meter söderut. 50 m söder om bryg- 
SaQ har fyndcentrum föreiegat, varest fyndzonen sträckte sig in t i ll 

1,1 utanför stranden, under det att den eljest var 4— 6 m bred, 
andra fyndomrädet började c. 50 m söder om det fürra och 

flade 25 m :s längd samt 4 m:s bredd. Här voro fornsakerna an- 
^°pade kring en stenudde längst normt. Marken, varä fynden

strandlinje).

Sjordes, var stenbunden, säväl over som under vattenytan, och 
sjöbottnen sluttade sakta utät in t i ll 0.5—0.8 m under vattenytan 
Pä 4 m :s avständ frän stranden. Här vidtog en F liragm ites- 
iormation. Over stenbottnen lag här och dar lera, särskilt längst 
1 söder, men i regel täcktes den av detritusgyttja med snäckor. 
^ärmast stranden ersattes leran och gyttjan av snäckförande sand. 
£*en längsamt sluttande strandzonen begränsas inät land av en 
tvärt uppstigande barriär av stora stenblock.



Stenáldersforemálen forekommo deis i  gyttjelagret och mest i 
dess oversta del, deis direkt pá moran- eller lerbottnen, dar gyttjan 
saknades, deis ocksá i svamsanden nágot ovanfor vattenlinjen. 
Manga av foremálen voro svallade.

Vid undersokningen indelades fáltet i  kvadratmeterstora eller 
(pá grund av terrángforhállandena) storre nitor, vilkas inneháll 
uppgrávdes och omedelbart sállades. Harvid konstaterades dar och 
var en anhopning av f'ynden in t i l l och mellan storre stenar.
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Fig. 2. Fyndplatsen vid Kristineland med den isskjntna stcnbarriáren.
Forf. foto. 21/s 1921.

BetraíFande fyndplatsen v il l jag komplettera ovanstáende fram- 
stallning med foljande av mig gjorda iakttagelser. De stora, mest 
granit- och gnejsblock, som bilda strandbarriáren, leda sitt ursprimg 
frán den blockrika morankulle (»Kalvhagen»), som hOjer sig innan- 
for strandkanten, eller frán dess fot. Blocken hava av vagorna fri- 
skoljts ur den leriga moránmassan, vari de varit inbaddade, och 
hava sedan genom isskruvning sammanskjutits t i l l  namnda sten- 
barriar (fig. 2).

Bakom strandzonen hojer sig den av friskoljda block alltjámt 
betackta marken hastigt upp t i l l  en annan av hopskjutna block



Pelvis markerad strandlinje, belägen 15—25 m frän nuvarande 
strand och 3—3.5 m  over vattenytan. Samma strandlinje fram- 
träder mangenstädes kring sjön, ibland i  form av sandvallar. Ovan- 
■for denna strandlinje träffas ej mer nagra fripreparerade block- 
anhopningar eller nagra andra framträdande spar av vägsvall.

Den del av den nämnda kullen, som höjer sig över den sistnämnda 
®trandlinjen, äger en diameter av c. 50 m och när som högst 
11Jemot 7 m över vattenytan.

Inät land begränsas knllen av en naturlig sänka, vars botten ej 
köjer sig mer än c. 4 m över sjöns yta. I  denna sänka är dess- 
Ptom med konst frambragt en ringförmig, nu förfallen vallgrav, 
Vars botten befinner sig 3.5—3.75 m över vattenytan i sjön (se fig. 8).

Redskap m. m. av ben.1 Beträffande Babelövsfynderis beskaf- 
fenhet frapperar den stora mängden redskap och andra föremäl av 
^en- Särskilt iögonfallande är rikedomen pä harpuner, varav 
*ammanlagt 33 st. anträffats. Anmärkningsvärd är vidare dessas 
atderdomliga karaktär. Majoriteten utgöres av harpuner med flint- 
e§gar (18 st.). Vidare förekomma 3 harpuner med stora hakar 
Samt f. ö. smätandade spetsar. V ik tig t är att man alldeles saknar 
nägot exemplar av för yngre stenälder karakteristisk form. Har- 
Panmaterialet ger därför det intrycket, att boplatsen t i l i  sin huvud- 
^el härrör frän mycket tid ig stenälder, senast slutet av den osli- 
pade flintans tid.

De andra benspetsarna äro huvirdsakligen tillspetsade splittror. 
^*et stämmer med harpunmaterialets viltnesbörd, att antalet mera 
Ptformade spolformiga spetsar är sä ringa i förhällande t i l i  heia 
Mängden, nämligen 10 : 43.

Av metkrokar har hittats 12 st. (varvid varje fü llt tyd lig t frag
ment anses företräda en sädan) samt 1 ämne t i l i  metkrok. A lia  
aa krokfo rmen fü llt  utbildad och bland de heia är det endast tvä, 
s°tn sakna hulling. Här föreligger ett bestämt angivande av yngre 
stenälder.

Drän den slipade flintans tid  härrör nog ocksä ett fragment av 
vüdsvinsbete med en rad av smä häl, som anbragts sä, att före- 
P^let troligen utgjort del av föreningslänk i haisband.

Sen tid  tillhöra sannolikt ocksä nägra pä längden kluvna ben 
^ed borrhäl i  var ände.

Redskap av f l in ta  och »sten». Boplatsen vid Näsudden fram- 
^isar i fräga om dessa fu ll motsvarighet t i l i  boplatsen vid badhus- 
°ryggan och tillsammans komplettera de varandra. Vid kand. af
», 1 I  redogörelsen för fyndmaterialet ingä säväl 1870-talets fvnd som kaad. af 

kENsiam s . — A tsk illiga  av fynden äro avbildade kos L ind qv is f 1918.
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E kenstams undersökning erhöllos frän den sistnämnda 11 st. skiv- 
yxor och 1 toppdel av kärnyxa. Käsfyndets yxor äro alia mycket 
grovt och klumpigt slagna och detsamma gäller en och annan aV 
hadhusplatsens yxor. Dessa äro emellertid oftast rätt väl slagna, 
isynnerhet en med spetig nacke och tunt svärsnitt.

A v flinta föreligga dessutom mer än 5,000 avfall, borrar, skra- 
por, knivar o. s. v. samt en banedel av tjocknackad yxa.

Bland »sten»füremalen märkas främst 15—20 st. trindyxor, varaV 
en (som af E kenstam funnit) stär Lihulttypen synnerligen nära, 
medan flertalet äro yngre.

Jämte trindyxorna föreligga i  »sten» en tjocknackad yxa, en 
dylik med rombiskt tvärsnitt och skafthál samt framdelen av en 
batformig yxa.

Slutligen äro ock slipstenar funna, d. v. s. nágra vid slipning 
alldeles genomnötta sandstensskivor — säledes det tydligaste bevis 
pá avlagring frän yngre stenálder i  hoplatsen.

Det zoologiska materialet har bestämts av konservator H olmquisT 
i Lund. Däri märkas först och främst 2 ben av säl, vilket givetvis 
tyder pa närhet t i l i  hav under nägon del av bosättningen. E. ö- 
utgjordes det bestämhara materialet t i l i  minst 50 % av husdjursben 
av hund, svin, far, get och oxe (samt hast?). Även här fÖreligger 
alltsa ett avgörande bevis för bosättning under yngre stenálder.

»Riibelövskärret.» V id  m itt första besök vid Rabelövssjön, som 
.företogs i början av September 1917, upptogs i och för utrönandet 
av dess utvecklingshistoria en profil genom torvmarken vid sjöns 
sydvästra del (»Rabelövskärret») frän torvens utkilande rakt öster 
om Rabelövs herrgárd i  ostlig rik tn ing  vinkelrätt u tis jö n . (Tavl- 
L X Y Iir ,  fig. 2).

Som den tuhavvägda profilen visar, utgöres skärningens underlag 
i  väster av sand och grus samt i  öster av en mäktig (3 m + ) pa 
sanden utkilande i  stört sett fossilfri lera av gräbla färg. Yid pp- 
4— 6 underlagrades den av ett för borren ogenomträngligt sandlager. 
I  V delen av skärningen (pp. 1—2) fann jag vid grävning sanden 
vara underlagrad av tyd lig t varvig lera. Här följer direkt pä gru- 
set, eil er pa leran efter ett förmedlande detritusgyttjeskikt — med 
Chrysomoncidineer, üosm arier, M elosira  a renaria  m. fl. färskvattens- 
diatomacéer, bladtaggar av Ceratophyllum  och frukter av Scirpus 
lacustris  — en kärrtorv med Carices m. m. Yid pp. 2 och 3 vilar 
den här ganska hydrofila torven pá grus resp. 0.7 och 0.95 m under 
det vid undersökningstillfället rädande lágvattenstándet.

I  skärningens östra del, Ö om p. 5, ater efterträdes leran uppat 
av ett 2 ä 3 dm mäktigt gragrönt lergyttjeskikt med frön av

[M aj 1922.



Ntjmphcea och frukter av Scirpus lacustris sarat med en ra tt r ik  
diatomacéílora, karakteriserad av foljande arter (enligt d:r A. 
C'Leve-Eulers bestamningár á ett t i l l  henne insant prov frán p. 6)1: 
Vocconeis p lacentu la , Cyclotella an tiqua  r, Cymbella cistu la  r, G. 
helvética r, G. lanceolata r, E p ithe m ia  gibba v. parodíela r, E . tu r- 
9'lda ce, E. sor ex cc, E . zebra cc, Gomphonema in trica tum  r, Gyro- 
si9ma attenuatum  r, M astog lo ia  e lleptica c, M . S m ith ii c, Navícula  
°l>longa c, N . lanceolata r, N eid ium  affm e  r, Synedra u lna  + , S. 
Cap ita ta  v.

Over lergyttjan foljer sá ett in t i l l  2 in máktigt lager gravit 
skalgyttja med farskvattensmollusker sásom Planorbis- och P is i- 
^«Warter. Genom hela lagret forekommer frukter av Gladium  
hariscas samt en jamforelsevis torftig  diatomacéflora, ,vari E p i
dem ia argus alldeles dominerar, varjamte nágra andra farskvat- 
tens-Ep ithem ior, P in n u la r ia -, Cymbella- och F ra g ila ria -a rte v  fore- 
k°mma (dessutom Gosmarium och spongienálar).

Skalgyttjan áter overlagras av ett minst meterdjupt lager av en 
gyttjig torv (»sjokarrtorv»), innehállande fron av N a ja s  m arina  (funna 
vicl pp. 6, 7 och 8), avensom Phragmites, Scirpus lacustris och Gladium  
niariscus. Lagret har vidare visat sig innehálla en rik  diatomacé- 
flora av blandad farsk- och brackvattenskaraktar. Brackvattens- 
iuslaget utgores av ynmigt forekommande Gampylodiscus clypeus 
°ch C. echineis samt mer sparsamt G. bicostatus, N itsch ia  tryb lio -  
nella och S u rire lla  s tria tu la , medan fárskvattensinslaget ar arena- 
riaflora med Gampylodiscus Mbernicus, M e los ira  arenaria, Cymato- 
pleura e llip tica , E p ithem ia  tú rg ida  m. fl.

Lenna gyttjiga torv overgár uppát i  en torvbildning, vari Gla- 
dium, Carices, M enyantlies och brunmossor inga. En mikroskopisk 
URdersokning av lagret vid p. 6 visade, att torven har inneholl 
massor av ornrbunkssporer och -sporangier, medan den har saknade 
diatomacéer och andra mer fuktighetsalskande organismer. Vid 
pp. 6 och 7 formedlas overgángen mellan den underlagrande skal- 
gyttjan och den gyttjiga marina torven av ett lager detritusgyttja, 
som torde utgora en fortsattning av den forut frán skarningens 
ostra del omtalade detritusgyttjan mellan leran och karrtorven. 
Proligen inskjuter (sásom á profilen utlagts) det marina lagret som 
en k il i karrtorven mellan pp. 5 och 6, delande denna i  en ovre 
och en undre tunga. Torvens undre del ar i vart ía ll har lik tid ig  
med viss del av undre skalgyttjan (se.pollenanalyserna nedan) 
Hiedan den ovre delen overgár i  det torvlager, som bildar »sjo-

1 ccc =  ymnig, cc =  rik lig , c =  allman, +  =  tamligen allman, r  =  sallsynt, r r  =  
ttycket sallsynt.
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kärrtorvens» fortsättning uppät. Delta torvlager täckes slutligen 
av Dy skalgyttja, delvis lika mäktig som den undre, innehäl lande 
samma färskvattensmollusker som denna samt en rik  färskvattens- 
diatomaceflora, präglad av massvis uppträdande F ra g ila r ia a r ic x , 
jämte P innu la ria -, Cymbella-, E p ithem iaa rte r m. fl., ävensom en ock 
annan arenariaart. Även dar träifas Cosmariumavtev och massor 
av spongienälar. Den övre skalgyttjan ersättes delvis vid p. 6 av 
detritusgyttja och sand samt motsvaras vid p. 1—5 av ett sväm- 
sandskikt, tackt av ett tunt torvmyllager, samt innehällande flint- 
skärvor och molluskskal, i  synnerhet mälaremussla (U n io  pictorum ) 
i  mängd. V  om p. 1 gär sandskiktet i  dagen.

Pollenfloran har studerats ä olika niväer vid p. 6. I  bottenleran 
hava endast ett par sporadiska tallpollen iakttagits, men i lergytt- 
jan (425 cm u. y.) träifades pollen i  nägorlunda stör mängd (c. 50 
per preparat) och i följande proportioner: B etu la  77 % och Pinus  
23 % jämte r ik lig t Sahir-pollen (mer än 25 % av trädpollensumman) 
och enstaka Ericacepollen. E tt  prov frän den undre skalgyttjan 
(325 cm u. y .; pollenfrekvens 50 ä 100 pollen per preparat) visade 
omkastning i  björk-tallpollenfrekvensen, nämligen B e tu la  23 
P inus  76 %, varjämte 1 % ekpollen och Coryluspollen i  5 % av 
trädpollensumman. I  den ymnigt pollenförande detritusgyttjan 
(c. 300 pollen per preparat) voro (275 cm u. y.) proportionerna 
dessa: B etu la  14, Pinus  77, Quercus 5 och Ulmus 4 %, varjämte 
A in u s  och Corylus förekommo i resp. 20 och 30 % av de nämnda 
trädens pollensumma. I  det N ajas  och brackvattensdiatomaceer 
förande torvartade lagret (200 cm u. y.; pollenfrekvens c. 200 pollen 
per preparat) träifades ater: B e tu la  9, P inus  49, Quercus 36, T il ia  1> 
Ulmus 5 % samt A in u s  52, Corylus 22 och ¡Sahir 4 % av trädpollenet. 
Pollenet i  det CladiumiöTanäe kärrtorvlagret har visat sig vara 
sä destruerat, att intet t illfö r lit lig t pollenspektrum härifrän kunnat 
erhällas.1 En analys frän den pollenfattiga övre skalgyttjan (75 
cm u. y., grundad pä 3 räknade prov, sammanlagt innehällande 94 
pollenkorn) visade: Betu la  22, Fagus 3, Picea 2, Pinus  41, Quercus 27, 
Ulmus 5 % jämte A Inus 53, Corylus 68 och S a lix  5 % av trädpollenet.

En pollenanalys frän torvens understa del vid p. 5 (150 cm u. y.) 
visade denna sammansättning: B e tu la  7, P inus  93 / ]  Quercus spar 
samt A in us  spar, Corylus 1 och S a lix  15 % (s:a 204 pollen). 1/a m 
högre träifades B etu la  1, P inus  95, Quercus 3, Ulmus 1 % samt A inus  
1, Corylus 4 och S a lix  1 % (s:a 94 pollen).

1 A v 107 st. pollen ntgjordes emellertid 3 % av B e tu la , 79 % av P inus , 17 % av 
Quercus, 1 % av U lm us  samt vardera 7 % (av dessa träds pollensumma) av A lnuS  
och Corylus.
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N o s a b y k ä rre t.

Söder om Räbelövssjön vidtar ett stört, numera torrlagt och odlat 
k^rr, som med en bredd av Va—1 lcm när ned mot Nosaby kyrka, 
ett par lcm sydligare (fig. 1). Nosabykärret (»Nosaby mosse»), vari- 
§enom Räbelövssjön s avlopp flyter, är fiera ganger omtalat i den 
§eologiska litteraturen pa grund ay det marina lager, som här 
iakttagits ( N a t h o r s t  1874 och 1882, H o ls t  1899 m . fl.).

E tt stegrat intresse har detta karr erhällit genom de fornfynd, 
s°m i  señare tid här b liv it gjorda. Om de fynd, som gävo anled- 
Mng t i l i  mina och señare även d:r K j e l l m a r k s  undersökningar av 
Nosabykärret, mä här meddelas följande av kand. af E k e n s t a m  

iäranade redogörelse. »Under den tid undersökningsarbetet vid 
Käbelöv utfördes, erhöll jag kännedom om, att man vid kanalise- 
ting av Rabelövssjöns utlopp, Nosabybäcken, anträffat en mängd 
stenäldersföremäl uti bäcken och in t i l l  en backe, som ännu bär 
fiamn efter en nedbrunnen kvarn, Nosemöllabacken. Lösa fynd 
^ava här gjorts särskilt vid tvä tillfällen. Den ena gangen höll 
^an pa att upprensa bäcken och anlägga en trumma pä platsen. 
Kägot ovanför bäckkanten fann man da ett flertal ben, av vilka 
üägra ha borrade häl. Sakerna ligga nu pa tekniska skolans mu- 
senm i Ivristianstad. Den andra gangen var vid ett kräftfiske. 
En pojke frän en av de närliggande gärdarna fann da elva styeken 
fjocknackade flintyxor i  själva bäckkanten och ännu t i l i  en del 
^lagrade i torven. Jag känner t i l i  ätminstone en hälmejsel bland 
^essa. I  jord, som kastats upp frän bäcken frän stallet, har man ock 
ftinnit en del stenäldersföremäl av intresse. Av samma person, som 
fann flintyxorna, har i sädana högar anträffats bl. a. ett ornerat s. k. 
^älbryne av skiffer och en särskilt vacker stör bennäl med platt 
huvud, motsvarande vad man känner frän de sena gánggrifterna i 
Kästergötland. Man har ock anträffat ett mellanting mellan spän- 
pilar och spetsarna av Tardenoisien-typ. T ill sist nämner jag 
üägra fragment av lerkärl frän gänggriftstiden.»1

Nya fornfynd gjordes in situ vid ett par av mig (med veder- 
W lig t  tillständ av K. Y. H. A. Ak. och med biträde av kand. af 
E k e n s t a m )  1917 företagna preliminära grävningar, liksom vid av 

K j e l l m a r k  ledda utgrävningar sommaren 1918. Rörande de 
’''id dessa señare undersökningar gjorda fynden' hänvisas deis t i l i  
K j e l l m a r k s  uppsats 1919, deis t i l i  framställningen nedan (s. 566 ff.).

1 Nära Nosaby kyrka  ä sluttn ingen ned mot karre t är även en stenäldersboplats 
Ruinen, härrörando frän  övergängen mellan dös- och gänggriftstid  (»snoddornament»).
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Sedan jag sistlidna sommar (1920) företagit ytterligare nägra kom 
pletterande borrningar samt mikroskopiskt genomarbetat de ta in  ’ a 
proven frän Nosabykärret, varigenom en tillfredsställande konnek- 
tering av den invecklade lagerföljden b liv it möjlig, tror jag nug 
nu i  stand att ätminstone i huvudsak r ik tig t tolka densamma och 
därmed även inrangera de i  lagerföljden gjorda arkeologiska fyn' 
den i  deras rätta geologiska sammanhang. I  detta avseende bar 
jag kommit t i l l  en väsentligen annan uppfattning än den, for vil* 
ken K jellmark (1. c.) gjort sig t i l l  tolk.

Den nordligaste delen av den nära 3 hm länga, frän sjön tub- 
avvägda skärningen (Tavl. LX V IIT , fig. 1 p. 1—10) faller inom 
Räbelövs3jöns bäcken ocb förskriver sig frän, den torvmarksbärd, 
som omger heia södra delen av Räbelövssjön, och varigenom nyss 
beskrivna profil genom Räbelövskärret npptagits V2 hm nordligare.

Mellan pp. 10 och 12, dar landsväg och järnväg övertvära profi- 
len, sammantränges torvmarken t i l l  en smal, ett 50-tal m bred, 
grund torvkil mellan 1er- och sandlmllar. Söder om p. 12 vidgar 
sig torvmarken först t i l i  ett in t i l l c. 100 m brett, frän det övriga 
karret avgränsat parti, som 300 m sydligare, mellan p. 17 och 13, 
ater sammantränges t i l i  ett trängre »pass» mellan höjder bildade 
av varvig Jera — pä västra sidan den framskjutande Nosemölla- 
kullen. Denna höjer sig omedelbart in t i ll kanalen c. 5.5 m över 
kanalbottnen och c. 7.5 rn ö. h. Pä östra sidan stiger marken läng- 
sammare, c. 40 m öster om kanalen, dar torven utkilar ä sand, 
näende c. 3.75 m över kanalbottnen samt vid vagen ett 20-tal M 
ostligare 5 ä 6 m däröver.

Frän cch med p. 19 utbreder sig det egentliga Nosabykärret t i l i  
i allmänhet omkring 1 hm:s bredd — endast pä mitten är bredden 
inskränkt t i l i  ungefär hälften av en västerifrän inskjutande tunga 
av mosand — för att i  närheten av Nosaby kyrka, ett par kilome
ter sydligare utkila ä de flacka, äsliknande höjHsträckningar av 
moränlera, som här avstänga Nosabykärrets bäcken fran den forna 
Nosaby- eller Hammarsjöns bäcken. C. 300 m V om Nosaby 
kyrka genomskäres nämnda moränsträckningar a lägsta punkten 
av kanalen frän Räbelövssjön, som här sammanfaller med den na- 
turliga bäckfäran. Kanalen, som dragits tämligen rä tlin ig t genom 
kärrets centrala delar i N —S, gär mängenstädes pä sidan om den 
slingrande naturliga bäcken, varav mer eller mindre igenvuxna 
partier här och vär kunna skönjas.

Av profilen (varav p. 1—11 samt p. 23—26 upptagits ä västra, 
p. 12—22 ä östra sidan om kanalen) framgär, att Räbelövssjöns 
naturliga passpunkt är att finna ungefär vid p. 10, som genom

[M aj 1922.
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Srävning upptagits 3 m vaster om kanalen, dar denna genomskär 
stängande morän- och mosandsbackarna á lägsta punkten. Den 

av 3 cm grov sand betäckta, sega, gráblá bottenleran, träffades här, 
överlagrad av torv, 1.20 m  över det vid undersökningstillfället 
(d. 10 aug. 1918) rädande lägvattenständet samt c. 3.6 m ö. h. Den 
naturliga avloppsrännan, som kanalen följt, nágra meter öster om 
Profi]punkten, torde efter Räbelövsbäckenets isolering hava nedskurits 
t il i ett numer icke närmare fixerbart djup i den stängande lerbanken.1

Efter denna orientering v il l jag överga t i l i  en redogörelse för 
hnvuddragen av lagerföljden längs ifrägavarande skärning och 
iörst t i l i  den inom Räbelövssjöns backen fallande delen (p. 1—10).

IDbelövsavsiiittet. Brackvattenslagret, som vid »Räbelövsprofilen» i 
form av en gy ttjig  torv träffades mellan den üladium-iövcintle torven 
°ch underlagrande skalgyttja, äterfinnes även här, utgörande ett 
förträffligt ledlager, ntmärkt, som det är av samma egendomliga, 
av Campylodiscus clypeus, G. echincis, S u rire lla  s tr ia tu la  samt Cam
pylodiscus hibernicus, M elos ira  arenaria , E p ithem ia  H ynd m a n n ii 
etc. jämte N ajas m arina  m. m. karakteriserade flora. Det är dock 
°fta endast pä mikroskopisk väg lagret kunnat identifieras, da det 
saväl t i l i  utseende och mäktighet som beträffande läget i lager- 
serien i hög grad skiftar. Medan det vid p. 10 ej alls kunnat pa
isas, träffas det vid p. 9 i  undre delen av lagerföljden, täckande 
ett pä lersandsunderlaget vilande torvdyskikt, vid pp. 8—6 direkt 
Pa mineraljordsunderlaget under torven samt slutligen vid p. 5—1 
som en alltmer uttunnande rand mellan underliggande mäktig »le- 
’rertorv» och överliggande skalgyttja.

^Le ver torven», som v id 'pp. 2, 3 och 4 nar 4.5—6 m:s mäktighet, 
nedgár (vid pp. 3 och 4) omkring 8 m under Räbelövssjöns läg- 
vattenyta samt mer än 5 m under havsytan. Det bruna, delvis 
nágot geléartade, delvis torvartade lagret, som var ytterst segt 
och svargenomträngligt för borren, innehöll mangenstädes brun- 
ßiossor samt här och var i undre delen frukter av C ladium  m aris
cas. Pä gränsen mot den underlagrande skalgyttjan, som uppvi- 
sade ränder av »levertorv», träffades frukter av Potamogetón sp. 
(p. 3), frön av Nympheea och ett hängefjäll av asp (p. 2).

Vid p. 1, dar mineralbottnen (lera) höjer sig t i l i  inemot 3 m. 
Under lägvattenytan, för att längre ut ater sänka sig, uttunnar 
°ch utkilar »levertorv»lagret. I  dess undre del förekom här jämte 
ßn Cladium fv n k t kolrester.

1 Räbelövssjön har uppenbart icke ägt nägot nordligare lägre avlopp. Den en lig t vad 
jag kunnat iinna näst lägsta pasströskeln träft'as söder om Balsvik pä gränsen mel
lan Österslövs och Nosaby församlingar och torde en lig t spegclavvägning höja sig m iust 
14 ä 15 m  över sjöns yta.
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Det kärrtorvlager, som vid Räbelövsprofilen omedelbart överlag- 
rade det marina lagret och dar sträckte sig fiera hundía meter 
utanför stranden, torde vid Nosabyskärningen motsvaras av ett vid 
p. 4 och 5 förekommande stärkt gy ttjig t torvlager (med Amblystegißf) 
i skalgyttjan nägot ovanför det marina lagret.1 Vid p. 1—3 har 
det utkilat. Övre delen av skalgyttjan (vid p. 4 hela skiktet ovan 
torvranden) var stärkt Jerbemängd och tydligen avsatt i  oroligare 
och troligen djupare vatten. Skalgyttjan ander torvranden saväl 
som denna (vid p. 4 och 5) innehöll färskvattensdiatomaceer, var- 
ibland arenariaformer, M clo s ira  arenaria , Campylodiscus Jiibernicus, 
Gyrosigma attenuatum, E p ithem ia  H yndm ann ii, Cymatopleura e llip- 
tica  m. fl., medan högre upp dessa avtaga eil er försvinna för att 
ersättas' av andra lakustrina arter, sasom E p ithem ia -, Surire lla-, 
Cymbella- och F ra g ila r ia -a rte r . Yid p. 4 erhölls tydligen i sekun- 
därt läge fragment av Campylodiscus clypeus i  skalgyttjan 25 cW 
under ytan.

Pollenfloran var i  samtliga skikt synnerligen torftig, varför jag 
ej lyckats göra nägra fullständiga pollenanalyser. I  skalgyttjan 
ovan (det undre) torvskiktet vid p. 4 hava dock iakttagits pollen 
av bok och gran jämte en i  förhällande t i l i  ekblandskogens pol- 
lenmängd hög halt av tallpollen.

Yid p. 6—9 utgöres, som profilen visar, lagerföljdens övre del 
av starrtorv (magnocaricetum-), som överst är mycket huminös 
och sandig, troligen deis pä grund av översvämning, deis pä grnnd 
av vid kanalgrävningarna uppkastat material. — Yid p. 8 över- 
tvärar profilen en halvmeter-mäktig strandvall av fin v it sand, 
inlagrad i  torven, och vars krön när-1.6 m. över vattenytan i 
sjön (c. 4 m  ö. h.).

Jíosabyavsnittet. I  själva Nosabykärret, alltsä söder om Rabe- 
lövssjöns passpunkt vid p. 10, är lagerföljden inom det när- 
mast sjön belägna isolerade partiet (p. 10—19) i rä tt hög grad in- 
vecklad, medan den i Nosabykärrets söder därom vidtagande vida 
torvmarker (p. 20—26) är av tämligen enkel och likartad beskaf- 
fenhet. — Underlaget för heia skärningen utgöres av ofta sandig 
lera eller lerig sand, i  regel fossilfri. V id nägra punktprofiler 
(14, 17, 20) vilar emellertid pä detta bottenlager ett sandlager 
med fragment av färskvattensmollusker, varibland TJnio sp. (enligt 
bestämning av fil. lic. Gr. L u n d q u is t ) samt Phragm itesrizom  (p. 20). 
Y id p. 20 och p. 25 är detta sandlager dessutom koligt. V id p. 12 
förekommo ett par gyttje- eller torvränder ett stycke ned i den 
sandiga leran, vari en fruktsten av Potamogetón cfr natans an-

[M aj 1922.

1 Högre upp i  ska lgyttjan, c. 75 cm  u. y. förekom v id  p. 4 en lokal torvlins.



Uäffades. A id p. 22 var den blá bottenleran halvannan meter 
ßiäktig ocb underlagrades av sand, vari borren künde nedföras 
l£lemot 1 m. Troligen följde under densamma varvig lera.

leran eller sanden vilar inom större delen av karret (p. 13 
samt p. lg—25) ett torvlager, än utbildat som en pä Am blystegier 
0ch Menyanthes r ik  kärrtorv (pp. 13, 18—20, 23—25), än som Cla- 
( (Wí«torv med i undre delen inmängd Fhragm ites (pp. 21, 22). Yid 
P- 22 (och troligen flerstädes) har torven visat sig alltigenom (ehuru 
®edät a llt sällsyntare) innehálla fragment av samma färsk- och 
rackvattensdiatomacéer, som nedan omtalas frän överliggande lager. 
Vid pp. 21—23 ski]jes dock torven Iran mineralbottnen av ett 

mäktigt gyttjeskikt, vid p. 22 ntbildat som skalgyttja (med 
ärskvattensmollusker) innehällande Scirpus la cu s tr is iru k te i, Chara- 

®Porer, Chrysomonadinéer, spongier, Cymbella sp., Cosmarium  sp., 
r jediastrum  sp., Staurastrum  sp. samt en sparsam pollenflora av 
vjork och ta ll (se nedan).

Karr-, resp. C lad ium torven  täckes allestädes av ett mer eller 
^ndre mäktigt marint lager, än gragrönt, lergyttjeartat, än brunt 

dyartad utbildning. Det är samma lager som inom Rabelövs- 
äckenet utgjorde ett förträffligt ledlager, och det inneháller i 

Ußdre delen ungefär samma blandade färsk- och brackvattensflora 
SoiQ dar, medan högre upp brackvattensarterna fullständigt domi- 
nera. Sälunda förekomma Campylodiscus clypcus (ccc), C. echineis 
(°cc), C. bicostatus ( + ), N itsc liia  sca laris  ( + ), N . tryb lione lla  (c), 
Surire lla  s tr ia tu la  (r).1 Bland färskvattensarterna märkas arenaria- 
J°rmer, Cymbella-, Navícula- och P innu laria&vtev. Som inom Rá- 
j'elövsbäckenet träffas även här N a ja s  m arina -trön  ofta i detta 
iager. I  undre delen har (vid p. 22) pollen av M yriopJ iy llum  alter- 
n'1 flo r um iakttagits.

Under det att det marina lagret inom större delen av karret 
Vjlar pá telmatiska torvlager, träifas det i  det isolerade nordliga 
Partiet (Nosemöllabäckenet) med undantag av vid p. 13 direkt pá 
^ineraljordsunderlaget. Yid p. 11 utkilar det marina lagret pá 
J)ngefär samma nivá som Räbelövssjöns ñutida lágvattenyta (c. 2.4 m 
'Ker havsytan).

Aven den över det marina lagret belägna delen av lagerföljden 
ar olika utbildad inom Nosemöllabäckenet och karret i  övrigt. 
aom det señare täckes det marina lagret endast och direkt av 

rtler eller mindre mäktig kärrtorvmylla3 (vid pp. 20 och 23 före-
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f.. 1 H o lst 1899 uppger bland brackyattensdiatomacéer funna i  Nosabykärret de 
orstnämnda arterna samt dessutom N its c liia  c ircum su ta  (s. 20).

A  teckenförklaringen t i l i  profilen fe la k tig t bcnämnd »svartmylla».

tre
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kommer mellan torven och gyttjan ett sandlager, som torde vara 
marint). Inom det forra áter (pp. 11—18) overlagras det marina 
skiktet narmast av en tamligen maktig Jakustrin gyttja, vid PP; 
13—15 delvis utbildad som skalgyttja, som vid p. 12 overgár i 
en skalrik sand. I  skalgyttjan vid p. 15 insamlade mollusker hava 
godhetsfullt bestamts av fil. lie. G. L u n d q v is t  t i l l :  B ith y n ia  tenta- 
culata, Limncca ovata, L . a u r ic u la r ia  (sannolikt), och Valuata p -  
suinalis.

Insjogyttjan slutligen tackes av karrtorv (pp. 11—12), kárrdy 
(pp. 13—16) eller lovskogstorv (pp. 16—19), varover t i l l  slut en

[M a j 1922.

sandig torvmylla vilar. Mellan denna och den underliggande tor- 
ven inskjuter dock vid pp. 11 och 12 en sandlins (iik  den vid p- 
8 och pá ungefär samma nivá som denna), som vid p. 15—19 mot- 
svaras av ett lerskikt, vid p. 17 60 cm. mäktigt.

V id p. 26, heit nära torvmarkens upphörande Y om Nosaby 
kyrka, vilar endast ett tunt torvlager pá lera. Det marina gyttje- 
lagret synes här hava utkilat.

Fig. 3 visar ett pollendiagram genom lagerföljden i Nosabykär- 
rets céntrala del (vid p. 22).

Forufjndens läge i karret och i lagerföljden. Det är det isolerade 
nordpartiet (p. 10—19) av Nosabykärret, som haft en frán karret i



0Vl’igt delvis avvikande utvecklingshistoria, vilket tilld rar sig det 
°Jämförligt största intresset pä grund av här gjorda fornfynd.

■P- 17 ídrskriver sig irán den grav, som vid undersökningen 1918 
aPptogs pä östra sidan om kanalen, och som omtalas av K j e l l m a r k  
1919 (s. 224). Härvarande lagerföljd, som pá grund av de här 
gjorda fornfynden är av synnerligt intresse, är enligt mina an- 
teckningar följande (jfr K j e l l m a r k  1. c.).1

a) 40 cm torvmylla, vars översta 15 cm omrörts av plogen vid 
ocUing. övergar utan skarp gräns i följande.

b) 60 cm Sandig lera, isynnerhet i övre och undre delen san
dig; innehäller F in n u la r ia  sp. och spongienälar.

c) 50 cm Svart huminös alskogstorv (med brunmossor).
d) 45 cm Brungul detritusgyttja, nedtill l j usare och övergäende 

1 följ. Innehailande frön av Nymplicca, N u p lia r  (allm.), Ehamnus 
Langula, frukter av Spargan ium  och Potamogetón, Corylus avellana  
(on kluven nöt), blad av S a lix  (a u r ita ?) m. m. I  undre delen före- 
bommo dessutom färskvattensmollusker allmänt, varibland E itliy n ia  
0th Limncea (se vidare K j e l l m a r k  1. c. s. 224).

I  detta lager förekommo talrika vertika lt nedslagna kluvna liäp- 
Par eller stickor av für, som av K j e l l m a r k  heit säkert r ik tig t 
l°lkats som rester efter fiskeinrättningar, s. k. kattisor (fig. 4). 
Hessuto'm tillvaratogos här följande in situ utplockade, av K j e l l - 
Ma r k  benaget meddelade föremäl:1 2 1 utbuktad skivskrapa av 
längsträckt avfall av Kristianstadsflinta (Kr. fl.), 6 cm läng, 4 cm 
bred, 2 cm tjock; 1 utbuktad nägot rundad skivskrapa av Kr. fl., 
6.5 cm i  längsta diameter; 2 nägot bearbetade och 1 obearbetat 
avfall av Kr. fl.; ett 20-tal större och raindre stycken av Kr. fl. 
ej tydligt slagua; 1 liten skärva av slipad och polerad yxa av syd- 
skänsk flinta (ssk. fl.), 3 cm läng och 2 cm bred; 1 lerkärlsbit, 
ftflirkgrä med glattad yta =  kantbit av kärl med svagt utätböjd 
bant, 3.2x2 cm.

e) 130 cm. Gröngrä lergyttja, t i l i  30 cm:s djup utgörande en 
färskvattensbildning, utmärkt isynnerhet av arenaria-arter (M elo- 
sfra arenaria  ccc, Epithemice, Cymatopleura e llip tica , Gyrosigma  
attenuatum  etc.), ehuru även enstaka fragment av Campylodiscus 
frypeus iakttagits, men f. ö. en brackvattensavlagring, karakterise- 
rad av Campylodiscus echincis ccc, C. elypeus c, K itsch ia  scala- 
r ¿s + , IV". tryb lione lla  +. Underst hava ock bladtaggar av Cerato- 
Phyllum  träffats. Heia lagret har karaktären av en grundvattens-

1 De nägot avvikande mäktighetssiffrorna torde bero pä, alt vära mätniDgar gjorts 
^ olika väggar i  den ganska stora graven.

2 Endast ett par av dessa äro omnämnda i K je li.marks nppsats 1919.
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bildning pä grund av r ik lig t insvämmade brunmossor ocb ved (i 
andre delen). Även i  detta lager förekom snäckskalsfragment och 
flintor allmänt.

f) 10 cm + . Sand rned snäckskalsfragment.
Utom i det fossilförande brungula gyttjelagret (d), som innehoil 

normal pollenhalt, har pollenfrekvensen visat sig sä lag i resp-

Fig. 4. »Kattisorna» vid Nosemölla (fotografíen tagen snett uppifrän). 
Förf. foto. aug. 1918.

skikt, att nägon fullständig, t illfö r lit lig  pollenanalys ej kunnat er- 
hallas, nägot som emellertid är av mindre vikt, da en sädan er- 
hällits fran den nägot pollenrikare, korresponderande lagerföljden 
vid p. 13.

Pollenanalysen i det artefaktförande lagret d, och närmast an- 
gränsande delar av lager c och e hade emellertid detta utseende (A i
nus, Corylus och S a lix  i  % av de skogsbildande trädens pollensumma):
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Lager och
C»i U. y Betula Fagus Pin us Quer-

cus T ilia Ulmus Ainus Cory-
lus Salix A n ta l

pollen

% % % % % % % % %
c—d
150 10 2 41 36 7 4 51 29 29 1591
d

175 7 1 39 48 4 1 51 52 30 1572

200 10 — 39 44 — 7 42 115 61 1301

Nämnas mä ock att i  ett genomgänget prov frän lerskiktet (b) 
cm u. y.) endast ett par bok- och Äaforpollen iakttagits.

K j e l l m a r k  (1. c.) omtalar även tvenne grävningar invid kana- 
êih den ena pä dess östra, den andra pä dess västra sida. Den 

Slstnämnda, som gjordes nägot 50-tal m söder om p. 17 nedanför 
Kosemöllakullen, är av största intresset pä grand av den brygga 
(ev- flotte?) jämte talrika stenaidersfynd, som dar kommo i dagen.

Körande därvarande lagerföljd har min anteckning detta utse-
ende:3

&) 50 cm. Omrörd, sandig torv.
b) 40 cm. Grus (ockrahaltigt).
c) 20 cm. Svart vedrik torv (alskogstorv).
d) 40 cm. Grönaktig, pä växtrester rik  lergyttja. Isynnerhet 

Övre hälften r ik  pä hasselnötter, 2 hängen av klibbal, lönnfrukter, 
K ynipJuea-fvöa m. m. samt pä gränsen mot följande en nästan v it 
rand med skal av isynnerhet JJnio sp. — Ä  c. 20 -  30 cm:s djup i 
detta lager förekom det av K j e l l m a r k  beskrivna stockvirket t i l i  
bryggan (eller flotten) (se fig. 5) och under plankorna flintor och 
redskap.

e) 5 cm. Sand, ytterst r ik  pä flintstycken, varibland tvä skiv- 
yxor, en flin tp ry l och flintskrapor.

f) 10 cm +. Seg sandig lera.
D:r K j e l l m a r k  har t i l i  förf. överlämnat nedanstäende fullstän- 

diga förteckning över de fornfynd, som insamlades frän lager d:s 
^ndre del (under »bryggan») och frän lager e: 1 hälft av stör 
knacksten av grünsten, största diameter 9.5 cm- 1 stör knacksten 
av Kr. fl., »kula» (största diameter 8 cm); 3 stora knutor av Kr. 
A- (resp. 8, 9 och 10 cm:s största diameter); 1 större rundat och 
nägra mindre skörbrända stycken av K r. fl.; 1 skivyxa av Kr. fl., 
ganska välformad, längd 6.5 cm, bredd upptill 2.5 cm, nedtill 4 cm;

1 2 prov genomgängna.
! 1 prov genomgänget.
3 Överensstämmer med K jellm akks  p ro fil med undnntag av, a tt jag i  kans lager 

c D rskilt trenne o lika  sk ik t.

38—220270. G. F. F. 1922.



1 d:o jámnbred, langd 7 cm, bredd 4.5 cm; 1 stor rak skrapa av 
tjockt avfall av K r. fl., langd 8.5 cm, bredd vid skrapkanten 5 cm; 
1 borr av avfall av Kr. fl., 14.5 cm láng, upptill 5.5 cm brett; 2 
d:o av tjockt avfall, 7 cm langa; 1 rak skrapa av liten spán av 
ssk. fl., 3.5 cm láng och 2.7 cm bred; 1 spán av ssk. fl., avbruten, 
6.5 cm láng, nágot bearbetad i  kanterna; 2 avfall av ssk. fl. (det 
ena skorbránt); 2 nágot tiearbetade avfall av Kr. fl.; 40 avfall av 
Kr. fl,
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Fig. 5. P a rti av »bryggan» v id  Nosemölla, Förf. foto aug. 1918.

Mikroskopisk undersokning av gyttjan, sával (10 cm) over plank- 
verket, som mellan stockarna och under desanima visa, att hela 
lager d ar bildat i  bráckt vatten, i  det gyttjan inneháller C a m 0 ‘ 
lodiscus clypeus och U. echineis i stor mangd jamte sparsamt N it ' 
schia scalaris, N . tryb lione lla  ocb Cymatopleura e llip tica, avensoffl 
spongienálar, bladtaggar av Ceratophyllum  m. m.

En pollenanalys irán 3 olika niváer i  lager d, resp. over, mellan 
ocb under stockarna i  bryggan visande utseende:1

1 I  torven, lagcr c, var pollcnet s tä rkt destruerat. A v  c. 60 dar räknade poIleB- 
korn utgjordes c. Va av A lnus.
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i  d 
cm Betula Fagus Pinus Quer

cos T ilia Ulmus Ainus Cory-
lus Salix A n ta l

pollen

% % % % % % % % %

10 11 1 34 42 8 4 92 45 5 184

25 3 — 41 46 — 10 59 61 12 95

40 14 — 26 52 — 8 71 100 — 160

Markytan vid denna profil befann sig c. 135 cm över 1. v. y. i 
Cábelovssjön samt c. 3.75 m över havsytan. »Bryggan» torde där- 
ii5r f- n. befinna sig omkring 2.4 m. över havsytan.

Vid den pä östra sidan om banalen nágot nordligare 1918 före- 
âgna, av K jellm ark  (1. c.) omtalade grävningen hittades i  botten- 

Syttjan, som ätminstone i  sin undre del torde motsvara det fossil- 
fí'Tande gyttjelagret i föregaende profil: 1 knacksten av äggformad 
flintboll av Kr. fl. med kritskorpa med marken efter användning i 
bäda ändarna, 8 cm läng; 3 knutor av Kr. fl.; 2 tjocka avfall av 
Kr. fl.; 1 större bränt, delvis kolvandlat trästycke.

Bä samma sida om banalen ännu nágot nordligare, ungefär rakt 
V om p. 17, hade jag 1917 gjort en grävning, varvid ett rä tt in- 
tressant fornfynd gjordes. Lagerföljden var bär denna:

a) 160 cm. Troligen omrörda lager av lera och torv.
b) 30 cm. Svämtorv med liggande grenar av ek, kluvna hassel- 

öötter, kol och flintstycken. E tt slamprov inneböll bl. a. A inus  
9lutinosa (9-hängen), Potamogetón crispus (1 fruktsten), liu b u s  idccus 
(2 frnkter), Scirpus lacustris (allm. frukter).

c) 25 cm. Sand med Campylodiscus clxjpeus och C. echineis samt 
täinningar av högre växter, varibland $-hängen av A in u s  och tor
ear och frukter av slän (P runus spinosa). Yidare förekom här 
allmänt kol och flintstycken samt en sandstensklubba med 
Vorrat häl, mycket l ik  en dylik tingest, funnen i Maglemosebo- 
platsen och avbildad av S a r a u w  (1903, s. 211, fig. 11).

Strax invid profilpunkten hittades vid samma tillfä lle  i  äkern 
ea skivyxa, tydligen uppkastad vid kanalens grävning eller rens- 
Wng och utan tvivel härrürande irán samma av kanalen genom- 
shurna kulturlager, som den genomborrade sandstensklubban till-  
börde. De förut omtalade talrika äldre och yngre stenäldersfynd, 
som tidigare gjorts i  kanalen vid Nosemöllakullen, härstamma 
Wan tvivel liksom nu omtalade fynd, deis frán det marina botten- 
Kgret, deis frán den lakustrina gyttjan eller torven däröver.

Vid p. 13, c. 175 m N om fyndplatsen för »kattisorna» etc. 
(p. 17),' är lagerföljden mer fullständig än inom det isolerade nord- 
partiet av Nosabykärret i  övrigt, i det här dytorven under brack-
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vattenslagret liksom ute i det egentliga karret bevarats. Da dess- 
utom en nägot större pollenrikedom här funnits än i  övriga prov- 
serier frän det ifrägavarande omradet, har jag härifrän utarbetat 
ett pollen diagram, som tor de yara nägorlunda representativt för 
denna del av karret (fig. 6). Den absoluta pollenhalten i  resp-

[Maj 1922.

^  Betuio Pinus Ekblondskog Pjcea Tagus Carpinus A/nus Coryfus Salix 

U/rous TiHa Quercus

Fig. 6. Pollendiagram f r k  lagerserien i  Nosemollabassangen vid p. 13.

sk ik t vaxlar emellertid i  hog grad, varfor i  yissa fa ll 3—4 pre- 
parat mast genomgas for erhallandet av e tt spektrum. Pollenrike- 
domen i  resp. lager framgar av nedanstaende sammanstallning, dax’ 
den sparsamma frekvensen i ytlagret, den sandrika myllan, c. 17 
pollen per preparat, satts =  1 och frekvensen i  ovriga lager ut- 
raknats i  forhallande t i l l  darvarande frekvens:
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I  ovre delen av detritusgyttjan forekommer alltsa c. 13 ganger 
sá mycket pollen som i den sandrika myllan (c. 6 ganger sá myc
ket som i  den ovre karrdyn), i  brackvattensdyn c. 12 och i  den 
Undre karrdyn c. 18 ggr sá mycket pollen (resp. c. 6 och 9 ganger 
sa mycket som i  ovre karrdyn). Pollenfattigdomen i  speciellt den 
®andrika myllan och den 6vre karrdyn torde sammanhanga med 
at t  pollenet hár delvis destruerats, varfor pollendiagrammets ovre 
delar ev. aro nágot missledande. Den succesiva okningen uppát 
av ekblandskogens pollenhalt i  karrdyn pá bjorkpollenets bekost- 
üad kan dock nappeligen tillskrivas en dy lik  destruering, da det 
kjockvaggiga bjorkpollenet torde vara val sá motstándskraftigt som 
de adía lovtradens.

Som en jamforelse mellan tabellen s. 569 och diagrammet fig. 6 
ger vid handen, overensstamma vid p. 17 — om man fránser bjSrk- 
Pollenet — resp. pollenslags inbordes frekvensfor-hállanden nágor- 
lunda med desamma inom motsvarande lager vid p. 13. — Frán det 
s&ndrika m yllsk ik te t har nágot t i l l fo r l i t l ig t  pollenspektrum ej kun- 
hat erhállas pá grund av destrueringen och fattigdomen pá pollen 
1 ifrágavarande lager.

F o n s t la d e  fó r a n d r in g a r  av R á b e ló v s s jó n s  o c h  N o s a b y k á r re ts  d ra n e -
r in g s fo r h á l la n  d e n .

For klarlaggandet av Rábelóvssjóns och Nosabykárrets postgla- 
°iala utvecklingshistoria ar ej b lott de nu skildrade stratigrafiska

°ch forandrade draneringsforhállanden, som genom mánskligt in- 
Sripande ástadkommits, máste sávitt m o jlig t utronas.

I  lantmáterikontoret i  Kristianstad finnas i  detta avseende upp-

herad och aven beslutad sankning av Rábelovssjon och torrlagg- 
hing av Nosabykárret. A v  kartan sávál som handlingarna fram- 
gár, att, nar undersokningarna sommaren och hosten 1844 forsig-

90
135

25 cm under ytan i  sandrik m ylla pollenfrekvens 1

^40 » j, » » b ra ckva tte nsd y ................
410 > » » » k a r r d y ................................
4?5 » » » » » (kont. mot lera) .

280 ,250 » 5, » » detritusgyttja
»

»

»

» 3 
2 
2

13
4 

12 
18
4

Idrhállandena en nodvándig forutsattning. Aven de nivaforándringar

tysande handlingar jámte karta frán 1840-talet rorande en da pía
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gingo, nágon sankning eller kanaliseriDg av Nosabybacken eller 
Nose-án, som Rábelovssjons avlopp har kallas, annu ej forekommit. 
Á  kartan foreter vattendraget ett i  hog grad slingrande ocb oregel- 
bundet lopp. Yidare fár man veta, a tt tvá for trakten viktiga 
vattenkvarnverk funnos vid vattendraget ifrága, deis den redan 
omnamnda Nose kvarn eller molla vid nordandan av Nosabykarret, 
deis Nosaby kvarn vid dess sydanda, strax soder om nuvarande 
landsvag vid Nosaby. Aven upplyses man om, att »agorna utmed 
det befintliga li l la  backdraget bestá av mestadelen ang med torv- 
jords beskaffenhet och aro betydeligen sanke och vattensjuke». 
Eftersom rivandet av kvarnarna antages medfora en viss torrlágg' 
ning, kan man formoda, a tt de dammbyggnader, som vid  bagge 
kvarnarna forekommo,1 átminstone i  nágon man hojt vattenstándet 
i  resp. Rábelovssjon ocb Nosabykarret och bidragit a tt gora det 
sistnamnda vattensjukt. Detta bestyrkes ock i  viss man av andra 
uttalanden. Rorande Nosaby kvarn meddelas nftmligen, a tt den, 
efter a tt enligt foretett protokoll av den 31 mars 1760 liava »till- 
kommit efter behoriga syneforrattningar», enligt ett annat protokoll 
av d. 26 aug. 1793 detta ár »medelst dammens hojning nndergick 
nágon forandring».

Den 2 maj 1844 utfOrdes en avvagning frán Rábelovssjon tiU 
Hammars-Helgesjon av lantmátare H e k b s t , varvid bojdskillnaden 
befanns ntgora 7 alnar 22 tum, motsvarande c. 4.7 m. — Eftersom 
Helgesjóns yta  da torde befunnit sig lika  hogt som nu, námligen 
0.9 m. 6. h. (De G e e b  1882 s. 9 anm.; eller mojligen nágot bogre; 
en upprensning av dess avlopp skall señare hava forekommit, 1- 
c., s. 6), har Rábelovssjons vattenyta vid ifrágavarande tidpunkt 
befunnit sig 5.6 m o. b. (eller ev. nágot hogre).

D e Geer (1889, s. 5) meddelar, a tt 1863, da den topografiska kai’' 
tan uppmattes, Rábelovssjons yta befunnit sig 13 fot eller 3.9
6. h. Sedan H erbsts  avvagning 1844 har alltsá Rábelovssjon 
tydligen sankts c. 1.7 m. Sankningen torde ha skett pá 1840-talet 
och i  overensstammelse med á sammantrade d. 4 dec. 1844 av lant- 
mátare ocb godemán fa tta t beslut sannolikt páborjats redan 1845 
samt ástadkommits genom de namnda kvarnverkens u trivn ing  och 
rensning av avloppet.1 2

1865 sanktes RábelSvssjon (enligt D e Geer 1. c.) ányo inemot 4 
fot, sá att dess yta sávál 1878 som 1883 befanns ligga 9.4 fo t eller

[Maj 1922.

1 V id  Nose kvarn »västra> och »östra dammen>. resp. 25 och G3 alnar länga, 
v id  Nosaby kvarn »södra» och »norra dämmen», resp. 25 och 41 alnar länga.

2 E n lig t en kand. a f Ekenstam meddelad m nntlig  uppg ift skulle dock Nosemöll» 
r iv its  efter a tt ha b runn it först pä 1860-talet.
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9  Q

m ö. h. samt 1886 ytterligare c. 0.4 m, varigenom höjden over 
^avet nedbragtes t i l i  c. 2.4 m. Den sammanlagda sänkningen torde 
aHtsâ uppgä t i l i  c. 3.2 m.

Hä grund av avloppets igenväxning och igenslamning torde vat- 
^ßhöjden señare äter hava stegrats, men genom en 1914 företagen 
^ensning hava nivaförhallandena tiden närmast efter sänkningen
äterställts.

II. Allmänna slutsatser.

R ä b e lö v s s jö n s  s e n k v a r tä ra  h is to r ia .

Ur profilen genom »Rähelövskärret» torde huvuddragen av Rä- 
helövssjöns senkvartära historia kunna utläsas. M in »läsart» är 
följ ande.

Den varviga lera, som iakttag its i  skärningens Y  del, och som 
V om densamma gär i  dagen over e tt större omrâde, har sedi- 
üienterats under den gotiglaciala avsmältningen, när Räbelövssjön 
utgjorde en del av den Sydbaltiska issjön eller den stora Skâne- 
Kalmarissjö, som enligt Gr. D e  G e e r  (1917, s. 243) här uppdämts 
Mellan den vikande nordliga och den mer stationära baltiska is- 
randen, och vars vatten natt omkring 50 m över sjöns nuvarande 
yta. Den ärsvarviga leran började avsättas, när Räbelövssjöns 
sydända befriades frân istäcket, v ilke t — enligt vad som framgätt 
a-v A x t e v s  geokronologiska undersökningar i trakten ( A n t e v s  1915) 

in trä ffa t omkring 4100 är före genombrottet i Indalsälven.
Huru den blâgrâ leran eller kort och gott bläleran, som utgör 

de biogena avlagringarnas närmaste underlag, bör tolkas, synes 
toig nagot ovisst. Fram föra llt torde tvenne alternativ ifragakomma. 
Antingen härrör den frân den senglaciala insjö, som bör ha in tag it 
Räbelövsbäckenet, da detta först isolerades ur den sydbaltiska eller 
Skane—Kalmarissjön, eller ock representerar den en efter den för- 
sta isoleringen försiggangen transgression av Balticum, som da 
en lig t min meniDg ej kan ha in trä ffa t señare än i  gotiglacial tid .1 
Heist jag alldeles o tillräck lig t känner blâlerans fôrhâllande t i l l  
den varviga leran (frân vilken den dock âtminstone delvis tyckes 
Vara skild genom sandlager), v i l l  jag icke utta la mig t i l l  förmän 
for den ena eller andra tolkningen ( jf r  nedan beträffande Nosaby- 
kärret).

1 Denna transgression künde ju  tänkas motsvara den gotig lacia la sänkning, som 
anses registrerad â Västkusten i  skalbankar i Uddevallatrakten. Se A n t e v s  1922.
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Lergyttje lagret markerar i  varje fa ll övergängen t i l i  lugnare 
och grundare sedimentationsförhällanden samt uppkomsten av ett 
nägot rikare växt- och d ju rliv . Pollenspektret med dess höga 
björk- och sälgpollenfrekvens torde visa, a tt k lim atet ännu vid 
denna tidpunkt var a rk tisk t eller subarktiskt. — Diatomacefloran 
i  samma lager med den allmänna förekomsten av brackvattens- 
arterna Mastogloia elliptica och M. Smithii ta lar mähända för, att 
vattnet, va ri Sedimentationen försiggätt, v a r it svagt bräckt, möj- 
ligen en fö ljd  a v  redan nu inträdd avloppslöshet ( jf r  S u n d e l in  1 9 1 7 ,, 

s. 95— 96 och 1919, s. 198 ).

Även andra — enligt min mening dock mindre sannolika — 
tolkningar givas, säsom att det vatten, varur Räbelövssjön isole- 
rats, ägt svag salthalt, eller att de ifrägavarande diatomaceerna 
skulle härröra frän förstörda äldre, närmast interglaciala avlag- 
ringar.1

Annu en förklaring t i l i  brackvattensdiatomaceernas härvaro, som 
emellertid skulle innebära, a tt le rgyttjan  och sannolikt ocksä den 
oskiktade leran vore av annan älder och annat Ursprung än ovan 
antagits, mäste t i l i  sist nämnas och skärskädas. Man künde ju  
tänka sig a tt diatomaceerna i  fräga inkommit med den transgrede- 
rande äldre Ancylussjön säsom re lik te r frän Yoldiahavet. Ler
gy ttjan  och väl ocksä den oskiktade leran borde da även vara 
sedimenterade i Ancylussjön.

Har över huvud Ancylussjön skö ljt in  i  Räbelövssjön — och 
enligt bl. a. M u n t iie s  förläggning av A. G-. i  trakten borde den 
g jort det (se M u n t h e  1 9 1 0 ) — kan dess spar knappast vara a tt söka 
annorstädes än just i  nämnda Sediment, som torde underlagras av 
varvig lera och överlagras av en otvetydigt lakustrin  skalgyttja, 
som när upp t i l i  det senare omtalade litorinalagret. — Det finnes 
emellertid flera, men fram föra llt en omständighet, som bestämt 
synes mig motsäga en tolkning i denna rik tn ing : lergyttjans 
pollenspektrum. Ancylustransgressionen mäste ju  vara av fram- 
skriden iin ig lacia l eller möj ligen tid ig t postglacial älder, vadan Vege
tationen i  Skäne vid dess inträde snarast torde ägt den begynnande 
värmetidens prägel. Men leran är sä gott som pollenfri, och le r
gyttjans pollenspektrum (björk 77, ta ll 23 % och Salix i  mer än 
25 % av trädpollenet) pekar, som redan sagts, pä arktisk eller

1 Pä sistnämnda satt y i l l  M ü n t i i e  1920 (s. 145 och. 150) fö rk la ra  e tt par likartade 
fynd  av brackvattensdiatomaceer i Tolänga mosse i  Tolänga sd  samt en mosse NO 
om Eriksdals järnvägsstation, bäda i Skäne. I  synnerhet ä den förstnämnda lokalen 
(dar bl. a. även M a s to g lo ia  S m it h i i  täm ligen a llm änt förekommer) överensstämma 
fyndomständigheterna pä det a llra  närmaste med dem i  Räbelövssjön. Mot M u n t h e S 
to lkn ing  synes m ig ta la  den rel. liöga frekvens, vari ifrägavarande arter uppträda 
och — vad ätminstone Räbelövsfyndet angär — deras goda bevaringstillständ.

[Maj 1922.



subarktisk tid. T. o. m. rä tt högt upp i  den undre skalgyttjan 
t°rde pollenfloran snarare ange goti- än fin iglacial älder (björk 23, 

76, ekblandskng 1 % samt hassel 5 % av trädpollenet). I  varje 
när icke ens här ekblandskogens pollenprocent samma höjd 

s°m i de icke sä avlägsna Svterdborgs och Magiemoses t i l i  ancylustid 
Wände kulturlager (»Mullerupspektrum». J essen 1920, s. 114).1

Den undre skalgyttjan har alltsä enligt min mening avsatts i  
'W  frän samband med JBalticum avstängda Räbelövssjön under 
goti-, fini- och tid ig t postglacial t id  (enligt D e G eers terminologi). 
Och Ancylussjön har enligt min äsikt aldrig nätt in  i Räbelövs- 
sJön (se vidare nedan angäende Rosabykärret).

Diera omständigheter synas tala för, a tt ett lägt vattenständ 
Var it  rädande i  Räbelövssjön under den prm litorinala tiden, näm- 
^gen dels förekomsten av CI adiumfrnlitev genom heia den undre 
skälgyttj an i  »Rabelövskärret», dels den av pollenanalysen att 
dönaa frän nämnda tid  härrörande undre delen av kärrtorven i 
Samma kärrs västra del, som dar pä grusigt underlag nedgick nära 
meterdjupt under nutida lägvattenyta, dels slutligen den med 
ündre ska lgyttjan vid Räbelövsprofilen ekvivalenta Gladium- och 
brunmossförande »levertorven» i  Nosabyprofilens Räbelövsdel, som 
(visserligen i  en frän sjön i  ö. i  viss man isolerad sänka) ned
gick omkring 8 m under sjöns nuvarande yta och mer än 5 m 
Under havsytan. Det läga (boreala) vattenständ, som i prselitori- 
Ual tid  rä tt i  Räbelövssjön, har heit visst medfört avloppslöshet. 
Det skulle ocksä i  själva verket behövas en jämförelsevis ringa 
minskning av den nutida nederbörden eller höjning av tempera- 
tnren och därmed avdunstningen, för a tt Räbelövssjön med dess 
obetydliga tillflöden ärligen skulle bliva avloppslös.

Under litorinasänkningen bryter Östersjöns vatten ater in i  Rä- 
belövssjöns bäcken, och detta intages av en havslagun med bräckt 
hatten, vari Campylodiscus clypeus, C. echineis, Nitschia tryblionclla, 
'S'urirella striatula och natesärv ym nigt frodas vid sidan av färsk- 
^attensformer, isynnerhet arenaria-arter. Strax före havets inbrott 
1 Räbelövsbäckenet spelade ännu den ädla lövträdsfloran en jäm 
förelsevis underordnad ro ll (pollenfrekvensen knappt 10 % av de 
skogbildande trädens pollensumma), men innan det ater drar sig 
tillbaka därifrän, torde den b liv it dominerande (pollenfrekvensen 
mer än 40 % av trädpollenet).

1 Ancylustransgressionen y il l A ntevs (1922) parallellisera med den tid ig t postgla- 
ciala sänkning, han anser konstaterad ä Västkusten. — E tt inslag av Balticum i 
käbelövssjön under den tidigare flniglaciala sänkning, som skulle pävisats ä Väst
kusten (1. c.), är av samma grundcr, som anforts mot Ancylussjöns transgression i  
täckenet föga tro ligt.
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Nar Litorinahavet nâdde in  i  Râbelovssjon, frodades i  dess sodra 
del en r ik  vattenvegetation, karakteriserad av Najas marina och 
Clypeus-flora. Redan innan havet defin itivt dragit sig tillbaka 
frân sjon, bar mâhânda gnngflybildningar med Amblystegier och 
Carices (samt Cladium?) u ttrângt bland vattenvegetationen, t. o. m- 
utanfôr nutida lâgvattenstrand, a tt dôma av brackvattensorganis- 
mers narvaro i  dârvarande »sjôkarrtorv». Men det kan ocksâ tan- 
kas, a tt Litorinabavet fôrst dragit sig tillbaka  och sedan âter 
sko ljt in i  sjon, och att igenvaxningen i  frâga agt rum under mel- 
lantiden.

Nâgra markerade strandlinjer, som med sâkerhet utmârka Lito- 
rinahavets hôgsta nivâ inom Râbelôvssjôns bâcken, har jag icke iakt- 
tag it. Ivring den nârbelâgna Ifôsjôn iinnas emellertid utmejslade 
terrasser och strandvallar â c. 7.5 m:s h. o. h. (se D e G eer 1889, 
s. 87), som môjligen delvis utbildats av Litorinahavet nnder dess 
maximistând; vidare p raktfn lla  litorinagransvallar omkring 8 rn 
o. h. inângenstades â Listerlandet langre ôsterut (D e G eer 1882, 
H olst 1899). Iakttagelser frân nârgrânsande sjôar ger anledning 
fôrmoda, a tt havsytan inom Râbelôvsbackenet under litorinatiden 
ej nâtt fu l l t  sa hôgt, approx. 7 m ôver nuvarande havsyta. Djupet 
vid passpunkten i  sundet, som fôrband Râbelôvs- och Nosabybâc- 
kenen, bor dâ hava u tg jo rt c. 3.5 m (vid p. 10), ev. med en nâgot 
djupare m ittfâ ra  ( jf r  s. 563).

Nâr Râbelovssjon âter isolerades frân Balticum, âro v i inné i 
den torra subboreala tiden. Yattenstândet i  sjon har, av lager- 
foljden i  Râbelovsprofilen a tt dôma, sannolikt âter sjunkit under 
passhôjd och Râbelovssjon b liv it  en tidvis avloppslos sjo, vars 
omfâng alltmer kringskurits av de frân stranderna utvâxande 
karrformationerna. Oster om Râbelôvs herrgârd, varifrân Râbe- 
lôvsprofilen hârrôr, torde sâlunda den gungflyartade stranden denna 
tid  kommit a tt ligga omkring 250 m utanfôr nuvarande lâgvattens- 
strand.

Nar den subatlantiska tidens fuktigare och kallare k lim at efter- 
trâdde den subboreala tidens torrare och varmare, steg vattenstân- 
det i  sjon. Strandkarren drânktes, varvid karrsamhâllena gingo 
under, och ska lgyttja  samt langre in svâmsand bôrjade avsâttas 
ôver deras rester. Hârigenom fôrstorades sjôns areal ej obetydligt. 
Ô om Râbelôv utflyttades sâlunda nu eller senare, som av profilen 
framgâr, stranden c. V2 km. — Som pollenanalysen synes visa, kom 
den adla lôvtrâdsfloran i  omgivningen att spela en mindre framtrâ- 
dande roll, samtidigt som gran och bok b li representerade.

Huruvida sjon uppnâtt s itt av strandlinjen â c. 3 m. Over nu-

[M aj 1922.



varande sjöytan markerade maximiständ av 5,6 m ö. h. redan i  
subatlantisk tid  (ss. 557, 574, 575), lä r knappast kunna avgöras. 
droligast synes mig emellertid, a tt höjningen skett successivt i  
samband med igengrundning ocb igenväxning av utloppet, señare 
även genom dammbyggnaderna vid Nosamölla ocb Nosaby (s. 573 
ff-)- Denna stegring torde bava avbrutits först genom de pa 1840- 
talet päbörjade sänkningarna. Uppdämningens storlek kan aprox. 
uPpskattas t i l l  c. 2 m, eftersom mineraljordsbottnen under torven 
Gd sidan av den sannolikt ännu nägot dj upare m ittfäran vid  av- 
l°ppströskeln ej när bögre än c. 3.5 m ö. b.

R ä b e lö v s s jö n s  s te n ä ld e rs b o p la ts e r  i  r e la t io n  t i l i  dess h is to r ia .

E fte r  den pá s tra t ig ra f ie n  i  R äbelövssjöns s tra n d k ä r r  fo tade  
sk isseringen av s jöns s e n k v a rtä ra  u tv e c k lin g s h is to r ia , sko la  v i  se 
t i l i  i  vad  m an denna kan  k a s ta  l ju s  öve r de p rob lem , som äro fö r-  
ku ippade  m ed de in o m  densam m a g jo rd a  b o p la ts fyn d e n , f r a m fö r a l l t  
de r ik a  fy n d e n  v id  K r is t in e lu n d s  badbusb rygga .

Eörst má da sägas beträffande sistnämnda fynd, a tt fyndom- 
ständigbeterna ocb naturförhällandena pá platsen otvivelaktigt tala 
för, att samtliga föremäl bär bava funnits i  sekundärt läge, san- 
holikt utsvallade fran boplatser, som en gang legat á den raserade, 
leriga moränstranden. Den blockrika hopskjutna stenbarriär, som 
inät land begränsar den längsluttande fyndrika strandzonen (fig. 2), 
leder nämligen uppenbart s itt Ursprung fran tiden efter sänkningarna 
Pä 1840- och 1860,-talen. Den bar utbildats genom att isen sam- 
manskjutit block vid Räbelövssjöns genom sänkningarna uppkomna 
ßya strand. Den 15—25 m längre in belägna blockstranden bar 
utbildats pa liknande sätt vid den före 1845 existerande stranden. 
Det leriga moränmaterialet ocb med det utan a llt  tv ive l stenäl- 
dersfynden hava genom vägsvallet utsköljts, ocb de nägot större 
föremälen hava bamnat pä den längsluttande bottnen utanför den 
yttre blockbarriären.

Genom denna to lk n in g  fö rk la ra s  ocksä e n k la s t b la n d n in g e n  av 
ä ld re  ocb y n g re  s tenä lde rs fo rm e r. D e  k u n n a  h ä rrö ra  fra n  o lik a  
s a n n o lik t ä s k ild a  n iv ä e r lig g a n d e  b o p la tse r, som sp o lie ra ts  av 
vägorna, och v i lk a s  in n e h a ll b la n d a ts  om v a rta n n a t.

D en av  kand. a f E k e n s t a m  ia k tta g n a  fyn d a n h o p n in g e n  v id  ocb 
m e llan  s tö rre  s tenb lock  s k u lle  v is s e rlig e n  ku n n a  to lk a s  som en 
p r im ä r  företeelse, beroende pä a t t  h ä r de e g e n tlig a  bop la tse rna  
legat, men v id a  san n o lika re , fö r  a t t  icke  säga sä ke rt, ä r, a t t  väg- 
s v a ll ocb v i r v la r  v id  och m e lla n  b locken  ä r sku lden .
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Huruvida en liknande tolkning som denna kan ges även beträf- 
fande boplatsfynden ä Näsudden och vid Österslöv, har jag ej varit 
i  t illfä lle  att undersöka, men det är y tterst sannolikt.

Den nu givna förklaringen avlägsnar dock icke alla svärigheter, 
som äro förknippade med Räbelövsboplatserna. Materialet i  dessa 
omspänner en stör del av stenäldern frän äldre stenälder t. o. m. 
gänggriftstid och ev. senare. De t i l i  äldre stenälder hänförda 
benredskap, som sä ta lr ik t  träffats i boplatsen yid Kristinelim d, 
bava i  allmänhet ansetts tillhöra  ancylustid, sälunda tiden före 
litorinatransgressionen (se t. ex. H olst 1909; L indqvist 1918). Ny- 
ligen har emellertid K jellm ark  (1919) g jo rt gällande, a tt de t i l i  
ancylustid vanligen daterade benredskapsfynden i  själva verket 
äro yngre, föreskrivande sig frän tiden omkring eller efter L ito- 
rinahavets maximum. K jellm abk  stöder dock sin äsikt väsent- 
ligen pä sin datering av Listerlandets benredskap. Sistlidna som- 
mar hade emellertid förf. t illfä lle  a tt företaga förnyade undersök- 
ningar av lokalerna för Hera av dar gjorda benredskapsfynd, v ilka 
undersökningar g iv it t i l i  resultat, a tt ifrägavarande fynd enl. förf:s 
mening utan a llt  tv ive l tillhö ra  tiden före litorinatransgressionen 
i  traktens mossar. För min del häller jag därför för troligast, att 
den likartade älderdomliga och rika benkulturen i  Räbelövssjön 
även ätminstone t i l i  en del t illh ö r tiden före Litorinahavets inbrott 
i  sjön, delvis kanske ocksä tiden för detta.1

Som stratigrafien i  strandkärren otvetydigt synes visa, har vat- 
tenständet i Räbelövssjön under ancylustid (boreal tid ) va rit syn- 
nerligen läg t — tidvis sannolikt lägre än nu. Nägon som helst 
anledning a tt antaga, a tt det folk, som redan da slagit sig ned vid 
Räbelövssjöns SY strand, levat ä flo tta r finnes ej — icke ens om 
fynden skulle befunnit sig in situ, v ilke t emellertid icke är fallet.

När havet vid litorinatransgressionen bröt in  i  Räbelövssjön, 
ändrades ju  naturligen i  hög grad existensvillkoren vid boplats- 
lokalerna. Den beboeliga platsen kringskars alltmer och slutligen 
äterstod av den forna udden blott en liten holme, som en eller 
annan meter höjde sig ur Litorinahavets bräckta vatten. T ro lig t 
är a tt boplatser även under Litorinahavets inbrott i  sjön funnits 
pä platsen, pä den mot faror skyddade holmen (märk förekomsten 
av salben i fyndmaterialet). Ovisst är emellertid, om den hyst 
nägra bebyggare under Litorinahavets maximiständ, da holmens 
areal va rit högeligen inskränkt.

[Maj 1922.

2 Obs. även M u n t h e  1920, s. 166 och 167, dar ett fynd av »fägelpil» av samma 
slag, som funnits i Räbelövssjön, omtalas och avbildas, vilket gjorts i en mosse nära 
Bromma kyrka i Skäne i>levertorv»,som enligt pollenanalysbildats föreekensinvandring.
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E fte r  R abe lovssjons d e iin it iv a  is o le r in g  fra n  B a lt ic u m , y i lk e t  
torde ha in t ra f fa t ,  n a r u n g e fa r h a lv a  lito r in a b o jn in g e n  fu l lb o r -  
^ ats, s jd n k  som n a m n t v a tte n y ta n  i  s jon  anyo ned t i l l  och tro lig e n  
Under u u t id a  v a tte n n iv a . A tm in s to n e  tve n n e  b o p la tse r hava  unde r 
nU radande y n g re  s tena lde r le g a t a den t i l l  udde a te r fo rva n d la d e  
°m ty c k ta  b o p la ts lo k a le n  i  R abe lovssjons s y d v a s tv ik . N u  l ik a  l i t e t  
s°m  be tra ffande  de a ld re  fyn d e n  b a r m an, synes det m ig , nagon 
Srnndad a n le d n in g  a t t  t i l lg r i p a  flo ttebop la tshypo tesen .

Ehr den subatiantiska tiden inbrot, var ju  stenaldern (och dess- 
Ekes bronsaldern) tillanda. Men boplatsresterna funnos dolda i

44. h . 5 . ]  r Ab e lo v s s jo n s  o c ii n o s a b y k a r r e t s  h is t o r ia .

Fig. 7. »Kalvhagen», dar de fiesta fornfynden âro gjorda, sedd frân soder.
Fürf. foto sl/3 1921.

Wan mellan stenar i  strandsluttningen. De aldsta boplatsspâren, 
som antagits tillhOra tiden fore litorinatransgressionen i sjôn, hade 
dock mâhanda redan under denna t i l l  god del skôljts ned pâ lagre 
nivàer och kamnat v id  eller utanfôr den subboreala Râbelovssjons 
strand. Nu kom i  vart fa ll turen t i l l  de yngre boplatser, som 
kârrorde frân subboreal tid, och som legat nedanfôr den hoga strand- 
Enjen frân tiden fore 1845, a tt spolieras av t âgsvallet under det 
stigande subatlantisk-recenta vattenstândet och fa s itt innehâll ned- 
% tta t.

De boplatser, vars inventarier traifats vid och utanfor stranden 
efter 1800-talssânkningarna, kunna alltsâ hava legat, vad de aldsta 
betrâffar, var som helst upp mot L. G. c. 5 m ovan ñutida sjoyta, 
°eh, vad de yngre subboreala angâr, mellan ñutida strand eller
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utanfor denna och den 15—25 m darinnanfor belagna subatlantisk- 
recenta stranden á c. 3 m over sjons yta. Inom hela denna zon at 
det finare materialet mellan blocken t i l l  stor del u tsko ljt och tned 
det fornsakerna.

Nar ringgraven, som kringgardar stenálderskullen, tillkom m iti 
vagar jag ej med nágon sakerhet y ttra  mig om. Doga tro lig t, om 
ej alldeles uteslutet, ar, a tt det skett under stenáldern — i sá fa ll

Fig. 8. Parti ay ringgraven runt »Kalvhagen>-knllen. Forf. foto 2l/s 1921.

redan under den tid  Litorinahavet nádde in i sjon. Sakert torde 
vara, a tt den gravts i  forsvarssyfte samt under en period med 
hogt vattenstánd —• sannolikast kanske under snbatlantisk tid  — 
alltsa under nágot skede av jarnaldern.1

N o s a b y k â r re ts  s e n k v a r ta ra  u tv e c k lin g s h is to r ia .

H olst (1. c. s. 26, 49, 73), som foretagit en gravning i  Nosabykarrets 
céntrala del, har dar funn it en lagerfoljd i  huvudsak l ik  den, som 
áterfinnes i vissa av min profils m ittpartie r.2

D e n  a v  sand  ô v e r-  och u n d e r la g ra d e  b lâ le ra ,  H olst f u n n i t  i  bott-
1 Nâgra blockrader, mojligen angivande fornlâmningar, iakttogos â kullen.
2 Holsts profil her detta utseende, uppifrân-ned: torvdy 0.4; gyttja 2; torvdy0.4; 

sand med snackskal 1.1; blâlera 1.4; sand 0.7 m  + .



nen av sin profil, och som ander liknande förhällanden flerstädes 
oterfinnes vid min skärning (säväl som den över- och underliggande 
senden) tolbar han som en i  Ancylussjön avsatt bildning. Han 
^ar emellertid, lika  lite t som jag, här funnit nägra diatomaceer 
ê ler nägot annat, som med fog künde berättiga t i l i  en dy lik  tolk- 
nillg- Endast nägra sporadiska björk- och tallpollen har jag iakt- 
“ag it i  leran. — Frän den överliggande sanden, som pä sina hall 
skiljer leran frän torven, uppger däremot H olst nägra färskvatt.ens- 
diatomaceer jämte brackvattensarterna Campylodiscus clypeus och 
Nitscliia scalaris samt (icke bestämda) mollusker. Själv har jag i 
^otsvarande lager (se s. 564) likaledes fiinn it mollusker, varibland 

sp. kunnat bestämmas av specialist, samt en fruktsten av Pota- 
n>ogeton cfr natans ('därjämte substitutionsartat (?) Phragmitesrisom).

A tt  den sä gott som fossilfria bläleran, lika  väl som sandskik- 
•̂en, som f. ö. ofta övergä i leran, kunna vara sedimenterade i 
■^■'■cylussjön, anser jag mycket lite t tro lig t, sä mycket mindre som 
Pollenfloran ännu i överliggande lager torde ange ett vida tid i- 
gare skede (se fig. 3).

Med a ll sannolikhet är bläleran i  botten av Nosabykärret av 
sainma Ursprung som den likartade leran inom Räbelövsbäckenet, 
eo lig t min förmodan alltsä troligast utsvämmad i senglaciala vat- 
^ensamlingar, som uppkommit vid havets första regression frän 
omrädet eil er härrörande frän en senare gotiglacial transgression 
av Balticum. Den stundom mäktiga sand, som underlagrar blä
leran och i sin tu r torde underlagras av varvig lera (som jag dock en
tast konstaterat vid p. 11, dar den uppträdde under decimeterdjup, 
sandig blälera), künde möjligen tyckas tala t i l i  förmän för trans- 
gressionshypotesen. Men den torde ocksä kunna förklaras som an
der Balticums sjunkande utsvämmat dista lt strandgrus, kanske 
hven pä annat sätt.

Huru som helst har omrädet smäningom intagits av pä grund 
av Sedimentation och ev. avdunstning a llt  grundare vattensamlin- 
gar utan samband med Balticum, vari gyttja  avsatts (pp. 21—23). 
Genom igenväxning medelst Phragmites, Cladium, starrarter, Me- 
nyantJics, m. m. försvunno slutligen dessa, varefter heia omrädet 
kom att intagas av väldiga, sammanhängande kärrmarker, vari 
agen mängenstädes spelade huvudrollen.

Detta kärr synes sedan hava ägt bestand in t i l l  Litorinahavets trans
gression, ostört av ancylustransgressionen, som enligt min tro icke 
ens nätt Nosabykärrets höjd, ehuru nu detta endast befinner sig 
et t  par meter över havsytan. Rön frän ätskilliga andra av mig 
studerade lokaler i  trakten hava s ty rk t mig i  min uppfattning,
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att Ancylussjön i  Kristianstadstrakten icke kan hava nätt mer än 
Lögst obetydligt högre än nuvarande havsyta. — Under Ancylus- 
sjöns regressionsskede har Balticum dragit sig a llt längre, slut- 
ligen halvannan m il bort frän Nosabykärrets gränser och ntanför 
nutida kust, och dess yta bar — av flere under havets nivä be- 
lägna, av mig undersökta torvmossar a tt döma — i  Kristianstads- 
trakten nedgätt c. 4 m elier nägot mer under Östersjöns nuva
rande yta.

De enstaka brackvattensdiatomaceer, som H olst anmärkt fran 
sanden närmast under torven, anser han ditkomma med Ancylus- 
sjön säsom re lik te r frän Yoldiabavet. E n lig t min övertygelse hava 
de emellertid ett heit annat Ursprung. Själv bar jag vid p. 22 i 
min profil funn it fragment av samma brackvattensarter genom 
heia den här tämligen luckra Phragmites-Cladium-tovven under 
litorinalagret. Och liknande förbällanden har jag räkat pä inom flere 
andra av traktens under litorinasänkningen av havet översväm- 
made kärr och mossar. — Jag häller för troligast, a tt dessa för- 
irrade, sä gott som a lltid  fragmentariska brackvattensdiatomaceer, 
som aldrig  äro nägra andra än de i litorinalagren allmänt före- 
kommande, antingen medföljt v id  litorinatransgressionen direkt 
nedsipprat bavsvatten eller ock kommit pä sin nuvarande plats 
senare, kanske först efter kärrets torrläggning, genom nedträngt 
dagvatten, som passerat det överliggande litorinalagret och dar 
bemängts med diatomacefragmenten ifräga. — Det künde ju  tyc- 
kas, a tt — om min tolkning är r ik t ig  — även pollenspektra borde 
ha influerats av denna infiltra tion. Men detta bar av a llt att 
döma icke va rit fallet (se nedan). Förklaringen h ä rtill kan emel
le rtid  bl. a. tänkas sammanbänga med, a tt diatomaceerna ha större 
specifik v ik t än pollenkornen, v ilka  därför lättare adbereras av och 
fastna i gyttjan, resp. torvens ytsk ik t.

Under litorinasänkningen bröt havet in över karret, fördrän- 
kande och delvis bortsköljande den bildade torven. Det sist- 
nämnda har i  synnerhet in trä lfa t inom Nosemöllabassängen, där 
vägorna pressats in  och mött det frän Räbelövssjön utströmmande 
vattnet. Här v ila r fördenskull det lito rina la  brackvattenslagret i 
allmänbet direkt pä det sandiga eller leriga kärrunderlaget, vars 
översta sk ik t omlagrats och inmängts med brackvattensorganismer.

Djupet i  det sund, som vid Nosemölla satte Nosemöllabassängen 
i  förbindelse med det övriga Nosabybäckenet, bör vid L itorina- 
bavets maximiständ hava varit c. 4 m  (p. 19), medan bredden utgjort 
ett 50-tal m . —: Nosemöllahöjden (där kvarnen statt) bildade en 
västerifrän framsbjutande udde, som skilde de bägge partierna av

[Maj 1922.
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bäckenet, och som omedelbart invid sundet obetydligt höjde sig ivr 
v%orna.

negativ strandförskjutning áter vidtog, avsnördes Nosemölla- 
ackenet frán sambandet med Litorinahavet vid en tidpunkt, da 

47 % av litorinahöjningen bör hava áterstátt. Nosemöllabäc- 
' eaet intogs da t i l l  en början av en liten sjö eller damm, vari- 

8enom Rábelovssjüns vatten avbürdades — när den hade nágot 
Ratten att avbörda. När Östersjön dróg sig tillbaka frán det egent- 
JlSa Nosabykärret, uppstod här ej nagra insjöar, utan hela om- 
radet synes straxt hava inkräktats av starrformationer, vari agen 
eJ mera ingick. Under den subboreala torrtid , som nu följde, 
växte ocksä Nosemöllabassängen igen genom kärr- och skogssam- 
Fällen (genom de sistnämnda vid de torrare delarna kring avloppet).

Under denna tid  torde som nämnt Rabelövssjön átminstone periodvis 
varit avloppslös och följaktligen Nosabybäcken ej längre fort nä- 
S°t vatten eller i  vart fa ll endast t i l l fä l l ig t  och obetydligt.

När vid den subatlantiska tidens inbrott grundvattnet i  Nosa- 
V kärre t steg, ersattes dess kärr- och lövskogssamhällen av mer 
iuktighetsfördragande magnocariceta. När sedan Nosabybäcken 
0Ql várarna steg över sina bräddar, översvämmades kärret, och 
Saad eller lerslam avsattes i  sänkorna och inlagrades i  torven 
(°bs. sandlagren vid pp. 11—12 och 24 samt lerlinsen mellan pp. 
15 och 19).

Dessa fuktiga förhällanden fortsatte och troligen stegrades in  i 
historisk tid  genom Nosabybäckens igengroning och de senast sedan 
Bitten av 1700-talet existerande kvarndammarna vid Nosaby. Genom 
Gossas rivn ing och kanalgrävningarna pä 1840- och 1860-talen to rr
e e s  slutligen kärret och uppodlades, varvid den subatlantisk- 
recenta torven alltmer sammansjunkit och destruerats.

ßekräftelsen pá, a tt ovanstáende tolkning átminstone i  sina hu- 
vuddrag mäste vara r ik tig , giva pollenanalyserna, samtidigt som 
de giva en del andra antydningar av intresse. Jag skali därför 
slutligen göra nágra pápekningar och jämförelser beträffande de 
bägge pollendiagrammen frán Nosabykärrets centrala del.(=»N o- 
sabydiagrammet») och frán Nosemöllabassängen ( =  sNosemölladia- 
grammet»). O verensstäm m else mellan bada ráder i stört sett 
1 traga om gangen av ek-, ta ll- och björkkurvorna, ävensom i  v ik- 
t jga avseenden ifräga om al-, hassel- och Nafekurvorna. I  de 
äldsta, i  nägon större utsträckning pollenförande senglaciala lag- 
ren äro sálunda av trädslagen endast ta ll och björk representerade 
°ch sistnämnda i päfallande hög grad (vid bägge diagrammen c. 
40 % björk och c. 60 % tallpollen), varjämte en icke ringa halt av 

39—220270. G. F. F. 1922.
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sa lg - e lle r  v id e p o lle n  fo rekom m er. V id  N o sa b yd ia g ra m m e t tra ff& s 
ock en r in g a  p rocen t »Corylus»po llen .

I  yngre prselitorinala lager b lir  i bagge diagrammen tallpolle- 
net dominerande (80 á 90 %), samtidigt som bjork- och Salixpolle; 
net avtar ocb ekblandskogens representanter (inklusive basseln) blí 
sparsamt foretradda. De sistnamnda na i  lager aldre an litorina- 
transgressionen i  kárret icke nágon hogre frekvens, i diagramniet 
fran Nosabykarrets céntrala del, dar lagerfoljden ár mindre ramp°" 
nerad av det inbrytande havet, dock slutligen náende c. 10%.

I  litorinalagret stiger ekblandskogens pollenhalt i  bagge dia
grammen t i l l  c. 40 % (jfr. analysen irán litorinalagret i  Rábelüvs- 
sjon), samtidigt som al- ocb hasselpollenprocenten na boga várden 
ocb aven bjork- ocb salgpollenhalten stegras, medan tallpollenkur- 
van nedgár t i l l  a llt  lagre belopp.

I  efter litorinatransgressionen bildade lager, varifrán dockspektra 
pá grund av pollenets partiella destruering och fátalighet mábanda 
aro mindre t illfo r lit lig a , sker en svagare okning av tallpollenfre- 
kvensen ocb minskning av bjork-, salg- och alpollenfrekvensen, 
vilken señare vid Nosemolladiagrammet ar sárskilt páfallande, 
medan ekblandskogens pollenírekvens háller sig nágorlnnda ofor- 
andrad. V id  bagge diagrammen visar sig bar aven fá ta lig t bokpollen 
(vid Nosemolladiagrammet aven gran- ocb overst GW^mns-pollen), ¡ 
som vid andra punktprofiler iakttagits redan i litorinalagret (s. 571)- 
Bagge diagrammens oversta delar synas vara av (senjsubboreal 
álder. Subatlantisk-recenta spektra, dar bl. a. en hog bokpollenhaü 
va rit a tt vanta, saknas i  diagrammen, emedan inga t illfo r lit lig a  
analyser kunnat erhállas frán de oversta starkt destrnerade torv- 
lagren (jfr. »norma 1 diagrammet* for en sydskánsk mosse bos L. v. 
Post 1919 s. 165).

O lik h e te r  mellan diagrammen forekomma emellertid ocb. Sá- 
lunda faller strax i  ogonen Nosemolladiagrammets vida storre ore- 
gelbundenbet, v ilke t uppenbart sammanhanger med, a tt pollenreg- 
nets modersamhallen bar befunnit sig i  profilpunktens omedelbara 
narbet. Nosabydiagrammets mera scbematiska enkelhet áter skyl- 
les profilpunktens betydligt storre avstand — Aere hundra meter

- fran de narmast pollenalstrande skogarna ocb snáren. Det ut- 
gor dárfor en tillfo rlitlig a re  projektion av traktens allmánna ve- 
getationsíorbállanden an Nosemolladiagrammet, som áter i  hogre 
grad avspeglar de lokala vegetationsforhállandena i  Nosemolla- 
bassángens omedelbara narbet.

E n  e gendom lighe t fo r  N osem o lla d ia g ra m m e t a r exem pelv is , a t t  
d e tr itu s g y tt ja n  s tra x  ovan l i to r in a la g re t  v is a r  e tt abso lu t b jo rk -



Pollenmaximum med 49 % samtidigt som ett absolut tallpollenmi- 
mrnum med 19 %, hantydande pa att bjorken jamte de adla lov- 
^fiden belt eller i  det narmaste undantrangt tallen i bassangens 
narmaste omgivning under tiderna narmast efter isoleringen.

Den bolossalt hoga alpollenfrekvensen ( in till 97 % av ekblandsko- 
§ens, tallens ocb bjorkens pollenfrekvens) likava l som mangden av 
'S'afepollen i  Nosemollabassangens litorinagyttja  och overlagrande 
âbnstrina gy ttja  vittna vidare otvetydigt om, a tt str&nderna kan- 

tats av al- och videsnar. Hasselpollenfrekvensen, som forst mot 
ŝ te t  av insjostadiet nar s itt maximum med 60 % av tradpollenet, 
(samtidigt med ett sekundkrt al pollen maximum), ar dock aven i 
Htorinalagret anmarkningsvart hog, och i litorinalagret vid »brygg- 
Profilen» omedelbart nedanfor Nosemollakullen nar frekvensen 100 % 
av tradpollenet, sannolikt beroende pa att a udden och annorsta- 
des kring bassangen rena hasseldungar funnits, ehuru hasseln na- 
turligtvis aven ingatt i  de ekblandskogar, som omkransat densamma 
(mark aven forekomsten av branda hasselnotsskal i  litorinalagrens 
kulturlager). Mojligen har ocksa alen ingatt som bestandsdel i ek- 
blandskogarna (se J e s s e n , s. 236). Dessa synas hava bibehallit sin 
Under litorinatrangressionen erovrade rangplats i  traktens skogs- 
samhallen in  i  bildningstiden for de troligen sensubboreala torv- 
' ager, varifran de yngsta analyserna h&rrora.

E tt karakteristikum for Nosabydiagrammets yngsta led ar att 
hasselpollenet forst har nar s itt maximum med 44 % av trhdpolle- 
net, troligen emedan hasseln borjat uttranga over det torra subbo- 
reala karret.

^ o s a b y k a r r e ts  s te n & ld e rs fy n d  i  r e la t io n  t i l l  dess u tv e c k l in g s h is to r ia .

Stenaldersfynden i  Nosabykarret vid NosemOlla forskriva sig 
uppenbart, liksom fynden i  Rabelovssjon, fran ganska v it t  skilda 
tider. Da harvarande fynd i  motsats t i l l  nyssnamnda befinna sig 
Jn situ, kan man ocksa mer noggrant an dar iixera deras geolo- 
giska alder. Som av det anforda framgar, kan man har urskilja  
dels aldre i litorinaavlagringarna inbaddade och med dessa sam- 
tidiga kulturlager (nagon nedsjunkning fran yngre lager ar av 
flere anledningar utesluten), dels yngre forskrivande sig fran tiden 
nfter det Litorinahavet dragit sig tillbaka fran Nosemollabassangen.

Den i  (av torv omedelbart overlagrade) lito rinagyttjan  inbad
dade »bryggan», sav&l som de under denna i gyttjan eller strand- 
sanden funna, grovt tillhuggna skivyxorna, skrapor, borrar, knack- 
stenar m. in. och den egendomliga sandstensklubban av »Maglemose- 
typ» f ran en nordligare lokal forskriva sig utan a llt tv ive l fran
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den tid, da Litorinahavet nádde in i  bassängen vid Nosemölla och 
i  Rabelövssjön. Detsamma gäller med a ll säkerhet átminstone en 
del av de ben- ocb flintföremäl, som förut vid bäckrensningar kom- 
m it i  dagen (sid. 561).

Eyndens talrikbet och beskaffenhet v ittna otvivelaktigt om bosätt- 
ning vid fyndplatsen. Bosättningen har utan tvivel va rit lokaliserad 
á den brant sluttande udde, som Nosemöllakullen vid' denna tid 
utgjort, oeh dar ej ens vid Litorinahavets maximiständ bosättniß» 
torde va rit heit utesluten. Läget har nog valts framför alltmed haß' 
syn t i l i  de gynnsamma fiskemöjligheter, som här bör hava förelegat; 
kanske ocksa emedan platsen ur försvarssynpunkt var lämplig.

A v  ganska stört intresse är »bryggan» (fig. 5), som bade under- och 
överlagras av stadig litorina lergyttja . Den har tydligen, efter att 
ha nedsjunkit pä havsbottnen, inbäddats i  havsgyttjan. Vad inrätt- 
ningen i  själva verket varit, är pä grund av den ofullständiga ut- 
grävningen svärt a tt säga. Kanske har den, som K je llm a r ic  an- 
tagit, va rit en brygga, avsedd att underlätta landstigning vid 
roddfärder eller ocksa en flotte, varmed trafiken mellan sundets 
närbelägna stränder uppehällits. Mindre tro lig t, om än icke ute- 
slutet, synes mig, att det skulle vara rester efter en boplatsflotte, 
nägot som fyndens ta lrikhet under densamma künde tyckas tala för-

Pollenanalyser frän gyttjan under och mellan stockvirket (s. 571) 
visar ekblandsskogen pä höjden av utveckling (resp. 60 och 56 %)■ 
Strax ovan detsamma har bokpollen iakttagits.

Eftersom havet lämnade Nosemöllabassängen, när ungefär halva 
litorinahöjningen var t i l i  ända, kan detta sättas som ifrägavarande 
fynds geologiska minimiälder.

Eiskeinrättningen och i  samband därmed gjorda fynd av ett sli' 
pat stenyxfragment, utbuktade skivskrapor och kantbit av lerkärl 
m. m., v ilka  alia anträffats in  situ i  rent lakustrin gyttja, över' 
lagrande de litorina la  brackvattenslagren, tillhö ra  givetvis en se- 
nare tid  än nyss behandlade fynd. De förskriva sig nämligen frän 
tiden efter Nosemöllabassängens och möjligen heia Nosabykärrets 
isolering frän Litorinahavet, da den förra inkräktats av ovaß 
omtalade l i l la  sjö eller dämm, varigenom Rabelövssjön haft sitt 
utlopp. De tillhöra följaktligen tiden efter det att c. 50 % av lito- 
rinahöjningen ägt rum och visa, (som ju  var a tt vänta) a tt vid 
denna tidpunkt den yngre stenäldern icke var t i l i  ända.

Även beträffande dessa fynd uppvisar pollenanalysen (s. 569) 
värmetidens höga procent av ädla lövträdspollen (c. 50 %), varjämte 
bokpollenets sällsynta uppträdande torde peka pä en rel. framskriden 
del av densamma.

[M aj 1922-
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Över det artefaktförande gyttje lagret vilar, som de anförda pro- 
erna visat, en subboreal lövskogstorv och däröver ett lager av

SlJ>atlantisk- 
dat

recent svämlera, i  sin tu r täckt av torvmylla av ungt 
Um och rörd av plogen. Svämlerlagret har gett K jellm ar k  (1919) 

aaledning t i l i  en tolkning av lagerföljden vid Nosemölla och i 
esabykärret i  övrigt, som jag icke kan dela. Innan en ingäende 

^kroskopisk undersökning av proven frän heia den invecklade 
iagerföljden ägt rum, var det knappast m öjligt att r ik t ig t tolka 
ensamma, och för egen del v ille  jag ej dessförinnan fatta nägon 
estämd position. Närmast t i l i  hands syntes emellertid ligga att 
° ka svämleran säsom motsvarande det marina lagret ute i karret, 

s°m det t i l i  s itt läge och i  viss man även makroskopiska litseende 
®yotes motsvara.1 Med denna tolkning och med hänsyn t i l i  de 
ran yngre stenäldern härrörande fynden under den förmodade 

tr'ai'ina avlag ringen drevs — ganska naturligt, men icke desto 
*nmdre enligt min övertygelse fe laktig t — K jellm akk  att omfatta 

tidigare av bl. a. Gr. D e G eer (1882) framställda men ater (1890) 
evergivna äsikten om en andra postglacial, i  sen lito rina tid  för- 
Slggängen transgression av havet. K jellm akk  trodde sig ock ge- 
110,11 detta antagande bäst kunna tolka vissa svärtydda lagrings- 
ferhällanden i  samband med fornfynd ä Listerlandet. — Genom 
öUn ovan gjorda utredning hoppas jag hava visat, att frän Nosa- 
öykärret intet stöd kan hämtas för en dy lik  sen transgression 
(tydligast torde det framgä av pollenanalyserna). A v  mig sist- 
^dna som mar företagna förnyade undersökningar av Listerlandets 
kä.rr och mossar hava dessutom gett vid handen, att ej heller dessa 
|ära kunna äberopas som stöd för sädan sänkning. Tvärtom torde 
^ven de otvetydigt visa, att en dy lik  ej förekommit, v ilke t jag  i 
etl annan redan utarbetad uppsats hoppas kunna adagalägga.

He i  Nosabykärrets litorinalager iakttagna bokpollenen häntyda 
eßiellertid pä, att havet först i framskriden lito rina tid  dragit sig 
HUbaka frän karret. Vad Nosemöllabassängen beträffar, har det 
dock bevisligen skett före den yngre stenälderns utgäng. A t t  boken 
dessförinnan kunnat rista sin första pollenskrift i karret är ej ägnat 
att  iörväna, da man (av kolfynd i gänggrift; se J essen s . 238) vet, 
at t  den redan under gänggriftstid förekom pä NO Själland.

J u n i 1921.
1 E n lig t K j e l l m a k k  1. c. sku lle  jag  uppgivit, a tt jag i svämlerlagret anträffat 

ĝ ^c^ vattensdiatomaceer. Det torde dä v a rit v id  en 1918 företagen p re lim inär under-

sjÖns subatlantisk-recenta svämavlagringar, sekundärt insvämmande frän destruerade 
^orinalager (se s. 564).
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Principerna för rörlodens arbetssätt.
Ay

G. L u n d q v is t .

Vid lodning och vid provtagning av limniska Sediment användas 
.dtyper av olika konstruktioner ( N a u m a n n  1916, 1917). , Den för 

^juplodning bästa typen torde vara stora koppen ä N a u m a n n s  dub- 
bellod. Y id  djuplodning i  sjöar med lösare bottnar, alltsä en 
^yeket stor procent av de oligotrofa sjöarna, torde denna lodtyp 
Vara den enda användbara av h ittills  föreiintliga konstruktioner. 
^ indre lodkoppar slä nämligen igenom gyttjan  och kunna giva 
ielvärden uppgäende t i l i  minst en ä ett par meter. Drän den i  
^et  följande nämnda Rasjön har jag sälunda fü l lt  säkra bevis för, 
at t  även en sä stor lodkopp som N a u m a n n s  övre kopp kan slä ned 
över en meter i gyttjan  trots förs ik tig  lodning. Man kan därför 
eJ vara nog misstänksam mot djupkartor konstruerade pä resultat 
erhällna med andra lod än N a u m a n n s  stora kopp eller apparater 
öied lika  stor eller större diameter.

För provtagning t i l i  noggrannare undersökningar däremot är 
denna modeli mindre lämpad dels, emedan den ej ger rena prov 
°ch dels, emedan den endast tager dishontinuerliga provpelare i 
olikhet med rörloden av olika typer. Det är särskilt dessa, som 
äro av intresse för noggrannare sedimentstudier ä djupare vatten.

Principen för profillodet är heit enkel: ett rör med en lu fttä t 
Ventil i  övre delen. N a u m a n n , som först konstruerat och använt 
en dy lik  apparat, har genom akvarieförsök studerat de olika typer- 
nas arbetssätt i  bottensedimentet. Nägon uppfattning om lodets 
exakta arbetssätt i  djupare lager och om provpelarens verkliga 
storlek erhöll han dock ej, utan nöjer sig med a tt uttala som sin 
övertygelse, a tt provpelaren sammantryckes t i l i  betydlig t mer än 
100 % av s itt verkliga matt. Pä bl. a. denna punkt har jag kom
pletterat N a u m a n n s  studier.

En van provtagare erhäller nästan a lltid  exakt lika  stora prov
pelare i  rören förutsatt samma storlek ä säväl rör som ventil an- 
Vändes, att bottensedimentet är lika, och att inslaget är lika  hastigt 
i  de olika fallen. Gäller det endast a tt studera y tgy ttja n  och
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övre delarna av djupgyttjan är den bästa modellen N a u m a n n s  sista 
rörhällare (en gaifel med belastningen förskjuten sä längt ner som 
möjligt) kombinerad med 2 x  30 cm:s glasrör och en ventil av 
N a u m a n n s  vanliga konstruktion.

B etyd lig t svärare b lir  frägan, da det gäller a tt nä. ner sa 
längt som m öjlig t i  djupgyttjan. Y id  studiet av sedimentbild- 
ningen i sjöarna är det ju  av största v ik t  a tt nä ned ända t i l i  
underlaget. Detta har ännu ej lyckats med nägon typ och torde 
oi’ta vara omöjligt.

Da N a u m a n n s  lod syntes mig taga väl korta provpelare, gjorde 
jag en annan typ  med korrektioner för de fei, jag misstänkte vid- 
läda den gamla. Anledningarna t i l i  dess t i l i  synes obetydliga 
vertikala aktionsradie antog jag vara den ringa vikten (D/a kg, 
denna siffra liksom följande viktuppgifter referera sig naturligtvis 
t i l i  vikten i  lu ft), och den smala Ventilen, som ej skulle tillä ta  
vattnet a tt utströmma nog hastigt. E t t  bevis för detta sista an- 
tagande syntes vara den omständigheten, a tt man erhäller längre 
provpelare, om lodet fä r sjunka längsamt i  gyttjan. Det nya lodet 
(typ A ) gav jag 4 kg:s belastning och gjorde ventildiametern 
(konisk metallventil) lika  med rörets d. v. s. 20 mm (mot N a u m a n n s  

c:a 5.5 mm).
T i l l  N a u m a n n s  modell använde jag 60 cm länga förbränningsrör. 

Lodtyp A  utgjordes av ett 50 cm längt blybelastat järnrör, i v ilket 
ett glasrör künde införas och fasthällas. Med denna nya modell 
erhöll jag 2 —3 ganger sä läng provpelare som med N a u m a n n s . 
Resultatet föreföll alltsä vara betydligt bättre. H ur det i  själva 
verket förhöll sig skall visas längre fram.

Da jag emellertid i v in ter arbetat med härdare bottnar (1er- 
gyttja), modifierade jag den nyssnämnda typen. Formen pä bly- 
belastningen gjordes längre och smalare, vikten 5 kg, och som 
ventil använde jag heit enkelt N aumanns, emedan metallmodellen 
ställer sig oerhört mycket dyrare (över 30 kr. mot N aumanns 3 kr.) 
Denna sista modell, typ  B, har jag tyvä rr ej haft t illfä lle  att 
pröva i  en typisk oligotrof botten, men med a ll säkerhet utgör den 
efter omändring, typ C, sid. 599, ett framsteg även dar.

Som redan förut framhällits, är det ej bekant hur stör del av 
sedimentet som provtagaren hämtar med sig. Detta matt stär 
nämligen pä intet satt i  samband med hur längt röret nedföres i 
sedimentet.

Redan vid en preüminär undersökning av understa i röret er- 
hällna prov inser man, a tt detta är ganska gammalt. Särskilt 
gäller detta de oligotrofa sjöarnas Sediment. Nägon tillämpning



av den metod N ip k o w  (1920) använt för sina studier över Sedimen
tationen i  Zürichsjön är alltsä ej m öjlig inom Sveriges oligotrofa 
°rnräden, även om man hade t i l i  s itt förfogande en i  planktoniskt 
hänseende sä noga känd sjö som N ip k o w  hade. Tvivelaktig  synes 
ßiig den metod E kman (1905) använt, emedan man knappast kan 
erhälla fü llt  rena prov i  de av honom föreslagna kälen utanpä 
provtagaren.

För a tt fä nägon uppfattning om provtagarnas vertikala aktions- 
radie har jag därför använt den inom den svenska torvgeologien 
vanliga pollenanalytiska metoden. Den enkla metoden finnes i 
detalj beskriven av E r d t m a n  (1921) v a r t ill hänvisas, jämför dock 
även v o n  P ost (1916).

För a tt utforska lodens arbetssätt i olika bottentyper utvalde 
Dg dels en oligotrof sjö, Rasjön i  Jönköpings län, med vilken jag 
arbetat vid skilda tillfä lle n  sedan 1917, och dels en eutrof ler- 
ßiarkssjö, Drevviken S om Stockholm, som jag undersöker tillsam- 
^ans med E il. Mag. H. T iio m a s s o n .

I  dessa sjöar uppborrades ä läm plig t djup i Rasjön ä c:a 5 m, 
i  Drevviken ä c:a 6 m med H illers torvborr en profil med prov 
i Rasjön ä var 25:te, i  Drevviken ä var 5:te centimeter. Dessa 
prov analyserades sedan och jämfördes med diagram över prov- 
pelare upptagna med profilloden och analyserade för var femte mm. 
Översta delen av provpelaren b lir dock vid uttagningen lä tt om- 
rörd, varför denna del ej medtogs.

Oligotrof gyttjohotten. Belägen ä 5 m:s djup och 120 m frän land 
i Rasjön. G yttjan är i  borrkannan av mycket lucker och grov- 
klimpig, stärkt elastisk konsistens, alltsä en typ isk oligotrof pro- 
fundalgyttja.

Ä  denna plats avprovade jag N a u m a n n s  modeli och typ A. Som 
redan nämnts erhölls ■ med denna sistnämnda en 2—3 ganger sä 
läng provpelare som med N a u m a n n s  och da den därför är fu ll- 
ständigare genomarhetad än de övriga, v i l l  jag i  korthet redogöra 
för diagrammet ur densamma och nöjer mig sedan med att i  kort
het konstatera resultaten av de övriga. Dessa ha nämligen visat 
sig stämma väl med detta.

De mest framträdande kurvorna i  diagrammet (F ig  2) äro'björk- 
och tallkurvorna. De äro dock tämligen intetsägande. A v v ik t 
äro dels de niväer vid v ilka de skarpt gä emot varandra, och dels 
den övre nivän, dar de skära varandra.

A v största betydelse för diagrammets tolkning är däremot gran- 
hurvan. I  nedre hälften av diagrammet häller den sig pä högst
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Pig. 1. Pollendiagram ur den borrade profilen i Uasjön.

— © — —  O — ---• ---- ---□ ----

Salix Betula Pinus Ainus

—  ■ — — A — — A — —  A —

Ekblandskog Picea Eagus Carpinus

Ulmas T ilia : QuercuS

---■ ----

Co ry ł us

Oförmultnad, partie llt yngre, Sphagnumtorv.

rAq Högförmultnad, äldre, Sphagnumtorv. 

Profundalgyttja.

S S Sand.

Siffrorna t i l i  höger äro provens nummer.



e^t par procent men stiger ra tt liastigt hogre npp. Ekblandskogens 
kurva ligger dar hela tiden anmarkningsvart hogt, den nár anda 
UPP t i l l  18 % men háller sig eljest vid c:a 10 %. Huvudsakliga 
komponenten i ekblandskogen ar eken, som med a ll sákerhet át- 
^unstone t i l l  stor del ar Quercus sessiliflora. Nederst u tk ila r lind- 
kurvan. Inom bela m ittpartiet av pelaren háller sig Fctgus ganska 
konstant. Nedát finnes aven Carpinus i  2 % (ej medtaget prov).

Detta diagram, vars ovriga detaljer aro onodiga a tt pápeka, igen- 
kannes val á diagrammet ur den borrade profilen (Fig. 1).
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H g . 2. Pollendiagram u r provpelare upptagen med lod typ  A. Provpelaren för- 
m inskad t i l i  *!& av storleken i  lodet.

Det nu behandlade diagrammet ger ingen säker uppfattning om 
den tidslängd provpelaren representerar. Man brukar ju  för date
ringen av yngre lager t i l l  stör del begagna sig av grankurvans 
förhällande t i l l  gränsliorisonten, den subboreal-subatlantiska kon
takten (se t. ex. L u n d q v is t  1920).

För att alltsä fastställa nivän för denna kontakt i  provpelaren 
uppborrades en mosse belägen omedelbart invid  Rasjöns norra ände, 
och i vilken gränshorisonten var stratigrafiskt synnerligen väl 
Rtbildad. A v  det härur erhällna diagrammet (Fig. 3) framgär, att 
grankurvan börjar c:a 20 cm imder gränshorisonten och den ratio- 
nella granpollengränsen fa ller först c:a 3/4 m över densamma. A v
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bl. a. denna kurvas forlopp framgar, a tt diagrammet ar av v o n  P osts 

(1920) vastsvenska typ.
Kurvornas forlopp visa alltsa, att granshorisontens niva faller 

c:a 1 3/<t cm over botten i  provpelaren. Som korollarium. av denna 
undersokning foljer aven, att i  Rasjon under hela den subatlantiska 
tiden (c:a 2,300 ar) a observationspunkten sedimenterats endast 
60—70 cm gyttja. Siffran ar forvanansvart lag men ar sannolikt 
normal for oligotrofa sjoar vid detta djup.

-100%

F ig . 3. Pollendiagram frän mossen v id  norra delen av ßasjön. M ark grankurvans 
g in g  i  förkällande t i l i  gränshorisonten.

I  samband bärmed mä papekas, a tt dessa siiFror ej kunna jäm- 
föras med H e im s  (1900) och G ö t z in g e r s  (1911) siffror á  Sedimenta
tionen i  Vierwaldstättersjön resp. Lunzer Untersee. Sedimenten 
dar äro nämligen minerogena (djupvattenssvämlera?).

En noggrann jämförelse mellan diagrammet (Fig. 2) och det ur 
borrprofilen erhállna (Fig. 1) visar alltsa tyd lig t, att i  en c:a 50 
cm lang profilstickare i en normal oligotrof botten erhälles en



yrsprungligen c:a 65 cm läng provpelare. Denna siffra förefaller 
föga respektabel men av det föregäende framgär ju , a tt detta 

^elopp utgör i  Rasjön bela den subatlantiska lagerserien och dess- 
^tom en del av den subboreala.

Med N a u m a n n s  profillod erhälles en c:a 10 cm längre provpelare, 
vüket väl framgär av analyserna. Denna omständighet synes mig 
^evisa att provdjupet i en oligotrof gyttjebotten och därmed t i l i  
konsistensen likartade bottnar är beroende pä avständet mellan 
rörets underkant och Ventilen. A v  underordnad betydelse är där- 
emot inom vissa gränser belastningen.

Pör a tt i  nägon man fä stöd för denna nppfattning band jag 
iast glasröret, försett med den vanliga ventilen, ä en stäng (läng
e r  av H il l e r s  l i l ia  borr) och körde ned det i gyttjan. Röret 
kördes varje gang ned t i l i  fast botten, gyttjan  är här 2 V2 
■fläktig. Pä detta satt lyckades jag efter c:a 1 timmes tid  er- 
hälla en provpelare, som vid analys visade sig vara c:a 1 m läng. 
•Denna metod är alltsä, även om den i  detta fa ll visat sig fü llt  
Dllfredsställande, tämligen värdelös, da den ej kan användas pä 
stör re djup.

Den med ett profillod vanligen erhällna provpelaren är i  verk- 
ügheten 5—10 cm längre än röret. Detta torde heit enkelt bero 
Pä, a tt sedan ventilen väl kommit ner i gy ttjan  stänges den och 
kan alltsä ej utsläppa vattenpelaren i röret hur stor belastningen 
än ytterligare blir. De översta 5—10 cm av gyttjan  är den sanno- 
Ükt dock sä lucker och nägot suspenderad, att vattenpelaren a llt- 
jä in t tillätes a tt f r i t t  passera ventilen. Porst da denna är nere i 
den fastare gyttjan  stänges den. Möjligen bildas efter lodet en 
g y ttje fr i kanal, som ej sjunker tillsammans genast och alltsä läm- 
nar vattenpelaren f r i passage genom ventilen.

Som förut nämnts är den i  röret erhällna provpelaren endast 
5—10 cm läng, varav alltsä framgär, att ett gyttjeskikt i  s itt 
naturliga tills tänd med en sä obetydlig belastning som nägot över 
1 V* kg pr cm2 sammantryckes t i l i  \'o—'/ i2 av sin ursprungliga 
mäktighet. Denna siffra kan vara av ett visst intresse vid dis- 
kussionen om den limnotelmatiska kontaktens nedpressningsmöjlig- 
heter.

Genom analys av flera provpelare ä samma ställe framgär det, 
att profilloden med ganska stor precision taga lika  djupt varje 
gang. Detta är av ett visst värde, om det gäller att jämföra g y tt
jan pä olika djup i samma sjö. Pä detta sätt b lir  det nämligen 
ß iöjligt a tt t. ex. jämföra sedimentationens relativa mäktighet inom 
olika delar av sjön. Sälunda anser jag  mig pä detta sätt i  Rasjön
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ha konstaterat, a tt gyttjebildningen sker hastigare ute pä djupare 
vatten. Om denna skillnad i  sedimentationshastigheten beror p® 
de olika mäktiga plankton- och detritusförande vattenpelarna eller 
pä omsedimentationen kan jag för närvarande ej avgöra. Den 
sistnämnda omständigheten torde dock vara av stör v ikt. Frägan 
skall emellertid beröras i  annat sammanhang.

Eutrof lergyttjebotten. Provbotten är belägen i  Drevviken nedan- 
för Drevvikens Station c:a 100 m frän land och ä 5 3U ms djup. 
Sedimentet ä r här en lergyttja, som i  jämförelse med den förut 
avhandlade oligotrofa gyttjan  är av ganska fast konsistens.

Här avprovades enligt samma metod utom de förut använda 
bäda lodtyperna den nämnda förbättrade modellen typ B. I  en 
uppborrad profil togos prov ä var öde cm, emedan kurvorna vid 
glesare prov voro föga karakteristiska. Dessa täta prov ur borr- 
profilen gjorde det m öjlig t att konnektera proven ur provpelaren 
genom endast e tt par prov ur densamma.

Kesultatet blev nu följande. N aumanns lod tager i  denna botten 
med sig en c:a 6 cm läng provpelare som i verkligheten är 25—30 
cm läng. Med typ A  blev resnltatet c:a 40 cm. Provpelaren var 
10 cm. Resultaten voro alltsä även om gyttjans re lativa fasthet 
tages med i beräkningen tämligen däliga. En provpelare, som endast 
är c:a 40 cm läng, är ju  tämligen värdelös i en sjö med sä krä ftig  
Sedimentation som Drevviken. Endast de abiegna Sedimenten utgöra 
nämligen ä observationsplatsen över 2 m. T homasson och jag ha 
här borrat genom 6Va m le rgyttja  med olika stark lerhalt men ha 
ännu ej lyckats nä ned t i l i  odisputabel glaciallera. A  480 cm 
under sedimentytan fanns Tcllina. Endast dessa siffror äro ju  ett 
kriterium  pä hur betydlig Sedimentationen är här. Troligen är 
förhällandet tämligen lika rta t i  alla lermarkssjöar, som inom pa- 
rentes sagt i  alla avseenden bilda en sjötyp för sig. Samma för- 
hällande gäller säkerligen alla sjöar med stark minerogen Sedi
mentation. Tillkommer sä, säsom fallet ofta är, ätminstone inom 
södra Sverige, en mer eller mindre stark eutrofiering, ökar ju  även 
detta i  sin man de bottenfällda sedimentens mäktighet.

Med den förut omnämnda modifierade provtagartypen B erhölls 
ä samma försöksbotten c:a 65 cm länga profiler, v ilka  komprime- 
rats t i l i  9—10 cm. Da rörets längd var 65 cm, var med andra 
ord lodets vertika la arbetsförmäga slut i  och med, a tt provpelare 
lika  länga som röret erhällits och lodtypen samtidigt a tt jämföra 
med N aumanns i en oligotrof botten. Det v il l med andra ord säga, 
att man nu -direkt kan tillämpa resultaten frän Rasjön. För att 
fä lodet a tt arbeta djupare mäste alltsä avständet mellan rörets

[Maj 1922.



tmderkant och Ventilen ökas. A t t  ha längre rör vore i  praktiken 
^isserligen förmänligt men rä tt ohanterligt. Jag löste därför frägan 
üei t  enkelt genom att koppla Ventilen vid röret med en 2 m läng 
gummislang. Denna metod har dock en svaghet. Man kan ju  ej 
Vara fa l lt  säker pä a tt ej slangen av en eller annan anledning 
snor sig om linan och fö rb lir hopklämd, sä att vattnet hindras a tt 
rinna igenom. Med försiktighet vid provtagningen torde dock 
^enna möjlighet kunna uteslutas. ßisken för a tt slangen, da den 
Sommer ned i gyttjan, bür hopklämd, torde även vara rä tt liten, 
dels pä grund av det allsidiga trycket och dels pä grnnd av den 
ringa slangdiametern, som ju  ökar stabiliteten.

Sedan provtagaren ommonterats pä detta satt, typ  C, gjordes 
Dya försök. Dessa resulterade i a tt en Ursprungligen 85—95 cm 
läng, i röret 12—16 cm läng provpelare erhölls.

Som belägg för resultaten, v i l l  jag här redogöra för ett mera 
iullständigt diagram. A t t  reproducera alla vid undersökningen 
Uuvända diagram och konnektionsremsor kan av utrymmesskäl tyvärr 
eJ gä för sig och torde även vara onödigt.

Diagrammen (Fig. 4 och 5) äro frän lagerföljden nedanför Sta
tionen. Provpelaren är tagen med typ  C. Diagrammet u r prov
pelaren är r ita t i  en för konnektering läm plig skala, som erhällits 
genom inpassande av de enskilda proven ä borrdiagrammet.

I  ögonen fallande är ju  i bäda diagrammen tallkurvans knän 
dels i  nedre och dels i  övre delen. Geuomgäende är ju  även den 
m jukt svängda bäge som grankurvan gör i  bäda fallen. Ekbland- 
skogs- (vanligen =  ek-) och hasselkurvorna gä ju  även i  stört sett 
ganska lika. Översta proven i bäda fallen äro ju  sä gott som 
identiska. Detta är givetvis mera en slump. Ju tätare prov 
man analyserar dess ta lrikare variationer ä kurvorna fär man 
uämligen fram. Det visar sig da ofta, att kurvorna kunna göra 
ganska skarpa knyckar pä korta avständ. Dessa kunna t. o. m. 
b li ganska förvirrande, da det gäller a tt konnektera tvä diagram, 
som ej äro fü llt  lika, d. v. s., i  v ilka  proven ej förskriva sig frän 
exakt samma niväer. A v  detta skäl har i  borrdiagrammet endast 
medtagits proven för var tionde mm. Gäller det däremot att ä 
ett diagram inpassa ett eller ett par prov är det bättre frän ju  
flera niväer prov finnas i jämförelsediagrammet.

Diagrammet fig. 5 visar bland annat även, a tt det av N aumann 
omnärnnda reduktionslagret här är c:a 30 cm mäktigt. Med samt- 
üga lodtyper ha försök gjorts dels med hastigt ( f r i t t  fa ll) och dels 
med längsamt inslag. Resultaten ha a lltid  b liv it, a tt provpelaren 
1 röret bür längre vid längsamt inslag men irrsprungliga mäktig-
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F ig . 5. Pollendiagram ur den borrade profilen nedanför Stationen i  Drevviken.

F ig. 5. Pollendiagram ur provpelare upptagen med lodtyp C. Den övre prickade 
delen motsvarar N a u m a n n s  reduktionslager.

heten, sä vida jag kunnat finna, a llt id  densamma. Kompressionen 
av gyttjepelaren bür alltsä mindre (e:a 6 ganger) vid längsamt 
men större (7—8 ganger) vid hastigt inslag, siffrorna galla i bada 
fallen typ  C. A  kompressionen inverkar även tjockleken á rör- 
godset pä sä satt, a tt pelaren b lir  avsevärt kortare da godset 
ökas. Pelarens ursprnngüga längd är även i detta fa ll densamma 
som ovan.
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Da sedimentens konsistens i  Drevviken äro ganska olika inom 
olika delar av sjön (ätminstone inom det stora södra partiet) kar 
Jag gjort motsvarande observationer ä ett par andra bottentyper dar.

Vid Kumla-viken i östra delen av ifrägavarande sjöparti ligger 
ê t omräde med isälvsgrus. Man kan ju  vänta, a tt gyttjan här 
Pa grund av de minerogena beständsdelarnas storlek skali vara av 
hetydligt fastare konsistens än i västra delen, dar omgivningarna 
Agoras av lera och berg.

ih'ovtagningen utvisade, att gyttjan  här är betydligt sandigare 
^  ä andra stallen i  sjön. Särskilt grovsandig är den allra överst 
°cb i botten pä den provpelare, som erhölls med lodtyp C. Prov- 
Pelaren var inom denna del av sjön kortare än ä andra, stallen, 
■^ikroskoperingen utvisade a tt N a u m a n n s  lod här tag it en c:a 20 
cr)l läng pelare som i röret var 5 cm. Typ C hade tag it 60—65 
0111 som var sammantryckt t i l i  9 cm. Typ A  hade tag it 40 cm 
°°b pelaren var 7 cm, alltsä i  bäda avseendena ett medeltal emellan 

andra värdena. Denna relation mellan verklig längd och längd 
1 röret visar ju  sedimentets vertikala homogenitet ä observations- 
Platsen.

Av intresse i  fräga om pollendiagrammen här är, a tt ä en be
f i n d  nivä 20 cm under sedimentytan äterkommer säväl i  prov- 
Pelarna som i  den borrade profilen 1 % M jriophyllum  alterniflorum. 
Detta är inom parentes sagt fa lle t i  flera av Stockholmstraktens 
sJÖar t. ex. Järlasjön. Denna karakteristiska nivä utgör botten- 
lagret i  pelaren, som erhölls med N a u m a n n s  lod.

En bottentyp som i  mekaniskt hänseende utgör ett mellanting 
Mellan dessa bäda Drevviksbottnar ha v i anträffat i  nordvästra 
viken av Källtorpsjön S om Stockholm. Botten är en skenbart 
ßiycket lös gyttjebotten, närmast av oligotrof typ. Lodet (typ C) 
t°g här med endast c:a 80 cm alltsä 10—15 cm niindre än i  den 
betydligt fastare, först behandlade Drevviksbotten. Gyttjans kon
sistens verkade som nämnt sä y tte r lig t lös, a tt jag väntat ett be
tyd lig t djupare inslag. A t t  sä ej blev fa lle t torde bero pä, att 
gyttjan här vid mikroskopering visade sig vara mycket stärkt 
sandhaltig. Gyttjepelaren var här sammanpressad 6—7 ganger. 
A v intresse med denna observationsbotten är för övrig t a tt de 
abiegna lagren här äro precis lika  mäktiga som lodet förmär ar- 
beta sig ner, v ilke t utvisar en för dessa trakter ovanligt klen 
Sedimentation. Omedelbart under denna nivä fö ljer gyttjelera 
(Litorinasediment).

Łerbolten. Ju fastare bottensedimentet b lir  dpss mindre prov 
tar lodet naturlig tv is därav. För a tt fa en uppfattDing om typ 

40—2-20270. G. F. F. 1922. \ / V .  A /
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C:s arbetsförmäga i lera tog jag prov ä ett lergrund m itt i  S delen 
av Drevviken. Djupet var dar 5 m. Lodet gick u t ganska hastig 
och slog in  c:a 23 cm i  leran. Provpelaren var i  detta fa ll 22 ein 
lang. Lerans sammanpressning är med andra oi'd tämligen obe 
tyd lig . I  fastare leror torde man därför sannolikt kunna ta för 
gott, a tt bottennivän i  provpelaren verkligen befinner sig i  rätt 
läge i  förbällande t i l i  sedimentytan, v ilke t emellertid, som av före- 
gäende framgär, är fu llständigt omöjligt i  lösare bottnar.

A v  alla tecken att döma skulle rörloden taga kontinuerliga pro- 
filer, v ilke t ju  även N a u m a n n  inlagt i  sin benämning ä desamma: 
kontinuerliga profilstickare. A t t  sä emellertid ej a lltid  är fallet 
bar jag med visshet kunnat konstatera. V id undersökning över 
Sedimentationen i  en v ik  av Järlasjön, utanför Stockholm för' 
vänade det mig, a tt lodet (typ C) tog en profil av följande utse-
ende:

A. c:a 1 cm Gyttja, ävjeblandad.
B. c:a 2 » Lera, nägot g y ttjig .
Under förutsättning att detta lerlager ej var svämlera, v ilket 

dock pä grund av läget var osannolikt, föreföll det ytterst märk 
värdigt att gyttjesedimentationen här vore sä minimal som profilen 
ger v id  handen. Jag uppfattade nämligen leran först som Lito- 
rinalera. En profilborrning med H il l e r s  borr gav emellertid ett 
heit annat résultat än profillodningen. Profilen var nämligen:

A. 100 cm G yttja , gragrön, ytterst lös, r ik lig t genomdragen av
Vaucheria-vesiev i  olika niväer och under varje dy lik  
niva ett va tten fy llt halrum; övergar nedât kontinuerligt i

B. 40 cm Lergyttja , grâ, b lir  nedât a llt lerigare och sandigare,
övergar i
C. 60 cm Lera, sandig ljusgrä;
D. 30 cm Lera, blägrä och röd-gulaktig flammig, (varvig lera?)
Genommikroskopering av proven gav ett y tte rst förvanande

résultat. Undantagandes det översta obetydliga gyttje lagret lrade 
lodet ej tag it med nägonting förrän pä c:a 150 cm under gyttjeytan- 
Anledningen h ä rtill är säkert gyttjans ytterst lösa konsistens i 
förening med de rik liga  Vaucheria-resterna och hälrummen.

Detta résultat understryker a lltsâ; pä det skarpaste, a tt man 
bör vara y tte rst försiktig  vid bedömning av Sedimentationen en- 
hart pä undersökningar med rörlod. Om m öjligt böra de kom
pletteras med borrprofiler. T y  borrningstekniken är ännu sä länge 
den fullkomligaste, när det gäller stratigrafiska studier i  sjöar. 
Oduglig är den däremot, om det gäller studier över ytlagren. Där 
b lir  profillodet det enda användbara, emedan det luckra ytlagret
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omrört och fullständigt o tillgänglig t för noggrannare under- 
sökningar vid borrningen. Man kan ju  möjligen riskera över- 
hoppning av ytlagret men dess närvaro kan átminstone i  eutrofa 
8Jöar a lltid  konstateras genom pävisandet av avdöende, nyss sedi- 
^enterade växt- och djnrrester.

Zusammenfassung.

T ite l  d e r A r b e i t :  D ie  P r in c ip ie n  fü r  d ie  A rb e its w e is e  der R o h r
loten.

Bei Probeneinsammlungen von lockeren Sedimenten spez. verschie
denen Gyttja-Typen in den Seen, muss man ein Rohrlot” benutzen. 
Der erste von diesen Typen is t von N a u m a n n  (1917) konstruiert. 
E r hat aber nur, wenn es sich um die Probenentnahme oberfläch
licher Schichten handelt, die Arbeitsprincipien derselben etwas 
erklärt. Eine genaue Kenntniss von der Arbeitsweise der Rohr
loten in tieferen Sedimentschichten ist aber notwendig für die 
richtige Auffassung von den erhaltenen Proben und auch fü r das 
Konstruieren von neuen Lottypen unentbehrlich.

Schon bei einer preliminären Untersuchung versteht man, dass 
die untersten Proben im Rohrlot sehr a lt sind, ein Verhältnis, 
das in den oligotrophen Seen m it ihren geringen Sedimentation 
"viel schärfer wird.

Da die Süsswassersedimente gewöhnlich ungeschichtet und oft 
auf Tiefen von mehreren Metern vollständig homogen sind, ist es 
beinahe unmöglich zu wissen wie T ie f die Rohrlote arbeiten. Ich 
habe dafür, die in der schwedischen Torfgeologie benutzte pol
lenanalytische Metode [ vo n  P ost (1916), E r d t m a n n  (1921)] ange
wendet.

M it H ilfe  der Rohrlote habe ich Profile genommen und diese für 
jeden fünften M illim eter pollenanalysiert. Dann habe ich in der 
unmittelbaren Nähe des Observationspunktes m it H ilfe  eines H il l e r - 
schen Torfbohrers ein Profil gebohrt und dieses fü r jeden fünften 
Centimeter analysiert. Die so erhaltenen Diagrammen sind m it 
einander kompariert.

F ü r die Untersuchung habe ich Boden von verschiedener Loc
kerheit benutzt. Da ich aber fand, dass das NAUMANN’sche Rohr
lotmodell fü r härteren Boden nicht benutzbar ist, modifiierte ich 
dieses. Das N a u m a n n I o í wiegt c:a U/2 leg und ist dafür zu leicht. 
Die neuen Modellen Typen A, B und C wiegen: Typ A  c:a 4 l;g 
und Typ B c:a 5 leg und sind m it demselben Glasventil wie N a u 
m a n n s  ausgerüstet. Typ C ist Typ B ähnlich aber m it einem 2 m
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langen Gummischlauch am Rohrlot befestigt, eine Veränderung, 
die in lockeren Boden sehr w ichtig  ist, was im Folgenden gezeigt 
w ird. In  lockeren Boden (G yttja  u. s. w.) arbeitet das Rohrlot 
auf folgende Weise. Das Rohrlot sinkt selbstverständlich im 
Schlamm bis die Faktoren das Sinken verhindern. Das E indrin
gen der Sedimenten im Rohrlot beruht aber nicht darauf, wie tief 
das Rohr einsinkt, wenn man V entil ohne Gummischlauch benutzt. 
Durch mehrere Versuche habe ich konstatiert, das kein Sediment 
mehr eindringt, wenn das V en til etwa 5—10 cm unter die Sediment
fläche niedergesunken ist, trotzdem das Ventil oft 1—2 m unter 
diese Fläche gelangt ist. Das Eindringen von Sediment is t also 
von dem Abstand zwischen dem Unterkant des Rohres und dem 
V entil abhängig. Um lange Profile zu bekommen muss also dieser 
Abstand gross sein und dadurch ist es, wie oben genannt, sehr 
einfach einen Gummischlauch zu benutzten.

Die erhaltenen Schlammpfropfen sind auf diesem oligotrophen 
Versuchsboden (Rasjön in Provinz Smäland) etwa 5—10 cm lang 
und in der W irk lichke it etwa 60—70 cm lang. Dieses giebt also 
eine Zusammenpressung von etwa V6—Vi2 der ursprünglichen Länge. 
In  härteren Boden sind die Verhältnisse ganz anders. H ier sinkt 
das Rohrlot nicht so tie f und je  härter der Boden is t um so un
wichtiger is t es einen langen Ventilabstand zu benutzen.

In  härteren Boden ist also das Gewicht des Apparates von grös
serer Bedeutung als der Ventilabstand, und diese Eigenschaften 
verändern sich m it zunehmender Lockerheit des Bodens. Die im 
Apparat befindliche Schlammwurst is t in  diesem Boden (Tongyttja 
in dem See Drevviken südlich von Stockholm) 12—16 cm lang und 
in der W irk lichke it 85 — 95 cm. Diese Ziffern geben also eine 
Zusammenpressung von Vs—Vs der ursprünglichen Länge.

In  festem feinkörningen Boden: Ton u. s. w., nimmt das Rohr
lo t einen Schlammpfropf von derselben Länge wie der A p p a r a t  
niedersinkt, an.

Wie N a u m a n n  hervorgehoben nehmen diese Rohrlote im  Princip 
kontinuierliche Schlammwürste. Dies ist aber in der Praxis nicht 
immer das Verhältniss. Ich habe z. B. in dem See Järlasjön in 
der Nähe von Stockholm eine Ablagerung gefunden die unmöglich 
m it dem Rohrlot heraufzuholen war. M it einem Torfbohrer wurde 
konstatiert, dass der G yttja  hier von Vaucheria durchzogen is t 
und, dass zwischen stärkeren Thalluslagern Räume m it Wasser 
gefü llt liegen. Eine nähere Untersuchung zeigte, dass das Rohrlot 
hier l 1/2 m G yttja  auslassen hatte und erst als es in den Ton 
gekommen war einen Probenpfropf genommen hatte. Dieses Resul-
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zeigt, dass es speziell in  den Litoralzonen sehr riskabel ist, die 
Ablagerungen nur m it ßohrloten zu untersuchen.

Um durch Konstatieren, wie t ie f das Rohrlot unter die Sediment- 
häehe gesunken ist, ist es unter besonderen glücklichen Umständen 
Möglich die ursprüngliche Länge des Profils zu messen. Lies ist 
aber unmöglich, wenn man nicht einen Ventilabstand benutzt, der 
So gross ist, dass das V entil niemals in Sediment einsinken kann. Von 
deQ Resultaten im Järlasjön geht aber hervor, dass man nicht immer 
SaBz sichere kontinuierliche Profile m it einem Rohrlot erhalten kann.

Sei der Zusammenstellung der praktischen Resultate die für 
Neukonstruktionen w ichtig sind, w il l  ich Folgendes kegvorheben. 
Uie Rohrlote sinken oft in lockeren Boden viel tiefer als die Länge 

Apparates. Wenn das V entil unter die Sedimentfläche gekom
men ist, kann niemals mehr Sediment in  das Rohr eindringen, wie 
Uef auch das Rohrlot sinkt. In  lockeren Boden ist es also not
wendig einen langen Ventilabstand (z. B. ein Gummischlauch) zu 
benutzen. Je härter der Boden ist um so unbedeutender w ird  der 
Aentilabstand und um so wichtiger die Schwere des Apparates.

Stockholm i  april 1922.

E fte r s k r if t .

Under inncvarande sommar ha ovan avhandlade undersökningar fortsatts, 
huvudsakligen i  Upplands sjöar. Härunder vunna resultat dels bekräfta 
eller korrigera, dels komplettem mina föregäende erfarenheter, varför ett 
Par tillägg böra vara berättigade.

Det i  eutrofa sjöar förekommande reduktionslagret har visat sig vara en 
zon med tunna grä oeh svarta skikt. Den svarta färgen beror pä rild ig 
närvaro av pyrit. Skillnad i  fossilinnehäll ä de bäda skikttyperna märkes. 
Skiktning har iakttagits även ä sä pass obetydligt djup som 5 m (i Drev- 
viken). Reduktionslagret är utbildat även i Östersjön (observerat utanför 
Ornö). Vad denna principiellt viktiga skiktzon betyder i  sjöns utvecklings- 
historia är under utredning.

Lodtyp C har nu provats även i  lösbottensjöar av olika slag och visat 
sig arbeta synnerligen väl. Provpelare ä U /s— 2 m:s ursprunglig längd är 
ej ovanligt, att man erhäller. I  Kolsjön (liksom följande i  Uppland) t. ex. 
tager rörlodet med sig 190 cm gyttja sammanpressad t i l i  ca 1/&. I  Kornan 
(Nymphseacegyttja) tar det en 2 m läng pelare sammanpressad t i l i  V5- I  
den närbelägna Bäcksjön (Lyngbyagyttja) tar det nära 3 m likaledes kompri- 
merad t i l i  1/5 o. s. v.

I  flere sjöar med olikfärgade gyttjelager, sandskikt etc. har jag genom 
samtidig borrning och provtagning med rörlod av olika typer utan mikrosko- 
pering direkt kunnat konstatera riktigheten av i  det föregäende visade resultat.

A tt konstruera rörlod, som arbeta ännu djuparo b lir enligt i  det före
gäende angivna principer ej svärt. För exkursionsbruk torde man dock 
knappt kunna använda tyngre apparater än typ C.
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Die letzten Krustenlbcwegungen in den Alpen.

Von A l b r e c i it  P e n c k  in  Berlin.

Die Krnstenbewegungen sind im Bereiche der Alpen während 
der Tertiärperiode nicht zum Abschluss gekommen; sie haben auch 
^ährend des Eiszeitalters angehalten und dauern in der Gegen
wart fort. Die im bayerischen Alpenvorland 1906—1916 ausge- 
führten Eeinnivellements ergaben systematische Abweichungen 
gegenüber den rund 45 Jahre früher ausgeführten; sie lassen eine 
Einsenkung des Alpenvorlandes erkennen, die östlich von München 
in nordöstlicher Dichtung gegen den Inn hin streicht, und sich 
dann ostwärts längs desselben fortsetzt. In  der Linie, welche das 
Tertiärhügelland im Norden von den Schotterfeldern und den Mo
ränengebieten des Südens scheidet erreicht sie ihren stattlichsten 
Betrag von 83 mm. 1 Die Annahme, dass die Südgrenze des Ter
tiärhügellandes im östlichen Teile des deutschen Alpenvorlandes 
tektonisch vorgezeichnet ist, gewinnt dadurch eine Stütze. Die 
quartären Schichtenstörungen bestehen meist in Falten, und solche 
sind nur in den Ablagerungen erkennbar, die sich in gewissen 
Niveaus halten. Die subalpinen Schotterfelder haben die Gelegen
heit zu ihrem Nachweise gegeben. Der Altmeister der Alpen
geologie, A l b e r t  H e im , 3 is t auch hier m it dem Beispiele vorange
gangen. E r fand auf der Scheide zwischen L in th - und Reussge
biet im Schweizer Alpenvorlande die höchsten Schotter nicht am 
Alpensaume, sondern in  der M itte  des Vorlandes. Daraus folgerte 
er, dass eine Abbiegung jener Scheide gegen die Alpen hin sta tt
gefunden habe. Voraussetzung ist, dass es sich auf der ganzen 
Strecke um ein und denselben Schotterhorizont handelt. Diese 
Voraussetzung ist aber nicht erweisbar. Man kann die älteren 
Deckenschotter des Uetliberges nicht ununterbrochen über den

1 M .  S c h m i d t . Untersuchung von Höhen- und Lageänderungen von Messungspunkten
im  bayerischen Alpenvorland. Sitzungsber. d. math.-phys. K l. d. bayer. Akademie d. 
Wissensch. 1918. S. 373. , , n

2 Die Entstehung der alpinen Randseen. V ie rte ljah rssch rift d. naturforsch. Ge- 
sellsch. Zürich. 1894.
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Albisrücken und die Baarburg zur Sihl und Lorze verfolgen, son
dern bat auf dieser Strecke einzelne, von einander getrennte Vor
kommnisse, weswegen ansehnlicher Spielraum fü r die Altersdeutung 
der einzelnen bleibt. A e p pli 1 hat sich H e im  angeschlossen, dass 
durchweg älterer Deckenschotter vorliege. Nach B r ü c k n e r 3 sind 
die alpennächsten Schotter jünger, und ursprünglich in geringerer 
Höhe abgelagert als die alpenferneren. Das ist auch die Ansicht 
von Roman F r e i. 3 Auch ich zweifle daran, ob die Schotter der 
Baarburg und die an der Sihl und Lorze älterer Deckenschotter 
sind und halte daher das Abbiegen des letzteren gegen die Alpen 
hin in  der Gegend südöstlich Zürich nicht fü r erwiesen. Dagegen 
gelang es m ir im bayerischen Oberschwaben einen unverletzten 
Sattel des älteren Deckenschotters zu verfolgen und sonst noch 
Schichtstörnngen desselben festzustellen, die auf einen leichten 
Faltenwurf des Landes zwischen I lle r  und Lech weisen. i  2 3 4 5 6 7

Stärkere Schichtstörungen quartären Alters sind sehr selten. 
S teil' gestellte Diluvialschotter habe ich nur am Südfusse der 
Karawanken angetroffen,5 aber es ist nicht ausgeschlossen, dass 
hier .Rutschungen vorliegen. E in  Gebiet ansehnlicher tektonischer 
Bewegungen lieg t am Rheine zwischen Eglisau und Kaiserstuhl, 
das ich näher beschrieben habe.6 H ug hat seither meiner Auflass
ung beigepflichtet; seine geologische Karte  der Umgebung von 
Kaiserstuhl stimmt m it der von m ir aufgenommenen des Gebietes 
bis auf einige Einzelheiten überein.7 Noch enger is t die Über
einstimmung in der Schichtgliederung des Gebietes, in  der Unter
scheidung von älterem und jüngerem Deckenschotter zwischen 
R oman F r e i und mir. Seine sehr eingehende Beschreibung der 
einzelnen Vorkommnisse deckt sich genau m it meinen Tagebucb- 
aufzeichnungen. Aber er erblickt in den Schotterdecken nicht 
tektonische Störungen, und fü h rt die Unregelmässigkeiten in der 
Lagerung im wesentlichen auf Unregelmässigkeiten ihrer Unterlage 
zurück. Die beiden Deckenschotter sollen eine talzerfurchte Land
schaft planieren. Damit kann man allerdings den häufigen und

1 Erosionsterrassen und Glazialschotter in  ih re r Beziehung zur Entstehung des 
des Zürichsees. Beiträge zur geologischen Karte der Schweiz. X X X IV . 1894.

2 Pence: und B rückneb. Die Alpen im  E iszeita lter. Le ipzig 1908. S. 505.
3 Monographie des Schweizerischen Deckenschotters. Beiträge zur geologischen 

Karte  der Schweiz. N. E. X X X V II  1912. Vergl. dagegen H e im . Geologie der 
Schweiz I  1918. S. 189. 411.

4 Alpen im  E iszeitalter. S. 40. 45. 51.
5 Ebenda S. 1106.
6 Ebenda S. 405. Vergl. auch H e im . Geologie der Schweiz I  S. 288.
7 Geologie der nördlichen Teile des Kantons Zürich und der angrenzenden Land

schaften. Dazu die Spezialkarten 34, 35, 36. Beiträge zur geologischen Karte der 
Schweiz. N. F. X V . 1907.

[M aj 1922.



Jähen Wechsel in der Höhe der Heckenschottersohle befriedigend 
eiklären. Aber m it demselben verknüpft sich in der Hegel ein 
solcher in  der Höhe der Deckenschotter-Oberfläche. Diese zeigt 

so regelmässiges Ansteigen gegen die Alpen hin, wie w ir es 
sonst zu sehen gewohnt sind. W ir  haben es nicht m it Teilen 
zweier verschieden alter Felder zu tun, welche die Höhen südlich 
•kgüsau und Kaiserstuhl krönen, sondern m it einer Reihe stufen
förmig angeordneter Flächen, deren jede ihre eigene Sockelhöhe 

Das hat H ug recht anschaulich zur Darstellung gebracht. 
>lan erkennt deutlich die an den Störungslinien gegeneinander 

Verschobenen Pakete. Ob man die Störungslinien als Verwerfungen 
0(ier Schwärme von solchen aufzufassen hat oder als starke Abbie
gungen, lässt sich in  der N atur nicht entscheiden. Die Seltenheit 
Schräge gestellter Schichten spricht fü r ersteres. Der Anordnung 

Ganzen scheint zwischen Eglisau und Kaiserstuhl eine Falte 
Zu Grunde zu liegen: die Mulde folgt dann dem Rheine, der Sattel 
zfeht sich in einigen Kilometern Entfernung südlich von ihm ent- 
■*aug; die Falte is t zu steil, als dass die Schotterfelder ihrer Bie- 
gung folgen konnten, sie wurden in einzelne Tafeln zerlegt, die 
gegen einander verschoben und nur stellenweise schräge gestellt 
Wurden. Der Umstand, dass sich unweit unseres Gebiets die letzte 
Jurakette des Lägern erhebt, lockt zur Annahme solcher posthumen 
Khustenbewegungen. Ich habe sie m ir bereits 1902 durch eine Serie 
Von bisher unveröffentlichen Profilen veranschaulicht. Ich gebe 
Jiese hier in F ig . 1 wieder, weil sie die stärksten quartären Dis
lokationen, die ich im Umkreise der Alpen kennen gelernt habe, 
Zeigen.

Schichtstauchungen, wie sie gar nicht selten im norddeutschen 
Jdluvium Vorkommen, kenne ich im Bereiche der quartären tek
tonischen Störungen der Alpen nirgends. A ls Ausnahmseischei- 
Oungen werden sie in den alpinen Moränengürteln angetroffen, z. B. 
bei Au im Inntale. Sie haben hier sichtlich m it glazialem Zu
sammenschub zu tun, und eine andere Deutung vermöchte ich auch 
Jen entsprechenden Vorkommnissen in Norddeutschland nicht zu 
geben. Wiederholte Besuche der Steilküste von Rügen haben mich 
immer aufs neue davon überzeugt, dass auch die dortigen Schicht
störungen auf Gletscherschub zurückzuführen sind. Es fehlt ihnen 
Jie Regelmässigkeit des Streichens, welche fü r tektonische Stör- 
Ungen so bezeichnend ist. Man sieht von Stubbenkammer aus bei 
ruhigem Wasser im Meeresgründe eine wahre Mosaik von Kreide
schollen m it verschiedenem Streichen ihrer Feuersteinschnüre, wie 
Sie nur durch oberflächliche Stauung gebildet worden sein kann.

i 44. H . 5 ] D IB  LETZTEN KRUSTENBEWEGUNGEN IN  DEN A LI’EN. 609
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Das B ild, welches die jungen Schichtstörungen im Bereiche der 
Alpen gewähren, weist auf eine flache Baitung, die in der Richtung 
der Alpen streicht. Unzutreffend ist; die Darstellung von R o th - 
p l e t z , 1 wonach es sich zwischen Ammersee und Würmsee sowie 
zwischen diesem und dem Isartale um meridional streichende Auf-

Fig. 1. Die Schichtstörungen im Deckenschotter bei Eglisau am Rhein.

Wölbungen und bei Wolfratshausen um eine besonders tiefe Ein
biegung handele. Zur Konstruktion seines Kärtchens sind n ie1 
bloss zwischen Ammersee und Würmsee Vorkommnisse verwen e

1 Die Osterseen und der Isar-Vorland-Gletscher. Mitteilungen Geogr. Gese' ls?gr 
München X II. 1917. S. 99. (Landeskundliche Forschungen herausgegeben von 
Geogr. Gcsellsch. München XXIY.



(Kotenfeld, Monetsbausen), deren A lte r nicht erm itte lt werden kann, 
s°adern im Isartale auch die Schotter der letzten Interglazialzeit^ 
Ke in sehr verschiedenen Höhen abgelagert sein können. Ja, bei 
Icking sind sogar herabgerutschte Schollen zur Konstruktion der 
Karte verwendet. H ierauf fü h rt sich die besonders tiefe Einsen
dung zurück, die der Deckenschotter bei Wolfratshausen haben 
soll.
. Es liegt nahe anzunehmen, dass ähnliche Lagerungsstörungen, wie 

Sle in den fluvioglazialen Schotterfeldern des Alpenvorlandes nach
weisbar sind, sich auch im Gebirge geltend gemacht haben. Aber 
Ker fehlt die Möglichkeit, sie ebenso nachzuweisen. W in sind hier 
ln einem Gebiete starker fluv ia tile r und glazialer Erosion. Abla
gerungen, deren Deformation erkennbar wäre, fehlen in der Regel. 
Hier muss ein anderes Untersuchungsverfahren angewandt werden 
aH im Yorlande, nämlich die morphologische Analyse, auf die 
W alther  P e n c k 1 kürzlich hingewiesen hat. Längst schon hat 
‘Uan aus den grossen Talseen der Alpen auf tektonische Bewegungen 
§eschlossen. H e im  bring t ihre Entstehung m it einem Rücksinken 
1(1 Beziehung, welches eintrat, als die aufgefalteten Massen die 
Herstellung des isostatischen Gleichgewichts erstrebten und ihre 
Unterlage eindrückten. Es sollten die bereits eingeschnittenen 
Täler m it dem ganzen Gebirge einsinken und in Seen verwandelt 
Werden. Ich w il l nicht in eine eingehende Erörterung des F ü r und 
^ id e r dieser Theorie eintreten. Es genüge zu sagen, dass die 
Hage der grossen Talseen in der Schweiz m it einem Rücksinken 
^er Alpen nicht durchweg in Einklang steht. Gerade die grössten, 
Hodensee und Genfer See liegen ganz ausserhalb des Gebirges und 
‘K r Zürichsee grösstenteils. E r streckt sich mitten durch eine im 
‘Khichtbau der Molasse angezeigte Antik lina le  hindurch. Auch 
H'agen die Seetäler nicht den Charakter fluv iá til entstandener E in 
schnitte, sondern erweisen sich durch die Stufenmündungen ihrer 
Seitentäler als glazial übertieft. Bei Theorien über die Entstehung 
‘K r Alpenseen darf daher die M itw irkung glazialer Erosion nicht 
ausgeschaltet werden, und auf Bewegungen des gesamten Gebirges 
dann nur jener A n te il der Seebildung zurückgeführt werden, der 
‘iürch glaziale Erosion nicht erklärt werden kann.

E rückner, und ich haben bei unseren Untersuchungen über die 
Klpen im Eiszeitalter versucht, m it H ilfe  der Stufenmündungen 
aü den Seiten und den Terrassen an den Flanken der grossen 
Klpentäler deren Zustand vor der glazialen Übertiefuug zu er-

, 1 AVesen und Grundlage der morphologischen Analyse. Ber. d. math. phys. Klasse
Sachs. Akadem. d. Wissensch. LX X II. Leipzig 1920. S. 65.
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m ittein und sind dabei zu dem Ergebnisse gelangt, dass die prä
glazialen Talböden kein solches Einbiegen erkennen lassen wie es 
H eims Theorie verlangt. Sie steigen vielmehr in den Alpen allent
halben gebirgseinwärts an, und zwar stellenweise so steil, dass auf 
eine nachträgliche Hebung des Gebirgskörpers geschlossen werden 
muss. Eine solche Hebung w ird  auch durch Deltaablagerungen 
erwiesen, die w ir in  den Mündungen des Inn  und Salzachtales am 
Alpenrande, im Innern der Alpen im Klagenfurter Becken kennen. 
Sie deuten auf Alpenseen, deren Spiegel bedeutend höher stand als 
das ihnen vorlagernde Land, und die man sich nur erklären kann, 
wenn letzteres gesunken, oder die Alpen gehoben worden sind. 
Eür ersteres linden sich keine Beweise, die in einer Aufschotterung 
des gesenkten Gebietes bestehen müssten. Es bleibt daher nur der 
Schluss auf die Hebung des Alpenkörpers seit der vorletzten, der 
Mindel-Biss-lnterglazialzeit, der die Deltas angehören. A u f eine 
seit dem Pliozän erfolgte Hebung der Südalpen schliessen w ir 
ferner aus der Deformation des in deren Täler eindringenden ma- 
rinen Pliozäns. Kings um die Alpen herum finden w ir die An
zeichen einer jugendlichen Hebung des Gebirges. Oh nun diese 
Hebung das ganze Gebirge gleichmässig betroffen hat, oder ob 
sie sich in einzelnen Zonen mehr, und in andern weniger äussert, 
lässt sich durch den blossen Verfolg des präglazialen Talbodens nicht 
m it Sicherheit entscheiden; denn je weiter man sich von den Stellen 
entfernt, wo seine Altersbestimmung m it leidlicher Sicherheit mög
lich ist, um so unsicherer w ird  seine Wiedererkennung, wenn auch 
so bedeutende Verschiedenheiten der Ergebnisse, wie sie kürzlich 
von J oh. M üller  1 und von L evy 2 im unteren Lechtale erzielt 
worden sind, nicht bloss in der Materie begründet sein dürften.

Neben dem präglazialen Talboden haben w ir aber ein weiteres 
M itte l zum morphologischen Nachweise von Krustenbewegungen 
in den Alpen. Das ist die Gipfelflur.3 W ie längst bekannt, halten 
sich im Gebirge benachbarte G ipfel in  ungefähr gleicher Höhe, die 
nicht als ein Anzeichen eines früheren Plateaus zu deuten ist, aus 
dem das heutige Relief der Alpen herausgeschnitten worden ist, 
sondern bedingt is t durch die Abtragung der Talgehänge, durch 
subaerile Denudation und durch die nagende Tätigkeit der kleinen 
Hängegletscher. Durch beide Vorgänge werden die Talscheiden 1 2 3

1 Die diluviale Vergletscherung und Uebertiefung im Lech- und Illergebiet. Jahrb-
preuss. geol. Landcsanstalt, X X X V III 1918. S. 1. ,

2 Diluviale Talgeschichte des Werdenfelser Landes und seiner Nachbargebiet .
(Ostalpine Formenstudien I) 1920. S. 130. w -

3 A. Penck. Die Gipfelflur der Alpen. Sitzungsberichte d. preuss. Akad. a. vvi 
sensch. X V II. 1919. S. 256.

[Maj 1922.



Vügeschärft. Zugeschärfte Scheiden erscheinen daher als Anzeichen 
besonders starker Zerstörung und Abtragung. Verfolgt man ihre 
Verbreitung durch die Alpen, so sieht man sie allenthalben an die 
Rossten Erhabenheiten geknüpft. Wenn nun gerade diese höchsten 
Partien die stärkste Zerstörung aufweisen, so können sie nicht a lt 
Seilb denn sonst wären sie der Zerstörung längst erlegen; sie miis- 
Sen erst in jüngster Zeit zu ihrer jetzigen Höhe emporgehoben 
Worden sein. Aufwölbungen der alpinen Gipfelflur, die sich in 
aHen schärfer umrandeten höheren Gebirgsgruppen geltend machen, 
können daher auf junge Aufwölbungen des Gebirges zurückgeführt 
Werden. Dagegen können Einbiegungen der Gipfelflur, namentlich 
Wenn sie nicht m it scharfen Schneiden verknüpft sind, wie dies 
aQ den grossen Längstälern der F a ll ist, als charakteristisch für 
Binder gehobene Gebirgsteile betrachtet werden. So eröffnet sich 
^ie Möglichkeit zwischen den in jüngster Vergangenheit mehr oder 
Weniger gehobenen Alpenteilen zu unterscheiden und in den nicht 
^ansehnlichen Wellungen der alpinen G ipfelflur Wirkungen einer 
^och in jüngster geologischer Vergangenheit erfolgten, wahrschein
lich heute noch von statten gehenden Faltung der Alpen zu erblicken, 
Welche die einzelnen Zonen verschieden stark betroffen hat, ohne 
Slch indes genau an die ältere Tektonik zu knüpfen. Die Faltung 
s°heint das ganze Gebirge ergriffen und in  seiner Gesamtheit über 
Seine Umgebung gehoben zu haben. Die Mulden erscheinen daher 
üicht als Eintiefungen, sondern als minder hohe und deswegen 
minder tie f zerschnittene Gebiete.

M it jugendlichen Krustenbewegungen hat Otto A mpperer, 1 die 
Bildung einer eigentümlichen Schotterformation in Beziehung ge
bracht, die w ir in einzelnen Alpentälern begegnen. Ich habe sie 
aüfänglich für fluvioglazialer Entstehung gehalten und m it der 
Vergletscherung in Beziehung gebracht. Eingehende Untersuch
ungen im Isargebiete haben mich überzeugt dass eine interglaziale 
Bildung vorliegt, welche unabhängig von der Vergletscherung er- 
bflgt ist. A mpferer hält ihre Entstehung fü r tektonisch bedingt. 
Vr nimmt an, dass während oder kurz nach der vorletzten Ver
gletscherung die Alpen an einigen Stellen einsanken, weswegen 
^ie dortigen grossen Täler verschottert wurden, worauf sie sich 
Wieder hoben, so dass die aufgeschütteten Geröllmassen wieder 
Verschnitten wurden. Eine im Inntale unterhalb Innsbruck vor- 
§eüommene Bohrung, die eine ganz unerwartete Mächtigkeit der

„  1 Uebcr die Entstehung der Inntalterassen. Zeitchr. f. Gletscherkunde. I I I .  1908. 
*?• 52. Verhandl. k. k. geolog. ßeichsanstalt. 1908. S. 87. Ueber einige Grund
lagen der Glazialgeologie. Ebenda 1912. S. 237.
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unter dem Talboden liegenden lockeren Massen ergeben hat, hat 
kürzlich A mpferer1 Veranlassung geboten, seine Ansicht in kurzer 
Zusammenfassung neuerlich zu entwickeln. Sie erklärt den vor
liegenden Tatbestand völlig, aber sie is t nicht die einzige, die dies 
vermag. Eine Verschüttung der durch die Gletscher übertieften 
Täler musste unter allen Umständen eintreten, und war das K lim a 
der Interglazialzeit etwas trockener als das heutige, so konnte sie 
sehr beträchtliche Ausdehung erhalten. Zur Entscheidung is t eine 
Erweiterung der Beobachtungstatsachen nötig. Diese suchte ich 1® 
Laufe der letzten Jahre zu gewinnen.1 2 In  den mächtigen Schotter
terrassen des Inn- und Isartales stecken mächtige lakustre Abla
gerungen, wie solche durch B rückner schon in den Aufschüttungs
terrassen des Tagliamento nachgewiesen worden sind.3 Ihre tonigen 
Schichten, häufig überkrochen vom höher anstehenden Gerolle, ent
ziehen sich leicht der Beobachtung; ihre Deltaschotter unterscheiden 
sich lediglich durch ihre schräge Schichtung von den fluviatilen 
und sind nur in  guten Aufschlüssen von denselben zu trennen. 
Sie rühren von zwei langgedehnten Talseen der letzten, der Riss- 
W ürm-Interglazialzeit her; der des Inntales streckte sich aus der 
Gegend von Telfs bis fast Kufstein, der des Isartales von Mitten- 
wald bis Tölz. Die Ablagerungen dieser Seen steigen nun, ganz 
ebenso wie die gleichalten des Tagliamento im allgemeinen talauf
wärts an, die des Isartales um mindestens 250 m, die des Inntales 
um fast 300 m, aber nur bis in die Gegend von Z ir l;  weiter talauf
wärts erreichen sie geringere Höhen als dort (Vergl. Profil in  Fig- 
2). Sie sind deformiert. Das lässt sich in beiden Tälern durch 
deutlich entwickelte obere Kanten alter Deltas erweisen, deren 
grosse Mächtigkeit namentlich im Inntale verrät, dass es sich n® 
tiefe Seen handelte, nicht etwa bloss um seichte Wasseransam®' 
langen an den Eianken eines sein Bett rasch aufschüttenden Flusses- 
Auch ergaben sich nirgends Anhaltspunkte dafür, an Stelle eines 
grossen Sees in einem Tale, deren mehrere durch Dämme oder 
Riegel von einander getrennte anzunehmen, deren Spiegel natür
lich  um so höher stehen musste, je weiter gebirgseinwärts sie 
liegen.

Der Versuch nach der Höhenlage der lakustren Ablagerungen 
Isobasen zu konstruieren, stösst auf zwei Schwierigkeiten: erstens

1 Ueber die Bohrung von Rum bei H all in Tirol. Jahrb. geolog. Staatsanstalt'
Wien. LXXI. 1921. S. 71. je

2 Die Terrassen der Isartales in den Alpen. Sitzungsberichte preuss. Akade 
der Wissensch. Phys.-math. K.1. Berlin 1922. S. 122. Ablagerungen und Seine 
Störungen der letzten Interglazialzeit in den nördlichen Alpen. Ebenda. S. 314.

3 Alpen im Eiszeitalter. S. 1024.

[M aj 1932.



haben w ir es m it Deformationen zweier verschiedener Seespiegel 
Zu tun, und zweitens dehnten sich beide in langen Tälern vorwie
gend in einer Richtung. Naturgemäss erhält man in jedem der
selben, falls man rein geometrisch vorgeht, Isobasen, die ungefähr 
senkrecht zur Talrichtung und, da es sich vorwiegend um Längs- 
talsrecken handelt, ungefähr senkrecht zur Richtung des Gebirges
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Dg. 2. Isobasen (in Meter Meereshöhe) der alten Secspiegel des Inn- und Isartales in 
^en nördlichen Kalkalpen und Profil des deformierten interglazialen Sees im Inntale.

^erlaufen. Die auf unserm Kärtchen angezogenen, die Täler que- 
renden geraden Linien sind solche geometrische Isohasen. N immt 
inan aber zu den positiven Evidenzen in den Haupttälern auch 
die negativen in den Nebentälern, so ergeben sich ganz anders 
geartete Kurven, die w ir auf unserem Kärtchen als geologische 
Isobasen durch Punkte dargestellt haben. Sie verlaufen etwa im
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Streichen des Gebirges, und zeigen in  der Voralpenzone, im Loi- 
sach- und Isartale, ein geringes Ansteigen, dann aber im Hochal- 
penzuge in  Isargebiete ein sehr rasches Ansteigen, an dem die 
Längstalstrecbe W allgau-Fall m it teilnimmt.' Auch im Inngebiete 
ergibt sich in  der gesamten Voralpenzone ein sanftes Ansteigen» 
in den Salzburger Schieferalpen kann gleichfalls nicht auf ein steiles 
geschlossen werden, aber weiter aufwärts in  der Gegend von 
Achensee bis Innsbruck liegt eine muldenförmige Einbiegung 
zwischen Zentralalpen und Kalkalpen vor. Unverkennbar ist es eine 
starke Hebung im Karwendelgebirge und am Nordrande der Oetz- 
taler Alpen, welche sich in der Verbiegung der Inntalterrasse ober
halb von Innsbruck verrät. Besonders stark gehoben erscheinen 
also die Alpenteile, m it aufgewölbter G ipfelflur, und ihnen gegen
über gesenkt erscheint das Längstal des Inn, gegen das hin sieh 
die G ipfelflur einbiegt.

Die alten Talseen des Isar- und Inntales, sowie jener des Taglia- 
mentotales, deren deformierte Spiegel nun zum Schluss auf eine 
späte Erhebung einiger Alpenteile führen, dehnten sich in  über
tieften Talstrecken, und es liegt nahe, hier, wie sonst so vielfach 
möglich, die Seebildung als eine Folge der glazialen Übertiefung 
anzusehen. Aber heute is t die letztere in den genannten Tälern 
nicht von Seebildung begleitet, und sie ist es überhaupt nur in 
einigen Alpentälern. Seebildung und Übertiefung fallen in den 
Alpen keineswegs immer zusammen. Zwar kennen w ir  keinen 
einzigen grösseren Alpensee ausserhalb des Bereiches der Über
tiefung, aber in  letzterem g ib t es nicht überall Alpenseen. Man 
könnte das Fehlen von Seen in  den heutigen Tälern des Inn, 
der Isar und des Tagliamento auf die nachgewiesene Hebung der
selben zurückführen, durch welche die Seewannen schräge gestellt 
wurden, so dass sie sich nicht mehr m it Wasser füllen können. 
Umgekehrt aber kann man auch das Auftreten von langgedehnten 
Talseen in übertieften Tälern auf eine Einbiegung von deren Gebieten 
zurückführen. Im  Inntale finden sich zwingende Gründe fü r die 
Annahme einer solchen Einbiegung. Bei Innsbruck sind alte 
Schuttkegel, die Höttinger Breccie der vorletzten und der Höttinger 
Schutt der letzten Interglazialzeit unter den See der letzten In te r
glazialzeit getaucht worden. W ir  finden sie (S. in  Fig. 2) nicht 
nur unter dem deformierten Spiegel, der sich aus dessen grössten 
Höhen beim itangger Heissen und bei Vomp ergibt, sondern auch 
tiefer als das dicht benachbarte alte Delta der Weiherburg (W  
Fig. 2). Nie können durch blosse Folge der Übertiefung A bla
gerungen, die auf dem Lande entstanden sind, unter Wasser

[Maj 1922.



getaucht werden. H ier müssen Krustenbewegungen m itgew irkt 
haben, die das Tal, in dem eben erst und kurz zuvor das Material 
v°n Schuttkegeln abgelagert worden ist, zum Ertrinken gebracht 
haben. Ich habe an die Möglichkeit einer glazialen Abdämmerung 
früher gedacht, die solches bewirkt haben könnte und angenommen, 
dass während einer grossen Schwankung im Rückzüge der letzten 
Vergletscherung das Inn ta l durch den vorrückenden Z ille rta lg le t
scher zeitweilig aufgestaut und in  einen See verwandelt worden 
sei- Aber A mpferer hat gezeigt, dass das nicht geschehen ist.

Indem sich das Inn ta l bei Innsbruck erst gesenkt und dann 
nieder gehoben hat, hat es eine Schwingung vo llfuhrt. Solche 
Rrustenschivingungen hat A mpferer zur E rklärung der mächtigen 
raterglazialen Terrassen der Alpentäler angenommen. Dass sie 
w irklich stattgefunden haben, geht aus unseren Untersuchungen 
hervor. Zugleich hat sich herausgestellt, dass zwei Möglichkeiten 
die mächtigen interglazialen Verschüttungen anders zu erklären, 
als durch Annahme von Senkungen, nicht haltbar sind. Die in ter
glazialen Verschüttungen beseitigen nicht lediglich die Folgen der 
Ubertiefung, indem sie die Haupttäler wieder so hoch erhöhen, 
Wie sie vor den Vergletscherungen gewesen. Sie reichten über 
den präglazialen Talboden weit empor und gehen über die Grenzen 
der Übertiefung hinaus; sie sind in  der Schweiz während der 
Mindel-Riss-Interglazialzeit auch ausserhalb des Gletschergebietes 
erfolgt. Der weitere Gedanke, dass die Verschüttung infolge grös
serer Trockenheit des Klimas eingetreten sei, erweist sich gleich
falls als nicht zutreffend, denn eingeschaltet in die interglazialen 
Aufschüttungen finden sich nicht selten Schieferkohlen, die in 
humidem K lim a entstanden. Es bleibt nur die Theorie des relativen 
Einsinkens ganzer Talgebiete, um deren Verschotterung zu erklären. 
A mpferers Theorie erscheint uns heute sicher begründet und w ir 
stehen nicht an, die mannigfachen interglazialen Schotterterrassen 
namentlich der nördlichen Ostalpen, aber auch im Draugebiete fü r 
den Nachweis interglazialer Krustenschwingungen in den Alpen 
zu verwerten, nämlich eines Einsinkens eines Teiles, dem alsbald 
dessen Wiedererhebung folgte.

Die Krustenschwingungen sind räumlich beschränkt auf das 
Gebiet der Vergletscherungen. W ir  können sie durch mächtige 
Schotterterrassen vom Isartale bis zum Tale der Enns nachweisen, 
Weiter westlich und östlich fehlen sie. Sie sind in den verglet
schert gewesenen Teilen der östlichen Südalpen zu erkennen, aber 
in dem westlichen bisher nicht. Eine weitere Beziehung zur 
Eiszeit bekundet sich durch ihre zeitliche Verknüpfung m it dem

4 1 —220270. G. F. F. 1922.
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Eiszeitalter. Sie spielen sich im wesentlich in den Interglazial
zeiten ab, und zwar sowohl in der letzten wie auch in  der vor
letzten. Der Riss-Würm-Interglazialzeit gehören die meisten der 
grossen Schotterterrassen in  den Gletschergebieten an, fü r die 
Mindel-Riss-Interglazialzeit werden Schwingungen durch die hoch
gehobenen Deltabildungen an den Mündungen des Inn- und Salzach
tales sowie im Klagenfurter Becken, deren w ir schon gedachten, 
wahrscheinlich gemacht, endlich durch den sogenannten Hochter- 
rassenschotter der Nordschweiz erwiesen, den ich — oberhalb 
W aldshut — im  Einklang m it A . H e i m 1 fü r den einer intergla
zialen Terrasse; erachte. Auch im Inntale sind solche erkennbar-

Krustenschwingungen kennt man längst aus dem Norden. Der 
skandinavische und der kanadische Schild sind Eindrückungen der 
Erdkruste, die je tzt wieder emporsteigen aber noch nicht, wie ihre 
Küstenumrisse lehren, ihre frühere Höhe erreicht haben. In  ihnen 
hat zuerst Gérard de G eer Isobasen konstruiert, die den Betrag 
ihrer Erhebung k la r erkennen lassen. Seinem Beispiele versuchten 
w ir in  einem Teile der Alpen zu folgen. Die Ä hnlichke it der 
Vorgänge hier und da ist offenkundig. Aber es g ib t auch Ver
schiedenheiten. Zunächst zeitlicher A r t :  Die Wiedererhebung der 
der beiden Schilde spielt in der Postglazialzeit, die der betrach
teten Alpenteile in  den Interglazialzeiten; in welchem Abschnitte 
des Eiszeitalters die Eindrückung der Schilde erfolgte, ist noch 
nicht bekannt. Die unserer A lpentäler geschah unmittelbar vor 
ihrer Hebung, gegen Schluss der vorangehenden Vergletscherung) 
oder noch bei Beginn der Interglazialzeiten, in denen sie gehoben 
werden. Die Interglazialzeiten sind Zeiten der grossen alpinen 
Krustenschwingungen; für deren Auftreten in der Postglazialzeit 
giebt es nur lose • Anhaltspunkte. Der zweite Unterschied zw i
schen den alpinen und nordischen Krustenschwingungen is t ein 
regionaler. Im  Norden schwingen die grossen tektonischen E in 
heiten des baltischen und kanadischen Schildes einheitlich, in den 
Alpen schwingen, soweit unsere noch recht bescheidene Kenntnis 
reicht, die einzelnen Teile verschieden stark. Das Karwendelge- 
birge im Hochalpenzuge der nördlichen Kalkalpen schwingt stärker 
als der Voralpenzug, die Schieferalpen weniger stark als die Zen
tralalpen, das untere Inn ta l weniger stark als die beiderseits an
grenzenden Gebiete.

Bei vollkommenen Krustenschwingungen sollten die Orte genau 
in  die Lage zurückkehren, die sie anfänglich hatten. Das ist

[Maj 1922-
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ln den Alpen nicht geschehen. Die Schwingungen des Inntales 
'Während der beiden letzten Interglazialzeiten decken sich nicht, 
■öie jüngere offenbart sich in  den mächtigen Terrassenbildungen, 
die hoch über den Spiegel des deformierten Inntalsees (vergl. Fig. 2) 
sich erheben, die ältere hat sich im wesentlichen unter S (ebenda) abge
spielt, bis wohin die Gehängebildungen der vorletzten Interglazial- 
zeit herabreichen. T ief darunter liegt, mehr als 200 m unter der 
Talsohle der felsige Grund. Es sieht aus, als oh die ältere 
Schwingung sich im wesentlichen unter, die jüngere über dem 
heutigen Inn abgespielt hatte. W ie dem auch sei: Dauernd ein
gebogen erscheint das Innta l. Dagegen verrät die Aufwölbung 
der G ipfelflur im benachbarten Karwendelgebirge, dass dieses bei 
den letzten Schwingungen, die es gemacht hat, einen dauernden 
Gewinn an Höhe gehabt hat. Andere Alpengruppen scheinen aber 
einen Verlust an solcher erlitten zu haben. In  den östlichen Glet
schergebieten war die Mindel-Vergletscherung vielfach grösser als 
die Hiss-Vergletscherung, ferner stand im Steyer- und Ennstale 
die Würm-Vergletscherung bedeutend hinter der Riss-Verglet- 
scherung zurück; beides deutet darauf, dass die östlichen Alpen
teile im Laufe des Eiszeitalters wesentlich erniedrigt worden sind. 
Aber die Abtragung, die sie erlitten haben, reicht nicht aus, die 
stattliche Erniedrigung des Gebirges zu erklären, auf die aus den 
stark abnehmenden Dimensionen der Vergletscherungen geschlossen 
Werden muss, diese veranlassen nur an Einsenkungen zu denken.

Die Maxima der während der beiden letzten Interglazialzeiten 
erfolgten Schwingungen haben sich nicht an dieselben Stellen ge
knüpft. In  der Nordschweiz und im Klagenfurter Becken liegen 
die Mindel-Riss-interglazialen Ablagerungen mehr peripherisch als 
die Riss-Würm-interglazialen. Auch die Orte interglazialer See
bildung haben sich verschoben. Sie erfolgte im Riss-Würm-Inter- 
glazial namentlich im Inntale, im älteren Mindel-Riss-Interglazial 
am Ausgange des Inntals. Ebenso decken sich die Gebiete der 
letzten interglazialen Seebildnng nicht überall m it der heutigen. 
Lediglich in der Schweiz ist dies der Fall, wo uns alle Deltas 
anzeigen, dass an Stelle des Genfer-, Thuner- und Zürich-Sees 
schon während des Riss-Würm-Interglazial Seen vorhanden waren; 
gleiches g ilt  vom Gardasee. Aber dasselbe lässt sich weder fü r 
die insubrischen, noch die oberbayerischen, noch die Öberöster
reichischen Seen erweisen. Im  Tessingebiete liegen die insubrischen 
Seen in einem Alpenteile, der bei verhältnissmässig geringer 
Gipfelhöhe einen Formenschatz aufweist, der sonst nur in höheren 
Gebirgsgruppen au ftritt. Mehr als sonst in  den Alpen w ird  man
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Mer zur Annahme einer späten Einsenkung eines weiten Gebietes 
gelockt. Ferner weist die Lage der grossen Alpenseen in den 
einzelnen Gletschergebieten bemerkenswerte Unterschiede auf: Die 
einen, wie die Oberbayerns und Oberitaliens, sind bis an die äus- 
sersten Jung-Endmoränen gerückt, während die der Schweiz nicht 
an dieselben heranreichen. Endlich weisen die einzelnen Gletscher 
gebiete Verschiedenheiten im Bau ihrer Zungenbecken auf. I n 
den einen nehmen die Schotter der Niederterrassen in typischer 
Weise ausschliesslich im Endmoränengürtel Ursprung, in den an
dern ziehen sich die interglazialen Schotter durch die Zungen
becken hindurch und setzen sich als Unterbau der Niederterrassen 
fort.

A lle  diese Einzelheiten weisen darauf, dass die Vergletscherungen 
ihre Betten nicht uniform gestaltet haben sondern, dass ein Spiel
raum fü r individuelle Entwicklungen gewesen ist. Die Weite dieses 
Spielraumes dürfte durch die Verschiedenheiten der Bühnen be
dingt sein, auf denen sie sich abspielten. Diese Bühnen waren 
nicht fest, sondern beweglich. Spielte sich die Übertiefung in 
einem aufsteigenden Gebiete ab, so vermochte sie auch in den 
Zungenbecken nicht immer Seebecken zu schaffen, wie sie dort ent
standen, wo Senkung die Übertiefung unterstützte. Tauchten 
interglaziale Aufschüttungen unter die untere Grenze der Erosions
fähigkeit des Eises, so erhielten sie sich, während sie sonst aus- 
geputzt wurden. So ergab sich je nach der Beweglichkeit der 
Bühne unter sonst gleichen Verhältnissen bald Seebildung, bald 
setzte sie nicht ein, und es entwickelten sich verschiedene Typen von 
glazialen Zungenbecken.

Die Krustenbewegungen, auf die w ir also schliessen, liegen samt 
und sonders im Bereiche der Krustenschwingungen, die in unver
kennbarer Beziehung zur Eiszeit stehen, und es muss sich fragen 
welches das Verhältnis der einen zu den anderen ist. Denkbar ist, 
dass sie m it einander verknüpft sind und sozusagen verzögerte oder 
zurückgebliebene Schwingungen darstellen, oder eine Wellenbewe
gung anzeigen, die sich an die stehend gedachten Schwingungen an
knüpft. Es kann sich aber auch um ganz anders geartete Bewe
gungen handeln, die sich m it den Schwingungen kombinieren. 
K la rhe it hierüber w ird  man erst erhalten, Avenn man das Wesen 
der letzteren näher erkannt haben wird. Einstweilen sind darüber 
nur Mutmassungen möglich.

Die enge räumliche und zeitliche Verknüpfung der Krusten
schwingungen m it den eiszeitlichen Vergletscherungen des Nordens 
und in  den Alpen legt den Gedanken einer ursächlichen Beziehung
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zü denselben nahe. Bereits 1865 hat J am ieso n  den Gedanken aus
gesprochen, dass die Last des Eises seine Unterlage eindrüeken 
Musste, und dass diese wieder emporstieg, als sie beim Schwinden 
des Eises wieder entlastet wurde. Quantitativ findet die Hypo
these isostatischer Ausgleichbewegungen keine Schwierigkeit: Ver
gletscherungen von 1 000—1 500 m Eismächtigkeit konnten wohl 
Eindrückungen von 300 m bedingen, is t ja  das spezifische Gewicht 
des Eises rund ein D ritte l der Kruste. Aber zeitlich scheint jener 
Hypothese eine Schwierigkeit daraus zu erwachsen, dass das inter
glaziale Einsinken dem Schwinden der Vergletscherungen stellen
weise nachhinkt. Is t zwar im Isartale der See gleich beim Rück
züge der Riss-Vergletscherung vorhanden, so erscheint er im Inntale 
Wenigstem stellenweise erst erheblich später. Es w ird  bei Inns
bruck in der Riss-Würm-Interglazialzeit erst der Höttinger Schutt 
von einem Wildbache abgelagert und dann erfolgt das Untertauchen 
ünter den Spiegel des interglazialen Sees. Doch hält R u d z iii 1 an 
derartiges Nachhinken fü r durchaus möglich und denkt dabei an 
elastische Nachwirkungen. Auch muss man sich vor Augen halten, 
dass das Ertrinken einer Talstelle nicht bloss abhängig is t von 
der Bewegung, die sie selbst vo llführt, sondern auch bedingt ist 
durch die Bewegungen von talabwärts gelegenen Orten, die die 
Lage der Seespiegels bedingen. Endlich ist denkbar, dass auf das 
Einsinken infolge der Eisbelastung später noch ein solches wegen 
tektonischer Senkung folgte. Solange derartige Erklärungsmög- 
Hchkeiten bestehen, möchten w ir im Nachhinken der intergla
zialen Seebildung nach dem Schwinden des Eises kein Bedenken 
gegen die Hypothese isostatischer Ausgleichsbewegung als Ursache 
der Krustenschwingungen in  alten Gletschergebieten erblicken. 
Ein Kennzeichen solcher erzwungener Schwingungen wäre, dass die 
schwingenden Oberflächenteile in ihre AusgaDgslage zurückkehren 
Und nicht dauernde Ortsveränderungen erfahren, welch letztere als 
Effekt von tektonischer Krustenbewegungen anzusehen wären. So 
Lessen sich glaziale Krustenschwingungen und tektonische Krusten
bewegungen ihrem Wesen nach gut von einander scheiden, und 
w ir würden im Bewegungsbilde, das die Alpen während des Eiszei
talters geboten haben, isostatische Ausgleichsbewegungen und tek
tonische Bewegungen neben einander erkennen können.

Aber weil beide sich m it einander kombinierten, w ird  man die 
einzelnen Bewegungen nicht im einzelnen zu verfolgen vermögen, 
Und um die noch von statten gehenden tektonischen Bewegungen 1

1 Deformationen der Erde nnter der Last der Inlandeises. Bulletin international 
de l ’Academie des Sciences de Cracovie. Avril 1922. S. 169 (214). Physik der Erde. 
Leipzig 1911. S. 226.
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sauber herausschälen zu können, w ird  man das Wesen der glazialen 
Krustenschwingungen in  anderen Gebieten studieren müssen. Dazu 
bietet der Norden Europas mannigfache, leider noch nicht vo ll' 
ständig genützte Gelegenheit. Zwar ist die aufsteigende Schwin
gung von Eennoskandia durch skandinavische und finnische Geolo
gen in geradezu mustergültiger Weise erforscht worden; aber was 
in  den peripherischen Gebieten der grossen Vergletscherung gleich
zeitig geschehen ist, ist vielfach noch unbekannt. Sollte es sich 
senken, so hätten w ir je tzt im peripherischen Gebiete der Ver
gletscherung eine Bewegung, entgegengesetzt zu der im zentralen- 
Eine solche darf uns nicht überraschen. Denn wenn die grosse 
nordische Vereisung ihre Unterlage eindrückte, so musste an ihrer 
Peripherie als korrelate Bewegung eine Hebung einsetzen die erst 
nach sehr langer Zeit die von R udzki fü r eine starre 1 oder leichter 
bewegliche Erdkruste errechneten Gleichgewichtslagen einnehmen 
konnten, und sich während einer Eiszeit allem Anschein nach nicht 
weit vom Eisrande fortgepflanzt hatte. Beim Schwinden der Verglet
scherung musste sich diese Hebung ebenso in eine entgegengesetzte 
Bewegung verwandeln, wie in den Zentralgebieten die Senkung nach 
Wegnahme des Druckes. Hiernach scheint im Norden nach Schwin
den der Vergletscherung eine einfache Schaukelbewegung einge
setzt zu haben und ihre peripherischen Gebiete scheinen entgegen
gesetzt wie die zentralen geschwungen zu haben. Hierüber dürfte 
die Erforschung von Norddeutschland noch manche Aufklärung 
bieten, die auch zum Verständnis alpiner Vorgänge, wie beispiels
weise des Nachhinkens des Untertauchens einzelner Talgebiete 
nach dem Schwinden des Eises, beitragen können.

Einstweilens muss uns genügen, glaziale Krustenschwingungen, 
ähnlich denen des Nordens, auch in den Alpen erkannt zu haben. 
Ihre einzelnen Phasen haben schon früher Beachtung erfahren; 
H eims  Hypothese des Rücksinkens der Alpen hat die absteigende 
ins Auge gefasst, die Untersuchungen von B r ü c k n e r  und m ir haben 
die aufsteigende erwiesen. Krustenschwingungen können, wie A mp- 
f e r e r  gezeigt hat, die Bildung mächtiger Schotterterrassen in  den 
Alpentälern erklären. Im  Verein m it den tektonischen Bewegungen 
liefern sie uns das Bewegungsbild des Gebirges, das uns im Verein 
m it der fluvia tilen und glazialen Abtragung dessen Oberflächen
gestaltung erklärt, während uns dessen Struktur ausschliesslich 
die stattgehabten tektonischen Bewegungen verrät. 1

[Maj 1922.

1 A. a. 0. sowie Weitere Untersuchungen ebenda S. 445 Nov. 1899 ferner: Defor
mationen der Erde während der Eiszeit. Zeitschr. f. Gletscherkunde I. 1906. S. 182.
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Inledning.

Den föreliggande undersökningen, som päbörjades sommaren 1915 
och delvis sedermera ekonomiskt understötts av Sveriges Geologiska 
Undersökning, har avsett a tt i  nägon man söka u tfy lla  vär i  för- 
hällande t i l i  angränsande trakter — liksom ocksä i  förhällande 
t i l i  det centralskandinaviska sparagmitfältet — bristfälliga kun- 
skap om de norra fjälltrakternas kvartsit- sparagmitformationer. 
Ungefär samtidigt har, säsom redan torde vara tillrä c k lig t känt, 
den omedelbart i vaster tillstötande krista llina seveskifferterrängen 
pä Sveriges Geologiska Undersöknings in it ia t iv  gjorts t i l i  föremäl 
för en ingäende kartering av B acklund och Quensel m. fl. (1, 15), 
medan däremot det strax österut vidtagande fossilförande silur- 
fältet pä nppdrag av samma institu tion  rekognoscerades av W iman 
redan ären 1898—1899 och ytterligare reviderades av honom 
sommaren 1918. M it t  arbetsomräde har av dessa skäl kunnat 
strängt begränsas t i l i  den egentliga sparagmitzonen, och u tv ik- 
ningar ät öster eller väster ha i  regeln endast företagits, i  den
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man jamforelser eller anknytningspunkter darstiides varit nodvan- 
diga. W imans tidigare dagbocker och rekognosceringsbartor, soin 
tyvarr aldrig narmare publicerats, ha av konom beredvilligt stallts 
t ill m itt forfogande och i sarskild grad underlattat m itt arbete.

Det här behandlade sparagmitomrädet stracker sig norrut t i l i  
Angermanälvens norra huvudgren, eller Kultsjön—Malgomaj, p& 
vars andra sida, sävitt h ittills  framgätt, samma zon fortsätter med 
ungefär enahanda sammansättning en ungefär lika  läng sträcka 
mot norr. Rekognosceringen har skett i  skalan 1:200000, men 
b lo tt ett mindre antal observationspunkter ha av utrymmesskäl 
kunnat införas pä här sammandragna översiktskarta i  skalan 
1: 500000 (pl. L X IX ) .1

Lagerstupningarna inom omrädet visa sig mänga ganger hastig! 
och oupphörligt växla t i l i  storlek och riktn ing, ej sällan bildande 
flacka valv eller veck av växlande storlek. I  allmänhet och sär- 
sk ilt i  vissa nedan diskuterade tektoniska zoner dominera dock stup- 
ningar mot Y N V  eller NY. De pä kartan pl. L X IX  införda stup- 
ningstecknen avse egentligen de inom varje särskild tra k t rädande 
lagerstupningarna, givetvis dock med undantag för urbergsanti- 
klinalens förskiffrade eruptivbergarter. Inom den kris ta llina  seve- 
skifferterrängen beteckna de den dar allmänt utbredda parallell- 
strukturen, som i  regeln visar sig sammanfalla med de primära 
lagrings- och bankningsstrukturerna. Stupningen hos förskiffringen 
däremot är inom omrädet sä gott som utan undantag riktad mot 
V, V N V  eller NY, mer sällan mot N, ehuru t i l i  storleken växlande. 
Med undantag för de fä pä kartan mot Ö eller SO vända stup- 
ningstecknen komma dessa a tt pä sä satt markera säväl lager- som 
förskiffringsstupningen. — I  ätskilliga trakter, dar fast häll över 
större sträckor ej gär i  dagen, har i  stallet moränens samman
sättning fä tt ligga t i l i  grund för formationsgränsernas upp- 
dragande.

Det prekainbriska imderlag’ets topograll ocli dcss saiiiinausiittumg' iuom 
den centrala antiklinalen.

Liksom annorstädes längs bergskedjans östra randzon visar den 
subkambriska landytan, dar den är tillgäng lig  för observation, en 
markerad lu tn ing mot Y  och N V  tydligen i huvudsak av sekun
där natur och framkallad av den kaledoniska veckningsprocessen.

1 För de delar av omrädet, som nndersökts med understöd av Sveriges Geologiska 
Undersökning, finnas o rig ina lkarto r a tt t i l lg â  i denna institu tions arkiv.



T ill betydande del torde ocksâ de direkt överlagrande sediment- 
f°rinationernas huvudsakligen västliga eller nordvästliga lager- 
stupningar Tara beroende härav. Pâ kartogrammet pi. LX1X  har ett 
pi’eliminärt försök gjorts att dels med ledning av den subkambriska 
diskordansens höjdläge under den a lit fortfarande anstâende siluren,1 
dels med stöd av högsta topphüjderna ute pâ urbergsterrängen 
üsterut rekonstruera läget av denna subkambriska landvta, med 
de reservationer soin alla dylika försök pafordra.

Särskilt bör härvid beaktas i vad man förkastningar, monad 
üocks och, beträffande omrädet utanför den nuvarande silurgränsen, 
senare sänkning genom denudation kunna tänkas influera pâ kart- 
tilden. -— Ingenstädes inom kartomrâdet äro h itti lls  egentliga för- 
kästningar, varken loDgitudinella eller transversella, pâ ett eller 
annat satt d irekt konstaterade. Silurens nuvarande östra gräns 
är med andra ord en ren denudationsgräns, utan antydan t i l i  
att  den under ett tidigare skede, med östligare läge, va rit bestämd 
av förkastningar eller mer markerade dislokationslinjer. Liksom 
1 fraga om det centraljämtska silu rfä lte t och även annorstädes är 
silurzonens nedsänkta läge i  förhällande t i l i  urbergsytan i  öster 
därför otv ive laktig t att i  första rummet tills k r iva  den subkam
briska landytans nämnda kaledoniska, regionala deformation, däre- 
üiot säkerligen i  mindre man distinkta brottlin je r och förkast- 
äingar, sâsom h it t i l ls  mängen gang antagits. Om ocksâ denna 
deformation i  allmänhet va rit gradvis och plastisk, ha givetvis 
spänningarna loka lt kunnat komma t i l i  utlösning genom smärre 
vertikalförskjutningar längs d istinkta svaghetslinjer. Sâsom sâ- 
dana böra mähända tolkas de i vissa trakter, t. ex. kring  U lriks- 
fors, ej sä alldeles sällsynta, vaniigen blott nâgra fá cm eller dm 
breda niylonit- och krosszonerna inom urberget i  öster, dess mer 
som dessa t i l i  riktningen, savitt mina iakttagelser sträcka sig, 
i flertalet fa ll synas löpa i  stört sett paralle llt med landytans 
isobassystem eller ungefär i  NXO—SSV.

Knappast i samma utsträckning som inom andra analogt be- 
lägna trakter inom Kennoskandia äger landytan peneplankaraktär 
närmast Ö om silurgränsen. A tt  den med tilltagande avstând fran 
denna gräns b lir ännu mer kuperad är givet. Sâsom den topogra- 
fiska kartan, kanske bäst blad 48. Y i l h e l m i n a , ty d lig t visar, sam- 
mansättes landytan närmast silurranden av tva ty d lig t urskiljbara 
element, dels det kvan tita tiv t dominerande myrklädda flacklandet, 
över v ilke t vattendragen framrinna i  oregelbundna, stärkt diver-

1 Dar ej annat angives, sammanföras i det följande kainbrium , ordovicium  och 
gotlandium under benämningen silur.
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gerande banor, dels de over flacklandet uppstigande, isolerade men 
ta lrika  bergen. Frägan är, huruvida den subkambriska landytans 
fortsättning österut närmast bör sökas i dessa ej sällan rä tt plana 
bergstoppar, varvid i  sä fa ll det nedanför liggande flacklandet re- 
presenterar en senare postsilurisk dalgeneration, eller om topparna 
i stallet äro att uppfatta säsom monad nocks näende over det i  sub- 
kambrisk tid  ntbildade flacklandet.

För det förra alternativet, v ilke t legat t i l i  grund för isobasernas 
uppdragande, talar bl. a., a tt den i vaster d irekt iakttagbara sub
kambriska diskordansen, om den tänkes utdragen österut, tämligen 
väl synes sammanfalla med dessa likaledes österut stigande topp- 
höjder. Höjdkurvornas tilltagande gleshet ät detta ha ll kan dels 
vara ett u ttryck för den forna landytans — säsom väl är a tt vänta 
— här proportionsvis starkare neddenudering, dels ocksä betingad 
av närheten in t i l l  dess höjdaxel här i öster. Säsom ett annat skäl 
i  samma rik tn ing  kan kanske andragas, a tt de vida och flacka 
dalgängar, varav flacklandet sammansättes, ej sä sällan lu ta  ät 0 
och SO, alltsä i  rakt motsatt led mot den subkambriska ytans 
sannolika lutning. Uppkomsten av en sädan vid och flack dal
generation av postsilurisk aider kan mähända förklaras av läget 
V  om den subkambriska ytans höjdaxel, som därvid tjänstgjort 
som lokal erosionsbas och ett hinder för djuperosionen i väster, 
medan sädan däremot kunnat försiggä i fu l l utsträckning Ö om 
samma höjdrygg. Frägan torde emellertid för sin definitiva lösning 
päfordra ett rikligare iakttagelsematerial. Den angivna tolkningen 
synes innebära, a tt urbergsytan i nära nog sin nuvarande utsträck
ning v a rit frampreparerad redan före den sista nedisningen, och 
a tt alltsä den därunder verksamma glaciala erosionen päfallande 
lite t förmätt. fö rfly tta  silurranden mot väster.

Bergshöjder, eventuellt med karaktär av monad nocks, höjande sig 
över det av kartans kurvsystem äskädliggjorda planet, äro ä andra 
sidan ej alldeles sällsynta. Säsom redan W i m a n  uppmärksammat 
(20), är t. ex. h it mähända att räkna en eller annan bergstopp 
N om Yojmsjöns nedre ända, möjligen ocksä vissa smärre ojämn- 
heter, som bl. a. förekomma längs stränderna av Malgomaj.

Höjdkurvornas egendomligt slingrande förlopp med förskjutningar 
österut över huvuddalarna men västerut över mellanliggande land- 
ryggar synes ej enbart kunna förklaras genom en mer längt gangen 
erosion med ätföljande starkare allmän sänkning av den forna 
landytan kring  huvuddalarna, enär samma företeelse äterfinnes hos 
den subkambriska diskordansen pä sträckan mellan Ormsjön och 
Stor-Uman. Det är mähända ej uteslutet, att här föreligger ett
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t i l l  den subkambriska landytan p rim a it horande reliefdrag, nârmast 
spâr av flacka prekambriska dalgângar, efter v ilka  det post- 

siluriska dalsystemet smâningom orienterats och inlânkats. En sâdan 
ïRojügPet komplicerar givetvis den ovan nâgot diskuterade âlders- 
r̂âgan angâende nrbergsytans nuvarande re lie f O om silurranden.

Det prekambriska underlaget, som dyker in och fôrsvinner un
der süurens ostra rand, kommer áter i  dagen 40—50 km langre 
vâsterut i  den para lle llt med bergskedjans lângdaxel lopande ceñ
ía la  urbergsantiklinal, som frán Hotagen i  sôder i  ett samman- 
dang kan fôljas mot NNO over Stroms Ahittudal upp t i l l  hojden 
av Sjougdnas. Den fortsattes mot NNO av de ur sparagmitfâltet 
uppstickande smarre urbergsomrâdena vid Risbâck och Gdtsfjallet, 
D lka med a il tydlighet angiva sig vara lokalt framdenuderade 
ryggpartier av samma stora an tik lina l.1 Sâval i  soder kring 
Strôms Vattudal som i  norr vid Gritsfjâllet ar denna urbergs- 
an tik lina l val markerad i topografien, sârskilt gent mot terrangen 
i 6ster, och nâr topphojder av 700—900 m, alltsâ en betydande 
bojd jâm fort med den b lott k ring  250 m-kurvan liggande urbergs- 
ytan nârmast osterut. Vida mer an denna utmârker sig urbergs- 
autiklinalen for en prim art starkt bruten subkambrisk topografi, 
tyd lig t pâvisbar i  de ur omgivande sedimenttacke uppstickande 
Urbergskullarna (se sid. 634). Men det ar a andra sidan uppenbart, 
a tt antiklinalens nuvarande topografiska utformning liksom dess 
re la tiv t stora hojd i  ej ringa mân ar resultatet av en i kaledonisk 
tid  fôrsiggângen storartad uppressning (se sid. 649).
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A tt  vad som har ovan angivits sásom urbergsantiklinal verk- 
liken ar det framdenuderade prekambriska underlaget och ej be- 
traffande vissa partier t i l l  aventyrs kaledoniska intrusiones klar- 
lagges t i l l  fu llo av de nedan omtalade kontakterna mot overliggande 
sedimentkomplex. Darjamte visar huvudmassan av de i  antiklinalen 
ingáende bergarterna, som sávitt h itti lls  ar kant uteslutande aro 
magmatiska, sins emellan en sá nara kemisk-petrografisk slakt- 
skap och faltgeologisk samhorighet, att vad som betraffande dem 
g&ller i  áldersfrágan inom vissa delar av antiklinalen, ocksá máste 
galla for ovriga omráden.

1 A t t  doma av blocken foreligger sannolikhet fo r a tt urbergsantiklinalen i storrc 
ntstráckning, án vad rekognosceringarna h it t i l ls  ang iv it, liggcr blottad norrut, sar
s k ilt  mellan Risback och Gitssjon. — M ojligen ager samma forkSllande ruin aven 
langre soderut mellan Sorfors och Norrsjo, ehuru mina iakttagelser, utforda i skym- 
ningen en afton, l ik a  l i te t  som de dá insamlade proven, ej gilvo ndgot sakert bcvis 
fo r a tt en sta rk t mylonitiserad g ran it och ej en krossad sparagmit dárstades anstod.
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Enär dessa eruptivbergarter jämväl äga betydelse för frägan 
om sparagmitmaterialets Ursprung (sid. 636), skola här nedan nägra 
ur deDna synpunkt viktigare bergartstyper t i l i  sina allmänna 
petrografiska karaktärer i  korthet omnämnas.

Saliska bergarter dominera fullständigt. Yanligast är en rod, 
medel- och jämnkornig biotitgranit, »Torsfjärdsgranit», t i l i  bortat 
tvâ tredjedelar bestäende av fältspat, kuvudsakligen pertitisk frisk 
m ikroklin, dar albitspolarna längs kristallernas kanter gärna bilda 
klubbformiga, in i  varandra zickzackformigt gripande ansvällningar. 
Mer underordnat ingär självständig, tvillinglam ellerad plagio- 
klas, tydligen nägot avkalkad och sur (ljusbr. <  kvarts, >  canada- 
balsam) samt grum lig av nybildad k lo rit, epidotmineral m. m. 
Den gra, stundom mjölkblä, tämligen r ik l ig t  närvarande kvartsen 
visar tendens t i l i  idiomorfi, utan a tt egentliga granofyriska struk- 
turer komma t i l i  utbildning. De sparsamma mörka mineralen 
synas Ursprungligen representerats av uteslutande biotit, nu mer 
dock fullständigt kloritiserad. Accessoriskt förekomma apatit, 
t ita n it (delvis leukoxen), zirkon, järninalm och stundom flusspat.

Denna t i l l  sina petrografiska karaktärer väl konstanta Tors- 
fjärdsgranit är sä gott som ensamradaude i söder men anträfFas 
norrut här och var i typisk utbildning ända upp pa höjden av Sjougd- 
näs liksom ocksa vid Eisbäck. Eran Stroms Yattudal inträder mot 
norr i  stört sett en gradvis förändring i  sammansättning och struk
tur, varigenom en serie med varandra in tim t förbundna och i  fä lt 
ej skarpt avgränsbara bergartstyper framkomma. Eedan N om 
Gardsjön slär den jämnkorniga Torsfjärdsgraniten smaningom över 
i en porfyrisk form, som i sin tu r norrut bür a llt  mer kvarts- 
syenitisk och grovt porfyrisk och utgör, mer eller mindre basisk, 
den râdande bergartstypen i  de N  om Eisbäck synüga delarna av 
antiklinalen.

Denna förändring ger sig i  mikroskopet tillkänna bl. a. genom 
en gradvis minskning av granitens ursprungliga halt av m ikroklin, 
vilken, samtidigt med att den smaningom gör sig sä gott som f r i  
frân pertitiska albitinlagringar, övergar t i l i  att bü uteslutande 
strökornsbildande. Särskilt vid nâgot stegrad basicitet uppnäs 
detta stadium, därvid den gra, stärkt pigmenterade och väsentligen av 
självständig sur plagioklas (ljusbrytn ing >  canadabalsam, <  kvarts) 
uppbyggda men frân kaüfältspat fria  grundmassan skarpt sticker 
av frân de enstaka, som idiomorfa röda karlsbadertvilüngar utbildade 
porfyriska mikroklinerna. — Jvvartshalten är i  dessa syenitiska 
modifikationer, även i  de surare, i  allmänhet ringa. Förutom de 
ovannämnda accessoriska mineralen tillkomma därjämte växlande

[Maj 1922.



Mängder kloritiserad biotit, som vid stegrad basicitet delvis er
s te s  av amfibol ocb pyroxen. — I  líela den nu berörda serien 
av granitiska och syenitiska bergarter äro m yrm ikitiska och sym- 
Plektitiska sammanväxningar av olika slag vanliga. Saväl beträf- 
^ande sammansättning som allmän habitus ansluta sig de porfyriska, 
rbland mörkt gröngrafärgade bergartstyperna nära t i l i  vissa plagio- 
^lasrika utbildningsformer inom Befsundsgranitomradet i  öster.

A llt  ifran Stroms Vattudal upp t i l i  norra kartgränsen ätföljes 
0van anförda granitiska och syenitiska bergartsserie av ursprung- 
ligen diabasartade eller gabbroartade bergarter av en makroskopiskt 
Pafallande konstant typ, men som i  slipprov vanligen äro stärkt 
dekomponerade. Vissa av dem ha visât sig föra serpentinpseu- 
dornorfoser efter olivin. Pa norra sidan Nyselet, SO om Sjougdnäs, 
a»stär inom ett tämligen begränsat omrâde en mer säregen por- 
fy rit med antydan t i l i  ofitisk Struktur, sammansatt av zonal 
Plagioklas — varierande mellan oligoklas och sur labrador — rä tt 
batydande mängder m ikroklin, ofta omgiven av m yrm ikitvartor, 
va r t il l sluter sig uralitiserad augit samt brun biotit. Kvarts 
saknas fullständigt.

K van tita tiv t sett äro dessa intermediara och basiska bergarter 
av re la tivt ringa betydelse och ha h itti lls  ej kunnat ägnas större 
appmärksamhet. Mänga ganger, säsom vid  Svansele och Klump- 
^attnets utlopp, ha de iakttag its ty d lig t genomsatta av och som 
brottstycken inneslutna i omgivande granitiska och syenitiska berg
arter. Genom de kaledoniska störningarna ha dock de primara 
kontaktfürhâllandena ej sallan utsuddats och kunna dâ te sig syn- 
^erligen orediga. Under sâdana förhällanden kan det ofta ställa 
Slg svart a tt avgöra, i  huru stör utsträckning dessa basiska berg
arter verkligen äro prekambriska, enär, sâsom nedan skall visas, 
°tv ive laktig t kaledoniska grönstenar, även dessa dock i  ungefär 
lika  grad regionalmetamorfa, uppträda i  samma trakter.

Bör frägan om sparagmiternas genesis âterstâr a tt i  korthet 
0lnnämna ett par förekomster av leukokrata spaltningsprodukter, 
antingen dessa äro a tt betrakta som sura grönstenssekret eller äro 
direkt associerade med granit-syenitserien. Pà näset mellan Vuol- 
lelite och Kaskalite, Ö om Ivultsjön, anstâr en d y lik  v it, finkornig 
bergart, väsentligen bestáende av m ikroklin , s tä rk t sur plagioklas 
Jämte kvarts, v a r t il l komma smä mängder kloritiserad biotit. — 
En annan förekomst 1 km Ö om Svansele, SO om Sjougdnäs, v il- 
kens gränsförhällanden emot omgivande basiska antiklinalbergarter 
ej  d irekt iakttagits, utgöres av en likaledes v it  och finkornig, 
kvartsfattig, väsentligen av avkalkad, stärkt pigmenterad plagio-
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klas uppbyggd bergart, därjämte förande nägot ljusgrön amfibol, 
kloritiserad b io tit samt apatit och malmmineral. Ehuru den petro- 
grafiska likheten med trondhjemiterna är i  ögonen fallande, iöi'e'  
ligger dock intet som helst skäl a tt här misstänka en kaledonisk 
intrusion, dess mer som bollar av dylika bergarter ingä i  sparag- 
mitkonglomeraten (se sid. 636).

Typisk kataklastisk defbrmation i  form av böjda och söndertryckt» 
plagioklaslameller och biotitindivider, periferisk granulering och 
t i l i  finkorniga aggregat utvalsade kvartskorn har mer eller mindre 
päverkat urbergsantiklinalens samtliga bergarter. I  vissa nedafl 
närmare berörda zoner äro likvä l de primära stelningsstrukturerna 
bättre än vanlig t bevarade och fü l lt  tydliga. Denna kataklastisk» 
förskiffring är i  sina huvuddrag avgjort orienterad i  den allmänna 
kaledoniska strykningsriktningen, och da den därjämte mäng» 
ganger visar sig direkt förbunden med rubbningarna i omgivande 
siluriska sedimentkomplex, later sig dess kaledoniska Ursprung väl 
knappast ifragasättas. Sädana sekundära strukturdrag, som bruka 
anses känneteckna det djupmetamorfa, egentliga urberget, kunna 
däremot ej iakttagas i  antiklinalbergarterna,1 v ilka  pä denna grund 
synas närmast böra sammanställas med den serarkäiska älders- 
gruppen.

[Maj 1922.

Den östra, fossilförande silnrzonen.

Ehuru liggande utanför det av mig undersökta omrädet förtjä- 
nar dock denna östliga silurzon, dar tack vare fossilen säkra älders- 
bestämningar, ätminstone inom vissa gränser, äro möjliga, a tt här 
t i l i  sin byggnad i  korthet rekapituleras.

Med hänsyn t i l i  faciesutbildningen kan den uppdelas i  ett östligt 
och ett västlig t bälte. Det östra, höglänta och topografiskt väl 
avgränsade haltet, som Ursprungligen torde ha sträckt sig betydligt 
längre västerut fram emot sparagmitzonen, upptages huvudsakli- 
gen av Strömskvartsit, en massiv och mäktig, i  regeln karakteristisk 
kvartsit, petrögrafiskt och tektoniskt ekvivalent med de södra 
fjä lltrakternas Vemdalskvartsit och redan förut t illrä c k lig t känd 
för att här päfordra en närmare redogörelse. Det västra bältet 
uppbygges däremot av s. k. Eöllinge-Holmsjöfacies eller »skiiler 
med kvartsit» (20), även benämnd »kambrisk och undersilurisk 1er- 
skiifer med kvarts it och sandsten» (11) eller »mörk kvartsitsand-

1 Inom e tt he it begränsat omräde N  om Gärdsjön, N om Stroms Vattnda l genoni- 
b ry te r Torsfjärdsgraniten bandat gnejsiga och amfibolitiska bergarter av urbergs- 
habitus, v ilk a  dock äro de enda av denna typ , h it t i l ls  kända inom dessa trakter.



^en med lerskifferlager» (14). Häi’ anstä väsentligen svarta ler- 
skiffrar — säväl grova som fina, ofta fy llit is ka  eller alunskiffer- 
artade — och sandstensskiffrar, in tim t växellagrande med tunna 
0ct  mäktiga lager, linser och bankar av mörk-svart sandsten och 
kvartsit, den senare ofta övergäende t i l i  typ isk bläkvarts.

Strömskvartsiten, som av T örnebohm inrangerades bland de 
algonkiska eller prekambriska bildningarna (17,19), har av samtliga 
geologer, som pä senare tid  i  fä lt studerat förhällandena, enstäm- 
lßig t betraktats säsom i  huvudsak normalt vilande pä den fossil
förande, ej särdeles mäktiga alunskifferhorisonten, eller undan- 
fugsvis ortocerkalken. Dar de kaledoniska störningarna längs kon- 
^ktzonen ej fram kallat en sekundär diskontinuitet, har nämligen 
kvartsiten genom växeilagring och petrografiska övergängsled be- 
f inn its sammanhängande med den underliggande fossilförande 
korisonten (8, 14, 20, 18). För närvarande torde det därför kunna 
aßses väl styrkt, att Strömskvartsiten är silurisk och, även om 
den ej fär anses utgöra en viss stratigrafisk nivä, t i l i  sin huvud- 
^assa yngre än alunskiffern. Möjligheten a tt den kan represen- 
fera alunskifferns uppveckade och överskjutna basalbildningar synes 
°sannolik bl. a. därav, a tt den kvartsit, som undantagsvis före- 
kommer i  normalt läge melian alunskiffern och urbergsytan, är av 
sa obetydlig mäktighet, a tt den pä intet sätt kan tänkas säsom 
Ursprung t i l i  den pä alunskiffern vilande mäktiga kvartsitmassan. 
£*e kvartsiter m. m., som a tt döma av de nedan sid. 642 beskrivna 
förhällandena längs sparagmitomrädest östra randzon otvivelaktig t 
forde utgöra underlaget för den fossilförande siluren längre i  
väster, äro därjämte av heit annan petrografisk karaktär.

E tt  mer direkt intresse för föreliggande frägor anlinyter sig t i l i  
den ute pä den flackare terrängen i  vaster anstäende Föllinge- 
Holmsjöfacies,1 vars västligaste del intecknats pä pl. L X IX , huvud- 
sakligen efter W im a n s  kartor och dagböcker (20).2 De av honom 
Pä sträckan melian Stroms Vattudal och Malgomaj gjorda fossil- 
fynden anses närmast peka pä den emellan den undre och övre 
graptolitskiffern liggande delen av siluren. I  själva verket synes 
dock med stör sannolikhet vilken nivä som helst av siluren kunna 
vara utbildad med denna facies. I  överensstämmelse härmed har 
^Viman ocksä funnit, a tt den i  höjderna anstäende typiska Strönis-

1 För korthetens sku ll benämnes denna facies i  det följande endast Holmsjöfacies.
2 Pä översiktskartan pl. L X IX  har tektoniken härstädes nägot förenklats, i det a tt de 

?. denna zon sporadiska förckomsterna av alunskiffer samt längst i  norr v id  Malgomaj 
aven av kalksten och nägot urberg ej ansetts behöva särsk ilt u rskiljas. Angäende dessa 
wrekomsters läge se 20.
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kvartsiten stundom v ila r pa alnnskiffer, andra ganger pa Holmsjo- 
facies, liksom ocksa a tt denna senare genom otvivelaktiga petro- 
grafiska overgangar i  form av vaxellagring o. d. kan ekvivalera de 
bada forstnamnda (20).

Denna ekvivalens och faciesvaxling trader i  dagen a lit ifran 
den vastra gransen for den typiska Stromskvartsiten, dar den 
underliggande alunskiffern a lit mer b iirjar vaxellagra med moi'k

F ig . 1. Strömskvartsitens kvartskonglomerat in lagra t i  Holmsjöfacies, Ögelströmmen,
Stroms Vattudal.

sandsten och kvarts it jamte blakvarts, och gor sig i  fortsatt- 
ningen vasterut inom Holmsjofacies tyd lig t markbar genom de 
storre ocli mindre linsartade ansvallningarna av ljusa, morka eller 
blakvartsartade kvartsiter, som bar topografiskt bryta av fran de 
annars lugna och fiacka landskapsformerna. "VYiman angiver iler- 
faldiga exempel pa dessa faciesvaxlingar, som jag ocksa sjalv pa 
andra lokaler uppmarksammat. Sa borjar exempelvis den i  nedre 
delen av Ogelstromnien i Stroms Yattndal radande typiska Holmsjo
facies mot vaster upptaga bankar av det sasom sarskilt karakteris- 
tisk t for Y’emdals- och Stromskvartsiten ansedda kvartskonglome- 
ratet (fig. 1), v ilke t i sin tu r hastigt ersattes av snart nog allena- 
radande typ isk Stromskvartsit jamte blakvarts.



Med undantag för lokala omrâden är denna Holmsjöfacies lä tt  
jgenkännlig och av t illrä c k lig t karakteristisk och konstant allmän 
^b itu s  för att utan svârighet lata sig skiljas frán petrograñskt 
lUirbesläktade ntbildningsformer. Med fn llt  likartade karaktärer 
^ te r den sig i  själva verket följas a llt  ifrán det centrala Jämt- 
ând langt upp i  Västerbotten.

Den Tästra, fo s s il fr ia  s ilu rzon en  e lle r  sparagm itzonen.

Den hittillsvarande litteraturen sysselsätter sig lite t eller intet 
^ed de geologiska förhallandena i  denna zon. Dess monotona bygg- 
öad jämte den uppenbara avsaknaden av fossil och svarigheten att 
ställa detta komplex i  nägot sä när säker relation t i l i  den fossil- 
íoi’ande silnren i  öster inbjuder ej heller t i l i  en monografisk be- 
^andling. Den nuvarande översiktskartan (17) synes likvä l antyda, 
a^t denna norra sparagmitzon mellan Stroms Vattndal och Horn
e an  lämpligen bör angripas just här i  söder, dar den i  allmänhet 
stöter direkt in t i l l  den lä t t  igenkännliga Holmsjösilurfacies, medan 
den N. om Malgomajdalen vanligen gränsar mot kvartsitiska bild- 
ßingar, visserligen betecknade som Strömskvartsit, men som t i l i  sin 
geologiska och petrografiska ställning dock ofta äro osäkra och 
Vacklande.

Anda in t i l l  de allra sista áren har denna sparagmitzon pä 
T ö r n e b o iim s  auktoritet ansetts säsom algonkisk eller prekambrisk.1 
Detta betraktelsesätt förefaller a tt fran början heit och hallet 
Vara grundat pä analogiskäl och likheterna med det härjedalska- 
eentralskandinaviska sparagmitfältet, ty  T ö r n e b o h m  synes själv 
— fränsett en redan 1869 företagen översiktlig resa utan bety- 
delse för denna âldersfrâga, och pâ en tidpunkt, dâ fjällproblemet 
ännu ej hunnit a tt b li i egentlig mening brännande (18) — knap
past ägt nágon nämnvärd personlig erfarenhet om ifrägavarande 
Dak ter.

P e tro g ra ñ sk  och s tra t ig ra f is k  sam m ansä ttn ing .
Genom sina säreget brutna och oroliga former med ät flertalet 

hall brant stupade bergsidor — detta âtminstone i  de av tryck- 
förskiffring minst drab bade omrädena, dar den primara, starka 
förklyftningen och ringa motständskraften mot temperaturväxlingar 
ännu gör sig fü l lt  gällande — skiljer sig sparagmitzonen topo- 
grafiskt säväl frän det lägre av Holmsjöfacies intagna flacklandet

1 I  e tt föredrag in fö r Geol. Sektionen i Uppsala d. 22 mars 1917 framlades de 
d it t il ls  vunna prelim inära resultaten av m in undersökning samt migra skäl t i l i  för- 
män för en s ilu risk  älder för âtminstone vissa delar av denna sparagmitzon (2).

42—220270. G. F. F. 1922.
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i  oster, som ocksa Iran den i  allmanhet hogre och genom lugnare 
landskapsformer utmarkta seveskifferterrangen i vaster. Branta 
och re la tiv t tranga dalgangar, som under passagen genom sparag- 
mitzonen t i l l  synes omotiverat boja om t i l l  en rakt ostlig eller 
t. o. m. nara nog nordostlig riktn ing, ar ett allmant aterkommande 
drag.

[Maj 1922.

Sparagmitformationens basallager — an, sasom kring Stronis 
Vattudal, vasentligen bestaende av ljusa, nagot faltspatforande 
kvartsiter, an ater av roda sparagmiter eller morkvioletta sand- 
stensartade skiffrar — v ila  med en typ isk sedimentationskontakt 
d irekt pa den centrala antiklinalens djuperuptiver. De bar och 
var i  narbeten av denna antik lina l ur sedimenttacket uppstickande 
kullarna av granit m. m.1 v ittna  otvivelaktig t om en primart

F ig . 2. Subsparagm itiskt v ittra d  g ran itku lle  uppstickande u r s ilu ren 3 km. N. onl 
Lidsjöberg. —  (Profilens längd c:a 70 m.)

a  fr is k  e ller föga v ittra d  och förskiffrad granit,
« ! den subsparagmitiska vittringszonen, vanligen sekundärt förskiffrad, 
b v i t  k v a rts it (silurens bas), 
c röd och grön skiifer, 
d  morän.

stärkt kuperad landyta, i  vars högre partier den fossila v ittrings- 
zonen, säsom t. ex. i  grönstenen vid an strax nedom Klumpvattnet, 
ofta kan följas tio ta l m. d jupt (% . 2). Yittringsprocessen känne- 
tecknas i  allmänliet av en starkare mekanisk än kemisk sönder- 
delning med utfä lln ing  av röda järnsubstanser, detta i antiklinalens 
säväl sura som basiska eruptivbergarter. I  de fa ll ater da sedi- 
mentkomplexets basallager äro grä eller ljusa, inträder samtidigf 
en blekning av vittringszonen ocb avfärgning av den i  sig själv 
röda graniten eller mörka grönstenen. I  mikroskopet framträder 
processen först genom sönderdelning ocb förstöring av de mörka 
mineralen, därefter, i  samma man den mekaniska uppluckringen 
fortskrider, av plagioklaserna, medan däremot m ikroklin  och stärkt 
sur plagioklas in  i  det längsta bibehälla sig friska. Inom samt-

1 Basallagrens stupningar komma givetvis p rim ärt a tt variera högst avsevärt k ring  
dessa uppstickande subsparagmitiska ku lla r. I  normala fa ll bör stupningen vara 
utät, även längs an tik lina len  som helhet betraktad, säsom nägra pä kartan  inlagda 
lokaler ocksä. giva v id  handen.



partier av urbergsantiklinalen âr denna subsparagmitiska 
Bttringszon áterfunnen.

Pâ denna v ittrings- ocb sedimentationskontakt v ila r pâ manga 
fallen, t. ex. kring Stroms Vattudal eller N V  om Bângnas vid

Uollelite, ett tnnnare eller maktigare basalkonglomerat med in t i l l  
' ttvudstora bollar eller skarpkantiga fragment bl. a. av underlaget, 
''ars presparagmitiska alder genom samtliga dessa fakta mâste 
a^ses sâkerstâlld. — A t t  denudationen likva l mângenstades annu
eJ hunnit att namnvârt nedtrânga i  urbergsantiklinalen framgâr 
av de smarre isolerade flackar av den subsparagmitiska v ittrings- 
z°Den, jarnte d a rtill anslntna grá ocb roda basalkonglomerat och 
kvartsiter, grâ och rôda skiffrar ocb sparagmiter jarnte sandstens- 
ai'tnde skiifrar o. s. v., som ej sallan antrâffas inne pâ urbergs- 
^rrangen ibland, t. ex. sâvâl N. som S. om Stroms Vattudal, t. o. m. 
Pà betydande avstând frân den egentliga formationsgrânsen (fig. 9 A ).1 
Pe v ittna  om att sparagmitfaltet ursprungligen omgárdat aven 
jfrbergsantiklinalens sôdra, stôrre del och tillsammans med det nu 
lsolerade sparagmitskifferkomplexet i  den s. k. Offerdals- eller 
-^-nsattenskollan u tg jo rt en kring antiklinalen sammanhangande 
^ektonisk zon. Ben prekambriska ytans allmânt stôrre hôjdlâge 
kârstâdes, nâende anda t i l l  800 à 1,000 m. ô. b. N om Hotagen, 
kan tânkas ha orsakat en starkare denudering av omgivande del 
av sparagmitkomplexen.

Sparagmitzonen uppbygges vâsentligen av dels rôda eller smuts- 
r6da, dels môrka (ljusgrâ-môrkgrâ-grôngrâ-svarta) sparagmiter och 
sparagmitiska kvartsiter i vâxellagring med och petrografiskt grad
es ôvergâende i  ljusa eller gravita, ofta fu llt  nórmala kvartsiter, 
ej  sallan utbildade som typisk blâkvarts. Bessa kvartsitiska ut- 
kildningsformer upptrâda som mâktiga bankar synbarligen i  alla 
ie la r av formationen âven lângt i vaster, sâsom i  Gitsf j ail et. I  
stort sett synes den rent sparagmitiska karaktáren vara mindre 
extremt utbildad, det kvartsitiska och leriga inslaget dâremot 
starkare framtrâdande an inom det hârjedalska sparagmitomrâdet.

H â rtill sluta sig, dels konforma inlagringar av rôda, smutsrôda, 
grâ eller môrka skiffrar, ibland grova och sandstensartade, ibland 
âter finkorniga och fu l lt  fy llitiska , dels ocksâ, ehuru mera sallan, 
mterformationala konglomeratbankar av vâxlande mâktighet men i

1 Den frân loka l t i l l  loka l vâxlande bergartsassociationen i  dessa smâ denudations- 
rester, liksom ocksâ de svàvande och rà tt indiiferenta bergartskaraktârerna i  den zon, 
som hâr bcgrânsar s ilu rfâ lte t mot urbergsantiklinalen i vaster (sid. 651), har pâ sin 
f 'd  fo ran le tt vissa meningsskiljaktigheter betrâffande kartlâggning och tek ton ik  (10, 
12), v ilk e t med hânsyn t i l l  dâ râdande uppfa ttn ing om sparagmitfâltets geologiska 
s tâ lln ing  och relation t i l l  silnren i  oster âr lâ tt  iB rk la rlig t.

^ 44. H . 5 .] NORDJAMTSKA-SYDLAPPSKA SPARAGMITZONBNS SÔDRA DEL. 635
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regeln föga uthälliga. Diskordant skiktning och böljeslagsmärken 
förekomma, ehuru ej mera allmänt.

De talrika petrograiiska övergängsied liksom den ofta intim® 
växellagring, som sammanbinda samtliga dessa komponenter mec 
varandra, tillä ta  ej ens med en betydligt större kartskala, än den 
här använda, en mer längt gäende uppdelning av detta petrogr®' 
fiskt heterogena men stratigrafiskt fü llt  enhetliga komplex. Tu* 
och med den här företagna t i l i  synes enkla tudelningen i  mörka 
och röda bergartstyper eller en röd och en mörk sparagmitetage 
later sig i  praktiken ej alltid sä lä tt genomföras ntan kan betraf- 
fände den närmare avgränsningen mängen gang b li ganska sub
jektiv. Sä är exempelvis den typiska mörka sparagmiten genom 
en mörkt smutsröd, gradvis övergängszon av ofta betydande mäktig- 
het intim t förbunden med den normala röda utbildningsformeu- 
gamma svärighet möter att pä ett rationellt sätt avgränsa de t i l i  
de bäda etagerna anslutna kvartsiterna frän varandra.

De äkta sparagmitiska bergartsieden innehälla t i l i  mer än hälf
ten fältspat. Denna utgöres i  säväl den mörka som röda typen 
alldeles övervägande av mer eller mindre pertitisk frisk mikroklin, 
medan däremot den underordnat närvarande plagioklasen, därest 
den ej är extremt sur, i  regeln är kemiskt och stundom även 
mekaniskt sönderdelad. Förutom smärre körn av epidotmineral, 
järnmaim och klorit, uppträda mörka mineral aldrig som klastisk 
beständsdel. — Mineralkornens rundning är i  allmänhet mindre 
tillfredsställande; mängen gang bestär huvudmassan av skarp- 
kantiga, spetsiga fragment eller t. o. m. halvmänformiga skärvor, 
som i s itt nuvarande skick näppeligen kunna antagas ha varit 
föremäl för längre transport. Samma vittnesbörd lämna ocksä de 
skarpkantiga större och mindre fragment, som sammansätta konglo
meratem Under förutsättning att denna skarpkantighet är primär 
och ej tillkom mit genom söndersprängning under tidsintervallen 
mellan sedimentation och diagenes, sä synes uppenbart, att materi
a ls  t i l l  stor del hämtats frän det närliggande prekambriska un- 
derlaget och dess mikroklinpertitiska bergarter. Den sparagmit- 
bildande processen har tydligtvis inneburit en anrikning av mikro- 
klinen pä bekostnad av de lä tt förstörda plagioklaserna och mörka 
mineralen. En sädan härkomst bestyrkes ocksä därav, att de ofta 
bögt över lagerseriens bas liggande interformationala konglomera- 
ten innehälla r ik lig t med bollar ej endast av urbergsantiklinalens 
typiska granit-syenitserie utan ocksä, säsom slipprov utvisa, av 
de ovan anförda mer säregna leukokrata bergartstyperna.



Den mikroskopiska undersôkningen av fôga regionalmetamorfa 
^ergartsprov har âdagalagt, att • skillnaden mellan de roda ock 
^orka kvartsit-sparagmittypema sâ gott som uteslutande betingas 
av cementets beskaffenhet, rnedan daremot mineralkorneDs egenfârg 
blott sallan b lir av betydelse. Hos de rôda bergarterna bestâr 
^ tta  cernent av en av jârnoxid och jarnoxidhydrat kelfc genom- 
drankt massa, svâr att nârmare optiskt analysera (fig. 3), hos de 
ttrôrka daremot vasentligen av ett finfôrdelat kvartsaggregat, starkt
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Fig. 3. Typisk rod, opressad sparagmit, Klingerselet. Forst. c:a 25 ggr. Ord. ljus.

genompndrat och pigmenterat av grôn klorit och sericit (fig. 7). 
1 ôverensstâmmelse hârmed innehâller cementet i  de smntsroda 
modifikationerna en blandning av de bâda huvudtypernas pigment.

I  det stora hela fôrefalla de morka sparagmiterna och kvartsi- 
terna mer finkorniga an de rôda. T i l l  sina primara karaktarer 
torde de mera nârma sig lersandstenar eller grâvackor och synas 
fâltgeologiskt i â tsk illig t kunna betraktas som en grovklastisk 
speciell faciès av lerskifierterrângerna, framst Holmsjôfacies i  oster, 
ett intryck som forhôjes genom de ofta konformt inlagrade môrka 
skiffrarna (se sid. 642).

Nâgon detaljerad stratigrafisk indelning av sparagmitkomplexet 
har t i l l  dato ej lâ tit sig nppstallas, daremot synas vissa strati-
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grafiska huvuddrag redan nu fü llt  skönjbara. Bortser man nämli" 
gen frän antiklinalens sydöstligaste del, dar mer indiiferenta 
ljusa kvartsitiska bergarter ofta bilda basallagren, utgöras dessa 
i  s itt normala läge kring de i norr blottlagda antiklinalpartierna 
av typiskt röda sparagmiter ocb kvartsiter med en pä nägra loka
ler beräknad totalmäktighet av upp t i l i  ungefär 200 m. Däröver 
följer likaledes med otvivelaktigt normal överlagring den synbar- 
ligen minst nägra bundra m. mäktiga mörka delen av lagerserien-

[M a j 1922-

Fig. 4.
A. Profil genom sparagmitzonen mellan Eisbäck och Mesjön. — (Profilens längd 

c:a 10 km.)
a urbergsantiklinalen, 
b den röda sparagmitetagen, 
c » mörka >
ö överskj utningsplan.

U. Generell profil över sparagmitfältets östra randzon (N. om Eisbäck saknas dock 
den röda etagen c).

a Holmsjö silurfacies, b den mörka sparagmitetagen, c den röda sparagmitetagen-

Bottenlagren kring den lilla  antiklinalblottan S om Gitssjön äro 
visserligen ej direkt iakttagna, och likasä äro hithörande förhällan
den otillfredsställande kända pä den korta sträckan längs antikli
nalens nordspets, SO in t i l l  Sjougdsjön, men dessa punkter äro kvan- 
tita tiv t sett alltför fätaliga för a tt kunna rubba den redan erhällna 
stratigrafiska totalbilden.

Däremot är i ett fiertal fall, och bäst i  trakten av Risbäck, med 
fu ll tydlighet ädagalagt, att den röda bergartssviten med stor mäk- 
tighet och upprepade ganger kunna överlagna den mörka (fig. 4 A)- 
Denna lagerföljd synes mig —■ med stöd av stupningarna och pä 
grund av vad som nedan anföres frän den östra randzonen — utan 
tvekan vara abnorm och framkallad genom upprepade inversioner, 
dess mer som kraftiga kross- och förskjutningszoner i  dessa fall 
bruka framgä i den röda bergartskomplexens bas. Troligt är att 
ännu fiera sädana abnorma överlagringar skulle vid en mer detal- 1

1 Moränens sammansättning kring Täsjöns övre del liksom ocksä närvaron av 
mörk sparagmit i den inverterade randzonen här i vaster synes angiva, att sparag- 
mitkomplexens övre mörka etage även Annes ntbildad V om Täsjöns nordända. Obser- 
vationspunkter i  det inre av sparagmitzonen saknas dock tyvärr här, vilket förklarar 
det pä kartan införda beteckningssättet.



jerad kartering kunna pávisas i  fältets centrala delar. Tillsvidare 
synes den röda etagen stratigrafiskt böra inrymmas uteslutande i 
formationens undre del.

Holmsjöfacies underlagrar alltid, sävitt h ittills  är bekant, spa- 
ragmitformationen längs dennas östra rand (fig. 4 B). Omväxlin- 
gen och rikedomen pä bergartstyper är här ännn större än i  fäl
tets inre, i  det att ytterligare tillkommer en serie vanligen finkor- 
öiga petrografiska övergängsled mellan Holmsjöfacies och den mörka
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Pig. 5. Profil genom sparagmitfaltets ostra randzon yid sodra sidan L&ngmarksberg, 
Norrsjo. Profilen typisk for randzonen mellan Lidsjoberg i  soder och Risback i  norr 

(j amfor fig. 9 B.) — (Profilens langd c:a 600 m.)
a typisk Holmsjofacies (silurisk, svart kvartsit och fy llit),
6 finkornig mork sparagmitisk kvartsit med skiffer, | /m0rk gpara°-mit-
c ljus kvartsit med blakvartsbankar och kvartskonglomerat, > gta^e) 
d mork, vanligen finkornig sparagmit, I
e smutsrod-rod sp£ir£igniit och. kvartsit med rod skiffer cj (rod sparagmitetiige).

sparagmitetagen, som kar a lltid  bildar faltets yttersta randzon och 
samtidigt dess, tektoniskt sett, nndersta del. I  allmanhet karakte- 
l’iseras overgangen av att de morka sandstensbankarna i Holmsjo
facies bli faltspatforande och smaningom radande pa bekostnad av 
skitferlagren.

Hur denna pa ett flertal lokaler narmare studerade och i  sina 
hiwuddrag tamligen likartat byggda, i  fa lt ej skarpt begransade 
overgangszon mellan fossilforande silur och sparagmitformationen 
mer i  detalj gestaltar sig ar avsett a tt framga av fig. 5, hamtad 
fran trakten av Norrsjó, dar forhallandena aro sarskilt upplysande, 
beroende pa att Holmsjofacies langre an vanligt mot vaster bibe- 
haller sin typiska habitus, varfor overgangszonen har b lir smalare 
och mer overskadlig. Genom tydliga intima vaxellagringar och 
petrografiska overgangar saminansatta har samtliga lager och berg
artstyper ett fu llt konkordant forband, dar dock lagerstupningen 
kan vaxla t i l l  storleken. Anmiirkas bór, att blakvartskonglomera- 
tet langs storre delen av strackan harifran och ned t i l l  Harrsjó-
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berget synes ersättas av en polymikt interformational konglome- 
ratbank, liggande i den smutsröda sparagmiten, d. v. s. pä grän- 
sen mellan mörk ocb röd sparagmit.

Den av W im a n  beskrivna profilen frän Harrsjön (22, sid. 9) läm- 
nar ett annat exempel pä sammansättningen av denna övergängs- 
zon, varvid dock enligt slipprov den av honom som lager 1 beteck- 
nade borisonten är typisk smutsröd sparagmit nied konglomerat, 
liksom ocksä de uppgivna grä kvartsiterna i  n:r 3 och 6 delvis 
äro sparagmitiska. N:r 8 representerar, ehuru i en speciell utbild- 
ningsform, den närmast angränsande delen av Holmsjöfacies. — 
I  foten av det m itt emot liggande branta flarrsjöberget, dar dess- 
utom den röda etagen uppträder med fu ll mäktighet, kan samma 
övergängszon ocksä studeras.

Det iörtjänar anmärkas, att den i  nedre delen av dalgängen 
Kultsjön—Malgomaj frän ovanliggande mörka kvartsit-sparagmit- 
täcke blottlagda lagerserien, som pä kartan inrangerats i  Holmsjö- 
facies, knappast äger dennas typiska karaktärer, utan i stallet en 
mer indifferent, östlig silurhabitus. Mörka, typiska fy llite r växel- 
lagra här upprepade ganger med bankar af bläkvarts och kvart- 
siter, grä-gröngrä sparagmitiska skiffrar och finkorniga sandstenar, 
varvid mot väster ovan Dimforsen, jämte den nedan anförda in- 
lagringen av röd och grön skiffer, det sparagmitiska grovklastiska 
inslaget b lir a llt rikligare.

Som ett egendomligt men ofta äterkommande uttryck för nu an
förda konkordans och växellagring mellan fossilförande silur och 
sparagmitformationen kunna uppfattas de flera m. mäktiga bankar 
av karakteristiska gröna och röda skiffrar, som i regeln redan 
nägon eller nägra km. ntanför den egentliga sparagmitgränsen 
förekomma konkordant inlagrade i siluren i  oster.1 Sä har visats 
vara förhällandet inom sä gott som samtliga större dalgängar, dar 
vattendragen blottat mer sammanhängande profiler, t. ex. nedanför 
Bängnäs mellan Kultsjön och Malgomaj, längs Saxälven, Sjoutäl- 
ven, Harrsjöän, Klumpvattensän IST om Gärdsjön o. s. v. samt 
även här och var i  den mellanliggande bögre terrängen.

A ld e rs s tä lln in g .
Endast längs den ovan beskrivna gräns- eller övergängszonen i 

öster kommer sparagmitformationen i direkt beröring med otvivel- 
aktiga och allmänt erkända siluravlagringar. Med utgängspunkt

1 Liksom de mörka och röda grovklastiska bergartstyperna äro ocksä dessa röda 
och gröna skiffrar genom gradvisa petrografiska övergängar m. m. intim t förbundna 
med varandra. Skillnaden mellan dem synes sä gott som uteslutande vara en färg- 
skillnad betingad av järnets olika oxidationsgrad.



fran de sammanhangande profiler man flerstades ager tvars over 
denna zon anda upp i  den typiska roda sparagmiten fortjanar un- 
dersokas, i  vad man nagra sakra slutsatser i áldersfrágan pá det 
navarande stadiet aro mojliga.

Det ar t i l l  en borjan tydligt, att den h ittills  gangse ásikten om 
en- algonkisk eller prekambrisk aider ej kan uppratthallas, ity  att 

kondordans ráder mot underliggande siluriska Holmsjofacies. 
■̂■tt skarpt avgransa dem irán varandra ar ej mojligt. E j heller 
har mig veterligt frán hela det norra sparagmitomrádet en enda 
aldre observation i  faltet áberopats for en antaglig diskordans. 
-¿Udrę an pá sin hojd en gammalkambrisk eller eokambfisk aider 
kan det darfor ej bli tal om. Erágan blir alltsá nármast, om denna 
sparagmitformationens overlagring i  oster over silurisk Holmsjofacies 
(fig. 4 B, 5) ar att betrakta som normal eller abnorm.

Eor det forra alternativet talar mig veterligt endast det fak- 
lum, att denna overlagring synes vara nara nog utan undantag for 
fianden, hvarjamte mojligen ocksá kan ánforas, att den overlag- 
rande kvartsit-sparagmitmassan mángen gang saknar namnvarda 
Dyck- och deformationsstrukturer, tydande pá storre tektoniska 
I'Ubbningar.

Daremot finns det enligt min mening vagande skal t i l l  forman 
for en abnorm overlagring. Eorst ár att márka, att den roda spa- 
1‘agmitetagen aldrig direkt vilar pá Holmsjofacies. Mellan dem 
inskjuter a lltid  den morka etagen, och denna üverlagrar ocksá forr 
eller señare den nyssnamnda roda.1 Denna señare utgor i  faltets 
inre otvivelaktigt formationens basaletage (se sid. 638), och rand- 
zonens tektonik láter sig med hánsyn hartill och i  fu ll overens- 
stámmelse med faltets sannolika byggnad i  vaster (sid. 638, fig. 4 A ) 
otvunget forklaras sásom en mot 0 overkastad inversion. E tt 
kraftigt stod erháller detta betraktelsesatt darav att denna gent 
emot flacklandet i  oster i  topografien abrupt framtradande rand- 
zon i  strykningsriktningen soderut direkt fortsattes och over- 
gar i den nedan beskrivna antiklinala dislokationszon, som har 
begransar urbergsantiklinalen mot oster (fig. 9 B). Forhállandet 
att detta mot oster overstjalpta veck lángst i  soder huvudsakligen 
visar det blottade och inveckade prekambriska nnderlaget, langre 
norrut daremot den roda etagen, som i sin tur slutligen ocksá for- 
svinner och mellan Bisback och Malgomaj uteslutande ersattes av 
den morka, synes osokt finna sin forklaring i  det generellt mer 
djupgáende snitt som soderut trader i  dagen, frámst i  form av ur- 
bergsantiklinalens i  allmanhet mer omfattande framdenudering.

1 Se anmarkningen sid. 638.
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Det anfôrda resonemanget utmynnar alltsâ i  att Holmsjofacies 
ar med a il sannolikhet yngre an den i  sparagmitfaltets randzon 
anstâende delen av lagerserien och mâste hâr i  vaster pâ djupare 
nivâ normalt och konkordant nnderlagras av densamma. Dâ emel- 
lertid denna Holmsjofacies, enligt vad som ovan anfôrts, for nâr- 
varande ej synes kunna stratigrafiskt bestâmmas nârmare, an att den 
ligger nâgonstades mellan âldre kambrium och yngre gotlandinm, 
synes ej mycket vara vunnet betrâffande sparagmitfaltets aiders- 
bestâmning, dess mer som den morka sparagmitetagen i fâltets 
inre ju  skulle kunna tankas nâ stratigrafiskt hôgre an mots varande 
etage i  de perifera ôstliga delarna.

I  och for sig synes denna môjlighet ingalunda utesluten. I  
samtliga de fa ll dâ i  randzonen den morka sparagmitetagen genom 
den ovanliggande rôda lâter sig avgrânsas uppât, skiljer den si g 
genom relativt liten mâktighet, finkornigare sammansâttning o. s. V- 
frân den typiska morka etagen i fâltets inre. Utgâr man â andra 
sidan frân att hela sparagmitfâltet âr âldre an Holmsjofacies och 
i allmânhet âldre an siluren i ôster, sâ synes egendomligt, att icke 
nâgonstades silur av ôstlig habitus pâlagrar fâltets centralare de- 
lar. Dâremot har jag flerstades kunnat konstatera nârvaron aV 
visserligen ej fu llt typisk men synbarligen otvivelaktig Holmsjo
facies sâsom tunna bankar och lager konformt inlagrade i den 
morka sparagmitetagen i fâltets inre. Tages dessa sakfôrhâllanden 
i  samfâllt betraktande, framstâller det sig lângt ifrân sâsom osan- 
nolikt, att sparagmitfâltet âtminstone delvis, och nârmast dâ dess 
ôvre morka etage med dess primara karaktâr av lerrik sandsten 
(sid. 637), kan vara en vâstlig speciellt grovklastisk utbildnings- 
form av Holmsjofacies och alltsâ âtminstone inom vissa grânser 
ekvivalera densamma.

Huruvida den roda basala sparagmitetagen kan direkt samman- 
stâllas med den hârjedalska rôda sparagmiten eller med den norska 
eokambriska1 lâter sig for nârvarande ej avgoras. Savâl i Norge 
som i Sverige kan den lâ tt igenkânnliga subkambriska diskor-
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1 I en föregäende avhandling (3) har jag pävisat vissa forhällanden, som synas 
angiva, att dalasandstenen, vad beträffar Idretrakten, konkordant underlagrar därva- 
rande gammalkambriska lager och därför därstädes närmast vore eokambrisk. Den 
angivna konkordansen avser en grävit, säregen sandstensmodifikation, som säväl Töb- 
nebohm, Högbom som jag ansett tillhöra dalasandstenens översta del.

Emellertid har jag sedermera i fä lt tagit del av de likartade skotska förhällan- 
dena, och den möjlighetön synes mig därför tills  vidare böra hällas öppen, att denn» 
grävita sandstenshorisont ej tillhör dalasandstenen ntan är underkambrisk eller en 
ekvivalent t i l i  de eokambriska sparagmiterna. Den verkliga dalasandstenen ligger i 
sä fall djupare, liksom ocksä den avgörande diskordansen dä bör eftersökas pä lägre 
nivä.



Hansen följas in under kvartsit-sparagmitformationerna och be- 
stämmer dänned dessas undre äldersgräns, även om denna diskor- 
dans i strängare bemärkelse ej a lltid fär uppfattas som strängt 
synkron. E tt sädant direkt förföljande av den subkambriska dis- 
kordansen frän öster och fram t i l i  den nordjämtska-sydlappska 
sparagmitzonen later sig däremot ej göra.

Vissa andra iakttagelser synas ocksa — under vissa här nedan 
Wörda förutsättningar — bäst förenliga med en ej a lltför hög 
silurisk älder hos ätminstone vissa delar av sparagmitfältet. De 
mterformationala konglomeraten, hl. a. de längs den östra rand- 
zonen, tillhöra vanligen en rä tt säregen men konstant strukturell 
typ med skarpkantiga bergartsflisor och fragment av stärkt väx- 
Wde dimensioner, endast underordnat däremot förande väl rundade 
bollar, glest spridda i en linkornig, mörkt smutsröd eller nästan 
svart, sparagmitisk grundmassa.1 Bollarna bestä i allmänhet av 
Rrbergsantiklinalens samtliga eruptivbergarter j  ämte röda och mörka 
kvartsit-sparagmittyper, identiska med dem i omgivande delar av 
Formationen. Men därjämte ingä, sävitt k ittills  bekant, pa samt
liga lokaler i betydande mängd äkta kristallina skiffrar, som skarpt 
sticka av frän den ofta fü llt klastiska, ej alls förskiifrade mellan- 
massan. Erägan är, varifrän dessa bollar, som pä grund av sin 
ofta skarpkantiga form knappast kunna ha undergätt mer läng- 
Väga trän sport, härstamma. T ill sina petrografiska karaktärer äro 
de rä tt växlande. Sällsynt förekomma granatförande amfiboiiter. 
Vanligare äro däremot surare typer med sammansättningen kvarts, 
mikroklin, sur plagioklas, biotit, k lo rit jämte växlande mängd 
epidotmineral, stundom ocksa granat (fig. 6). Eeliktklastiska struk- 
turer kunna ibland förekomma. De lata sig under mikroskopet 
mängen gäng svärligen skiljas frän vissa seveskiffertyper, bl. a. 
kristallina sparagmitderivat, andra ganger visa de däremot inga 
mikroskopiska likheter med av mig kända fjällskiffrar.

A  priori kan en härkomst frän fjällskiffrarna i vaster knappast 
anses absolut utesluten. Den skulle dock tydligen innebära, att de 
konglomeratförande niväerna — som för övrigt i  regeln äro füga 
kaledoniskt tryckpäverkade — kommit t i l i  avsättning, först sedan 
den kristallina kaledoniska metamorfosen i huvudsak slutförts, 
men innan de av kataklastisk deformation kännetecknade senkale- 
doniska massförskjutningarna bringat seveskifferfronten i  s itt nu- 
varande läge upp över sparagmitzonen i  öster. T ill äldern skulle

1 Konglomeratets nu angivna karaktär, fränvaron av lagring m. m., ger detsamma 
en tiliitartad habitus. Trots därät riktad uppmärksamhet har jag likväl ej kunnat 
tinna nägra som helst andra antydningar t i l i  ett eventuellt glacialt Ursprung för det
samma.
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de alltsä vara kaledoniska samt ekvivalera t. ex. den norska Val- 
derssparagmiten (7) ocli Sandnäskonglomeratet i  västra Jämtland (5).

Den andra och mahända sannolikare möjligheten är, att dessa 
bollar härleda sig frán det i dessa delar av Norrland relativt lite t 
kända urberget och dess superkrustalformationer. De liit t ills  be- 
kanta närmaste förekomsterna av dessa señare ligga deis i  NO vid 
Stensele, deis i SO nedät kusttrakterna i Angermanland, men torde 
pa grund av det betydande avstandet, c:a 100 km., jämfört med

Fig. 6. Boll av reliktklastisk biotit-epidotgnejs (derivat ur sparagmitisk sandsten?) 
tillhörande mörkt sparagmitkonglomerat mellan Sörfors och Itisbäck.

Forst. c:a 25 ggr. + Nie.

konglomeratets strukturella utbildning ej kunna ifrägakomma. Dess 
värre har jag ej heller trots sökande kunnat anträffa nägra lik- 
nande bergarter, varken inom urberget närmast oster om siluren, 
ej heller inoni den centrala antiklinalen i  vaster. Inte ens som 
block ha sädana kunnat pävisas i dessa trakters morän. Frägan 
om deras härkomst mäste därför ställas pä framtiden.

En annan ytterst allmän företeelse, värd att uppmärksammas i 
detta sammanhang, är att mineralkornen, särskilt naturligtvis 
kvartsen, äro päfallande stärkt kataklastiskt deformerade före Se
dimentationen (fig. 7). E tt likartat vittnesbörd om stark presparag- 
mitisk tryckförskiffring lämna ocksä mänga frän urbergsantiklina-
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härstammande konglomeratbollar. Da nu bergartsmetamorfo- 
sen i  antiklinalen för närvarande blott synes kunna sammanstäl- 
las med det kaledoniska vecksystemet (sid. 630), skulle slutsatsen 
bli, att Sedimentationen i dessa fa ll är yngre än ätminstone veck- 
^mgsprocessens början, vilken beträffande sydligare trakter, av 
atskilliga skäl synes kunna dateras t i l i  ordovicisk tid.

Det förtjänar här ocksä erinras om att Gavelin inom Kvikk- 
Jokkomrädet, alltsä NNO om den egentliga sparagmitzonen men 
1 strykningsriktningen av densamma, iakttagit sparagmitbankar 
lnlagrade pä högre niväer av därvarande Hyolithuszon (ß).

* ----*^tO.

ïig . 7. ïyp isk  mörk, opressad sparagmit med primärt stärkt kataklastiska kvarts- 
korn. N. om Sörfors. Forst. c:a 25 ggr. + Nie.

Den nordjämtska-sydlappska sparagmitformationen synes alltsä 
t i l i  sin geologiska ställning enligt min mening snarast böra upp- 
fattas som en västlig, fossilfri, grovklastisk facies av den mer nór
mala siluren i  öster, inklusive Strömskvartsiten. Bada vila direkt 
pâ urbergsytan oeb synas sky varandra, i det de intaga tvâ i  stört 
sett skilda regioner, i  gränszonen mellan vilka dock otvivelaktigt 
äger rum en växellagring och överlagring. Dragan om formatio- 
ßens exakta undre och övre aldersgräns maste likvä l tills  vidare 
lämnas öppen. Sä mycket synes dock säkert, att den övre älders- 
gränsen i  varje fa ll ej nar upp t i l l  under- eller medeldevon, vid 
vilken tid den kaledoniska veckningen, även i här berörda trakter, 
torde fâ anses ha varit avslutad.
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Den centrala urbergsantiklinalen med dess — i  förhällande t il i 
den huvudsakligen peneplannivellerade urbergsytan i öster och an- 
norstädes i  Fennoskandia — primärt brutna topograii kan betraktas 
som sparagmitzonens genetiska och tektoniska ryggrad. Analogierna 
liärntinnan med motsvarande formation inom de sydliga fjä lltrak- 
terna äro pätagliga. Det genetiska och geografiska sambandet mel- 
lan sparagmitfacies och berggrundstopograii b lir emellertid än tyd- 
ligare, om hänsyn tages t i l i  att formationen fordom med a ll säker- 
het sträckt sig söderut t i l i  Hotagen och dar sammanhängt med den 
tektoniskt delvis likvärdiga Offerdals- eller Ansättskollan (se sid. 
635). H ä rtill bör ytterligare läggas, att t i l i  äldern likvärdiga 
sparagmitderivat i  betydande utsträckning ingä i seveskiffrarnas 
östra randzon (se sid. 653), varefter de längre mot vaster smäning- 
om förträngas av mer finklastiska och normala sediment, vilka 
slutligen heit dominera i  köliskifferfältet vid randen av den djupa 
geosynklinalgraven i  vaster. Antiklinalens centrala ställning säsom 
degradationsort vid sedimentationsprocessen framgär emellertid ej 
endast av avlagringarnas ut mot sidorna i  stört sett avtagande 
sparagmitkaraktärer utan ock av deras förut direkt pävisade egen- 
skap av Sedimentderivat ur antiklinalens eruptiver (se sid. 636).

Det föi-hällandet, att dessa säsom fragment och bollar av bety
dande storlek r ik lig t ingä i  de förut omtalade, ofta högt i  lager- 
serien liggande interformationala konglomeraten, synes knappt kunna 
betyda annat, än att antiklinalen varit topografiskt väl markerad 
och ägt tillräckliga höjddifferenser redan under sedimentations
processen, antingen detta höjdläge i  huvudsak var relativt gammalt 
eller, säsom det stärkt kataklastiska materialet i  konglomerater 
och sandstenar mahända angiver, delvis tillkommet genom en strax 
före och under Sedimentationen försiggängen kaledonisk upplyft- 
ning och uppressning.

Bristen pâ fossil ar ett karakteristiskt drag for sparagmitfor- 
mationen, varifrân det dock gives enstaka undantag. Det âterstâr 
nu att med nagra ord berora den under de sista âren aktuella 
frâgan om formationens fossilfôrande kalkstenar.

Over huvud aro karbonatbergarter y tte rlig t sallsynta. Den i  
Kalvberget, c:a 12 km. "V om Bisbâck, sedan gammalt kanda, ra tt 
betydande forekomsten av dolomit och dolomitisk kalksten har 
trots sôkande av sâval W im a n  (22) som mig h ittills  visât sig fos- 
s ilfr i och lamnar alltsâ ingen ledning i  âldersfrâgan.

Langs faltets ostra randzon forekommer pâ en synbarligen i



st°rt sett konstant niva, namligen ungefar i  mitten av den nar- 
^ast over HolmsjSfacies vilande morka sparagmitetagen, pa nagra 
stallen tunna bankar av en gra, gulvit eller smutsrod kalksten 
^ed ofta mussligt, ta tt brott och en om dolomitisk sammansatt- 
aing Yittnande rostgul yittringsyta. Genom primart inlagrade mi- 
^eralkorn eller skifferlameller overgar den petrografiskt i omgivande
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S. Bosen fo to .

Jj'ig. 8. Den fossilförande kalkstenen vid Harrsjö, visande dels en större, koncentriskt 
Vggd konkretion av obestämd natur, istromatoliti, dels oek en mängd smä, kring 
densamma liggande fossilfragment av bägformig, oval eller rörformig (a) habitns.

— De vita körnen äro klastiska kvartskorn. Forst. c:a 4 ggr. Ord. ljns.

grovklastiska bergarter, mellan vilka den uppträder som Unser 
°ch lager. H it hör den förnt i  litteraturen omtalade lokalen vid 
Harrsjön (2, 21, IG, 22), vidare en tyvärr blott säsom blocksträng 
iakttagen bank i  dalgängen mellan Vuollelite och Malgomaj, c:a 
3 km. nedanför Bängnäs, samt slutligen enligt min mening den 
relativt rika blockförekomsten pä Räberget vid Sörfors, omtalad 
redan i W imans äldre dagböcker (20, 22). Av dessa är emellertid 
endast Harrsjö- och sannolikt Räbergförekomsten fossilförande.

Harrsjölokalen, vars fyndomständigheter komrnit att pä ett miss- 
ledande och ofullständigt sätt refereras i ett par av de sista ärens 
publikationer (16, 22), anträffades av mig sommaren 1916 och be- 
fanns redan i faltet föra dels större, koncentriskt byggda konkre-
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tioner, dels i  samband med dessa stora mangder sm&rre kroppar 
av konstant habitus men ay i  fa it obestambar natur (fig. 8). -Det 
omedelbart efter hemkomsten forfardigade forsta slipprovet (fig- 8) 
bekraftade, att dessa smá kroppar voro otvivelaktiga fossil och 
fossilfragment. Provet forelades med anledning darav forst nuva- 
rande doc. E. Stensio samt darefter, nágra dagar señare, pá hans 
forslag aven amanuens S. P osén med hemstallan t i l l  honom oni 
fyndets bearbetning. Pedan fore denna hemstallan voro alltsá de 
pá fig. 8 reproducerade smarre, vanligen bagformiga, elliptiska 
eller rorformiga (a) fossilen eller fossilfragmenten t i l l  sin orga- 
niska natur kanda. Detta av Stensio aven sedermera bekraftade 
sakforhállande later sig emellertid ingalunda utlasas ur PosÉNS 
framstallning, dari han angiver sig sjalv ha upptackt de av honom 
beskrivna problemática (l(i, sid. 159).

T i l l den av R osén lamnade i ovrigt uttommande framstallning' 
en av de omskrivna problemática med átfoljande bergart har jag 
endast att foga foljande av kand. A. P euterskiold utforda parti
d la  analys av kalkstenen, vilken, jamfort med de andra t i l l  ke- 
misk sammansattning h ittills  kanda karbonatbergarterna i samma 
formation (22, sid. 7), angiver en relativt ringa Mg-lialt men hog
Ee-halt.

Olöst i  H C 1 ............................21.2 %
CaO, beräknat som karbonat . 58.8 »
M gO.............................................4.1 »
Ee,03 ...................................... 18.8 »

Det av W im a n  sedermera hemforda rikligare materialet fran 
Harrsjofôrekomsten har ej bringat nâgot nytt i  dagen, och dessa 
fossil aro darfor tyvarr alltjamt en dost gâta, tills  vidare oan- 
vândbara for en stratigrafisk âldersbestâmning.

Betrâffande âter de lamellârt koncentriskt byggda, knolformiga, 
storre konkretionerna (fig. 8), hos vilka ingen otvivelaktig orga- 
nisk struktur lâter sig pâvisas, kunna de i sakens nuvarande lâge 
ej ens med sakerhet pâstâs vara av oi'ganiskt ursprung. I  utlan- 
det liksom ocksâ frân nâgra stâllen i  Fennoskandia âro analoga 
strukturtyper pâtraffade i fiera geologiska formationer a llt ifrân 
yngre prekambrium t i l l  upp i trias och ha beskrivits under skilda 
namn och ofta ocksâ sâsom skilda arter. Huru mycket av dessa 
under kollektivnamnet »stromatoliter» beskrivna strukturbildningar 
ar av organisk och huru mycket ar av oorganisk natur, âr ânnu 
omüjligt att saga. Av intresse for foreliggande frâgor ar dock, 
att de i  stor utstrâckning fôrekomma i Finnmarkens sandstens-



formation (9), vilken med i mángt och mycket likartad samman- 
sdttning och tektonik som sparagmitformationen i norr intager 
fjallkedjans darvarande ostra randzon.

Det torde knappt kunna fornekas, att det av W iman vid Gitsán 
fonna, synnerligen intressanta Psilophytonforande biocket med 
ganska stor sannolikhet kan antagas harstamma ur sparagmitfor- 
mationen. Huruvida det just harleder sig frán Kalvbergets kalk- 
W isont synes mig daremot mer tvivelaktigt, fast givetvis ej i 
°ch for sig orimligt. A v de av W iman sásom n:r 2 och 5 anforda 
ljidicierna for en sádan harkomst (22, sid. 7) ar det forta minder- 
v&rdigt, eftersom biocket enligt uppgift hittades i  en hopford sten- 
samling (21, sid. 856) och alltsá sannolikt ej befann sig i sin p ri
o r a  blockassociation. Den under punkt 5 áberopade kemiska 
sammansattningen synes mig med hansyn t i l l  relationen mellan 
kalcium och magnesium ej heller inbjuda t i l l  nagra slutsatser i 
Q8,mnda riktning.

Daremot torde man bora rakna med befintligheten av lokala, i 
den jordtackta terrangen dolda dolomit- och kalkstensbankar. Sá 
synes mig fórhállandet vara t. ex. med den starka blockanhopning- 
en av dolomitisk kalksten pá Dáberget, enilr sádana block, efter 
Vad jag haft tillfá lle  att undersoka, lángt ifrán aro vanliga dar- 
emellan och Ivalvberget, vilket señare darfor nappeligen torde vara 
deras moderklyft.

bin den kaledoniskn tektouiken och den kaledoniska bergartsmetainorfosen.

T ill de tektoniska drag som varit nodvandiga att berora vid 
diskussionen om omrádets stratigrafi m. m., skali bar nedan laggas 
en mer sammanfattande oversikt.

Liksom i allmanhet annorstades invid bergskedjans ostra rand 
har veckningsprocessen visserligen regionalt deformerat den sub- 
kambriska landytan t i l l  hojdlaget och g iv it den dess deciderade 
hitning mot vaster och nordvast men daremot ej formátt att annat 
&n mer undantagsvis metamorfiskt ombilda de dari ingáende berg- 
arterna. I  den c:a 50 km. vastligare liggande urbergsantiklinalen 
8-r detta daremot i  sá hog grad fallet (se sid. 652), att dess topo- 
grafi over stora omráden antagit Ramankaraktar. Denna Schup- 
penstruktur betingas av kraftiga, ofta manga tiotal m. maktiga 
forskiffringszoner, i vilka de porfyrstruerade bergarterna 5vergatt 
f i l l  ogongnejser, andra daremot nedkrossats t i l l  rena myloniter. 
Langs dessa glidzoner ha de mellanliggande, kaledoniskt mindre 
páverkade blocken eller plattorna taktegelformigt skjutits upp pá 
varandra (fig. 9 A).

43—220270. G. F. F. 1922.
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Särskilt antiklinalens randomráden äro i  dessa avseenden var 
för sig upplysande. Mot den västra randzonen och särskilt i  tle 
trakter i  sydväst, dar seveskifFrarna direkt pälagra urbergsytan, 
b li dessa kataklaszoner a llt tätare och kraftigare för att slutlige11 
heit och hallet omforma berggrunden. E tt instruktivt exempel

[Maj 1922.

A . Schematisk profil visande den allmanna tektoniken inom urbergsantiklinalens
s o d ra  d e l k r in g  S tro m s  Y a t t u d a l .  

a  u rb e rg , d e lv is  f o r s k i f f r a t  ( a , ) ,
6  s i ln r e n s  b a s a lb i ld n in g a r ,  
c k a le d o n is k  b a s is k  in t r u s ió n .

B .  P r o f i l  f r á n  S tro m s b e rg e ts  o s ts id a , L id s jo b e r g ,  t y p is k  fo r  u r b e r g s a n t ik l in a le n s  ost-
r a n d  f r a m  t i l l  L id s jo b e r g  i  n o r r . (P r o f i le n s  la n g d  c :a  8 0 0  m .)  

a u r b e rg  m e d  o f ta  b ib e h á l le n  s u b s p a ra g m it is k  v i t t r i n g s z o n  (a ,), m o t  b a sen  d o ck  
o f ta s t  s t a r k t  f o r s k i f f r a t  ( a 2),

b s i ln re n s  b a s a lk o n g lo m e r a t  m e d  b o lla r  b l .  a . a v  a n g ra n s a n d e  g r a n it ,  
s b a n k a d  o c h  s k i f fe r b la n d a d  l ju s  o ch  m o rk  k v a r t s i t ,  s tu n d o m  b lá k y a r t s a r t a d  e l le r  

s p a r a g m it is k ,  v a x e l la g r a n d e  m e d  v a r a n d r a  s a m t m e d  ro d  o ch  g ro n  s k if fe r  (s¡)- 
—  O m e d e lb a r t  O . o m  p r o f i le n  y id t a g e r  t y p i s k  H o lm s jo fa c ie s .

erbjuder landsvägsprofilen mellan Torsfjärden och Bägede i  Stroms 
Yattudal. I  sädana fa ll kunna betydande svärigheter möta att 
uppdraga en gräns mellan seveskiffrarna och urbergsantiklinalens 
mylonitiserade västrand.

Mot östranden b lir den egentliga Schuppenstrukturen tydligare 
och mer pätaglig genom närvaron av de förut sid. 635 omtalade 
denudationsresterna efter sparagmitformationen, som här ofta ligga 
inklämda under de mot öster framskjutna urbergsplattorna och pä 
sä satt kommit att bevaras (fig. 9 A). Särskilt omedelbart invid 
östranden b lir denna tektonik över sä länga sträckor rädande, att 
den blir en verkligt regional företeelse, som utan avbrott later sig 
följas frän trakterna S om Stroms Yattudal upp t i l l  Lidsjoberg 
och Gärdsjön, därifrän den i strykningsriktningen äger sin direkta 
fortsättning i  sparagmitfältets över Holmsjöfacies i form av en 
inversion framskjutna östrä rand (se sid. 641), som i sin tur kan 
följas fram t i l i  kartgränsen i norr. Däremot kunna längs fort- 
sättningen av urbergsantiklinalens östra gränslinje norrut frän 
Lidsjoberg blott mer undantagsvis och i  heit liten skala, säsom



t. ex. Y  om Fänsjön, likartade företeelser iakttagas. Synbarligen 
^taga dessa en tektoniskt högre nivá.

I  den kring Stroms Vattudal, t. ex. i Ögelhättan-Rönnhögen 
0ch Strömsberget, framstrykande branten ligger pa nu anfört sätt 
urberget längs heia sin Ostfront tyd lig t frampressat över den 
petrografiskt ganska komplexa sedimentserie, som här tydligen ut- 
§ör de antiklinalt uppveckade basaldelarna av Holmsjöfacies (fig. 
9 B.) Dessa, som här i  öster och sydost tyd lig t stupa in under 
graniten, kunna t. ex. i  Strömberget med gradvis stigande höjd- 
läge följas runt berget upp pá ryggsidan, dar de med utát fallande 
stupning normalt överlagra samma granit. Anmärkningsvärt är 
för övrigt, att saväl basalkonglomerat — ofta med stora, väl run- 
dade granitbollar — som ocksä underliggande fossila vittringszon 
är fü llt  bevarat även i granitskollans liggande (fig. 9 B). Nägra 
stora belopp kunna f. n. ej direkt utläsas ur dessa urbergets över- 
skjutningar. Storleksordningen b lir emellertid en annan, om hän- 
syn samtidigt tages t i l i  fortsättningen normt av samma tektoniska 
zon, säsom denna i  mindre denuderat tillstand framträder i spa- 
ragmitfältets östrand uppät Norrsjö och Malgomaj (se sid. 661).

Denna östra frontala överveckniugs- och överskjutningstektonik 
synes vara ett normalt drag för urbergsantiklinalen, dar denna i 
tillräcklig  grad framdennderats. I  fu ll utsträckning möter näm- 
ligen denna struktur áter i det höga antiklinalpartiet kring Bäng- 
näs och Gitsfjället. Bedan betraktad frän Bangnäs i norr ter sig 
Mammackas mäktiga urbergsmassa med sina flackt västliga men 
brant östliga sidor säsom frampressad över den vid östra foten 
anstäende, flackt in under fjä lle t fallande sparagmitformationen. Pä 
nyss frän Strömbei’get angivet sätt visar sig i  sydväst samma for
mation med en tydlig primär vittrings- och sedimentationskontakt 
pälagra urbergsblockets ryggparti.1 Samma tektonik, karakteriserad 
av normal lagerföljd i vaster men inverterad i  öster, áterkommer 
ehuru i  mindre skala i  dalsidan N om Bangnäsgardarna (fig. 10). 
Liksom annorstädes är urbergsplattan i denna trakt stärkt mylo- 
nitiserad ned emot det c:a 40° NV stupande basala överskjutnings- 
planet.

I  analogi med det centrala Jämtland kan det förefalla rä tt 
antagligt, att den subsparagmitiska avlagringsytans primärt brutna 
topografi mängen gang diponerat för uppkomsten av denna urber
gets övervecknings- och överskjutningstektonik.

Bd44. H . 5.] NOEDJÄMTSKA-SYDLAPPSKA SPARAGMITZONBNS SÖDRA DEL. 651

1 P á  g r u n d  a v  de s e u a re  d i f fe r e n t ia lr ö r e ls e r n a  lä n g s  g r ä n s y ta n  m e lla n  de b á d a  fo r -  
t io n e r n a  k u n n a  d o c k  dessa p r im a r a  s e d im e n ta t lo n s k o n ta k te r  m ä n g e n s tä d e a  te  sig  
b o re d ig a .
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Urbergsantiklinalens fôrskiffrings- och dislokationszoner stupą 
sa gott som utan undantag mot vaster och nordvâst, brantare i 
oster men mot vaster smâningom a lit flackare. Slutsatsen synes 
alltsa bli, att antiklinalen ar ensidigt tryckpâverkad och forskiff- 
rad, samt att motsvarande massfôrskjutningar i huvudsak varit 
riktade mot ôster och sydost. Erfarenheten har aven visât, att i 
antiklinalens samtliga delar dessa fôrskiffrings- och fôrskjutnings- 
zoner ej sallan âtfôljas av konformt injicerade, vanligen starkt 
metamorfa grônstensgângar. Undantagsvis aga de annu relikta 
ofitiska strukturer och kunna dâ t. o. m. genom apofyser visa sig

[Maj 1922.

F ö rf. fo to . 1918.

F ig .  10 . Ö v e r s k ju t n in g s t e k t o n ik  lä n g s  a n t ik l in a le n s  o s tra n d  s t r a x  o v a n  B ä n g n ä s . U r -  
b e rg e t  ( m )  ö v e r la g r a r  a b n o r m t  s p a r a g m it fo r m a t io n e n  ( sp) i  S O  ( t i l l  h ö g e r ) , m e n  u n d e r -  

la g r a r  d e n  n o r m a lt  i  N V  ( t i l l  v ä n s te r ) .

tydligt överskärande och innesluta brottstycken av den betydligt 
mer kaledoniskt pressade sidostenen. De äro pâ dessa grunder 
tydligen att uppfatta som kaledoniska intrusioner, m'arkerande pe- 
riferiskt belägna eruptionskanaler för de nedan omtalade grönstens- 
och amfibolitinjektionerna i ovanliggande sparagmit- och seveskif- 
ferkomplex.

A tt de kaledoniska rubbningarna och deformationerna i stort 
sett taga sig samma uttryck i  sparagmitformationen och förläna den- 
samma en utpräglad Schuppen struktur är förut framhállet (sid. 638). 
Mot öster ligga även här fôrskiffrings- och förskjutningszonerna i 
allmänhet mer spridda och äga ocksâ brantare stupning. De större 
av dem uppträda vanligen i  bergens bas säsom ett uttryck för



^chuppentektoniben (fig. 4 A). Mot väster inträder smäningom 
starkare tryckintensitet jämte flackare fa ll och i  allmänhet en grad- 
vis övergäng t i l l  seveskifferterrängens struktur ocli Ramantopo- 
grafi. Det kan fiärför mängen gang i starkare metamorfa, flackt 
figgande zoner, säsom t. ex. i Kalvberget, vara förenat med stora 
svarigheter att avgöra, om gränsen t i l l  seveskilferzonen överskri- 

eller ej. Eöga tryckpäverkade bankkomplex förekomma likvä l 
e®ellanät ännu längt västerut, liksom ocksä osedvanligt starka 
stornings- och förskiffringszoner kunna uppträda i öster, huvud- 
sakligen likväl da bundna t i l i  inversionszonen längs östranden, 
c är NO om Risbäck och i all synnerhet pä ömse sidor Malgomaj 
SR hard, flin tlik  grägrön och bandad sparagmitmylonit befunnits 
överlagra Holmsjöfacies.1

2d 44. H . 5.] NORDJÄMTSKA-SYDLAPPSKA SPARAGMITZONENS SÖDRA DEL. 653

Om relationen mellan sparngmitformationen och seveskiffrarna.

Ehuru denna uppsats är avsedd att begränsas t i l i  sparagmit- 
z°nen, av T ö r n e b o iim  förd t i l i  sevegruppens klastiska facies, ater
ra r  likvä l att i korthet diskutera dess förhällande t i l i  den ome- 
delbart i väster vidtagande kristallina sevegruppen eller seveskiff- 
rarna, detta främst ur synpunkten, att en fullständig överblick av 
de t i l i  urbergsantiklinalen anslutna sparagmitiska avlagringarna i 
annat fa ll ej kan erhällas.

Liksom annorstädes längs fjällkedjans ostra sida markeras grän
sen mellan seveskiffrarna och den underliggande klastiska zonen i 
ester i allmänhet av begynnande grönstensintrusioner och dithö- 
rande metamorfa dérivât.1 2 Denna gräns brukar vara ytterligare 
framhävd av exceptionellt starka tektoniska störningar av kata- 
klastisk natur och senkaledonisk aider, alltsä tyd lig t yngre än 
seveskiffrarnas kristallina metamorfos. Än kan denna kataklastiska 
dislokationszon vara fü llt distinkt och väl begränsad, säsom t. ex. 
vid nedre ändan av Sjougdsjön, andra ganger äter ha dessa sen- 
kaledoniska rörelser uppdelats i en otalig massa smärre glidplan 
lnom en mäktigare horisont, i vilket fa ll en bestämd formations- 
gräns kan vara svär att uppdraga.

Här installer sig spörs malet om härkomsten och den primara 
Daturen av dessa närmast västerut vidtagande sedimentara seve- 
skiffrar. Säsom jag redan förut i korthet framhällit (4, sid. 173), 
°ch säsom angivits pä här bifogade karta, räder intet tvivel om 
htt de i stor utsträckning äro sparagmitderivat, vanligen av lerrika 
eller grävackeartade typer, men även, ehuru mer sällan, av saliska,

1 A n g ä e n d e  H o lm s jö fa c ie s  s a m m a n s ä t tn in g  h ä rs tä d e s  se a n m . s id . 6 3 1 .
2 A n g ä e n d e  n ä g r a  u n d a n ta g  h ä r i f r ä n ,  se s id . 6 5 5  o. f .



motsvarande alltsâ de mörka, respektive de röda sparagmiterna 
strax i  öster. De fran de centralskandinaviska sparagmitterrängerna 
vunna erfaren heter na om sparagmiternas resistens mot fullständig 
metamorfisk omvandling samt om de kristallina sparagmitderiva- 
tens. säregna och konstanta fältkaraktärer ifraga om banknings- 
och bandningsstrukturer, färg, vittrings- och avsöndringsegenska- 
per o. s. V. ha här bekräftats. De habituella skillnaderna mellan 
sâdana kristallina sparagmitderivat och mer rena fyllitderivat äro 
i regeln — atminstone beträffande de i fjällkedjan allmännast re- 
presenterade metamorfiska stadierna — sä framträdande, att de 
knappast böra kunna förbises. Längs denna ostra seveskifferzon 
förekomma likvisst även mer vacklande typer, liksom sâdana ocksa 
kunna uppträda som övergangsled mellan äkta lersediment och 
mörka sparagmiter i motsvarande klastiska sedimentserie.

I  de av mig personligen besökta amfibolitgenomsatta seve- 
skifferterrängerna i öster ha dessa fältiakttagelser över sparagmit- 
derivatens närvaro kontrollerats och bekräftats genom mikrosko- 
pisk granskning. Medan metamorfosen i den klastiska sparagmit- 
zonen med nägra nedan närmare berörda undantag ej nar över 
klorit-sericitnybildning och kataklasstadiet, karakteriseras sparag- 
mitskiffrarna eller sparagmitgnejserna V om deras formationsgräns 
av nybildad biotit, epidotmineral samt ej sällan av granat. I  
bâda fallen är emellertid mikroklin den rädande fältspaten. Re- 
liktklastiska mikrostrukturer äro vanliga (fig. 11), mängen gäng 
överraskande tydliga ända upp i granatstadiet.

E j sällan, sâsom i strandhällarna vid och Ö om Saxnäs vid 
Kultsjön, kring Easjön o. s. v., kan säväl i fa it som i slipprov en 
petrografisk kontinuität beträffande säväl primärsammansättning 
som metamorfos steg för steg följas mellan denlindrigt metamorfa 
klastiska seven i  öster och angränsande delar av den kristallina. 
Fran sericit-kloritstadiet gar därvid mineralnybildningen över epidot 
t i l i  biotit och slutligen granat. B lott i  närheten av de basiska 
intrusionerna har jag därjämte iakttagit amfibol och pyroxen.

De nu diskuterade förhällandena avse dérivât härrörande ur 
mörka, primärt lerförande sparagmiter. Sâsom mestadels dérivât 
ur sannolikt rôda, saliska sâdana betraktar jag däremot vissa sura, 
kvarts-fältspatrika, ljusare sparagmitgnejser och sparagmitskiffrar, 
som i vissa trakter iakttagits. Reliktstrukturer äro hos dessa i 
allmänhet mindre tydliga. Kvartsitiska, stundom bläkvartsartade 
bankar ha ocksa observerats i  denna metamorfa serie.

A t t  emellertid de ur sparagmiter deriverande seveskiffrarna ej 
fâ betraktas som èn endast t i l i  den östra randzonen strängt be-
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gränsad facies synes framgä av en samling slipprov frän väst- 
liga-re trakter, som prof. Q uensel heit nyligen beredvilligt ställt 
t i l i  m itt förfogande, och bland vilka ett ej ringa an tal utgöres av 
typiska sparagmitderivat. Samma slutsats maste ocksä dragas av 
atskilliga vid samma tillfä lle  demonstrerade stuffer, vilka enligt 
Prof. Q uensels da lämnade meddelande redan vid fältarbetena ut- 
skilts säsom en särskild grupp, vars geologiska ställning likvä l 
ännu ej närmare diskuterats.

ßd 44. H . 5 .] NORDJÄMTSKA-SYDLAPPSKA SPARAGMITZONENS SÖDRA DEL. 655

S. Bosén fo to .

Hg. 11. Biotit-epidotförande sparagmitgnejs tillhörande seveskiffrarna vid Saxnäs, 
Kultsjön. — Forst c:a 25 ggr. + Nie.

Av de t i l i  mig lämnade lokalupplysningarna om dessa stuffer 
och slipprov, jämförda med mina egna iakttagelser nägot längre i  
oster, synes framgä, att dessa sparagmitderivat avtaga i  frekvens 
mot vaster. I  stört sett ansluta de sig geografiskt väl t i l i  den 
angränsande klastiska sevekomplexen och omgärda tillsammans 
med denna den centrala urbergsantiklinalen. Med hänsyn t i l i  seve- 
och köliskiffrarnas ursprungiiga sammansättning synes alltsä fram
gä, att de med tilltagande avständ frän den centrala antiklinalen 
antaga mer normalsilurisk och finklastisk karaktär, som blir fü llt 
utpräglad hos köliskiffrarna i vaster.

Frán den ovan angivna regeln om sambandet mellan metamor- 
fosgrad och gronstensintrusioner, liksom betraffande den ovan an-
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givna fördelningen mellan klastisk och kristallinisk seve före- 
komma verkliga eller skenbara undantag, av vilka nägra torde 
kunna paräkna intresse.

Yid Lövberg vid St. Dabbsjöns norra sida skjuter en liten tunga 
av typiska, amfibolitgenomvävda seveskiffrar ett lite t stycke át syd- 
ost in över den under liggande klastiska seve komplexen. I  de branta 
611- och 655 m-bergen strax i  nordväst är detta underlag fram- 
denuderat. Finkornig, rödlätt och v it sparagmitisk kvartsit växel- 
lagrande med bläkvarts och mörk, grov skit'fer, a llt av den klas
tiska sevegruppens typiska habitus och sannolikt tillhörande dess 
undre röda etage, bilda här omedelbart under seveskiffrarnas bas 
ett brant mot SSO nâgot överstjälpt större veck, i vars centrum 
är injicerad en rä tt mäktig ehuru föga pressad men däremot stärkt 
dekomponerad diabasporfyrit, mot sidostenen finkornig eller nästan 
tat. Dess alder är otvivelaktigt kaledonisk, ty  samma porfyrit 
men i detta fa ll stärkt kristallisationsskiffrig, genomväver irak
iens seveskiffrar. Tektoniskt betecknar nämnda veck säkerligen 
en antiklinalt byggd dislokations- och intrusionszon, som här lik- 
som mängenstädes annars sammanhänger med seveskifferbildningen 
(5), ehuru temperatur och stress uppenbarligen ej varit tillräckiiga för 
ombildning av de ytterst motständskraftiga och mäktiga kvartsit- 
iska bergartsbankarna. — Pa ett annat stalle, vid älven SO om 
Sjougdsjöns nedre ända, och alltsä blott nägra hundra m. utanför 
den egentliga amfibolitgenomvävda seveskifferfronten, förekommer 
en mindre grönstensintrusion, i  detta fall en tunn amfibolitbank, 
längs en kaledonisk, mer än vanligt kräftig tryck- och förskiff- 
ringszon i den typiska sparagmiten, utan att dock metamorfosen 
förmätt fortskrida t i l i  egentlig seveskifferbildning.

Kring Övre ändan av Malgomaj är kataklas och tryckförskiffring 
mer än vanligt framträdande. Förutom vanliga bergartstyper 
ingä här i kvartsit-sparagmitkomplexen finkorniga sparagmiter, 
stärkt grönfärgade, huvudsakligen av klorit. Pa ön utanför top. 
kartans Stalonäs anstá vackert primärskiktade, mer än vanligt 
finkorniga, lerrika sparagmitderivat, delvis sannolikt fyllitderivat, 
som längs lager- och förskiffringsplan genomdragas av bankar och 
band av en t i l l  biotit-epidotskiffer omvandlad grönsten. Snett 
överskärande gängar av denna förekomma, ehuru sällsynt. I  det 
heia är likheten med de för seveskiffrarna karakteristiska upp- 
fiäkningsf'enomenen och bandningen släende.

Under det att metamorfosen i sparagmitfältet annorstädes kän- 
netecknas av klorit-sericitnybildning, kommer den vid Malgomajs
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dvre anda upp i epidotstadiet. Pa sjalva on kring dar forekom- 
ttande gronstensintrusioner stegras den ytterligare under bildning 
av kristalliniska biotit-epidotforande skiifrar, med lokalt likva l annu 
bibehallna reliktklastiska mikrostrukturer. Emot sjalva gronstens- 
kontakterna tillkommer darjamte ej sallan nagot kloritiserad amfibol.

Pndersokningen av samtliga hallar pa on liksom i omgivningen 
har g iv it t i l l  resultat, att bar ej kan bli tal om nagon eventuell 
erosionsrest av ett fordom fran vaster hit framskjutande tacke av 
seveskiffrar. Eastmer visar det oupplosliga faltgeologiska forban- 
det med omgivande bergartsserie, att ons bergarter utgora blott 
ett led i  traktens klastiska sparagmitformation. Forklaringen 
torde kunna sokas i att pa grund av de mer finklastiska och darfor 
Diindre motstandskraftiga sedimentens narvaro har det tangentiella 
trycket har kunnat utlosa en lokal dislokations- och intrusions- 
^on. som med branta stupningar stryker ungefar i NO—SY och 
bildar en mot SO overstjalpt antiklinal med de for dylika ofta 
Vaxlande och oregelbundna stupningarna (5). Regional- och injek- 
tionsmetamoi'fosen har har alltsa varit tillrack lig  for a tt inom 
ett mindre omrade overfora sedimenten t i l l  kristallinisk sevefacies, 
i vilken ocksa en tydlig tendens t i l l  den nedan beskrivna ader- 
gnejsbildningen lokalt kan pavisas.

Det andra, i  detta sammanhang anmarkningsvarda regionalme- 
tamorfa omradet ar trakten kring St. Stalonberget.1 Mot det van- 
liga forhallandet annorstades i sparagmitfaltet avtager regional- 
metamorfosen ned emot bergets bas, alltsa nedat Malgomaj. Stup
ningarna, som, ehuru nagot vaxlande t i l l  storlek och riktning, i 
huvudsak aro mot N, NNO och NNV, b li brantare uppat bergets 
hogre delar och angiva en frampressning och massforskjutning 
mot soder.

Ehuru nagot direkt hinder for narvarande ej synes mota att 
aven i detta fa ll antaga en antiklinalt byggd dislokationszon, aro 
iakttagelserna annu alltfor ofullstandiga for att medgiva en shker 
uppfattning om omradets tektonik. K la rt ar i  varje fall, att 
har foreligger en kra ftig  dislokationszon, ehuru, sa v it t  h ittills  ar 
kant, ej atfoljd av varken sura eller basiska intrusioner. Dftremot 
intrader mot komplexets ovre del en gradvis stegrad adergnejs- 
bildning, varvid framkomma smaveckat krusiga, sliriga och vresiga 
ogongnejser och aderbergarter, t i l l  allman habitus-och bildningssatt 
fu llt analoga med motsvarande bergarter inom de sodra fjalltrak- 
terna (5, sid. 70).

1 S&som kartan utvisar, har rekognosceringen annu blott helt periferiskt berort 
detta omrade, vilket t i l l  sin utstrackning ar alldeles okant.

Bd 44. H. 5.] NORDJAMTSKA-SYDLAPPSKA SPARAGMITZONENS SODRA DEL. 657



658 GUSTAF FRÖDIN.

Den regionalmetamorfa bergarten har med all tydlighet primärt 
varit en lerig, finkornig, mörk sparagmit, säväl i  fä lt som i slip- 
prof ännu lä tt igenkänlig, ofta med alltjämt bibehällna primär- 
strukturer. fü r  st sedan klorit-epidotstadiet överskridits nägot
ovanför bergets bas, och biotitbildning, alltjämt tillsammans med 
epidotmineral, börjat inträda, infinna sig — enligt vad den mikro- 
skopiska granskningen ädagalagt — linsartade ögon och ädror. av 
röda- vita kvarts- fältspataggregat längs förskiffringsplanen.

[Maj 1922.

Fig. 12. Mörk, finkornig sparagmitskiffer med ögonformade kvarts-fältspatsekretioner 
svanslikt utdragna dt sidorna om en centralt liggande mikroklinindivid. — Föten av 

St. Stalonberget. Forst. c:a 30 ggr. 4 Nie.

Dessa sekretioner bestä i  s itt första stadium uteslutande av 
kvarts,1 bildande granulerade aggregat av sinuöst begränsade, 
kataklastiska körn, som gärna omgiva en större enhetlig eller blott 
delvis krossad kvartsindivid, men lata sig knappt skarpt avgränsas 
frän den omgivande bergartsmassan. Forst nägot senare b li sekre- 
tionerna även mikroklinförande, ej sällan linsformigt omgivande 
en central större mikroklinindivid, och framkalla da typisk ögon- 
struktur (iig. 12)1 Mikroklinhalten kan uppgä t i l i  väl hälften, 
däremot är plagioklas ännu ej med säkerhet pävisad i sekretioner- 
na, ehuru sädan ofta i rä tt avsevärd mängd ingär säsom primär

1 Ibland kunna dessa rena kyartsaggregat vara svagt rödfärgade och kunna dä i 
fält förväxlas med mikroklinförande sädana.



bestândsdel i moderbergarteri. Liksom omgivande bergartsmassa 
kânnetecknas sekretionerna av kombinerad kataklas- och kristallisa- 
bonsskiffrighet.

Sekretionerna beteckna tydligtvis tryckzoner, som b ogre upp i 
bergsidorna med tilltagande regionalmetamorfos smâningom ôvergâ 
irân lins- eller ôgonhabitus t i l l  lângstrâckta, standom fôrgrenade 
sliror och band. A tt  dessa sura aggregat aro a tt uppfatta som 
verkliga sekretionâra utsôndringar av metamorf natur, framgâr av 

jâmsides skeende anrikningen av morka mineral, mestadels 
biotit, invid kvarts-fâltspataggregatens rand. Denna regionalmeta- 
niorfa separeringsprocess i basiska och sura sliror fortskrider, tills  
en verklig âdergnejs uppkommit, som likva l ibland alltjâmt bibe- 
hâller vissa reliktklastiska drag.

Ivvarts-fâltspatsekretionerna tillhôra alltsà den kaledoniska meta- 
niorfosens biotitgnejsstadium, aro tydligt granulerade och fôlja 
forskiffringsplanen som subparallella kortlar och band. De i det 
sôdra sparagmitomrâdet med sâdana sekretioner nára fôrbundna 
overskarande granit- aplit- pegmatitgângarna (5 sid. 70) har jag 
dâremot ej âterfunnit i  Stalonberget. 1 dessa, som alltsâ mer likna 
intrusioner, ar granulering och tryckpâverkan mindre markbar, 
varfôrutom de ock genom hela s itt upptrâdande angiva sig sâsom 
nâgot yngre an de ovan berôrda forskiffringssekretionerna.

Den har forelagda kartbilden (pl. L X IX ) fly ttar den hittillsvarande 
oversiktskartans (17, 19) ôstra grans for det egentliga seveskiffer- 
omrâdet ett gott stycke vasterut. Yad som dar av T ôrnebohm 
uppfattades sâsom ôverskjutet urberg, markerande den ostra glint- 
randen, synes huvudsakligen varit âdergnejserna och andra starkt 
metarmorfa sparagmitiska bergarter kring Malgomajs ôvre anda, 
môjligen ocksâ det lilla  framdenuderade prekambriska antiklinal- 
partiet vid Risbâck samt vissa mer an vanligt starkt fôrskiffrade 
sparagmitzoner norr och vaster dârom. I

Bd -44. H . 5.] NORDJÁMTSKA-SYDLAPPSKÂ SPARAGMITZONENS SÔDRA DEL. 659

I  en foregâende avhandling (5, sid. 172) har jag framhavt sak- 
forkâllanden, som enligt min mening angiva, att nâgon principiell 
tektonisk skillnad knappast existerar mellan det centraljâmtska 
âreskifferomrâdet och de angránsande delarna av silurterrangen. 
Den tektoniska och darmed ocksâ den metamorfa skillnaden âr 
snarast blott en gradskillnad.

Samma betraktelsesâtt synes enligt ovan lâmnade framstâllning 
ocksâ tillâmpligt pâ det nordjamtska-sydlappska omrâdet. Sâval
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inom urbergsantiklinalen och den klastiska seveterrängen, sora väl 
ocksä inom det kristallina severskifferomrädet domineras den tek- 
toniska Strukturen av dislokationszoner, överveckningar ocb över- 
skjutningar. När dessa störningar längre i väster nätt tillräck lig  
intensitet, övergä dislokationszonerna samtidigt t i l i  intrusionszoner 
med ätföljande starkare metamorfisk ombildning av sedimentberg- 
arterna t i l i  seveskiffrar. A t t  pä denna grund, säsom ocksä de ovan 
anförda exemplen giva vid handen, den klastiska ocb kristallin^ 
seven ej alltid kunna inrangeras i  mot varandra skarpt avgränsade 
utbredningsomräden b lir a priori sannolikt.

En egendomlighet är, att medan de centraljämtska äreskiffrar- 
nas front abrupt reser sig över de nedanf'ör liggande klastiska, 
mjuka silurbergarterna, är förhällandet omvänt i  bär bebandlade 
omräde. Bergartskomplexen pä ömse sidor gränslinjen äro visser- 
ligen t i l i  sitt Ursprung även bär ekvivalenta, men härdheten hos 
den mindre metamorfa facies är i detta fa ll i  stört sett större, var- 
t i l l  ocksä komma mer framträdande avsöndringsformer (se sid. 633). 
Seveskiffrarnas utgäende gör sig av dessa skäl ej skarpt topogra- 
fiskt märkbart utan intager ett relativt flackland i  förbällande t i l i  
den brutna kvartsit-sparagmitterrängen nägot längre i öster.

SeverskifFrarnas pälagring direkt pä urbergsantiklinalen i  syd- 
väst mellan Sjougdsjön och södra kartgränsen är med ovan anförda 
betraktelsesätt att förklara i  likhet med de analoga tektoniska 
förhällandena t. ex. längs Mullfjällsantiklinalens västra sida S om 
Dufed. De tektoniska störningarna med ätföljande intrusioner ba 
med tillräcklig  intensitet grip it ända ned i sedimentkomplexens 
bas ocb i sin belhet överfört den t i l i  seveskiffrar. Min personliga 
kännedom om dessa seveskiffrar i sydväst är emellertid alltför 
fragmentarisk för att därpa bygga nägon allmän uppfattning om 
deras Ursprung ocb primära karaktär.

Huruvida det framgär en antiklinalt byggd dislokations- ocb 
intrusionszon längs den övriga delen av seveskiffrarnas östra rand, 
i  likbet med centraljämtska förhällanden (5), är ej utrett. Strati- 
grafiskt identifierbara niväer mäste här pä grund av sparagmitfältets 
primärt monotona sammansättning över kuvud vara svära att pävisa. 
Derivat av sannolikt röda sparagmiter, ocb i  sä fa ll tillhürande 
basaletagen, ha likvä l pävisats pä nägra stallen, däremot t i l i  dato 
ej nägra uppveckade urbergsplattor. Om sädana eventuellt saknas 
vore emellertid pä intet vis överraskande, med hänsyn t i l i  att de 
av naturliga skäl mestadels träda i dagen blott i  omedelbar närhet 
av det autochtona urbergsunderlaget (5, sid. 160) eller m. a. o. inom 
omräden, dar denudationen varit mer djupgäende än i bär vidkom-
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^aude trakter. Schuppenstrukturen i  de redan blottlagda delarna 
urbergsantiklinalen vittnar dock om, att dylika inveckningar 

agt rum, om ocksâ ej av större horisontella mâtt, liksom den ocksâ 
dugivej.  ̂ var pötterna t i l l  sâdana inskjutna urbergsskollor âro att
nna (à, sid. 161). A t t  â andra sidan söka förklara vissa av de 

autiklinalt uppveckade och nâgot österut frampressade urbergs- 
Partierna, t. ex. omrâdet kring Gitsfjället och Bângnâs, som kale
doniska intrusioner visar sig efter en undersökning i faltet snart 
«môjligt.

Det är vidare tydligt, att de kaledoniska rôrelserna’betyda en 
û'assfôrskjutning österut av de i seveskiffrarnas ostra randzon 
^ggande sparagmitderivaten. De sparagmitiska bergartstyperna 
ua alltsà primärt sträckt sig längre västerut frân urbergsantikli- 
Dalen, än vad som framgâr av deras nuvarande utbredning. Deras 
Patagliga frändskap och nära samband med den klastiska seven 
härmast i öster liksom ock det genetiska sam bandet med urbergs- 
autiklinalen synes dock utesluta, att dessa kaledoniska förskjut- 
dingar kunnat vara av förut antagna gigantiska proportioner.

Pnom den klastiska seven, och särskilt längs den östra över- 
skjutningsranden mot Holmsjöfacies, synas vissa minimivärden pà 
ttiassförskjutningarnas storlek knnna beräknas. Öster om Sjougd- 
aäs erhalles c:a 3—4 km., och avsevärt mer kan det här knappast 
Varit. Förhallandena kring Malgomajs övre ända äro tyvärr i detta 
avseende mindre klara. A t t  den pa dalbottnens Holmsjöfacies 
mellan Vuollellite och Malgomaj vilande kvartsit- sparagmitskollan 
ej  utan vidare far antagas sträcka sig som ett enhetligt komplex 
dt sydost nedät Malgomaj ända fram t i l i  västra gränsen för Holm
sjöfacies därstädes (vid Löfnäs), synes mig tydligt. De säregna 
fektoniska och petrografiska förhallandena kring Malgomajs övre 
ända (sid. 656 o. f.) torde snarare tyda pa närvaron av atminstone 
ytterligare en rotlinje inom den här framstrykande östligaste de
form ationsgraven i urberget.

Bd 44. H . 5 .] NORDJÄMTSKA-SYDLAPPSKA SPARAGMITZONENS SÖDRA DEL. 661
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Notiser.

B lock av sevebergarter v id  K iru n a .

Av

P er  G-e ij e r .

I  0 . SJÖGRENS skildring av Kirunatraktens glacialgeologi1 omnämnes pä 
om fjärrblocken »ett och annat skifferblock, som torde tillhö ra  fjä ll- 

kedjans bergarter». V id  rekognosceringar i  denna trak t under ären 1905
1910 f ic k  jag  em e lle rtid  det in try c k e t, a tt ifrägavarande grupp av f jä r r -  

^lock k v a n tita t iv t spelar en vida större ro ll, än det citerade u ttry c k e t an- 
Siver, varav ocksä synes fö lja , a tt hänsyn mäste tagas t i l i  densamma vid  
Diskussionen om isavsm ältningens fö rlopp  i  trak ten  V  om K iru n a . Da 
QRmera, genom QuENSELS arbeten v id  Kebnekaise1 2 och ÄLVAR H öGBOMS 
1 K a itu m da len ,3 u tbredn ingen av de v ik tig a re  bergartsgrupperna i  f jä l l-  
kedjan V  och S V  om K iru n a  b l iv it  närm are preciserad, kan de ifräga 
varande blockens k ly ftom räde  fastställas inom  vissa gränser. Jag har där- 
fö r vid nägra under de senaste somrarna fö r andra ändamäl företagna kor- 
tare besök i  K iru n a  även begagnat t i l l fä l le t  a tt kom ple tte ra  m ina tid igare  
iakttagelser över vissa särdeles karakteristiska type r av fjä rrb lo ck  därstädes.

T i l l  undvikande av varje  m isstag i  bergarternas id e n tifie r in g  har endast 
en lä t t  igenkänn lig  grupp studerats, näm ligen g lim m ersk iffr ig a  och gnejsiga 
hergarter med fältspatögon. Huvudm assan av dessa block t i l lh ö r  de säsom 
Sedimentderivat tolkade po rfyrob lastsk iffra rna  i  seven: bergarter med en 
finko rn ig , grabrun t i l i  v io le ttb ru n  grundmassa med smä granater samt 
förande m er e lle r m indre  ta lr ika , rundade, 1— 3 cm stora, v ita  t i l i  nästan 
glasklara porfyrob laster av fä ltspat. D e tta  är en en lig t QüENSEL inom  
Kebnekaisetraktens seve m ycket van lig  typ. I  öv rig t utgöres denna b lock- 
grupp av ögongnejser, stundom granatförande, v ilk a  lik n a  den nyss anförda 
typen bl. a. dä ru ti, a tt deras fältspatögon äro päfallande klara och föra 
inströdda smä b io t it f jä l l,  men s k ilja  sig genom sin grövre och fältspat- 
rikare grundmassa. Denna typ  synes icke vara representerad i  Kebnekaise- 
trakten, men är känd frä n  andra seveomräden (B o rka fjä lle ts  erup tiva  ögon- 
guejs i  M arsfjä llskom plexen, en lig t benaget meddelande av pro f. QüENSEL). 
Dess in tim a  sam hörighet med seven är o tv ive laktig .

E t t  u ttry c k  fö r  de ifrägavarande blockens frekvens i  K iru n a tra k te n  er- 
hälles av fö ljande  data. I  e tt an ta l m oränskärningar, fördelade inom  e tt 
c:a 350 X 200 m s tö rt omräde pä ku llen  Jägmästaren i  södra änden av

1 Bidrag t i l i  Kirnnaomrädets glacialgeologi (i Serien »Vetenskapl. o. prakt. under- 
sökningar i Lappland, anordnade av Luossavaara-Kiirunavaara A. B.» Stockholm
19 IC).

a De kristallina sevebergarternas geologiska och petrograßska ställning inom Keb- 
nekaiseomrädet (G. F. F. 41: 19).

3 En profil genom fjällen vid Kaitumälven (G. F. F. 43: 632).
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Kiirunavaara, räknades omkring 60 hithörande block om över 5 cm största 
diameter ( in t i l l  70 cm). En mera grundlig granskning skulle säkert ré
sultera i  en avsevärt högre s iffra . Tiden medgav- icke nâgon mera ova- 
fattande stenräkning, men det är tyd lig t, a tt dessa block utgöra âtminstone 
omkring 1 procent av nyssnämnda grövre materiel, sannolikt t. o. 
mera. Av det anförda antalet block tillhö ra  närmare tvâ tredjedelar den 
typ, som tydes sâsom ett säkert Sedimentderivat, medan övriga âro dels 
ôgongnejser av sannolikt eruptivt Ursprung och dels mellanformer, vilka 
icke pâ de enbart petrografiska grunder, som stâ t i l i  buds vid blockstudier, 
kunna uppdelas pâ de bâda huvudtyperna.

Seveblocken trä ffas stundom i  morânens yta, men ocksâ pâ större djup- 
T illsam m ans med dem finnas andra b locktyper, som sanno lik t aven de 
härstam m a frâ n  fjä llke d ja n . A v  redan anförda skäl har dock icke nâgon 
räkn ing  av dessa försökts.

Frâgan b l ir  nu, frâ n  v ilk e t skede av nedisningen denna betydande 
transport av fjä llbe rgartsb lock hârstammar. A lla  torde vara ense dâroin, 
a tt nedisningen ta g it sin början i  högfjä llen , och a tt isdelaren sedan for* 
s k ju tits  österut, u t pâ det flackare urbergsomrâdet. D e t synes ocksâ vara 
k la rt, a tt den senare, under avsmâltningsskedet, âter fö r f ly t ta t  sig vaster- 
u t. För trak ten  m ellan S tor-Lu leda len och K v ic k jo k k  hava IlAMBERfl 
och Ga v e l in 1 2 uppvisat, a tt isdelaren t i l l  sist âter f ly tta ts  in  i  högfjä llen-
J. Frödin3 har dock kunna t konstatera, a tt den sista isresten i  sj al va Stor- 
Lu ledalen ha ft e tt re la tiv t ös tlig t läge (v id  Jaurekaska), och a tt den 
existerai sam tid ig t med e tt av de av H amberg funna  isströmscentra 
i  de pâ dalens södra sida belägna Sarekfjä llen .

Beträ ffande om râdet m ellan S tor-Lu leda len och Tom e Träsk har man 
tid iga re  v a rit benagen a tt antaga, det den sista isdelaren h a ft e tt ös tlig t 
läge, inom  urbergsomrâdet. Sâlunda antager SJÖGREN,4 a tt den legat 
strax Y  om K iru na . TANNER5 räknar med en tu d e ln ing  av isen, m ot- 
svarande förhä llandena längre söderut; den ostligare ismassans sista isdelare 
anser han ha gä tt fram  över K a lixd a le n  v id  L a u kku jä rv i. EnqüIST däre- 
m ot gör gä llande,6 a tt avsm ältn ingsförloppet N  om S tor-Lu leda len v a r it  ett 
annat, i  det a tt nâgon östlig  ismassa a ld rig  sku lle  avsk ilts : i  s ta lle t skall 
isdelaren frâ n  s it t  östliga läge smâningom âter fö rs k ju tits  in  i  högfjä llen- 
Sâsom stöd fö r  denna äsik t an för EnqüIST bl. a., a tt rä ff lo r  frâ n  ö saknas 
inom  landet Ö om högfjä llen , och likasä spar av isdämda sjöar saknas i 
de m indre  dalarna m ellan T om e Träsks och S tor-Lu les stora dalfören.

D e t gä lle r nu  a tt undersöka, hu ruv ida  de anförda blockförekom sterna 
v id  K iru n a  kunna härstamma frâ n  det tid iga re  skede av nedisningen, da 
isdelaren ännu lag kvar inom  fjä llreg ionen . Om sä ej är fa lle t, utgöra 
de e tt bestämt bevis fö r  isdelarens ätervandring t i l i  de tta läge under av- 
smältningsskedet.

1 Om inlandsisens afsmältning i fjälltrakten mellan Stora och L illa  Lule älf 
(G. F. F. 31: 414).

2 G. F. F. 31:418.
3 St. Lule älvs kallomrâde (S.G.U., ser. C, n:o 257).
4 Anf. arbete, samt Ymer, 1908, s. 25.
5 Studier öfver kvartärsystemet i Fennoskandias nordliga delar. I I I .  (Bull, connu- 

géol. Fini., n:o 38. Helsingfors 1915).
6 Die glaziale Entwicklungsgeschichte Nordwestskandinaviens. (S.G.U., ser. C, n:o 

285. Stockholm 1918).
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Sannolikhetsskäl ta la  m ycket bestämt em ot a tt to lka  blocken ifräga sä- 
S° m. rel ik te r  frä n  e tt t id ig t  nedisningsskede. V isserligen har T A N K E R 1 
Pavisat bade rä ff lo r  och blocktransporter frä n  denna t id , och f ö r f .2 har 
ran trak ten  SO om K iru n a  kunna t läm na exempel pä block, som synas 
lava legat p ra k tisk t taget fu lls tä n d ig t orubbade, alltsedan de under samma 
skede avlastades av den i  sydostlig r ik tn in g  fram skridande isen. D e t rör 

dock endast om re la t iv t enstaka fa ll,  och ej om nägon transport som 
kvan tita tiv t kan jäm föras med den, varom  seveblocken v id  K iru n a  v ittna . 
ttcssa blocks frekvens m otsvarar i  sjä lva verke t alldeles vad man av er- 
rarenheter om b lockspridn ing har an ledning a tt förvän ta, därest m orän- 
jäeket i  dess he lhet, e lle r ä tm instone dess övre delar, vore avlagrat av en 
iandis, som 5 ä 8 m il dä rifrän  —  detta är det avständ man 'har a tt räkna 
med -— öve rsk rid it sevebältet. Icke  he lle r synes de ifrägavarande seve- 
b_ergarternas u tb redn ing  i  fjä llk e d ja n  och blockens frekvens —  allm änna 
y«l K iruna , men alldeles fränvarande i  G ä lliva re trakten  — kunna bringas 
1 overensstämmelse med den isrörelse m ot sydost, som u tm ä rk t det äldsta 
skedet av nedisningen.

Man kom m er sälunda t i l i  den slutsatsen, a tt b locktransporten ifräga 
härrör frä n  den t id , da isdelaren frä n  e tt läge pä urbergsom rädet ater 
flytta t sig in  pä e lle r V  om sevezonen. M ed hänsyn d ä r ti ll,  a tt den a ll
männa rä ffe lr ik tn in g e n  i  trak ten  är frän  SV, torde det snarast vara i  
ija lle n  om kring  K a itum da lens översta del, som man har a tt söka k ly fto rte n  
för dessa seveblock. E n lig t A. HÖGBOM gär sevezonen dar över L ivam - 
tjäkko. I  Kebnekaise fja llen är en lig t QüENSEL sevens östgräns i  Kebne- 
tjakko. N ägot V  om dessa f jä l l  mäste sälunda isdelaren ha legat, dä isen 
annu sträckte sig t i l i  K iirunavaara . G ive tv is  bör man, med hänsyn t i l i  
den tid , som ätgätt fö r  b locktransporten, räkna med a tt isranden, när 
detta isdelareläge fö rs t intogs, befann sig y tte rliga re  e tt stycke österut 
frän  nämnda punkt.

T yvâ rr bar jag  icke h a ft t i l l fá l lc  a tt studera seveblockens u tb redn ing 
vidare m o t 0 , u tom  sátillv ida , a tt jag konstaterat deras forekom st i  K u rra - 
vaarastigen m ellan Luossavaara och Syvàjarvi. E n  sâdan undersbkning kan 
givetvis kom m a a tt résu ltera i  e tt annu hogre m in im im â tt fo r  isens u t- 
kredning ât detta vâderstreck v id  ifrâgavarande isdelarelage. V idare  har 
Jag tra ffa t e tt par sâdana block i  det annars huvudsakligen av lo k a lt ma
te ria l (urbergssyenit) bestáende delta, som en frâ n  N a ke rija rv ih à lle t kom - 
mande sm a ltva tten iilv  avsatt i  det isdamda Torne T riis k  (v id  Tornetriisks 
station).

Sâsom sam m anfattn ing kan ánforas, a tt d e n  r i k l i g a  fo r e k o m s te n  av 
b lo c k  av f j a l l b e r g a r t e r  v id  I v i r u n a  v is a r ,  d e t  is d e la r e n  re d a n  
h u n n i t  f o r f l y t t a s  v a s te r u t  a n d a  in  i  h ô g f jà l le n ,  in n a n  dess m o t 
k  a v s m a lta n d e  o s t ra  ra n d  i in n u  p a s s e ra i K i r u n a t r a k te n .

Sveriges Geologiska U ndersokning, sept. 1922.

1 Anf. arbete.
2 Bidrag t i l l  frâgan om blocktransportriktningarna inom Jukkasjärvi malmtrakt 

(S.G.U., ser. C, n:o 282. Stockholm 1917). i

i  l — 220270. G. F. F. 1922.
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D iskordant sk ik tn ing  i  le p tit frä n  N autanenom rädet.

Av

P e r  G e ij e r .

I  en fö r  nägra är sedan publicerad sk ild r in g  av Nautanenom rädets berg- 
g ru n d 1 fram hö lls , hurusom  den inom  G ällivare  och Jukkas jä rv i malm* 
tra k te r v ida  utbredda le p titfo rm a tio ne n  därstädes även om fattade uppen- 
bart sedimentogena bergartstyper, säsom kva rts ite r av säkert k la s tisk t Ur

sprung samt le rsk iffe rde riva t, v ilk a  nu före ligga säsom andalusitförande 
g lim m ersk iffra r. D ä rjäm te  uppvisa de le p tite r, som utgöra formationens 
liuvudmassa, ganska a llm än t en regelbunden sk ik tn ing . D e t päpekades även, 
a tt fo rm ationen i  s in  h e llie t v isar stora överensstämmelser med den supra- 
krusta la fo rm a tion  i  österbotten , som beskriv its av MÄKINEN1 2 och av 
honom betecknas säsom bo ttn isk . B land  de mera anm ärkningsvärda dragen 
i  denna österbottniska fo rm a tion  är förekom sten av konglom erat och typ isk t 
d iskordant sk ik tn ing . Nägra säkra m otsvarigheter h ä r t i l l  träffades icke

i'ig. 1. Block av leptit frän Nautanenomrädet, visande diskordant skiktning.

under rekognosceringen av Nautanenom rädet. U nde r s is tlidna  sommar pä- 
trä ffade jag  em e lle rtid  e tt vackert exempel pä d iskordant s k ik tn in g  i  en 
frän  detta omräde härstammande le p tit, v ilk e t jag  härm ed önskar sk ildra 
t i l i  kom p le tte ring  av den nyss citerade beskrivn ingen.

F ynde t är e tt block i  morän, in t i l l  den p u n k t, dar vagen frä n  G ällivare 
t i l i  Svappavaara o. s. v. gär över K u tja s jo k i, c:a 7 km  N O  om Nautanen. 
B lockets härkom st frä n  N autanen trakten fram gär bl. a. av fö ljande. Berg
arten är id en tisk  med en v id  N ie tsa jo k i (Ferrum s) m a lm fä lt, c:a 6 km  
SSV om fyndorten , anstäende sk ik tad le p tit .  E n lig t  b locktransporten i 
trak ten  kan blocket m ycket vä l ha kom m it frä n  ju s t denna loka l. I  när- 
heten liggande block av skarnbreccia frä n  G ä lliva re  m a lm fä lt antyda dock 
sannolikheten av en nägot nord ligare k ly f to r t ,  i  N ie tsa jo k ifä lte ts  s tryk- 
n ing s rik tn in g .

1 Per Ge ije r , Nautanenomrädet (S.G.U., ser. C, n:o 283. Stockholm 1918.)
2 Översikt av de prekambriska bildningarna i mellersta Österbotten (Bull. comm. 

geol. Finl. n:o 47. Helsingfors 1916).
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Sasom fram gär av bifogade fig ., fö re ligger e tt alldeles o tve tyd ig t fa ll av 
’ iskordant sk ik tn ing . D e t kan här icke vara fräga  om nägra veckför- 
^astningar, som annars ib land  kunna te sig som d y lik  sk ik tn ing . Berg
arten är en hornbländeförande, re la t iv t kvart.sfa ttig  p lag iok las leptit. P lag io
klasen har sam m ansättningen A b75A n 25. Nägot m ik ro k lin  förekom m er 
°cksa. D e  m örka bestandsdelarna äro e tt o rd inä rt g rön t hornblände, nägot 
b in d rę  b io t it  samt l i te t  t i ta n it  och m agnetit. Även märkes ka lkspat och 
apatit, sam t i  e tt av de undersökta preparaten en lite n  rosett av tu rm a lin .

de re la t iv t tunna  m örka sk ik ten  äro de m örka m inera len anrikade. K o rn - 
storleken är c:a O'io mm  pä plagioklasen och 0'20— 0‘30 mm  pä horn-
W ä n d e t .

Den nyss anförda bergarten frä n  N ie tsa jo k i s k ilje r  sig frä n  denna endast 
s a tillv id a ' a tt den ( i  e tt undersökt p rov) har nägot mera tu rm a lin , men 
saknar kalkspat.

Sveriges Geologiska Undersökning, sept. 1922.

Bd 44. H . 5.]

N agra ord om syntetiska adelstenar.

Av

Percy Q censel.

For e tt par decennier sedan borjade i  storre om fa ttn ing  s. k. syntetiska 
rub iner a tt dyka upp i  handeln. De forsta  forsoken lamnade i  a llm iinhe t 
rn indervardiga stenar, fram sta llda  av ru b in s p littro r  genom sm altn ing. I  vara 
dagar har det em e lle rtid  lyckats sa nara e fte rb ilda  de na tu rliga  adelstenarna 
rub in  och safir, a tt det mangen gang ar forenat med den storsta svarig- 
het a tt s k ilja  det na tu rliga  m ate ria le t fra n  laboratorieprodukten.

D a t i l l  redaktionens kannedom kom m it e tt fa ll,  dar i  S tockholm  sasom 
akta sa fir forsa lts en konststen, har e tt par ord i  denna fraga synts vara 
av a k tu e llt intresse, ja m v iil manande t i l l  storsta fo rs ik tig h e t v id  inkop av 
r u b i n -  och safirstcnar.

D e nuvarande i  handeln forekom m ande syntetiska adelstenarna fram - 
stallas h e lt fabriksm assigt och i  stor skala; de bast kanda fram sta llarna 
aro kanske H elle rite  C:o Paris och Deutsche Edelsteingesellscliaft, Ida r.

D o moderna m etoderna bygga pa den franska kem ikerns A . V erneuil 
grundlaggande experim ent 1 9 0 2 — 04. VERNEUIL la t i  sina forsok pu lve ri- 
serad, kem isk ren a lum in ium ox id  genom e tt f in t  p la t in a filtru m  passera 
genom en knallgaslaga, va rv id  sm a ltn ing  in trade r. Sm altan samlas pa en 
alum in ium kagla, som av samma, nedat r ik tad e  knallgaslaga halles v id  en 
tem peratur s trax t under sm altpunkten. D en  sm iilta  substansen okas suc- 
cessivt, antar droppform , s te lnar och visar sig da utgora en enhe tlig  k ris ta ll. 
H ardhet, sp. v ik t  och optiska egenskaper stamma fu llk o m lig t overens med 
uaturstenen. R ubinstenar av anda t i l l  50 karat ha salunda fram sta llts . 
Ensamt i  Paris la ra arligen borta t 5 m illio n e r karat (1 ,0 0 0  kg.) rub iner 
fram stallas. Rubinens fargnyanser variera med o lika  m iingder krom oxid
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som användes sásom färgmedel, en större kromoxidhalt ger djupare och 
mörkare färg, mindre portioner ljusare nyanser.

Man ljmkades tid ig t pä fü llt  tillfredsställande satt framställa konstgjorda 
rubiner, som sä nära anslöto sig t i l i  naturstenarna, att ofta blott mea 
svârighet künde avgöras, om äkta rubin eller konststen föreläg.

Nägot svärare visade det sig vara att fä förstklassigt material av. safir- 
Men de señarte árens experimenterande har resulterat i  att man nu lyckats 
framställa konstsafirer av sä utmärkt kvalitet, att även den bästa känna- 
ren i vissa fa ll har svärt att avgöra, om en äkta sten eller en konstpro- 
dukt föreligger. Färgmedlet utgöres av järn- och titanoxid.

Man frägar sig nu, om, da det tydligen lyckats modern teknik att frain- 
ställa konstgjorda rubiner och safirer av sâdan kvalité, att de blott efter 
noggrannaste undersökning kunna skiljas frän äkta, det över huvud lönar 
sig att försöka halla äkta och oäkta stenar isär. A tt man dock i  det 
längsta försöker sä göra beror pä den stora skillnaden mellan naturstenens 
gamla prisläge och framställningskostnaden för konstprodukten. Man har 
försökt sig pâ alla möjliga vägar att hävda en rubins eller safirs odispU" 
tabla äkthet. Ursprungsbevis har begärts för varje sten med noggrant an- 
givande av stenens dimensioner, men smarta affärsmän togo sig da fore 
a tt transportera en sack konstrubiner t i l l  Ceylons vaskerier och sâ âter- 
kommo de t i l l  Europa —  med ursprungscertifikat — sâsom äkta. Ell®1' 
ocksä begär man av särskikla prövningsanstalter pâ heder och samvete ut- 
färdade eller beedigade. intyg pä viss stens äkthet. A tt vanskligheter även 
därvid äro att räkna med, visar ett nedan relaterat exempel.

Förutom vissa differenser i  fosforescens i  katodljus är det väl liuvud- 
sakligen genom inneslutningar, som man i  mikroskop kan skilja äkta och 
syntetiska stenar át. De konstgjorda stenarna innehálla nämligen oftast, 
men —  nota bene •—  ej alltid, smä runda bläsrum under det naturstenen 
visar sâsom inneslutningar skarpt kristallografiskt begränsade mikroliter 
eller vätskeinneslutningar.

Sâsom bevis hur svärt det kan vara att avgöra, om äkta eller s y n t e t i s k  

sten föreligger kan här t i l l  slut i  korthet relateras det förut omnämnda 
inköpet i  Stockholm av sâsom äkta sten utgiven syntetisk safir.

Stenen, vägande 5,3 karat, inköptes hösten 1921 sâsom »absolut äkta 
indisk safir». Stenen infattades, men hos ägaren uppstod misstanke, att 
den möjligen ej var äkta. Kännare bland vanner och bekanta ràdfrâgades 
och avgävo skiftande omdömen. Slutligen anhöll köparen hos den firma, 
dar stenen inköpts om belägg för dess äkthet. Den skickades da under 
förmedling av fiera mellanhänder t i l i  Edelsteins Prüfungsstelle Alex. Houdelet 
i  Berlin, varifrän beedigat intyg utfärdades pä »Australischer Natursaphir».

Misstankar angäende stenens äkthet uppstod emellertid änyo hos köparen, 
bestyrkta av nagra bekantas omdömen, att stenen trots alla intyg vore syn
tetisk. Dâ det sä visade sig att de angivna mätten i  det i  Berlin utfär- 
dade intyget ej fü llt  stämde med företagen nymätning av stenen, sände 
köparen, denna gang utan förmedling av nägra mellanhänder, in  stenen 
t i l i  samma Prüfungsanstalt och fick tillbaka ett nytt beedigat intyg' pä —- 
»Künstlicher Saphir». Stenen hade tydligen vid första resan nägonstädes 
pä vagen uttagits ur fattningen och utbytts mot en äkta safir, som under- 
kastats undersökningen, varpä den syntetiska stenen pä ätervägen ater in- 
satts i  fattningen.
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Köparen i  nu relaterade fall slutar i  skrivelse t i l l  red. sin redogörelse 
®ed följande ord. »Av föreliggande detaljer framgär att falska ädelstenar 
1 avseviirda mängder torde förekomma i  marknaden, samt att h ittills  intet 
ßamnvärt gjorts för att slippa detta minst sagt pä brottslighetens grans 
staende geschäft, varför ett verkligt behov skulle fyllas, om inom landet 
flumes tillgänglig en kontrollanstalt för prövning och undersökning av 
ädelstenar.»

En kortfattad och klar liten framställning av ädelstenarnas egenskapcr 
°d i värde jämte de syntetiska och falska konstprodukterna finnes i  V ilh. 
Bau, Edelsteinskundo, Leipzig 1921, 248 s., varifrän en del uppgifter 
°van hämtats.

Bd 44. H . 5.]
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Geolognytt.

Riksdagen har i  m aj bes lu tit, a tt den av professor C. W lM AN nu inne- 
liavda personliga professuren i  pa leonto log i med u n d e r v d s n in g s s k y l d i g h e t  

jam vá l i  h is to risk  geologi ska li forvandlas t i l l  en o rd inarie  professur i 
pa leonto log i och h is to risk  geologi, samt a tt i  samband dármed den nuva- 
rande o rd inarie  professuren i  m inera log i och geologi v id  Uppsala un iver- 
s ite t ska li benámnas professur i  geologi med pe trogra fi och m ineralog i.

T ill kemist vid S. G. U. liar den 9 sistlidne jun i utnamnts assistenten, 
f il.  d:r A. BYGDÉN.

Sásom sokande l i l i  den ledigfórklarade professuren i  geologi med petro
grafi och mineralogi hade vid ansokningstidens utgáng den 3 ju li anmiilt 
sig prof. H. Backlund, Abo, doc. G. Frodin, Uppsala, statsgeol. P. 
Geijer, Stockholm, doc. A. Hadding, Lund, statsgeol. H. Heds'I'ROM, 
Stockholm samt statsgeol. N. Sundius, Stockholm.

Vid specimenstidens utgáng den 3 okt. hade samtliga sokande fu llfo ljt 
sina ansokningar.

T ill sakkunniga for beddmande av sokandes kompetens har fakulteten i 
Uppsala utsett prof. A. G. H ogbom, Upsala, prof. P. J. IIOLMQUIST, Stock
holm, prof. Y. M. Goldschmidt, Kristiania och prof. W. Ramsay, Hel
singfors.

T ill den ledigfórklarade befattningen sásom intendent vid Riksmuseets 
Mineralogiska avdelning hade vid ansokningstidens utgáng den 1 jun i sá
som sokande anmalt sig doc. G. AMINOFF, Stockholm, doc. A . IiADDING, 
Lund och assistenten N. ZENZÉN, Stockholm.

T ill den ledigfórklarade befattningen sásom intendent vid Riksmuseets 
paleo-zoologiska avdelning hade vid ansokningstidens utgáng den 6 jun i 
sásom sokande anmált sig statsgeologen H. H e d s tr o m , Stockholm, rektor 
I .  Se f v e , Falun, doc. E. S'TENSIO, Upsala, doc. G. T. TROEDSSON, Lund, 
samt statsgeologen A. H. W e STERGÁRD, Stockholm. I

I  prof. V. M. GOLDSCHMIDTS exkursion t i l l  Stavangeromrádet deltogo 
bl. andra overdirektor A . G a v e l in , professorerna P. J. HOLMQUIST och 
P. QUENSEL, statsgeologen H . E. JOHANSSON och overingenjoren H . v. 
ECKERMANN frán Sverige, professorerna H . B a c k lu n d  och L . BORGSTROM 
frán Finland, prof. F. B ecke  frán Wien, jarnte ett antal norska geologer. 
Exkursionerna, som huvudsakligen ágde rum per motorbát i  Stavangerfjorden, 
under tiden 12— 17 jun i, gynnades av det vackraste váder.
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i ’örsta dagen ägnades ät in jek tionsgne is- och fy llitm etam orfosprob lem en 
Pa Aamö. A nd ra  dagen samma problem  ä Sokn-Bruöarna. T red je  dagen 
agnades am fibo lite rnas uppträdande och pe trog ra fi ä Rennesö, fjä rde  dagen 
urbergsunderlaget ä Idsö samt de kaledoniska eruptiven och m y lo n itb ild - 
Pingen ä sträckan Backe— Solbakken. Fem te dagen samma problem  i 
Profilen v id  Erevigen och s jä tte  och sista dagen de gröna sk iffra rn a  ä 
Haasteinen.

Nägra av deltagarna besökte pä äterresan under GOLDSCHMIDTS ledn ing  
Fenfältet.

Bd 44. H . 5.]

Paleontologiska museet i Upsala har i  mars av professor J.,G. ANDERS- 
SON mottagit ytterligare 150 lädor fossila däggdjur frän Kina.

T ill preparering av Kinasamlingarna har av 8:de huvudtitelns besparingar 
för tiden 1 mars 1922 t i l i  slutet av februari 1923 10,000 kr. ställts t i l i  
Paleontologiska institutionens i  Upsala förfogande.

För deltagande i  jubileumsutställningen i  Göteborg är 1923 har Sveriges 
geologiska undersökning erhällit ett statsanslag av 4,000 kr. Det är av- 
sikten att dar framlägga en del av Undersökningens senare arbeten särskilt 
inom agrogeologiens och malmgeologiens omräden samt en del resultat av 
den pägäende inventeringen av landets torvmarker.

N y g eo lo g isk  k a rta  över G ö te bo rg s trak te n . Under sommaren 
hava pägätt och avslutats förarbeten för en ny geologisk karta i  skalan 
1: 20 000 över Göteborgstrakten, avsedd att utkomma nästa vär.

Tvenne nya geologiska tidskrifter hava pä senaste tiden börjal utgivas 
nämligen den av National researcli council of Japan utgivna Japanese 
Journa l o f G eplogy and G eography, innehällande förutom original- 
uppsatser bl. a. en rikhaltig referatavdelning pä engelska och tyska av 
japansk geologisk litteratur, samt S ch w e ize rische  m in e ra lo g isch e  und 
p e trog rap h isch e  M it te ilu n g e n .

De av Sveriges geologiska undersökning anordnade geologiska skolsam- 
lingarna, som sedan nägra är varit slutsälda, finnas nu ater tillgängliga. 
Sämlingen omfattar 108 nummer av mineral, berg- och jordarter m. m. 
Priset är 195 kr.

T i l l  R e d a k tio n e n  insänd  l i t te ra tu r .  Nordisk världsatlas. T ill för- 
män för svenska röda korset utgiven av S. ZETTERSTRAND och K . D . P. 
Rosfe.

Donna atlas, som vid sitt framträdande mottogs med oförbehällsamt erkännande, 
har visat sig a lltjäm t motsvara förväntningarna. Det är en omsorgsfullt och elegant 
utförd världsatlas, speciellt avsedd för cn nordisk läsekrets.

B e c k -B e r g , Abriss der Lehre von den Erzlagerstätten, Berlin 1922. 
Verlag Bornträger.

IvAYSER, E m a n u e l , Lehrbuch der Geologie. Bd 1— 2 Allgemeine Geo
logie. 6:te vermehrte Aufl. Stuttgart 1921.

LACROIX, A., Mineralogie de Madagascar. Tome 1. Paris 1922.
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Motet den 4 maj 1922.

Nârvarande 37 personer.

Meddelade ordfôranden, hr Backstrom, att Styrelsen t i l l  med- 
lemmar i Foreningen invalt:

Bergsingenior Gustaf A hlman, Ljusne, foreslagen av hrr Quensel 
och v. Eckermann,

Lôjtnant Iv. Magnell, Stockholm,! foreslagen av hr Holmquist 
samt

Fil. stud. H. Bjurulf, Jônkôping, foreslagen av hr v. Post.

A  Fôreningens vâgnar hade lyckônskningstelegram avsânts t i l l  
f. d. statsgeologen I):r F r. Svenonius pâ hans sjuttioârsdag. For 
lyckônskningen hade dr. Svenonius t i l l  Foreningen bett att fâ 
framfort s itt varma tack.

Meddelade sekreteraren, att Styrelsen beslutit tillsta lla Geolog- 
kongressen i Bryssel samma skrivelse, som tidigare tillstâ llts 
Brysselkongressens organisationskommitté, nnder framhâllande av, 
att dâ intet i  kommitténs svar framkommit, som kunnat andra 
Fôreningens tidigare intagna stândpnnkt, Foreningen ansâg sig 
i a llt och infôr hongressen som sâdan bora havda den stallning, som 
tidigare intagits betraffande i skrivelsen vidrôrda fôrhâllanden.

Med bilaggande av Fôreningens skrivelse av den 3% 1922 an- 
fôrdes darfôr foljande:

A u  Congrès Géologique In te rn a tio n a l à B ruxe lles  1922.

il iAprès délibération, les sociétés géologiques en Danemark, en 
Norvège et en Suède ont envoyé le 30 janvier dernier au Comité 
d’Organisation du Congrès International à Bruxelles la lettre ci- 
incluse, exposant leurs vues sur la situation internationale dans 
le domaine scientifique et aboutissant à une demande que le Con
grès de Bruxelles en 1922 ne fû t pas désigné comme le 13:ième 
Congrès Géologique International, la situation générale n’ayant 
pas permis de donner suite à l ’invitation faite à Toronto en 1913 
à toutes les nations qui font partie des congrès internationaux.
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A notre demande que le Comité d’Organisation voulût bien 
changer cette dénomination de telle sorte qu’elle vînt à corres
pondre à la lim itation du Congrès amenée par la situation générale, 
le Comité nous a fa it parvenir une réponse datée du 6 mars et 
que vous trouverez également ci-inclus. Le Comité y déclare ne 
Pas pouvoir partager notre manière de voir sans toutefois nous 
exposer les raisons qui lu i ont fa it désapprouver nos points de 
vue tout objectifs.

Dans ces conditions, nous considérons, dans l ’intérêt de la science, 
comme notre devoir d’exposer au Congrès même les points de vue 
que nous avons fa it valoir dans cette lettre. Tout en regrettant 
lu situation qui s’ensuit de cette divergence d’opinion et tout en 
répétant que nous comprenons parfaitement la difficulté qui existe 
pour les nations qui ont le plus souffert de la guerre, à inviter 
dès à présent tous les pays à une assemblée universelle, nous 
tenons à déclarer que notre manière de voir reste toujours la 
même, rien ne s’étant présenté jusqu’ic i qui fû t de nature à 
modifier l ’opinion antérieurement émise par nous.

Nous ajoutons que c’est avec le plus grand regret que nous 
verrions prendre au Congrès des résolutions auxquelles i l  nous 
serait difficile d’adhérer à l ’avenir.

A  notre avis, i l  est urgent d’éviter toute mesure pouvant con
stituer de nouveaux obstacles à la reprise de la collaboration 
Universelle, en jugeant que cette collaboration, entre les géologues 
comme entre les autres représentants de la science, est à l ’heure 
actuelle plus nécessaire que jamais.

Dans l ’espérance que cette opinion est partagée par vous tous, 
nous vous assurons, Messieurs les collègues, de notre parfaite 
considération.

H r F r. E nquist höll föredrag om orsalcerna t i l l  f'ôrekomsten av 
den värmekrävande flo ran  i  a rk tiska  ocli antarld islca tralcter under 
te rt iä r  och mesozoislt tid .

En uppsats i anslutning t i l i  föredraget kommer att inflyta i  ett 
foljande häfte av förhandlingarna.

Med anledning av föredraget yttrade sig h rr G. D e Geer, Bäck
ström och H alle samt fö red ra g an d en .

H r A xel Gavelin meddelade nägra intryclc frâ n  en resa t i l i  
geologislca in s titu tio n e r i  E n g land  ocli Tysläand.

Med anledning av meddelandet yttrade sig hr H öbner och 
fö red raganden .

[Maj 1 9 2 2 .]



674 GEOL. FOREN. FÔRHANDL. B d . 44. H . 5. 1922 .

Motet den 5 oktobér 1922.

Nârvarande 41 personer.

Ordforanden, hr B ackstrôm  meddelade att Styrelsen t i l l  medlem 
i Foreningen invalt:

Gruvingenjôr E in a r  L in d e m a n , Ludvika, fôreslagen a v  hrr (leij  or 

och H. E. Johansson.

Meddelades att enligt t i l l  foreningen ingânget tillkànnagivande 
den X I  internationella geografkongressen (Congrès international 
de Géographie et d’Ethnologie), sammantràder i  Cairo 1925 i sam- 
band med 50 ârsminnet av Société Royal de Géographie d Egypte s 
grundande.

Meddelade sekreteraren, att sâval Dansk Geologisk Forening, 
som Norsk Geologisk Forening anslutit sig t i l l  Fôreningens syn- 
pnnkter betrâifande s lu tg iltig t stândpunkttagande t i l l  organisa- 
tionskommitténs i Bryssel âtgôranden. De tre geologiska foi'- 
eningarna i  Skandinavien ha dârfor gemensamt nndertecknat den 
skrivelse, som omnâmnts i maj motets fôrhandlingar, som sedan av- 
lâ tits t i l l  kongressen i  Bryssel.

H r C a r l  C a l d e n iu s  hôll ett a \r talrika diagram belyst fôredrag 
om liagundasjôns s tra t ig ra fi ocli geolcronologi.

En uppsats i anslntning t i l l  foredraget kommer att i  u tv idgad  
form publiceras i  S. G. U., Ser. Ca N:r 12.

Med anledning a v  foredraget yttrade sig hr G . d e  G e e r .

H r P er cy  Q u e n s e l  lamnade ett meddelande om fôrloppet aAT det 
geologiska karteringsarbete, som av H. B a c k l u n d  och fôredragaren 
for Sveriges Geologiska Undersôknings rakning utfôrts inom Vaster- 
bottens lâns fja llo m râd en , samt berorde nâgra av de nya problem, 
som yppat sig under de fyra âr arbetet varit i  gang.



Det första äret (1918) hade karteringen huvudsakligen omfattat 
trakten mellan Jämtlandsgränsen ock Kultsjön. Intresset fangades 
Under denna sommar t i l l  stor del av de erup'tiva myloniternas upp- 
trädande inom de västliga omrädena, i  form av stora platta skällor, 
Wndna t i l l  eller tektoniskt sammanhörande med de flacka förskjut- 
ningsplanen inom köliomradet. Avenledes bjöds under rekognosce- 
Dngen av Södra Borgafjällen gynnsamma tillfä llen att pröva seve- 
°ch kölibergarternas inbördes förhällande t i l l  varandra ocb de liög- 
kristallina seveskiffrarnas regionala förband med de kaledoniska 
eruptiven, kring vilka de syntes gruppera sig med periferisk i 
kornstorlek och kristallin itet avtagande utbildning. Bedan under 
denna första sommar syntes det geologiska förbandet antyda, dels 
att de mera grovkristallina fjällgneiserna t i l l  stor del haft eruptivens 
inverkan pä sidobergarten att tacka för s itt grövre kristallina gry, 
dels att vissa profiler pafordrade att inom seven även inrymma 
stratigrafisk t i l l  kölibergarterna hörande, genom eruptivens inver
kan metamorfoserade skifferkomplex.

Andra sommaren (1919) ägnades omrädet mellan Kultsjön och 
linjen Yirisjaure—Umnäs. Det huvudsakliga arbetet kom att ägnas 
Marsfjällskomplexet och dess nordliga fortsättning, Borka-, Henriks- 
och Gardfjällen. Här erbjöd sig i  t i l l  synes djupare snitt i fjä ll- 
kejdan en inblick i  de kaledoniska eruptiven och i deras betydelse 
för ijälltektoniken. Under det att i Borgafjällen sura eruptiv 
sä gott som saknades, funnos i  Marsfjällen stora granitomräden 
blottlagda inom de centrala delarna av ijällmassiven. Aldersför- 
hällandet t i l l  amfiboliterna var tydligt, i  det graniten innehäller 
skarpkantiga brottstycken av amfibolit som redan amfibolitiserats 
fore granitintrusionen, ett bevis för en metamorf epok inom fjäll- 
kedjan före granitens framträngande. Inom graniternas randzoner 
erbjödo sig gynnsamma tillfä llen att studera injektionsgneisfenome- 
uet, i det att skifferhöljet med all antaglighet här metasomatiskt 
tillfö rts rik liga mängder magmasubstans. Sevegneiserna visa sig 
närmast Marsfjällsgraniterna vara stärkt turmalinförande samt dess- 
utom sä r ik lig t fältspatförande att de t i l i  sin kemiska sanunan- 
sättning pätagligen förändras i  rik tn ing mot magmabergarter. A  
andra sidan visa Marsfjällsgraniterna genom sin rika sillimanit- 
och distenhalt inom vissa sträk en tydlig kemisk förändring mot 
sedimentsammansättning (spelitiserings). Bäda resultaten mana t i l i  
försiktighet beträifande tydning av den kemiska sammansättningen 
av bergarter inom stärkt deformerade ijällomräden.

Inom Marsfjällsomrädet inskränka sig seveskiffrarna pä grund

[M a j 1 9 2 2 .] MOTET DEN 5 OKTOBER 1 922 . 675
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av fältets brant västliga stupning t i l i  en smal zon, pâ sina stallen 
blott kilometerbred, i bjärt motsats t i l i  Borgafjällens vida fa it av 
monotona glimmerskiffrar och gneiser som dar betingas av den 
förhärskande flacka lagerställningen.

Den tredje arbetssoinmaren (1921) ägnades Tama sockens ostra 
och sydöstra delar. Här tilldrog sig isynnerhet det mäktiga Norra 
Storfjället intresse. Inom Tama visade sig áter mera periferiska 
snitt i  förhällande t i l l  de kaledoniska intensiven rada. Grani- 
terna själva voro blott nndantagsvis blottade, men deras inverkan 
dock pátaglig genom sevegneisernas höga kristallin itet och kemiska 
magmatisering. Inom visst omrâde inom Norra Storfjällets nord- 
västra del v ille  föredragshällaren t. o. m. antaga en nästan fnll- 
ständig uppsmältning av skifferhöljet som dâ i  form av partiellt 
regenererad magma kunnat förhälla sig ernptivt gent emot vissa 
inom dess egen skiktserie mera motstândskraftiga lager.

Tektoniken inom Tama visade sig betydligt mera komplicerad 
än längre söder ut, där âtminstone relativ rotfastbet kunnat t ill-  
skrivas Marsfjällssträken och Borgafjällen. Inom Tärna synes en 
äldre västostlig rörelse ofta vara avklippt av yngre nord-sydliga 
förskjutningar och starka hopstnvningar och inversioner ha team- 
kallats av de komplexa rörelseriktningarna. Man vet ej var man skali 
söka fast mark. T i l l och med Norra Storfjällets i  sig själv kom
plexa och högkristallina skälla synes ligga lös, i öster diskordant 
vilande pâ milda svarta skiffrar.

Innevarande sommar (1922) har huvudsakligen ägnats Sorsele 
sockens fjällvärld d. v. s. omrädet norr om linjen Övre Uman — 
Jerisjokk-Tjulträsk team t i l l  länsgränsen. Liksom vart ar tidigare 
ha ater nya problem dykt upp, av vilka här först ma nämnas det 
mäktiga och praktfulla V o itja -kong lom era te t, ett ofta' föga 
pressât, karaktäristiskt utbildat kvartsitkonglomerat som sporadiskt 
dyker upp längs vissa strák frân sydligaste Tärna (Gimjafjället) 
t i l l  länsgränsen i  norr (Luspatjâkko). Dess stratigrafiska betydelse 
är ej klarställd, (analogier synes enligt benaget meddelande av 
prof. H ögbom  Annas i  västligaste Kvarnbergsvattnet), dess tektoniska 
ro ll är ofta synnerligen invecklad i  det konglomeratet genom sin 
resistens âtminstone lokalt under rörelseperioden inom fjällomrädet 
lösgjort sig frân s itt stratigrafiska förband och intager nu sekun- 
dära lägen som betydligt komplicera tektoniken. I  förband med 
konglomeratet synes en mäktig kvartsitformation uppträda, med 
största antaglighet tillhörande konglomeratets liggande.

En annan upptäckt av intresse var det s. k. Mesketagglomera-

[M a j 1 9 2 2 .]
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tet, en val bevarad serie vulkaniska bergarter med agglomérat, 
Pillowlava och tnífbaddar i idealisk utveckling, med harden lo- 
kaliserad vid Laivatjâkko och utkilande mäktighet ât norr och 
söder. Det ligger nära t i l l  hands att här antaga en isolerad ut- 
Bggare av Bymarksformationens grönstenseffusiv inom Trondhjems- 
ftlte t. Tjâkkelmassivets stora gabbroomrâde âr antagligen att 
uppfatta som de vulkaniska bergarternas djupfacies som här in- 
truderat sin 3'tform.

Inom nordligaste Sorsele vid övre Vindelälven âterfanns i  âr 
lörsta sommarens mylonittektonik, delvis i  ovanligt klar utveckling; 
en profil i  Tatsemjokk lämnar en enastäende vacker skärning frân 
Diylonitskâllans liggande upp t i l l  dess hängande, dar hela tek- 
toniken synes ligga läroboksmässigt klar. —

Inom seveskifi'erterrängen norr om Övre Uroan uppträda de blän- 
dande vita tronhjemitgângarna i stor rikedom genomsättande berg- 
grunden i alla riktningar. T. o. m. mindre möjligen rotfasta massiv 
av v it granit künde pâvisas i Brandsfjället. — Inom Ammarfjället 
kan nämnas pâvisandet av harzburgitiska olivinbergarter i geolo- 
giskt förband med amfiboliterna som. närmast de gröna, ofta kar- 
konatrika (breunnerit?) och kromitforande olivinbergarterna inne- 
hâlla ända t i l l  halvdecimeterlänga zoisitnälar.

E tt problem som även inställde sig innevarande somraar var 
möjligheten av sura effusivbergarters uppträdande inom Ijällberg- 
arterna; därom torde föreningen framdeles fâ en utförligare fram- 
ställning av B a c k l u n d  som särskilt intresserat sig för denna fraga.

Under de fyra aren som rekognosceringen fortgatt ha sálunda 
ständigt nya problem, ofta av rätt sä överraskande art, dykt up}). 
Vissa ledtràdar synas emellertid redan kunna skönjas ockdetvore 
iöredragandens fürhoppning att dâ kartan över Västerbottens fjä ll 
om nâgra âr föreligger färdig, själva kartläggningen, efter de syn- 
punkter som frân början lagts t i l l  grund för undersökningen, skali 
niedgiva slutsatser som kunna leda t i l l  en djupare fôrstâelse av 
vâr fiällkedjas inre väsen.

Bd- 44. H . 5.]
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Inledning.

Längst uppe i  nordligaste Lappland, nära den punkt, dar Sve- 
riges, Norges och Einlands gränser mötas, fanns t i l i  för tämlige11 
kort tid sedan en mindre sjö, Arpojaure. Sjön, som var cirka 
2 h n  läng, lag i björkregionen ej längt nedom trädgränsen och

riuiuiilV,'

'in ä s a w
\ü it * is c v

m m

- f

y u Q . n u t

Fig. i . Top. karta 1 : 100 000 (forstoring av top. karta 1 : 200 000).

V* m il frán svenska nybygget Keinovuopio, belaget invid fińska 
gransen och pá stranden av Kongama alv (se kartan fig. 1, sorn 
visar sjons utstraekning f6re tappningskatastrofen 1905). Keino
vuopio ar, nast det nágon mil avlagsna Kummavuopio, den nord
ligaste av de svenska fjallstugorna.

A r 1905 besloto invánarna i dessa fjallstugor att genomgrava 
den glacifluviala grusbarriár, som i E damde Arpojaure frán den
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betydligt lagre liggande, stora myren Arpuvuoma, for att pá detta 
Sfitt om mOjligt torrlagga sjons botten, vars Jánggrunda natur de 
vid fiske hade observerat, och dar de hoppades kunna erhálla en 
synnerligen god grasvaxt.

Intet tillstánd t i l l  planens utforande inhamtades, utan en vacker 
dag sommaren 1905 páborjade den 7 man starka arbetsstyrkan 
det stora arbetet.

Efter sju veckors oavbrutet gravningsarbete nádde man ned t i l l  
sjons nivá, och dess vatten borjade sippra ned i  den nyoppnade

Bd 44. H. 6— 7.]

Foto  K . Sandler.

Arpojaurcs sjöbotten med restsjön. I  bakgrunden syne9 tappningsrannan. 
Foto mot NE irán sluttnÍDgen av Arpoäive.

Fig. 2.

utloppskanalen. Det utstrümmande sjövattnet eroderade snabbt 
den nygrävda kanalens slänter (fig. 3), ras inträffade t i l l  en början 
av smä men sedan av a llt väldigare dimensioner. Slutligen fram- 
kallade ett ovanligt stört ras katastrofen, och sjöns vattenmassa 
vältrade sig ut genom den betydligt fördjupade och vidgade kana- 
len och ned pa den lägt liggande myren, vars existens man har 
att tacka för att katastrofens förlopp blev sä godartat, som det 
blev. Björkarna pa myren revos upp med rötterna och lyftes av 
de framrusande vattenmassorna langa stycken frän sina växt- 
platser. Nu vittna de, avlövade och vissnade, om den storartade 
händelsen (fig. 4). Pä myren avlagrades vidare det grüvsta av de 
steil-, grus- och sandmassor, som vid katastrofen lösrycktes ur 
rännan och nu frän densammas mynning bilda en vacker ackumu-



lationskagla, pa vars yta det tyngsta materialet ligger ordnat i 
ganska vackra stromryggar, utvisande de vagar, de storsta vatten- 
massorna yid katastrofen togo. (Se kartan PJ. 70.) Det finkorni- 
gare materialet stannade aven t i l l  en del pa myren och forvand- 
lade ra tt stora strackor av denna t i l l  fast mark, men en del av 
detsamma f'ordes ut i Kongama alv och fran denna t i l l  M u o n io

682  CARL C:ZON CALDENIUS. [N o v .— D ec. 1922.

F o to  C. C:zon Caldenius.

Fif?- 3. Tappningsrannan vid sjosidan. Tappningsrannans sammanlagda djup nppglr 
t i l l  c:a 40 m, varav 20 á 25 m falla pá dess gravda del. Jamfor storleken av mannen, 

synlig vid sjons á Widens hogra del beflntliga stranderosionshak.

alv, vilken flera dagar efter katastrofen anda nere vid Pajala (c:a 
27 m il frán Arpojaure) lar hava varit v it av det uppslammade 
materialet.

Nágon odlingsmark uppstod emellertid ej pá den torrlagda Arpo- 
jaures botten (fig. 2). Storre delen av densamma bestar namligen 
av sand ocb resten av en gyttjehaltig mjala, som under de bar 
rádande klimatforbállandena ej v il l lata binda sig av nágot vege- 
tationstacke, utan la tt eroderas av vinden. Under blast uppsta
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otn somrarna rik tiga  sandmoln, som t il l ik a  med myggen göra vistel- 
s®n pä den gamla sjöbottnen ibland a llt  annat än angenäm. Det 
v]d vinderosionen upprivna materialet ackumuleras vid sjöns östra 
Slcla, dar vackra dyner uppstätt.

44. H . 6— 7.]

^rp°jaure omnämnes första gangen i den vetenskapliga littera- 
^a ren  av A. H e in t z e , 1 som pä genomresa t i l l  Skibotten i Norge i 
ftirbigäende kom att besöka sjön. Han omtalar emellertid blott, 

ban dar iakttagit fossil tall. Efter honom bar sjön' besökts av

Foto  C. C:zon Cnldenius.

Big. 4. Den genom katastrofen torrlagda myren Arpuvuoma. Ä bilden synas yid 
katastrofcn ditspolad sand ocli uppryckta — nu vissnade och döda — björkar.

docenten T hore F ries,2 som framför a llt ägnat de pä växtfossil 
synnerligen rika  gyttjelagren i sjön en värdefull bearbetning men 
°cksa försökt sig pä en tydning av de oorganiska sedimentens upp- 
komstsätt ocb pä grnnd av denna sin undersökning dragit v itt- 
gaende slutsatser i  geokronologiskt bänseende. W .  T anker®, som 
1 förbigäende besökt sjön, bar ko rtfa tta t skildrat tappningskata- 
strofen och meddelat en del bilder av tappningsrännan samt sjö
bottnen med dess avlagringar.

1 A. H e in t z e : Växtgeografiska anteckningar f r ln  ett par färder genom Skibotten- 
dalen i Tromsö amt. K. V. A. A rk. f. Bot. Bd. 7. Stockholm 1908.

2 T iiore  F r ie s : Einige Beobacht, ii. postglac. Itegionsverschieb. im nördl. Schwe
den. Bull. Geol. Tnst. of Upsala. Vol IX , p. 171—182.

> > : Aflagringarna vid  Arpojaure. G. F. F. Bd 33. H. 5. Maj 1911.
> > : Botanische Untersuchungen im nördlichsten Schweden. Vetenskap

liga och praktiska undersökningar i  Lappland. Stockholm 1913.
3 IV. T a n k e r : Studier üver kvartärsystemet i  Fennoskandias nordliga delar. I I I .  

landisens rörelse och avsmältning i  finska Lappland och angränsande trakter.
Bull. Comm. Finlande. Helsingfors 1914.
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Genom mina tillsammans med docenten H ans W :son A hlmann1 
och statsgeologen R agnar Sandegren 2 bedrivna undersökningar 
i  Ragunda, hade jag fâtt upp ögonen for vissa spôrsmâl, som pa 
grund av därvarande avlagringars aider voro svâra att komma t i l l  
fu ll klarhet i, men som i  Arpojaures unga och av vittringen orörda 
sediment möjligen skulle kunna erhâlla sin tydning. D ärtill kom 
att jag önskade företaga en revision av T iiore F ries’ dar utförda 
geokronologiska undersökning. Da A hlmann även önskade besöka 
Arpojaure för att klara upp vissa dunkla morfologiska förhällan- 
den i  Ragunda, kommo vi, sedan vi genom prof. G. D e Geers vän- 
liga förmedling erhällit de nödvändiga penningmedlen, att somma- 
ren 1913 tillsammans göra resan dit upp.

Y i vistades nägot över 3 veckor vid Arpojaure, varunder A hl
mann utförde den m o rfo lo g iska  delen,8 ja g  den s t ra t ig r a f is k a  
ock g eo kro n o lo g iska  delen av undersökningen. A v  intresse för 
geologisk forskning i allmänhet medföljde fil. lic. K alle Sandler,1 2 3 4 * 
som lämnade oss en synnerligen värdefull hjälp i  olika avseenden.

Da här resultaten av de stratigrafiska och geokronologiska under- 
sökningarna framläggas, inskränker jag dem t i l i  de delar, som 
mera direkt belysa sjöns utvecklingshistoria. I  likhet med Ra- 
gundasjöns avlagringar erbjuda Arpojaures det sällsynta tillfä lle t 
att lata oss följa en pabörjad igenfylJning av en sjö genom huvud- 
sakligen oorganiskt material. Det satt, pa vilket denna sedimen- 
tering skett, sätta oss i  stand att draga vissa slutsatser i  klimato- 
logiskt hänseende.

[N ov.— Dec. 1922.

Pá grund av den utveckling Arpojaure efter sin uppkomst under- 
gátt, aro de avlagringar, som uppbygga den nu torrlagda sjobott- 
nen, av helt olika genesis. Vid tydningen av desanima yppa sig 
ra tt stora svárigheter, da olikvardiga och oliktidiga sediment fore- 
komma sida vid sida (Pl. 70). Ursprungsmaterialets tamligen ens- 
artade sammansattning ar en faktor, som i eminent grad okar 
dessa svárigheter.

De processer, varigenom de storartade avlagringar ástadkommits, 
som nu delvis fy lla  sjon, áro framfor allt vágrorelsens och det

1 H ans W :son A h lm a n n : Ragundasjons geomorfologi. S. G. U., ser. Ca, n:o 12.
2 R. Sandeguen : Ragundatraktens postglaciala utvecklingshistoria enligt den sub- 

fossila florans vittnesbord. S. G. U., ser. Ca, n:o 12.
3 H ans W:son A h l m a n n : The morphology of the Arpojaure, a postglacial lake in

Torne Lappmark, G. 1<\ F., Bd. 36, H. 6. Nov. 1914.
» » : Strandzonens allmauna morfologiska utveckling med sar-

skild hansyn t i l l  insjoar. Ymer 1914, II. 3.
4 K a l l e  Sa n d l e r : Tre veckor i  vildmarken. Hembygden. Organ for Hola folk-

hogsk. clevforb. 1915.



Dnnande vattnets ackumulation. I  ganska vidsträckt utsträckning 
Paträffas även rent biogena sediment samt i  nnderordnat matt eo- 
üska bildningar, vilka señare t i l i  största delen nppkommit efter 
fappningskatastrofen. Stört sett är den forna sjöbottnen dañad 
genom en av olika krafter ästadkommen upprepad omlagring av 
Sediment, avsatta vid inlandsisens avsmältning i  ett isdämt vatten.
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Av resultaten frän A h l m a n n s  geomorfologiska undersükning m ä 
förutskickas, att han ovan sjöns strandlinje tore katastrofen 1905 
(± 0 m ) funnit utbildad ännu en strandlinje vid + 0.8 m (PI. 70).

De senkvartära Sedimenten inom  och om kring Arpojaure.

D e g la c if lu v ia la  b ild n in g a rn a .

Enligt Y .  T a n n e r 1 uppstod vid inlandsisens avsmältning, medan 
isen ännu upptog större delen av Köngämädalen, isdämda kant- 
sjöar, om vilka högt belägna strandlinjer och grusacknmulationer 
bära vittne. Under den pägäende avsmältningen uttappad.es eller 
sänktes dessa sjöar, tills  de slutligen förenades i  en frän norska 
gränsen ungefär t i l i  Lammaskoski sig sträckande, cirka 45 h n  läng 
enhetlig sjö, vars yta skall ha legat c:a 500 m  ö. h., och som t i l i  
en början avrann over Kuoskimmuotkapasset t i l i  Storfjorden, 
Lyngenfjordens innersta vik, för att sedan avtappas ät E subglacialt 
eller över isen, vilketdera är icke känt.

Den osäk'erhet, som vidiäder den glacialgeologiska undersökningen 
av förhällandena vid isrecessionen i Köngämädalen, gör, att Arpo- 
jaures tidigare öden äro höljda i dunkel. Da sjöns yta före sjö- 
batastrofen 1905 lag c:a 509 m över havet, mäste sjön vid tiden 
för den antagna stora issjön ha varit utdifferentierad ur issjö- 
syssemet.

Den depression, som g iv it anledning t i l i  Arpojaures uppkomst, 
torde icke vara nägot annat än en enda ofantlig äsgrop, uppkom- 
inen mellan fjä lle t Arpoäive och de väldiga glacifluviala acku- 
tnulationer, som stryka fram utmed detsamma. Om, säsom T iio r e  
P ries anser, en naturlig sänka eller terrass i fasta berget med-

1 V. T a n n e r : Zur geologischen Geschichte des K ilp is jä rv i Sees in Lappland. Bull. 
Comm. Finlande, n:r 20. Helsingfors 1907.

> : Studier över kvartärsystemet i Fennoskandias nordliga delar. I I I .
Om landisens rörelse och avsmältning i linska Lappland och an- 
gränsande trakter. Bull. Comm. Finlande. Helsingfors 1914.
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verkat t i l l  bäckenets uppkomst är en frâga, som jag mäste lämna
oavgjord.

Glacifluviala bildningar begränsa sjön saväl i N ocb E som x S, 
medan den västra sti’anden delvis är utarbetad i morän. Emellertid un- 
derlagras, sâsom de i detalrika i sjöbottnen nedskurna ravinerna lä tt 
tillgängliga profilem a visa, de vackra postglaciala erosions- ocb 
ackumnlationsterrasserna utanför västra stranden pa fiera stallen 
av issjösediment. Det är därför sannolikt—. sâsom nedan närmare 
skali framhâllas — att sjön varit heit omspunnen av en gördel av 
glacifluviala bildningar, av vilka i  W blott nâgra obetydliga rester 
âterstâ. Dessa utgöras uteslutande av fin sand och mjäla, och det 
är sannolikt förefintligheten av detta lä tt eroderbara material, som 
gjort, att strandterrasserna i Auster erhällit sin i  jämförelse med 
de övriga strandterrasserna storslagna utbildning. Utmed norra 
stranden stryker en verklig rullstensas fram, som vid det nu- 
varande utloppet ansluter sig t i l i  en \mckert utbildad randterrass. 
Denna fortsättes ât S av kames, vilka tillsammans med av grus 
uppbyggda, vackra glacifluviala deltaplatäer utgöra sjöns södra be 
gränsning. Da de glacifluviala bildningarna norr och öster om 
sjön besta av mycket grovt material, ha här synnerligen obetyd
liga strandackumulationer uppstatt. Fram for den södi’a stranden 
finnes en rätt bred strandterrass, beroende pa att det glacifluviala 
sedimentet dar huvudsakligen utgöres av grus.

Den nämnda sammansättningen av det sjön omgivande glaci
fluviala sedimentet tyder pä att de strömmar, som avlagrat det- 
samma, framgätt huvudsakligen vid sjöns norra, östra och södra 
stränder, medan den västra legat i lä för dem. Orsaken t i l i  detta 
torde sökas i  förefintligheten av den dödis, som sedan vid sin bort- 
smältning gav upphov t i l i  Arpojaurebäckenet.

D e p o s tg la c ia la  la k u s tr in a  b ild n in g a rn a .

Den förhärskande vindriktningen under sommaren i dessa trakter 
är den nordvästliga. Da den — som överallt i  ijällomrädet — oftast 
äger en mycket stör styrka, bade man beträffande strandterrasser- 
nas storlek väntat sig ett motsatt förhällande än det, som av nyss 
framhällna orsaker äger rum. En faktor, som bidi'agit t i l i  strand- 
terrassernas utdanande i  den riktning, som skett, är ocksä, att 
sjöns bägge tillflöden av betydenhet haft sina mynningar vid den 
västra stranden, det ena senast före tappningen längst i  NW, det 
andra längst i  SW.

Yid tappningen 1905 försvann sjön icke fullständigt. Av den-
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samma âterstâr en restsjö, vars yta ligger cirka 15 ni under det 
fore katastrofen râdande vattenstândet. Dâ man sâlunda i den 
forna sjöbottnens lager v il l avläsa sjöns historia, undandraga sig 
de djupast belägna och ännu vattentäckta all undersökning. Under- 
sökningen av de tillgängliga proiilerna har adagalagt, att sjöns 
vattenstând en gang kan ha varit minst lika lägt som det genom 
katastrofen framkallade. En jämförelse mellan de résultat, som 
undersökningen av Arpojaures avlagringar lämnat beträffande vissa 
klimatologiska och växtgeografiska förhällanden i postglacial tid, 
med dem, som erhällits genom undersökning av torvmossarna i  om- 
givande trakt, synes emellertid tala för att nägon avsevärd lucka 
icke kan dölja sig under Arpojaurerestsjöns yta.

Bd 44. H . 6— 7.]

Undersökningsinctod. Det är sammanlagt cirka 60 profiler, som 
jag upptagit i de vid katastrofen uppkomna ravinerna i Arpojaures 
avlagringar. Dessa profilers belägenhet framgä av kartan PI. 70.

T il l  en början använde jag mig därvid av Gr. D e GIeers metod 
för arsvarvmätning, nämligen att â en pappersreinsa direkt avrita 
de i skärningen förekommande olika lagren. Emellertid visade sig 
förfarandet i  längden a lltfö r tidsödande, och sedan jag sa sma- 
ningom lä rt mig att sk ilja  pa de olika sedimenten, künde jag utan 
vidare frângâ detta förfaringssätt och nöja mig med a tt med mätt- 
band uppmäta och anteckna de olika lagren. Jag v i l l  dock betona 
den ofantliga nytta, jag hade av att t i l i  en början använda mig 
av den Gr. De GrEERska mätningsmetoden, och jag har t i l i  stor del 
den att tacka, a tt jag egentligen vann nâgra résultat.

Den västra strandterrassens strat igrali. Inom Arpojaures sjöbotten- 
lager kan skiljas mellan p ro x im a lt bäckdeltased im ent, p ro x i- 
m a lt stranderosionssedim ent, d is ta lt  sjöbottensedim ent 
och te rr ig e n a  biogena b ild n in g a r.

De p rox im a la  bäckdeltasedim enten upptaga de omraden 
inom den forna sjöbottnens nordvästra och sydvästra hörn, varest de 
bäda bäckarna Arpojoki och Tältbäcken framgä. En mindre av- 

« lagring av deltanatur finnes dessutom i  utvidgningen vid Arpo
jaures forna utlopp. Bäckdeltasedim enten upptaga sâlunda, sâ- 
som kartan PI. 70 visar, betydligt mindre areal än strandero- 
sionssedimentet, vilket utgör den större delen av ackumula- 
tionsterrassen kring sjön.

Inom den västra strandterrassen ligger det proximala bäckdelta- 
sedimentet sida vid sida med proximalt stranderosionssediment och 
underlagras även pa sina stallen av dylikt. Da den västra strand-
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terrassens byggnad avsevärt skiljer sig frän de övriga strand- 
terrassernas, och da undersökningen av densamma visat sig ha 
större betydelse för förstäelsen av Arpojaures utveckling än under
sökningen av de señare, bar jag' ansett lämpligt att först beskriva 
lagerföljden inom den västra strandterrassen.

Säväl erosions- som ackumulationsterrasserna äga inom denna 
stör bredd. Störst äro de inom strandterrassens södra hälft, vilket, 
säsom señare skall visas, beror pä att terrassen liär ej är enkel 
utan sammansatt av en yttre strandackumulations- och strand- 
erosionsterrass ocb en inre bäckdeltaterrass.

[Nov.— Dec. 1922.

Fig. 5. Schematisk Sektion genom den västra strandterrassen.

Underst ligga, vilande ibland direkt pá morän eller issjösediment, 
langsträckta linser av sand ocb gras, ofta växellagrande med stärkt 
gyttjebaltiga dylika av lera (undre proxim alsedim ente t). Sand- 
och gruslagren ha en mäktighet av 1—30 cm och de gyttjehaltiga 
lerränderna äro 1—5 cm tjocka. Eran issjösedimentet skiljes ibland 
denna lagerserie, vars totala mäktighet kan uppgä t i l i  cirka 3,5 m, 
av ett lager klapper. Dessa klapper ha vanligen en storlek av 
cirka 5 cm men bliva ibland ända t i l i  cirka 30 cm. Lagerserien 
överlagras av en väl skiktad, ibland stärkt gyttjehaltig mjäla, 
som nägot växlar i sin mäktighet, men vars medelmäktighet kan 
sättas lika med 1,0 m (undre d is ta l sedimentet). Pa denna följer 
ater en lagerkomplex av ungefär samma beskaffenhet som den, som 
underlagrar den gyttjehaltiga mjälan, och som är cirka 4 m mäk- 
tig  (övre proxim alsed im ente t). Denna överlagras i  sin tur av en 
cirka 0,3 m tjock, gyttjehaltig mjäla (övre d ista lsed im ente t).

Profiler med ovannämnda lagerföljd förekomma blott längst ut 
vid ackumulationsterrassens kant. Närmare stranden övergä säväl
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det oversta som det undre gyttjemjállagret i  sand och grus och 
lángre ut, utanfor terrassens fot, salinas de sand- och gruslager, 
soni mellanlagra de bagge gyttjemjálhorisonterna, varfor dessa dar 
Bgga omedelbart pá varandra (fig. 5).

Vid en narmare beskrivning av de olika i profilen forekommande 
sedimenten gores lampligen borjan med den av grus, sand och 
g y tt ja  bestáende lagerkomplexen (undre prox im alsed im ente t) 
narmast ovanpá de glaciala avlagringarna.

Som nyss framhállits, bestár denna av lángstrackta grus-, sand- 
°ch gyttjelager av vaxlande maktighet, vilka smáningom át sidorna 
utkila, d. v. s. de ligga i form av stora linser pá varandra. Gran- 
serna mellan de olika lagren forlopa stort sett parallellt och hori- 
sontellt. Gruset ar ganslia grovt, och finare material saknas nhstan 
elídeles i detsamma. Gránserna mot sával over- som underliggande 
gyttjelager forlopa nágot oregelbundet, och ofta traffar man bollar 
av gyttja i gruslagret. »Currentbedding» har i  detsamma ej 
iakttagits, ej heller har nágon annan lagerstruktur kunnat kon- 
stateras. Ibland forefinnes dock inom ett och samma lager en sor- 
tering efter kornstorlek, sá att det grovsta materialet ar anrikat 
vid lagrets bas eller i  dess m itt. Ofta ar det underliggande gyttje- 
lagret upprivet eller dess yta ojamnt farad och smátaggig. I  for- 
djupningarna i detsamma ligger da sarskilt grovt grus. Det ar 
av detta tydligt, att den finltorniga gyttjan ofta eroderats i sam- 
band med grusets avsattning.

Gyttieranderna ligga endera enstaka, skilda át av de grova grus- 
bankarna eller ock fiera tillsammans, mellanlagrade av fin sand 
eller injala. I  gyttjan kunna urskiljas partier av hogre och lagre 
halt av oorganisk material, fin mjála och lera. Sával i sjalva 
gyttjeranderna som i sanden mellan dem forekomma mer eller 
mindre lángt utstráckta linser av anhopade, val bibehállna vaxt- 
rester, blad, pinnar, bark och barr. Ibland kan man iakttaga en 
upprepad váxling mellan 0.5— 1 mm tjocka, multnade vaxt-, mjál- 
och sandrander. Pá sá satt uppkommer en struktur, páminnande 
om ársvarvigheten hos en del norrlandska postglaciala fjordsedi- 
ment. En noggrann undersokning ádagalagger emellertid snart, 
att likheten blott ar skenbar. Sával dessa diminutiva váxt- som 
sandrander ligga i  Arpojaure namligen starkt linsformigt och upp- 
visa den allra storsta oregelbundenhet i  sina lagringsforhállanden 
i ovrigt.

I  dessa undre grus- och sandlager saknas ibland gyttjeranderna 
och hela lagerkomplexen erháller en annan facies. Den ersattes 
sálunda ofta av en fiera meter raaktig sandavlagring, i  vilken

Bd44. H . 6 - 7 . ]



vid vissa bestämda nivâer större stenar kunna vara anribade i 
längt utsträckta lager. Ibland ban denna sand innebâlla ett och 
annat föga mäktigt och föga utsträckt linsfonnigt lager av täm- 
ligen väl bevarade växtlämningar, bestäende huvudsakligen av 
pinnar och barr. En ganska tydlig skiktning, bestäende av en 
växellagring av grövre och finare material, förekommer pâ vissa 
stallen. Skikten ligga emellertid även här vid närmare gransknin 
som langsträckta linser och of'tast horisontellt, dock intaga de iblan 
ett ganska stärkt stupande läge saväl in som ut fran sjöns strand, 
bildande stärkt begränsade syn- och antiklinaler.
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Foto  C. C:zon Caldenius.

Fig. 6. SkärniDg inom sjöbottnens nordvästra del ntefter Arpojanrebäcken, visande 
den undre gyttjemjälan ocb det övro sand- och gruslagrct.

Nagon svarighet att skilja detta sediment, vilket liksom alia 
ovriga minerala postglaciala bildningar inom Arpojaurebackenet 
uppkommit genom en omlagring av issjosddimentet, fran detta fore- 
finnes icke. Issjosedimentet bar i  forhallande t i l l  de olika post
glaciala sjoavlagringarna en betydligt storre fasthet, dess material 
ar val sorterat, sa att det — beroende pa avstandet fran isalv- 
mynningen — a ett stalle bestar av en fn llt homogen mjaiavlag- 
ring, medan a ett annat en lika ensartad sand-, grus- eller rull- 
stensackumulation foreligger (fig. 9). I  mjalan forekommer en och 
annan cirka 2 mm tjock lerrand, som avsatts under vintern och 
salunda begriinsar det under aret avsatta materialet. Storre och 
mindre drivisblock ligga strodda har och var. Sarskilt r ik lig t 
forekomma de strax ovan vinterranderna.

fee ̂
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fa  denna nn narmare berorda lagerkomplex foljer det samman- 
h kn g a n d e g y ttje h a ltig a  m ja lla g re t (undred is ta lsed im ente t) 
(fig- 6). Detta bestar a sina stallen i sin undre del nastan uteslu- 
tande av mjala, vilken uppat alltmera uppblandas av organiskt 
sediment, sa att t i l l  slut en nastan ren gyttjeavlagring nppkom- 
nier. Den mellersta och ovre delen innehaller strodda sandkoi'n i 
laklig mangd. Det rader intet tvivel, att detta lager iir uppkom-

Bd 44. H . 6— 7.]

Foto  C. C:zon Caldenius.

Pis- 7. Bilden visar lagerförhällandena inotn dot övre grus- och sandlagret saint 
dess ¡¡verging i den undre gyttjemälan. Foto frän en av ravinerna inom västra 

strandterrassens mellersta del.

met pä relativt djupt vatten, varför förefintliglieten av sandkornen, 
som ibland samlas t i l l  längsträckta linser först föreföll nâgot egen- 
domlig. A  de glacifluviala bildningarna, som omgiva sjön, försig- 
gâr emellertid â vissa vegetationsfria omrâden en synnerligen kräf
tig  vinderosion, och det torde vara delar av det därvid eroderade 
materialet, som représenteras av de ovannamnda sandkornen.

Den avlagring (övre proxim alsedim entet), som vilar pâ det nu 
beskrivna gyttjehaltiga mjällagret, är t i l l  s itt nppträdande fü llt 
överensstämmande med den, som underlagrar detsamma. I  mänga 
profiler saknas även här gyttjezonerna heit och hallet, och en täm-
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ligen .homogen sand- eller grusavlagring uppstár. Detta är fallet 
framför manga av uddarna i sjön samt á stallen, dar man har 
anledning misstänka, att en udde existerat vid ett lägre vatten- 
stand än det före katastrofen rädande. Ä  dessa stallen stupa sand- 
och gruslagren säväl utät den for na sjön som in mot dess strand, 
och en genomskärning, sädan den gestaltar sig i  en av de manga 
ravinerna, visar att en tydiig vall, utsträckt i  den nuvarande uddens 
längdriktning, förelegat.

I  profiler, dar grus och sandlager växellagra med gyttjelager, 
ligga de olika lagren horisontellt pä varandra eller äga en bestämd 
stupning n t mot sjön (fig. 7). Ju starkare stupningen är, desto 
tydligare linsform äger lagret. De grövre grnskornen äro anrikade 
vid linsens undre spets, omedelbart ovan det stalle, dar denna genom 
en zon av sand och mjäla med rikliga växtrester övergär i  den 
nnderliggande gyttjemjälan. Säväl i  de horisontella som i  de 
stärkt stupande lagren ha iakttagits strnkturer päminnande om 
»currentbedding», men antagligen pa grand av materialets stora 
kornstorlek och den transporterande strömmens svaghet har aldng 
nägon vacker dylik irtbildats. Ofta övertvära lagren varandra, och 
nágon gáng synas delar av äldre lager inbäddade i närmast yngre. 
Yad gyttjerändernas utseende beträflar, gäller detsamma, som fram- 
hölls om dem i den underlagrande analoga lagerkomplexen. A llt  
tyder här liksom dar pä a tt ackumulationen ofta avbrutits av 
erosion. Det är följaktligen blott särskilt skyddade rester av den 
ursprungliga lagerserien, som bevarats. Överst i  denna del av 
varje profil ligga lagren nästan undantagsvis horisontellt, men äro 
stärkt vägiga (fig. 7). Erosionen synes ha spelat en mycket stor 
roll, da här oftare än annars avskurna och varandra övertvärande 
lager päträffas.

Närmast utanför stranderosionsterrassen bilda nu senast beskrivna 
lager ytan. E tt stycke ut ä ackumulationsterrassen överlagras de 
emellertid av ett enhe tlig t, g y t t je h a lt ig t  m jä lla g e r (övre 
d is ta lsed im en te t) av samma beskaffenhet som det, vilket mellan- 
lagrar de bada av huvudsakligen sand och grus bestäende lager
komplexen. Pä grund av den efter sjösänkningen starka defla- 
tionen är detta emellertid överallt ej bibehället t i l i  sin ursprungliga 
mäktighet — pä sina stallen är det heit borteroderat — utan här 
och var äterstä blott enstaka deflationsvittnen (fig. 8).

De övriga strandterrassernas strati grail. Inom de övriga strandter- 
rasserna bestä, säsom nämnts, ackumulationsterrasserna uteslutande 
av stranderosionssediment. I  norr och öster äga ackumalations- 
terrasserna mindre bredd än erosionsterrasserna och i det nordöstra

[N o v .— D ec. 1922.
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Lornet saknas ackumulationsterrasserna alldeles. I  soder och sar- 
skilt i  sydost aro de ater tamligen val utbildade. Avsaknaden av 
ackumulationsterrasser i  sjons nordostra horn liksom terrassens 
ringa storlek daromkring beror sannolikt, sasom ock A iilmann fram- 
Lallit, pa att den forharskande vindriktningen over sjon ar nord- 
v&st-sydostlig, varigenom de darav alstrade strommarna kunnat 
transportera material mot sydost ntmed stranden. Den relativt 
stora bredden pa ackumulationsterrassen i  sjons sydostra horn 
Larror sannolikt av pa sadant satt redeponerat strąndei^osions- 
sediment. I

Bd 44. H . 6— 7.]

Foto C. C:zon Caldenius.

Fig. 8. Defiationsvittnen, bestlende av det ovre gyttjemjallagret. Foto fr&n 
sodra strandterrassen.

I  sjons sydvastra horn, dar Taltbacken skurit sig ned genom 
strandterrassen, finnes en vacker profil blottad genom en ackumula- 
tionsterras av proximalt stranderosionssediment. Dess byggnad ar 
foljande (fig. 9 a och b, PI. 71 sektion I II) .

Pa issjosedimentet och skilt fran detsamma genom en anrik- 
ningszon av sten ligga starkt linsformade lager av vaxlande korn- 
storlek, mjala, sand och grus och dessa lager stupa bagformigt ut 
mot sjon. De aro ofta avsknrna och ligga delvis synnerligen oregel- 
bundet. En och annan lins av vaxtfossil forekommer och bestar 
av barr, pinnar, grenar, kottar och starkt siindertrasade blad, 
tydande pa upprepad omlagring, innan de kommit t i l l  slntlig vila.

En viss lagbnndenhet i  det satt, pa vilket materialets kornstor- 
lek stort sett vaxlar inom detta rena vagerosionssediment tycks 
finnas, ty i  alla de profiler, jag upptagit, ligger underst, direkt pa
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anrikningszonen pa issjosedimentet, ett pa olika stállen olika mak- 
tig t lager av mjala eller fin sand, sedan íoljer en stor lins av 
grov sand eller grus, darpá áter ett mjallager, som i sin tur áter 
tackes av grus. Sannolikast beror denna vftxellagring av finare 
och grovre material av samma orsaker som de, vilka framkallat

[Nov.— Dec. 1922.

Fig. 9 a.

Fig. 9 b. F o to  C. C:zon Caldenius.

Fig. 9 a och b. Erosions- (insknren i  issjosediment) och ackumulationsterrasscn vid 
Taltbacken. Gransen mellan de postglaciala och de glaciala lagren synes tydligt 
bilderna. Den undre bilden visar ganska tydligt lagcrfoljden hos ackumulationS' 

terrassen. Foton mot oster.

samma vaxellagring inom den vastra strandterrassen. Men mdj' 
ligen aro grus- och sandlagren har att betrakta som stormskikt- 

Dar ackumulationsterrassen av vágerosionssediment inom sjO» 
finnes utbildad, har den ungefar deana byggnad. T h o r e  F r I 158 
sager, att avlagringarna i  Arpojaure besta av ett »c irke lform ig^ 
delta». Ovan har framhállits att backdeltasedim ent b lo tt 
íorekommer inom sjons nordvastra och sydvhstra  déla1 
och a t t  strandterrassen i o v r ig t  uppbyggts genom vág' 
erosionen.
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Uiog-ena sediment. Ä  trenne stallen 
inom Arpojaurebäckenet har det bio- 
gena sedimentet ansamlat sig i  sä 
rik lig  mängd, att verkliga torvlager 
Uppkommit. I  ett fall har torvlagret 
llppstätt a llo k to n t strax invid sjöns 
förutvarande vattenyta, i de andra 
fallen au tok ton t ifrän sjön, vid ett 
lägre vattenständ an det näst sista, 
avsnörda backen.

Den a llok tona  torven eller drift- 
torven befinner sig invid sjöns nu- 
Varande utlopp. I  densamma är 
Material et väl sorterat, och bestär 
ßärmast stranden huvudsakligen av 
Blad, medan utät mot sjön en form- 
fig barriär av stamdelar, bark, pin- 
üar och kottar tyckes ha förelegat.
Torven är icke fr i frän oorganiska 
'öblandningar, särskilt är dess undre 
del ganska uppblandad med lera och 
sand, som ibland kan samla sig t i l i  
Verkliga lager.

De autoktona torvlagren utgöras, 
det ena av ett väl multnat cirka 1 

tjockt torvlager dels under, dels 
l£inanför en lagunvall ä sjöns södra 
strand, och det andra av en cirka 
d dm mäktig torvlins, inbäddad i  de 
grusiga sjöbottenlagren i  den nord- 
îga delen av den västra strandter- 

rässen.
Torven ä detta sistnämnda ställe 

Bärleder sig frän ett caricetum  
nblystegiosum , som t i l i  en början 

Vegelbundet synes ha översvämmats 
(hg. 10). Märken efter rothär, som 
trängt ned i  den underlagrande sanden äro ännu tyd lig t skönjbara. 
I  torvlagrets m itt förefinnes enligt R. Sandegrex, som nndersökt 
Proven frän torvlagret, ett fullständigt rent amblystegium. Mot 
torvlagrets övre gräns börja linsformade inlagringar av sand att spela 
eu a llt större roll, t i l i  dess de fullständigt dominera, och en ren cirka 

46—220270. G. F. F. 1922.
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1,75 m mäktig sandavlagring nppstär, som när ända upp t i l i  förut- 
varande sjöbotten. In  mot sjöns strand utkilar torvlagret sma- 
ningom, medan det ut mot sjön är tvärt avhugget ocli uppsplitsat 
t i l i  ett nät med maskorna utfyllda av inspolad sand (fig. 10.)

Täxtfossil. I  Arpojaures avlagringar förekomma särdeles r ik lig t 
bestämbara växtrester, säväl stamdelar, blad och frön som pollen-
Dessa sistnämnda äro mycket väl bibehällna i  gyttjeründerna samt 
i  mossens olika lager, mindre väl i de partier av gyttjezonerna, 
som äro uppblandade med sand och lera, men förekomma ej alls 1 
de rent oorganiska Sedimenten. Med undantag av nägra skal- 
baggvingar ha djurfossil h ittills  ej anträtfats. T il l den av T horE 
F ries (Botanische Untersuchungen im nördlichsten Schweden, Up
sala 1913) publicerade förteckningen över växtfossil frän Arpojaures 
avlagringar har jag intet att tillägga.

Liksom man i torvmossarna inom björkregionen i övre Lappland 
kan skilja mellan en äldre, makroskopiska lämningar av Pinus 
förande horisont, och en yngre, dar dylika lämningar av Pinus  
saknas, sä kan man ock i  Arpojaures avlagringar skilja mellan en 
äldre Pinuszon och en yngre Petu lazon  och sälunda parallellisera 
lager av olika genesis och olika petrografiska karaktär. Det 
visar sig nämligen, att P inus s ilvcstris  förekommer makroskopisk 
genom heia den undre proximala lagerserien, samt att den även 
fortsätter ett lite t stycke -— olika högt pä olika lokaler — upp 1 
det undre distalsedimentet. Beträffande dessa Pmitslämningar 
förtjänar omnämnas, att en 12 m läng, rakvuxen tallstam anträffats 
inbäddad i  det undre proximala sedimentet, och att lämningar i 
övrigt av tallstammar äro ganska vanliga inom detta sediment, 
ända ned t i l i  anrikningszonen mot issjösedimentet. I  det övre 
proximala och i det övre distala sedimentet saknas emellertid dylika 
makroskopiska rester av P inus  heit och hallet. Pollen av densamma 
anträffas mer eller mindre r ik lig t i gyttjeränderna genom heia 
den postglaciala lagerserien i  sjön. Men da pollen av Picea , som 
aldrig vuxit kring sjöns stränder, och vars närmaste samman- 
hängande bestand nu befinner sig cirka 6 mil frän Arpojaure, även 
förekomma i enstaka exemplar dels ä södra stranden i torven 
under lagunvallen (PI. 70), uppkastad vid ett högre vattenständ än 
det före katastrofen rädande, dels i  övre delarna av det övre distal
sedimentet, fär tydligen av dessa pollenfynd ej dragas nägra slut- 
satser beträffande dessa växters uppträdande ä platsen eller i  dess 
närhet.

I  detta sammanhang bör omnämnas en liten detalj frän den av 
Sandegren utförda pollenundersökningen av mossens olika lager.
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•Possens ytlager äro ganska stärkt multnade. Medelst olika tät 
sfräckning kar ä fig. 11, som visar en profil genom mosslagren, 
»ökt äskädli ggöras förmultningsgraden (ju tätare sträckning, ju  
större förmultningsgrad). När jag sammanställde Sandegrens pol- 
lenuppgLfter, visade det sig, att största antalet pollen per preparat 
ftjrefanns i den mest multnade torven. Vidare befanns det, att 
antalet Pmuspollen i  förhallande t i l i  Befeiapollen stärkt ökades 
frän mossens bas mot dess yta, ett förhallande, som väl ej kan 
förklaras pä annat satt än att Pmwsständen tillta g it i  mängd under 
den tid, som mossen existerade.

Bd 41. H . 6— 7.]

Carex-Sphagnumtorv
(tä m lig e n  m u ltn a d )

Carex-A m blystegium torv
(nästan o fö rm u ltn a d )

Amblystegium torv 
(o lo r jn u ltn a d )

Carextorv 
(v ä l m u ltn a d )

fig . 11. Profil genom mossen inom Arpojaure. Skala 1 :20. Siffrorna t i l l  vanster 
angiva antalet pollen per preparat, procenttalet t i l l  hogcr antalet Pinas-pollen i 

iorh&llande t i l l  antalet Betula-pollcn.

Beskrivning' av tre detaljerat midersökta sektioner jnom viistra strand- 
Terrassen. Für att en god överblick skall erhällas över de olika 
bildningar, som uppbygga Arpojaures sjübotten, lämnas här en 
beskrivning av trenne representativa sektioner I, I I  och I I I  genom 
västra strandterrassen, visande dess utseende frän stranden före 
tappningen och fram t i l i  närheten av restsjön (Pl. 71; beträtfande 
läget se Pl. 70).

Den första av dessa, Sektion I, förlöper stört sett frän NNW- 
SSE, innerst frän den forna mynningen av Arpojaurebäcken ned 
ttiot dess nuvarande utlopp och utefter den ravin i  sjöbottnen, som 
bäcken efter katastrofen utskurit ät sig.

Underst vila issjösediment och rullstensgrus, som dock icke ännu 
Överallt i ravinens sidor blottlagts av bäckerosionen, utan döljas 
genom den anrikningszon av grova stenar, som vid katastrofen 
üppkom i  ravinens botten. Pä detta glaciala Sediment, i vilket 
b ittills  blott blad av B etu la  nana av T iiore F ries anträffats, vilar 
det postglaciala undre, proximala sedimentet, vilket ej överallt är 
°medelbart tillgängligt för iakttagelser, men som i regel kan näs 
genom mindre grävningar. Y id B bildar detta sediment, som inne- 
bäller makroskopiska rester av F irn is , en vallformad, ren sandav-
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lagring, vars lager uppát tilltaga i  mäktighet samt vinna alit 
större utsträckning i  riktning utát sjön. Det synes mig sannolikt, 
att vid B föreligger en strandsporre och framhállas bör, att dennas 
lager äro avskurna av sjöbottenytan. Det undre proximalsedimen- 
tet överlagras av det undre distalsedimentet, som genom den boga 
strandsporren vid B uppdelas i  tvenne partier, varav det innanfor 
strandsporren belägna nár en rä tt avsevärd mäktighet, cirka 0,1o 
ä 1 m, medan det utanför densamma är tunnare, frän strandsporren 
smäningom ökar i  tjocklek och b lir högst 0.4 m tjockt. Sävitt 
jag kunnat iakttaga, f'örefinnes hos distalsedimentet intet, som 
tyder pä att det under nägon tid  legat fullständigt torrt. Dess 
relativt stora mäktighet innanför strandsporren visar, att i  den 
instängda vik, sjön här bildat, rä tt rä tt ostörda sedimentations- 
förhällanden. Genom den barriär, som strandsporren vid B bildade, 
torde viken varit skyddad mot vägorna utifrän sjön. Det övre 
proximalsedimentet bildar vid C och D vallar av strandsporrena- 
tur. Dessa vila dock, t i l i  skillnad mot den vid B, diskordant pa 
det undre distalsedimentet. Strandsporrarna vid C och D torde 
alltsä utbildats först sedan större delen av det undre distalsedi- 
mentet avsatts. I  de växtlager, som firmas inbäddade i  desamma, 
liksom ock i  större delen av det dem underlagrande distalsedimen
tet saknas makroskopiska rester av Pinus. Y id dessa strandspor- 
rars utbildning torde de bägge invid dem utmynnande bäckarna 
ha spelat en viss roll. Strandsporrarnas lager äro avskurna av 
sjöbottnens yta, ett fenomen, som möjligen kunnat uppkomma genom 
erosion av krönet, och vilket i sädant la ll kan utvisa en kańsko 
ännu före tappningen pägäende sänkning av vattenständet.

Den andra Sektionen, Sektion I I ,  framgär frän ändpuukten av 
ravinen närmast NW  om Tältbäckens ravin och ut mot nuvarande 
restsjön.

Yid tappningen har här en sekundär erosionsterrass utbildats, 
när vattnet sögs ut frän sjöbottnen och pa denna terrassyta där- 
vid avlagrade en del katastrofmaterial. Bekonstruerad skulle sjö
bottnen ha det utseende, som bilden visar. V i möta i  denna sek- 
tions undre parti samma avlagringar, som vi känna frän Sektion I, 
med det tillägget, att här pä nagra stallen även moränen sticker 
fram under och emellan de rester av issjösediment, som här och 
var finnas. Bä issjösedimentet följer anrikningszonen av smä ste- 
nar, och pä detta vilar sedan det postglaciala undre proximala 
sedimentet, överlagrat av det undre distala sedimente!. I  dessa 
förekomma som i Sektion I  makroskopiska rester av P inus  med 
undantag för distalsedimentets övre del. V id A  äro de proximala

[ N o v — D ec. 1922.
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âgren avsatta koncentriskt kring en kärna av sand, en form, soin 
hlott kan förklaras genom antagandet, att en strandsporre här en 
gang existerat. Denna kan ha bildats under en stigande vatten- 
yta, emedan dess översta lager konkordant äro täekta av distal
sedimentet. Mot stranden övergär distalsedimentet smäningom i de 
°vre proximala lagren, som i  stärkt stupande Unser ut mot sjön 
°verlagra detsamma fram t i l l  ackumulationsterrassens brant. Ytan 
täckes, utom närmast stranden, av ett tunt, vinderoderat tacke av 
det övre distalsedimentet.

Bd44. II .  6— 7.]

F o to  C. C:zon Caldenius.

Jig. 12. Skärning genom västra strandterrasscn utmed en av bäckravinerna inom 
Brassens mellersta del. Längst t i l l  vänster ä fotografien synes issjösedimentet (sand
-eel nijäl- och lerränder, genomsatta av förkastningar). som ntä,t (ät höger) överlagras 

dot undre proximalsedimentet (sand). Detta täckes av det undre och det övro 
distalsedimentet (gyttjemjälor), vilka innanför terrassbranten övergä, i  det övre proxi- 

malsedimcntet (grus med gyttjeränder). Foto mot norr.

Innan vi söka tyda det övre proximala sedimentets bildningssätt 
1 denna Sektion, skola v i först kasta en blick pä ännu en Sektion, 
Sektion I I I ,  lagd utefter Tältbäcken, frän stranden ut t i l i  restsjön. 
-Denna Sektion skiljer sig ganska mycket frän de tvenne förut be- 
skrivna. Den sönderfaller i  3 huvuddelar: närmast in t i i l stranden 
Digger det undre, makroskopisk F irn is  förande, proximala sedimentet 
°medelbart pä moiän och när här ända upp t i l l  ytan. Yid A  
överlagras moränen av issjösediment, som när ända upp t i l i  
sjöbottnens yta, frän vilket det blott skiljes genom en anriknings- 
2on av stem Vid C täckes det av en i  sin undre del makroskopisk 
Pinus  förande avlagriDg, vars lager svagt bägformigt stupa ut mot 
s,jön och i  denna riktn ing även tilltaga i  mäktighet. PlnMsläm- 
ßingarna upphöra cirka 1,5 m under sjöbottnen. Detta sediment 
mäste tydligen pä grund av s itt läge vara bildat uteslutande genom 
vägerosionens verksamhet.
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För a tt en Sektion av detta utseende skall kunna uppkomma är 
det tyd lig t, att issjösedimentet i sektionens m itt en gang säsom en 
ndde, utskjutande frän stranden E om backen, mäste stuckit upp 
över sjöns vattenyta. Backens mynning mäste sälunda ha vandra 
frän N mot S och inom det omräde, som ä kartan (PI. 70) beteck- 
nats med sned sträckning. Sjöbottnen uppbygges dar av det övre 
och det nndre proximala sedimentet, v ilka  vid profilerna 48 och 50 
(PJ. 71, Sektion I I )  mellanlagras av distalsediment, medan vid profil 1 
(PI. 71, Sektion I I I )  blott det nndre proximala sedimentet förekommer.

Det har i  det föregäende framhällits, hurusom vid det proximala 
sedimentets avsättning erosion och ackumulation växlat, samt att 
nägon vackert utbildad strömlagring icke iakttagits. Pä grund av 
det läge, detta Sediment i dessa profiler intager, är det emellertid 
omöjligt, att detsamma -— som man annars av dess byggnad skulle 
v ilja  förmoda — framgätt uteslutande genom vägerosionens verk- 
samhet. Det har sannolikt vid dess bildning rä tt en intim sam- 
verkan mellan de strömmar, bäcken orsakade vid s itt utlopp i  sjön 
och de, som uppstodo genom vägrörelsen. Medan de förra huvud- 
sakligen t illfö rt material, ha de senare upprepade ganger omlagrat 
detsamma, t i l i  dess det slutligen befann sig pä sä djupt vatten, 
att strömmarna voro för svaga att föra det vidare. Pa samma satt 
torde ocksä en stör del av det i  Sektion I  förekommande proximala 
sedimentet ha uppstätt.

I  samtliga de nu nämnda sektionerna förekomma utanför acku- 
mulationsbranten lager, som ligga ungefär i  nivä med nuvarande 
restsjön, och som avsatts vid katastrofen 1905. De fortsättas 
omedelbart av de Sediment, som nu genom bäckarnas och bölje- 
slagens gemensamma arbete bildas i restsjön. Deras yta utgör 
W  om restsjön en tämligen plan slätt, som dar vid katastrofen 
nedskurits i  sjöbottnen, av vilken enstaka rester höja sig över den- 
samma. Sektion I I I  gär närmast restsjön genom den största av 
dessa rester. Det visar sig, att distalsedimentet även pä denna 
läga nivä underlagras av proximalsediment. Nägra fossil ha visser- 
ligen icke anträfl’ats, men de sand- och gruslager, som här ligga i 
längsträckta Unser, ha precis samma utseende som de, som ligga 
omedelbart ovan anrikningszonen pä issjösedimentet i  högre belägna 
profiler. Lagren ligga i allmänhet horisontellt, och det synes mig 
vara sannolikt, att de en gang bildats pä samma satt som de lager, 
vilka nu uppbyggas runtom dem. Deras närvaro pä denna nivä 
och i  detta öppna läge längt ute pä den plana sjöbottnen synes 
mig knappast kunna tydas pä annat satt, än att Arpojaures vatten-

[N ov.— Dec. 1922.
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stand en gäng kan ha statt minst ungefär sä lägt som nuvarande 
restsjöns.

Kort sammanfattning' av slratigraiien inom Arpojaures s.jöltottcn. De
Postglaciala Sedimenten, vilka sammansättas av proximalt och 
distalt bäckdelta- och stranderosionssediment samt terrigena biogena 
Sediment skiljas trän de underlagrande glaciiluviala lagren medelst 
ea anrikningszon av klapper. Inom västra strandterrassen utgöras 
de proximala Sedimenten av bäckdeltasediment och stranderosions- 
Sediment, medan inom övriga strandterrasser det proximalt avsatta 
materialet bestär blott av stranderosionssediment. De proximala 
Sedimenten utgöras av pä varandra liggande längsträckta, lins- 
formade lager av sand och grus, med tunna band av finkornigare 
ßiaterial, lera och mjäla. Det finkornigare mat'erialet har ibland 
inom det proximala bäckdeltasedimentet sä stark halt av organiska 
ärnnen, att rena gyttjeavsättningar föreligga. Även inom det proxi- 
mala stranderosionssedimentet forekomma inlagringar av organiska 
lämningar, men mycket sparsamt och i  form av driftlager, bestäende 
av anhopade barkflagor, grendelar, barr och blad. Inom den västra 
strandterrassen kan man skilja mellan ett andre och ett övre proxi- 
malsediment, mellan vilka inskjuter sig en enhetlig zon av mjäla 
och lera med gyttjeband, det undre distalsedimentet, vilket när sin 
största mäktighet vid foten av ackumulationsterrassen och sedan 
fortsätter med avtagande tjocklek ut öve.r de djupare belägna de- 
larna av sjöbottnen. Här överlagras det omedelbart av ett lika 
beskaffat Sediment, det övre distalsedimentet, som även ä sina stal
len kan följas uppför brauten pä ackumulationsterrassen, vars kant 
och yta det täcker ett gott stycke fram mot erosionsterrassen. Pä 
grund av den efter sjötappningen starka vinderosionen är emeller- 
tid dess ursprungliga gräns in mot stranden svär att fastställa. 
Den framgär nu pä ett avständ av 30—40 m frän högvattenmärket.
Aven inom de övriga strandackumulationsterrasserna kan man 
spära en liknande lagerföljd som den västra strandterrassens, 
ehuru ej sä tyd lig t utvecklad som därstädes.

Makroskopiska rester av F inn s  s ilv is tr is  finnas i  det nndre 
proximal- och den understa delen av det undre distalsedimentet, 
men saknas inom det övre proximal- och det övre distalsedi'^ntet.

(if G>\
I -  G fn , 0  o

,  b  l ° g ji ±
V a tte n s ta n d e ts  v ä x lin g a r  i  A rp o ja u re . \ q

V .
Det är a priori tyd lig t — genom förekomsten av terrigena bild- 

ningar in situ, 1,75 m under sjöbottnens yta — att vattenytan i
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Arpojaure undergatt forskjutningar, under det att sjobottnen upp- 
byggts. Det narmare faststallandet ocli begransandet av dessa 
yattenytans oscillationer erbjuder emellertid svarigheter.

Da man salunda soker avgora fragan angaende den lagsta niva, 
t i l l  vilken vattenstandet i  sjon sjunkit, far man ej bortse fran de 
olika forhallanden, under vilka vagerosionen under olika perloder 
av sjons tillvaro arbetat. T il l en borjan, innan annu vegetationen 
bundit de sjon omgivande glacifluviala sedimentens yta, och innan 
annu ett stranderosionshak utskurits t i l l  namnvard bredd, bor ero- 
sionen ha forsiggatt betydligt lattare an senare. Sarskilt av den 
sistnamnda anledningen bor grovre material t i l l  en borjan ha trans- 
porterats langre ut i sjon an senare.

Yidare ar att *beakta, att lager av iinare material kunna over- 
lagra lagerkomplex av grovre material av den orsaken, att acku- 
mulationsterrassen utbyggts, t i l l  mattnad. Den vastra strandter- 
rassens stora bredd och dess yttacke av distalsediment karakteri- 
sera denna terrass sasom »mattad».

Enbart vaxellagringen av distalsediment och proximalsediment 
ar saledes ej avgorande for fragan angaende vattenstandsoscilla- 
tionerna.

Det undre proximalsedimentets overlagring av det undre distal- 
sedimentet kan emellertid ej forklaras annat an genom en stigning 
av sjons vattenstand. Denna stigning tillhor en senare tid an den 
sankning, under vilken mossen inom sjons nordvastra del uppstatt 
(i ovre delen av det undre distalsedimentet saknas Piwwslamningarna, 
medan mosslagren r ik lig t innehalla dylika). Med stod harav kan man 
sluta, att sjons vattenstandsvaxlingar maste ha skett pa foljande 
shtt. Sedan sjon avsnordes ur det isdamda sjosystem, som upp- 
tog den vastra delen av Kongamdalvens dal, sjonk vattenytan, t i l l  
dess den nadde en niva, som kan ha varit lagre an den nuvarande 
restsjons (lagre an c:a — 15 m, darvid sjons strandlinje fore kata- 
strofen 1905 raknas sasom ± 0 m). Tidsavsnittet, da detta laga 
vattenstand radde inom sjon, benamnes i fortsattningen »torr- 
perioden». Mojligen var sjon helt uttorkad. Darefter okades dess 
vattenmangd anyo, och allteftersom vattenytan hojde sig, dels 
oversvammades, dels eroderades de fastlandsbildningar, som under 
torrperioden i form av mossar etc. uppstatt i  mindre depressioner 
a den forna sjobottnen. Sedan sjons yta natt en niva nagot hogre 
an den fore katastrofen ar 1905 radande, sjonk den ned t i l l  denna, 
for att sedan i  ett slag genom denna odesdigra handelse sankas 
ned t i l l  den nuvarande. Detta nagon gang fore 1905 radande 
hogre vattenstand utmarkes av den forut omnamnda lagunvallen

[N ov.— Dec. 1922.
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(krön vid + 1,3 m) 1 pä torv, som under vallen innehäller pollen 
av Pinus  och Picea, och även av det väl markerade stranderosions- 
haket vid + 0,8 m.

A iilmann  anser delta erosionshak markera ett vattenständ, som 
skulle förekommit före torrperiodens laga vattenständ, och säsom 
skäl härför anför han, deis att erosionshaket nu är försett med 
träd- och buskvegetation, deis att de av honom mellan sjöns strand- 
linje och restsjöns vattenyta ä östra terrassbranten uppmätta ero
sionshaken i  annat fa ll borde varit täckta med señare éroderat ma
terial. Jag har ehuru med tvekan tidigare accepterat denna upp- 
fattning, men det förefaller mig nu, att denna icke kan upprätt- 
källas.

Strandhaket täckes visserligen av träd och buskar, nägot gras 
etc. men skiljer sig i övrigt, vad Vegetationen beträffar, avsevärt 
frän omrädet ovan detsamma. Skillnaden är dock ej större, än 
att ett antagande att den betingas av extrema högvatten under 
Perioden närmast före tappningen synes mig sannolikt.

De av A iilmann  beskrivna strandlinjerna ned t i l i  restsjöns nivä 
á östra strandterrassen synas även mig tala för, att sjöns vat
tenständ en gang varit ungefär sä Jagt som restsjöns. Emellertid 
förefaller mig deras uterodering kunna ha skett i  samband med 
vattenständet ± 0 m. Säsom av A iilmanns fig. 5 rätt tyd lig t framgär 
och av honom á Strandprofilen fig. 4 A  (Gr. F. JA, Bd 36, H.t 6, 1914) 
schematiskt angivits, äro dessa strandlinjer markerade genom obe- 
tydliga hak ä stranderosionsterrassens brant. Saväl stranderosions- 
planet, vars bredd uppgär t i l i  10 ä 20 m, som dessa diminutiva 
erosionshak äro utskurna i  grov rullstensklapper, mellan vilka a llt 
finare material bortspolats. Som förklaring t i l i  den ringa erosion, 
varom terrassbrantens ercsionshak synas mig bära vittne, fär man 
enligt m itt förmenande antaga. endera att de utbildats under en 
hastig strandförskjutning, eller ock att de utskurits i samband med 
stranderosionsplanets uterodering. Det förhällandet, att dessa ero
sionshak bevarats och ej täckts av Sediment, synes mig kunna för- 
klaras enbart av de strömförhällanden, som rätt inom denna del 
av sjön, och vilka tidigare vidrörts.

A iilmann  betonar, att större delen av stranderosionsterrassen 
inom sjöns norra, östra och södra delar mäste ha uteroderats före 
torrperiodens läga vattenständ. Detta är möjligen fallet, men 
nagra säkra hällpunkter för att avgöra, huru stor del av strand-

1 Undre och inre (den mot sjön vettande) delen av denna lagunvall torde säkcrt 
vara en strandvall, medan övre och y ttre  delen en lig t m it t  förmenande väsentligen 
torde utgöra en dynbildning.

Bd 44. H . G— 7.]
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erosionshaket, som utskurits före och efter torrperiodens lägsta 
vattenstánd, finnas ej. Av vad jag ovan framhállit beträffande 
tiden for + 0,8 m erosionsbakets uppkomst framgär, att jag maste 
anse, att forbállandet mellan de under dessa olika tider uteroderade 
delarnas storlek gestaltar sig pá annat satt än vad A h l m a n n  an- 
tagit ocb áskádliggjort á sin fig. 4 (Gr. F. F., Bd 36, H. 6, 1914).

Avlagringarna frän tiden före torrperioden ha t i l l  större delen 
förstörts genom señare omlagring. Möjliga rester av desamma äro 
de ytterst obetydliga sand- och gruslager, vilka medelst anrik- 
ningszoner av klapper skiljas ej blott Iran underlagrande distala

[ N o v — D ec. 1922.

F ig. 13. A. schematisk Sektion over östra stranderosionsterrassen och B. schematisk 
fram ställn ing av vattcnständets väx lingar i  Arpojaure (delvis efter H. W:son Ahlmann).

issjösediment utan ock frán overlagrande proximala lakustrina 
sediment med gyttjeränder. Av storleken av dessa sedimentrester 
kan man följaktligen ej sluta sig t i l i  den foregáende erosionens 
storlek. Den yngre delen (efter torrperiodens minimivattenstánd) 
av de av uteslutande stranderosionssediment bestáende ackumula- 
tionsterrasserna vid sjöns norra och södra sidor synas enligt 
de uppskattningar, som kunnat göras i  skärningen vid Tältbäcken 
etc., kunna beräknas t i l l  högst 1/a av erosionshakets storlek. Detta 
värde är naturligtvis mycket osäkert, men lämnar ju  en antydan 
om, att ett icke oväsentligt erosionsarbete bör ha skett efter den 
egentliga torrperioden. Tilläggas kan, att de undre, makroskopiska 
lämningar av P inus  förande lagren enligt de beräkningar, som med 
stöd av förefintliga mätningar kunnat göras, upptaga mindre än 
1/z av dessa yngre ackumulationsterrasser, varför huvudparten av 
nyssnämnda erosionsarbete bör ha skett i  sen tid och sannolikt vid 
utskärandet av + 0.8 m erosionshaket.

Huru sänkningen av sjöns vattenyta tillgátt, sedan isoleringen 
frán Köngämädalens issjö skett, har ej ännu kunnat utredas, och
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ej  heller har den nivâ fastställts, när denna isolering var verk- 
ställd och utloppets nederodering började. Under torrperioden var 
sjön emellertid avloppslös.

Beträffande beskaffenheten av sjöns avlopp, sädant det gestaltade 
sig före är 1905, förtjänar fö]jande att framhällas. Avloppsrännan 
är nära sjöns sydöstra hörn inskuren i den glacifluviala grus- 
harrieren, och avloppsrännans väggar besta av stora rullstenar, 
mellan vilka a llt finare material är bortspolat. Sannolikt har av- 
loppet relativt hastigt nederoderats t i l i  den nivâ och'erhâllit den 
gestaltning, det nu innehar. E tt förhällande, som synss mig tyda 
härpä, är, att den utvidgning, som förefinnes i  avloppsrännan strax 
Utanför sjön, icke av strömmen b liv it heit igenfylld med material.

Bd 44. H . 6— 7.]

G eo kro n o lo g isk a  b es tä m n in g ar.

Nâgon uppskattning äv den tidslängd, under vilken de olika 
vattenstânden rätt, har icke genom den stratigrafiska lika lite t 
soin genom den morfologiska undersökningen varit möjlig att göra.

Thore F ries har tro tt sig kunna urskilja ärsvarv inom Arpo- 
jaureavlagringarna. I  en av sina uppsatser i  Upsala-Bulletinen 
har han närmare beskrivit desamma säsom bestâende av med var- 
andra växlande mm tunna eller ännu tunnare lager av multnade 
växt-, blad-, barr- och gyttjeränder och 1er-, mjäl- eller sandränder. 
Han uppfattar den organiska delen av »varvet» säsom avsatt under 
sommaren, medan det oorganiska materialet skulle ha transporte
rais fram under vintern. Han har i  olika profiler av den del av 
avlagringarna, som föra F inu s , sannolikt makroskopisk F irn is , gjort 
enstaka skikträkningar (G. F. F. Bd 33). Med stöd av dessa har 
han uppskattat den tid, som âtgâtt för lagrens avsättniug. Han 
har pa detta sätt för postglacialtiden i Arpojaure erhâllit en längd 
av cirka 7 000 är.

I  den framställning, som jag ovan g iv it av uppkomsten och 
byggnaden av Sedimenten i  Arpojaure, har framhällits, hurusom 
érosion ofta växlat med ackumulation. Den i  varje profil nu blott- 
lagda lagerserien är b lott rester av den ursprungliga, och de en
staka lagren ha i  allmänhet en stärkt begränsad längdutsträckning 
samt en stärkt linsformad gestaltning. E tt försök att dar genom- 
föra kronologiska mätningar är därför dömt a tt misslyckas eller 
mäste atminstone stöta pa oerhörda svärigheter.

E tt ärsvarv fordrar, att en viss med äret växlande periodicitet 
gör sig gällande i det avsatta stammet. I  de vid inlandsisens av- 
smältning bildade avlagringarna uppkom denna genom den stora
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skillnaden i stromstyrkan hos isalvarna under sommaren och vin- 
tern. Da isalvarnas tillfloden utgjordes av smaltvattnet fran in- 
landsiseus yta, voro de troligen under en del av den kallare ars- 
tiden helt utsinade.

I  de h ittills  undersokta postglaciala sedimenten, fjord- och alvsjo- 
avlagringarna i de norrlandska dalgangarna, ar arsvarvigheten ej 
sa utpraglad som i de dar tidigare avsatta glacialsedimenten, t i l l

[N ov.— Dec. 1922.

Foto  C. C:zon Caldenius.

Fig. 14. G yttje- och gruslagrcns fo rh lllande  t i l l  varandra. Skarning v id  
A rpo j aurebacken.

foljd av att skillnaden i stromstyrka under vinter och sommar ej 
nadde samnia storlek som under isavsmaltningstiden.

Arpojaures tillfloden utgoras av tvenne sma backar, Arpojaure- 
backen och Taltbacken. Under de olika klimatperioderna i post
glacial tid  ha dessa nog uppvisat ratt olika vattenforing. For nar- 
varande fora de liksom de fiesta fjallbackar vid snosmaltningen om 
varen mycket vatten, brusa da fram med stor stromstyrka, medan 
de mot slutet av sommaren nastan helt utsina. Genom vaxlingarna 
i deras vattenforing borde alltsa kunna astadkommas en ganska 
vacker periodicitet i det av dem avsatta sedimentet. En sadan 
forefinnes dock icke i  Arpojaureavlagringarna. Granska vi, for
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att ytterligare bestyrka detta, t. ex. vidstáende bild (fig. 14) frán 
en profil vid Arpojaurebácken, sá ñnna vi 1 cm—1 dm tjocka lager 
av sand ocb grus vaxellagrande med gyttjelager (se aven fig. 15). 
Kagon overgángszon av finkornigt sediment mellan gyttjan ocb 
sanden eller gruset existerar icke, utan den forra ligger sásom ett 
olika máktigt tacke pá de señare, ibland tydligt utfyllande hál- 
ruinmen mellan stenarna pá stallen, dar grusranden bestár av sar- 
skilt grovt material.

Foljer man grusranderna ocb gyttjeranderna, utkila de snart, 
ligga sálnnda, som forut nttryckligen betonats, lángstrackt lins- 
formigt. Sásom det synnerligen vackert synes á bilderna, bar ero
sionen farit mycket illa  fram med gyttjeranderna, som ofta aro 
avskurna eller blott bibehállna i  stumpar. Ibland traffas rester av

Bd 44. H . 6— 7.]

30 Csm -,

de l. C. C:zon Caldenius.

Fig. 15. D eta lj yisande pseudo-ársvarv, bestáonde av gyttje - och to rv s k ik t (svarta 
liu jc r), nicllanlagrade av sand (utan betcckning) och grus (punkterat).

dem, som forut frambállits, sásom rundade bollar i  gruslagren. 
Vid narmare páseende lata gyttjeranderna déla upp sig i  skikt av 
olika balt av organiskt ocb oorganiskt material, rena torvskikt ocb 
rena 1er-, mjal-, sand ocb grusskikt. Dessa skikt ligga lángstrackt 
linsformigt inom samma gyttjerand. Torvskikten bilda ibland 
snedstallda smá lager, ytterst lite t uthálliga i  langd, som stupa 
med eller mot varandra.

Det finnes enligt min mening intet, som talar for, att dessa lins- 
formade lager av grus ocb gyttja eller enstaka skikt inom desamma 
aro ársvarv. Fastmer synes mig undersokningen ba visât, att de blott 
representera mer eller mindre tillfá lliga  andringar i  riktningen bos den 
dem avlagrande strommen. Gruslagren s natur av bankar ar j  u genom 
deras linsform faktiskt konstaterad. Det ar tydligt, att det under 
várflodet relativt bastigt bildas en grusbank av stor maktigbet, 
medan dáremot ett gyttjelager av mycket liten tjocklek bor bebova 
synnerligen láng tid  for sin bildning. Det ar sannolikt, att de 
fiesta i  Arpojaureavlagringarna forekommande gruslagren avlagrats 
pá grunt vatten. Da de foljaktligen ganska bastigt nádde upp i



708 CARL C:ZON CALDENIUS.

närheten av vattenytan, künde de jämförelsevis snart verka av- 
länkande pâ riktningen av strümmen, som nn pä ett nytt ställe 
började bygga upp en ny grusbank. Vid under ârets lopp iu- 
träffade, smärre fluktuationer i vattenständet vid nästa varflöde 
eller vid inverkan av kraftiga böljeslag, bör erosion ha skett â de 
av bäckströmmen uppbyggda grusbankarna och det i  lä bakom dem 
avsatta gyttjehaltiga sedimentet.

A tt  sedimenteringen i Arpojaure haft det förlopp, som jag ovan 
skildrat, beror nog pâ ilera orsaker. TiLlfiödena äro relativt srnä, 
och trots deras vattenrikedom om váren torde deras strömstyrka 
blott vara mäktig att transportera ut det medförda materialet ett 
kort stycke i sjön. Tillgängen pa material av finare kornstorlek 
har varit ytterst ringa, da Arpojaure, som förut framhällits, om- 
gives av glacifluviala bildningar av i  allmänhet ganska stor korn
storlek. V id vârt besök var vattnet i  bäckarna krista llk lart och 
ett utmärkt dricksvatten, och detta trots att under de första vec- 
korna tydligen högvatten rädde. De genom böljeslagen alstrade 
strömmarna ha sannolikt varit starka nog att i vidsträckt matt 
omlagra det av bäckarna i  sjön uttransporterade grövsta materialet.

De av T h o r e  F r ie s  utförda ärsvarvsbestämningarna i Arpojaure- 
sedimenten äro följaktligen ej riktiga. Granskar man vidare det 
sätt, pâ vilket han utfört aldersbestämningen av Arpojaureavlag- 
ringarna, sä skali man finna, att han tagit vissa c:a cm-tjocka 
partier i  en profil, dar skikten varit c:a «»»-tjocka, d. v. s. det 
mäste ha varit i en gyttjerand, och i dessa partier har han räknat 
ut de där befintliga skiktens medelmäktighet och sedan, under 
förutsättning att skikten varit ärsskikt, bestämt det antal är, som 
âtgâtt t i l l  bildande av en lagerserie av profilens mäktighet. Da 
i  densamma ingä mäktiga gruslager, som kanske bildats under ett 
enda ár eller under en enda storm, är det tyd lig t, att om ocksâ 
de räknade skikten varit ârsvarv, sâ lämnar dock den dârpâ grun- 
dade kronologien mycket övrigt att ônska.

Sâvâl frân tiden för vattenytans stigning som frân den sista 
perioden föreligga mäktiga avlagringar, men dâ de delvis äro av 
nâgot olika natur, och dâ bildningshastigheten även für avlagringar 
med samma genesis torde växla högst betydligt, har man icke 
rättighet att av deras relativa mäktighet draga nágon som heist 
slutsats i  kronologiskt hänseende. Det enda sediment, vars av- 
sättningshastighet — stört sett — möjiigen varit oberoende av 
variationerna i de avlagrade strömmarnas styrka, är distalsedi- 
mentet. Men dâ skikten även inom detta ligga langsträckt linsfor- 
migt, undandrager sig detsamma dock all kronologisk undersökning.

[Nov.—  Dec. 1923.
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K l im a t is k a  fö r h ä l la n d e n .

T h o r e  F r ie s  framhäller, att han icke genom sina undersökningar 
ö'Yer torvmossarna i  Tome lappmark lyckats att dar skilja lager 
frän den subboreala tiden frän den a tla n tis k a  tiden, utan att 
^au sammanfattat de avlagringar, som ban anser bildade under 
dessa tidsavsnitt, under benämningen lager frän skogsperioden.

1 förbigäende mä nämnas, att ban betonar, att ban j  Arpojaures 
Avlagringar ej funnit nägot, som tyder pä variationer i  sjöns 
"Vattenstand.

De i Tome lappmark av T i io r e  F r ie s  undersökta mossarna upp- 
byggas i sin undre del av lager av lim n is k t  eller te lm a tis k t 
Ursprung. Dessa lager överlagras av te rre s tiska , vilka i sin tur 
ater täckas av te lm a tis k a  bildningar. F inns  saknas i dessa se- 
uare, men förekommer rik lig t i de bäda förra. De undre limniska 
°cb telmatiska bildningarna fä icke utan vidare tydas som avsatta 
Under en period med större nederbörd an den, da de överlagrande, 
terrestiska bildningarna uppkommo. Det är ju  tydligt, att i varje 
vid tiden für inlandsisens fürsvinnande vattenfyllt backen, vilket 
utsattes för en igenväxning, en dylik lagerföljd mäste uppkomma.

Undersökningen av Arpojaures sediment bestyrker de resultat, 
Ulan redan genom studiet av torvmossarna vunnit.

Yid bedömandet av orsakerna t i l i  den vattenminskning i sjön, 
som resulterade i  sjöns t i l i  synes fullständiga uttorkning, fär man 
Uaturligtvis ej bortse frän den möjlighet t i l i  sänkning av vatten- 
ständet, som ligger i  utsilning av sjöns vatten genom de dämmande 
glacifluviala avlagringarna, t i l l  dess porerna i  dessa tilltäppts. 
Sjöns uttorkning sammanfaller emellertid t i l i  tiden med tallens 
förekomst kring sjöns stränder och visar sig sälunda stä i samband 
öied de klimatförhällanden, som enligt A. Gav e l in , 1 T i io r e  F r ie s  

och andra i  a tla n tisk -su b b o re a l tid  tillä to trädgränsens böga 
läge. Da därtill stigningen av sjöns vattenständ t i l i  tiden visar 
sig sammanfalla med det klimatomslag, som tvingade ned barr- 
skogsgränsen t i l i  sä lag nivä, att de kring sjön växande tallarna 
utdogo, synes man vara berättigad att anse huvudsakligen klimato- 
logiska orsaker bava ästadkommit vattenytans sänkning och dar
k e r  följande stigning. Det torde sälunda vara tydligt, att den 
subboreala perioden inom Arpojaure kännetecknas av torr-

1 A. G a v e l i n : Om trädgränsernas nedgäng i de svenska fjä lltrak te rna . Skogsvärds- 
för. T idskrift. Fackuppsatser 1909.

» Trädgränsförskjntningar inom Kamajokks vattenomräde. S. G. U., 
ser. C, N:o 227.
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Perioden inom sjön samt den sub a tla n tiska  perioden av den 
därpä följande stigningen av vattenständet. Därunder utdör den 
kring sjöns stränder växande Pinus. I  tid ig subatlantisk tid vai 
vattenständet — som bl. a. den pä torv ovan den sista strand- 
linjen liggande lagunvallen visar — högre än det, som rädde under 
tiden före katastrofen 1905.

Beträffande tidpunkten för inlandsisens avsmältning frän Arpo- 
jaure kunna nägra bestämda slutsatser ej dragas av det förelig' 
gande undersökningsmaterialet. En antydan om, att klimatet redan 
da var ganska m ilt, iinnes dock.

Skiktbyggnaden hos issjösedimentet, som underlagrar Arpojaure- 
avlagringarna, visar nämligen, a tt det avsatts synnerligen hastigt, 
samt a tt nägot större uppehäll i  Sedimentationen under vintern 
icke ägt rnm. Distalsedimentet bestär nästan uteslutande av mäk- 
tiga varv av mjäla och finsand, dar ärsvarvsgränserna utgöras av 
cirka 2 mm  tjocka lerränder, som ibland äro ganska svära a tt ur- 
skilja, och som icke, särskilt nedät, äro nämnvärt skarpt avgrän- 
sade. Pä grund härav har sannolikt naget större uppehäll i  Sedi
mentationen ej skett, varför vintrarna böra ha varit re la tiv t blida.

Genom T anners 1 m. fl. undersökningar har framgätt, att Kola- 
halvön och Finnmarken vid tiden för den postglaciala landsänknin- 
gen, som enligt dem här nädde sitt maximum under det postgla
ciala klimatoptimet voro fria frän inlandsis. Genom de undersöknin
gar, som h ittills  utförts över torvmossarna i Torne lappmark, har intet 
framkommit, som motsäger, att även denna del av Nordskandinavien 
under denna tid kan ha varit befriad frän istäcket. Nedan berörda för- 
hällande inom Arpojaures sjöbottenlager synes mig emellertid tyda pä, 
att de sista inlandsisresternas avsmältning frän trakten rent av kan ha 
försiggätt vid denna tid. Resterna av de stranderosionssediment, som 
avsatts under tiden frän vattenytans sjunkande fränissjöniväntilltorr- 
periodens läga vattenständ, innehälla i motsats t i l i  de senare avlagrin- 
garna ytterst sparsamma lämningar av organiskt material. Den sanno- 
likaste orsaken härtill synes mig vara, att vattenytans sänkning 
försiggätt sä hastigt, att nägon nämnvärd vegetation därunder ej 
hunnit fä faste kring sjöns stränder. Da emellertid redan i dessa 
torrperiodens äldsta lager anträffas en värmefordrande flora (med 
makroskopiska lämningar av Firn is), som sälunda bör ha tagit om- 1

1 Y. T a n n e b : Studier över kvartärsystemet i  Fennoskandias nordliga delar I .  T i l l  
frägan om Ost-Finmarkens glaciation och niväförändringar. B u ll. 
Comm. Finlande n:o 16. Helsingfors 1906.

» : Studier över kvartärsystemet i  Fennoskandias nordliga delar I I .  Nya
bidrag t i l i  frägan om Finmarkens glaciation och niväförändringar. 
B u ll. Comm. Finlande n:o 20. Helsingfors 1907.

[Nov.— Dec. 1922.
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radet i  besittning sa gott som omedelbart efter det inlandsisen 
laninat detsamma, forefaller det mig sannolikt, att inlandsisens av- 
smhltning kan ha skett ganska sent och mojligen i  slutet av 
atlantisk eller borjan av subboreal tid.

Bd44. H . 6— 7.]

Summary.

In the year 1905 the inhabitants of the two northernmost Swedish 
fjeld-cottages Keinovuopio and Kummavuopio cut through the iiuvo- 
glacial gravelbarrier that on the east dammed up the close to the 
Upper Jimit of the birch region situated lake Arpojaure (top. map 
fig. 1, pi. 70) from the neigbouring low bog Arpuvuoma. When the 
canal by the cutting reached the surface of the lake a catastroph 
occurred, the outstreaming lakewater eroding very rapidly the slopes 
of the canal and piercing down into the bottom of the canal so 
hastily that the lakesurface during one night was brought down 
15 m (figs. 2—3) on which level under the former lakesurface the 
present restlake is. Through the lakecatastrophe the lakedeposits 
Were exposed and cut through (fig. 2). Earlier the deposits of 
Arpojaure have been investigated by A. H eintze and T hore F ries 
(see the footnote side 683). Together with me H. W :son A iilmann 
Was at the lake making morphological investigations (see the foot
note side 684). My investigations have referred to make clear the 
stratigraphy and geochronology of the lakebottom. In  a ll 60 sec
tions have been surveyed by me (pi. 70).

A t the melting of the inland-ice the Kongama-valley was occu
pied by a system of icedammed lakes from which Arpojaure was 
separated, when the outlet of these lakes, from having been situated 
on the west to the North sea in the beginning, was placed on the 
east to the Gulf of Bothnia. The depression of Arpojaure is an 
ose-pit bounded on the north, east and south by a rather coarse 
on the west by fine fluvoglacial material. On account of this the 
shoreterraces are best developed on the west.

W ithin the lake-deposits one can distinguish p ro x im a l brook- 
deltasediments, p ro x im a l shoreerosionsediments, d is ta l 
lakebottom sedim ents and biogene terrigen-sed im ents (pi. 70). 
The rather schematic section (fig. 5) through the west shoreterrace 
shows following sequence of strata. Divided from the icedammed- 
lakesediment or from the moraine by a zone of gravel the lower 
proximal brookdeltasediment and the lower proximal shoreerosion- 
sediment lie. These sediments extend outside the foot of the ter-

47—220270. G. F. F. 1922.



7 12 CARL CiZON CALDENIUS. [N o v .— D e c . 1922.

race and can be followed to the restlake under the watersurface 
of which they disappear. They are superposed by the lower distal 
lakebottomsediment that towards the shore decreases and towards 
the lake increases in thickness. This sediment in its turn is over- 
laid, w ithin the terrace by the upper proximal brookdeltasediment 
and the upper proximal shoreerosionsediment (fig. (5) and outside 
the terrace by the upper distal lakebottomsediment, that reaches 
up on the terracesloop and up on a bit of the terracesurface. The proxi
mal sediments consist of lenticular layers of gravel and muck (fig. 1) 
except lowest where the mucklayers are lacking. The distal lake
bottomsediment is composed of mucky silt and muck laying in thin 
lengthenedly lenticular layers in which grains of sand occur. W ith 
in the proximal shoreerosionsediment bars have been distinguished.

The north and south shoreterraces consist exclusively of proxi
mal shoreerosionsediment outwards passing into distal lakebottom- 
sediment (figs 9 a and b). Outside the east shoreterrace the shore- 
currents have impeded any ackumulationterrace to arise. Shore
lines are here found on the slope of the terrace down to the water- 
surface of the restlake.

The plate 71 shows three minutely examined sections through 
the lake-deposits.

W ith in  the west shoreterrace 1,75 m under the lakebottom a 
peatbog consisting of an about 4 dm thick caricetum amblystegio- 
sum is found the layers of which towards the lake are abruptly 
cut off and teared up but towards the shore gradually decrease 
in thickness (fig. 10).

W ithin the Arpojaure-deposits an older zone with P inns  and a 
younger zone with B etida  (where F inns  is wanting) can be dis
tinguished. The F inn s  zone includes w ith in the west shoreterrace 
the lower proximal sediments and the lowest part of the lower 
distallakebottomsediment and the P etida  zone the upper part of 
the lower distallakebottomsediment and the upper proximal and 
distal sediments.

The peatbog lies in the F inns  zone. In  the remaining shore- 
ackumulationterraces the remnants of F inns  reach to about 1,5 nl 
under the surface of the terraces.

Above the shoreline of the lake before the draining-catastroph 
1905 a shorecliff covered w ith vegetation is found at + 0,8 m (the 
shoreline of 1905 =  ±  0 m) and a bar (crest at + 1,3 m) overlying 
peat containing sperms of F inn s  and Ficea. The investigation 
shows that the watersurface of the lake since the lake had been 
separated from the icedammed lakesystem sunk to a very low level
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(possibly lower than the watersurface of the restlake) probably 
hastily and that the watersurface afterwards arose to the 4- 0,8 m 
shoreline and then sunk to the shoreline + 0 m (fig. 13). Through 
the drainingcatastroph of the year 1905 the watersurface at one 
time sunk to the level of the restlake.

Any exact geochronology can not be carried out in the Arpojaure- 
aeposits. The determination of annual layers made by T hore 
h’ltfES is erroneous. The layers counted by him lie lenticularly 
and are partly galelaycrs (fig. 14 and 15). The tributaries of 
Arpojaure have been unable to develop annual layers of the exist- 
*ng material. The lakedeposits consist moreover for the'most part 
°f shoreerosionsediment.

The fluctuations of the height of the watersurface in Arpojaure 
are to ascribe to climatological causes. The drying up of the lake 
however can partly depend on oozing out through the damming 
icelakesediments before their pores had been made tight. The dry- 
Period in the lake coincides with the B lytt-Sernander subboreal 
period and the high height of the watersurface afterwards with 
the first part of the subatlantic period.

The melting of the inlandice has probably taken place in  late 
atlantic or early subboreal time.

Bil 44. H . 6— 7.]



714 GEOL. FOREN. FÖNHANDL. B d . 44 . H .  6— 7. 1922.

Bidrag t il fjeldkjedens stratigrafi og tektonik.

Av

T h o k o lf  Y ogt.

I  denne körte oversikt1 skal jeg oratale nogen resultater fra min6 
senere undersökelser i  Nordland og Troms fylker i  Norge. Dette 
omraade danner regionalt set en meget stör del av den skandina- 
viske fjeldkjede, som frembyr et saa overordentlig r ig t varieret 
og vekslende billede fra Stavanger, hvor den kommer iland og 
t i l  Nordkap, hvor den forlater os. Denne norske del av den nord- 
lige fjeldkjede har veeret forniaalet for geologiske undersökelser i 
en lang aarrsekke; fra 1860—80 aarene har man de reldre under
sökelser av K a r l  P e tt e r s e n , denne utholdende og flittige pioner i 
Nord-Norges geologiske utforskning; senere foretok J. H. L. VoßT 
utstrakte reiser heroppe, og fra den senere tid har v i de omfat- 
tende kartltegningsarbeider av J. B je k s ta d , Gr. H o lm s e n , S. E o s lie ,
J. O x a a l  og andre. Ogsaa fra svensk side foreligger der vigtige 
undersökelser, saaledes fra Sulitelmaomraadet av H j .  S jö g ren , P- 
J. H o lm q u is t  og 0. N o r d e n s k jö ld .

Im idlertid lar det sig ikke nekte, at der tiltrods for disse tem- 
melig omfattende undersökelser har manglet en viss oversikt over 
Here fundamentale trsek. Dette gjselder for det förste lagrm kken. 
Vistnok kjender man, tildels endog ganske vel, en del av lagrrekken 
inden mindre omraader, men man har faktisk ikke hat nogen til-  
fredsstillende, paa detaljundersökelser baseret oversikt over hele 
lagrsekken fra grnndfjeldet og op t i l  de överste skifre i  vest. A lle 
rede for lrenge siden stod det k la rt for mig at K a r l  P e t t e r s e n S 
gamle inddeling var ufuldkommen, idet den for en vresentlig del 
bygger paa petrografiske likheter, som varierer efter metamorfosens 
grad. Idethele er det jo i  vore dage en selvfölgelig ting at man

1 Denne avhandling gjengir, med en del senere tillseg, et foredrag i  Geologiska 
Föreningen i  Stockholm den l:ste december 1921.
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ttiaa vmre overorclentlig forsigtig med at konnektere petrografisk 
eüsartede lagserier, som har faat sin dragt ved metamorfosen. Yed 
öndersökelserne i marken har det deri'or vaeret et ledende princip, 
^  man fastholdt og forfulgte visse karakteristiske og vidt utbredte 
edenivaaer, sserlig kalkstene, men ogsaa kvartsiter, konglomerater 

°Sv- Dette medförte ganske störe krav t i l  feltarbeidet, men lette- 
aes meget ved de fortrinlige topografiske harter.

Hvad endvidere a lderen av denne lagraekke angaar, har man 
h a tte t holde sig t i l  ganske svaevende u ttryk  da bestembare fos- 
sBer har manglet. Og hvad te k to n ike n  angaar, saa har der 
öianglet meget paa klarhet i de störe traek.

Jeg tror im idlertid at tiden nn kan vaere inde t i l  et forsük paa 
etl ffiere generel oversigt. Her stötter jeg mig vaesentlig paa egne 
^ödersökelser i to störe profilomraader. Det ene er Ofotenprofilet, 
^Vor jeg har opnaadd en fast tilknytn ing t i l  det bekjendte om- 
raade ved Tornetraesk, som er saa udmaerket undersökt av P. J. 
Ö olmquist. Det andet er Sulitelmaprofilet, hvor jeg har fortsat og 
^dvidet de tidligere undersökelser. Hertil kommer saa forskjellige 
Indier imellem Leka i syd og Hammerfest i nord. Ofotenprofilet 
er et kartprofil, som er detaljkartlagt i  maalestok 1:50 000 i en 
hredde av 40 hm og derover og en laengde av 80 hm. Regner man 
W t i l fortsaettelsen i üst paa svensk side, bür Ofoten—Tornetraesk- 
Proület henimot 130 hm langt. Sulitelmaprofilet er kartlagt i  for- 
skjelüg maalestok i  omkring 30 hm:s bredde og 50 hm:s laengde.

Ofoten—Tornetrsesk-profllet.

Basis for fjeldkjedesedimenterne i  Ofotprofilet dannes av grund- 
f.jeldet i  det opbulede grundljeldsvindu ved Rombaksbotn—Vassi- 
Dnre, et omraade som er blottet paa begge sider av riksgraensen. 
Bergartene i  grundfjeldet bestaar hovedsageüg av forskjellige 
Sranit- og syenit-typer, men der findes ogsaa gabbrobergarter og 
Sediment:cre glimmerskifre. Sammen med sedimenterne optraeder 
der mere undtagelsesvis basiske effusivhergarter. Ströket i  dette 
hergartskompleks gaar omtrent i nord-sydlig retning ganske som 
Paa svensk side av graensen.

De undre avdeünger av lagraekken kan studeres omkring 
dette störe grundfjeldsvindu. Direkte over grundfjeldet hviler et 
hasalkonglomerat, der som oftest er utviklet med temmelig störe 
konglomeratboller, men som paa sine steder kan vaere erstattet med 
grovklastiske feldspatförende sandstene; ofte findes ogsaa blaa- 
kvarts. Disse basaldannelser er som regel meget godt opbevaret i

44. H . 6— 7 .]  FJELDKJEDENS STRATIGRAFI OG TEKTONIK.
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THOROLF VOGT.

de östlige trabter omkring riksgraensen, kvor og- 
saa tydelige forvitringsfaenomener kan erkjendes 
i grnndfjeldet umiddelbart tinder basis, mens 
konglomeratet b lir mere presset naar man 
kommer vestover t i l  den store fleksur, som 
bringer grundfjeldet ned under havets nivaa.

Over disse basaldannelser fölger en temmelig 
ensformig skiferserie, som sandsynligvis er ad- 
skilt fra basaldannelserne ved et tektonisk 
brudd, et skyveplan. Denne skiferserie (Rom- 
baksskiferen) er utviklet som en finskjaellet 
biotitskifer i  den anderste del, men gaar opad 
over i  mere grovkrystallinske granatförende 
glimmerskifre. Yidere op i lagserien möter 
man de forste kalkstene, som underst förer 
dolomitdrag i de nordlige og östlige omraader, 
mens denne bergart synes at mangle ellers. 
Maegtigheten av kalkstenene tilta r betydelig 
fra syd mot nord, og det ser ut t i l  at dette 
beror paa primaere faciesforandringer under Se

dimentationen. Denne undre kalkstensavdeling 
(Rombakskalkstenen) overleires av granatglim- 
merskifre, som opad b lir grebet av en sterkere 
metamorfose, indtil man tils lu t faar rene in- 
jektionsgneiser. Her kommer man op i  de 
höieste fjeldtopper i  nserheten av Rombaks- 
vinduet, og for den videre fortssettelse av pro
filet maa man söke vestover t i l  Ofotenfjorden. 
Metamorfosen avtar igjen noget, og over denne 
mellemste skiferserie (Narvikskifrene) fölger 

m fjeldkjedesedimenternes mcegtigste kalkstens-
N avdeling (Evenseskalkstenen). Her optraeder

fiere nterliggende kalkstensnivaaer tildels med 
bvite sukkerkornige dolomiter samt smale lag 
av den eiendommelige rode Leifsetmarmor, som 
synes at vsere karakteristisk for dette nivaa. 
Kalkstenene avtar her i  maegtighet fra vest 
mot öst. Umiddelbart over kalkstenene findes 
lokalt udviklet et maegtigt konglomerat med 
store, sterkt uttrukne kvartsrullestener (Even- 
skjmrkonglomeratet). Herover fölger en msegtig 
serie bestaaende av granatglimmerskifer med

[N o v .— D ec. 1922.



talrige, mere eller mindre maegtige indleiringer av kalkstene, som 
Paa en mrengde steder förer sedimentsere jernmalmforekomster av 
Wunderland—Bogen-typen. Yistnok findes enkelte spredte og smaa 
f°rekomster av den samme jernmalmtype nede i Narvikskiferen, men 
flet er först fra det hängende av Evenmskalken at de gjör sig grei
fende i nogen sterkere grad. Over denne skifer med de jernmalm- 
förende kalkstene fölger fjeldkjedeseriens överste avdeling, glim- 
^erskifer med injektionsgneis men uten kalkstene (Niingenskifer). 
Svad der har ligget over de höieste fjeldtopper med injektions- 
Sueis tilhörende Niingenskiferen er borteroderet og saaledes ukjendt.

Man kan altsaa stille op folgende kovedavdelinger for fjel'dkjede- 
Sedimenterne i  Ofotenprofilet:

Nivaa. Lokalnavn.

W Övre skifre med injektionsgneis . . Mingen skiter.
6* Skifer med jernmalmförende kalkstene Bogenserien.
^a. Lokalt utviklet kvartskonglomerat . Evenskjaerkonglomeratet. 
5- Midiere mregtige kalkstene . . . .  Evenccskalken.
1- Midiere skifer med injektionsgneis . Narvikskifer.
3. Undre ka lk s te n e ............................. Rombakskalken.
2- Undre skiferserie ............................. Rombaksskifer.

Tektonisk diskordans
1- Baselkonglomerat med sandstene.

Grnndfjeld.
Inden hver enkelt av disse avdelinger kan man gjennemföre en 

detaljeret inddeling, som dog ikke er anvendelig over större om- 
i'aader. I  Narvikskiferen findes der saaledes flere smale kalk- 
stensliorizonter, som forsvinder nordover; de mange kalklag i  Bo
genserien kan fölges op t i l  flere mil, men kan kile ut og erstattes 
av andre kalkstene i nmrliggende nivaaer, osv. Den opstillede 
Mgserie kan imidlertid anvendes over ret störe omraader, i livert- 
fald fra Skjomen i syd og t i l  Salangen—Sörreisen i nord, d. v. s. 
over et omkring 90 lern langt omraade, og sandsynligvis v il den 
kunne gjnelde for en vsesentlig del av Troms fylke. Som jeg skal 
vise senere, kan man parallelisere ihvertfald de övre ledd med av
delinger inden Nordlandsskifrene i  Saltenomraadet og andre steder.

Sammenligner man d u  denne lagserie med K a r l  P e tte r s e n s  sidste 
inddeling:

Tromsö glimmerskifergruppe,
'Baisfjordgruppen,
Dividalsgruppen,
Grundfjeldetj

44. H . 6— 7 .]  FJELDKJEDENS STRATIGRAFI OG TEKTONIK. 717
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saa maa basalkonglomeratet svare t i l  basis for bans Dividals- 
gruppe eller Hyolithuszonen, men for de övrige gruppers ved- 
kommende er saken ikke saa enkel. Idet nemlig K arl P ette r s e n  
foretok sine konnektioner vtesentlig paa petrografisk grundlag, bar 
ban aabenbart benfört de mest metamorfe skifre og injektions- 
gneiser t i l  Tromsö glimmerskifergruppe, bvor ban fandt dem, mens 
de mildere skifre er regnet t i l  Baisfjordgruppen. Herved er saa- 
vel Baisfjordgruppen som Tromsögruppen anvendt som betegnelser 
to gange inden den samme lagserie, saaledes som man v il se av 
den folgende sammenstilling, bvor tallene benviser t i l  min ind- 
deling:

Tromsögruppen . - ...............Rest av (1 og bele 7.
Baisfjordgruppen............... » » 4 ,  bele 5 og del av 6.
Tromsögruppen..................  » » 3 og del av 4.
Baisfjordgruppen...............bele 2 og del av 3.
D ividalsgruppen...............1.

Idet v i gaar over t i l  forbindelsen mot ost t i l  det av H o lm q u ist  
undersokte omraade ved Tornetrask, kan den undre kalksten 
eller Rombakskalken i  Norge, fungere som det forbindende ledd i 
lagserien. Avstanden mellem det utgaaende av denne kalksten i 
Ofotbanens profit fra Stromsnees t i l  Vassijaure er vistnok ganske 
stor takket vrnre erosionen over det nu blotlagte grundfjeldsvindu, 
men denne kalksten er ogsaa fulgt, om end ikke helt i  sammen- 
bseng, langs glinten paa nordsiden av vinduet. Her ligger kalk- 
stenen i  skiferserien frem t i l  Polnoviken i omtrent samme hoide 
over grundfjeldet som paa sydsiden av vinduet, og det kan ikke be- 
tviles at det er densamme kalksten man bar at gjore med paa begge 
steder, idet avstanden over det borteroderte parti ved vestenden av 
Tornetrask ikke naar op t i l  mere end vel en mil. Haardskiferne 
ved Vassijaure ligner ogsaa belt den underste del av min Rom- 
baksskifer, og i det hele svarer de stratigrafisk belt t i l  denne serie, 
som dog optil synes at vrnre noget mere grovkrystallinsk utviklet 
mot vest. Den skiferserie som ligger over kalkstenen syd for 
Tornetrask svarer videre t i l  den undre del av Narvikskiferen, og 
naar metamorfosen t ilta r  opad her, er det netop det samme som 
man finder paa norsk side av gransen i den samme serie, t. eks. 
i  Rivtind. Man bar saaledes ved hjeelp av Rombakskalken faat en 
fast forbindelse mellem fjeldkjedeformationerne paa begge; sider av 
riksgransen, og naar man, som nu, kan overse den bele sammen- 
hteng, kan det efter min mening ikke veere nogen tv il om, at alle 
disse sedimenter borer sammen m. h. t. alder. Naar baardskiferen



719

I
ikke destomindre har vaeret henregnet t i l  grundfjeldet og sammen- 
fört med de vertikaltstaaende grundfjeldsskifre i  vinduet selv, saa 
hainger dette i alle fald delvis sammen med de komplicerte byg- 
Mngsforhold i  det kritiske omraade (under Yassitjäkko). Her staar 
nemlig haardskifrene med steile lagstillinger paa en höifjeldsslette 
s°m ellers er bygget av grundfjeld; det kan heller ikke vaere nogen 
fv il om at der er en fortlöpende sammenhreng mellem de vertikalt
staaende skifre paa sletten og de horizontalt liggende oppe i fjeldet, 
hvor de- med sikberhet danner den undre del av fjeldkjedeserien.

har det im idlertid vist sig, at de vertikaltstaaende skifre ikke 
tilhörer grundfjeldet, men at de danner en sbarp og dyp nedfold- 
Ding av fjeldkjedeformationerne i grundfjeldet. Basaldannelserne 
finder man straks öst for Yassijaure Station. Som om naturen 
rigtig har v ille t skape vanskeligheter paa dette kritiske sted, findes 
der ogsaa virkelige grundfj'eldsskif're, rigelig gjennemaaret med 
grundtjeldsgranit, av omtrent samme utseende straks vest for 
Stationen.

Saadanne indfoldninger av fjeldkjedeformationerne ned i  grund
fjeldet er ikke bare almindelige, men synes likefrem at vaere ty- 
piske inden grundfjeldsvinduets omraade. Paa norsk side findes 
hisse indfoldninger overordentlig vakkert blottet og med tydelige 
snit, som viser hvorledes de overalt er adskilt fra grundfjeldet ved 
basaldannelser. Paa vestsiden av Björnfjeilet viser det sig at in- 
foldningen straekker sig idetmindste flere hundrede meter ned under 
den normale grundfjeldsoverflate. Eiendommelig nok er indfold- 
ningerne inverteret sden gale vei», d. v. s. mot vest og ikke mot 
öst, hvad man skulde ha ventet som folge av fjeldseriens oppres- 
ning i  östlig retning.

Haar man betrakter et profil over fjeldkjeden fra den östlige 
g lint ved Tornetraesk og t i l  de störe eruptivmasser i vest, v il man 
se to störe geosynklinaler, nemlig den forholdsvis gründe Torne- 
träsksynklinal i  öst og den meget dypere Ofotensynklinal i  vest. 
Mellem dem ligger den störe antiklinal der dannes av grundfjelds- 
vinduet ved Bombaksbotn—Yassijaure (Torneträskantiklinalen), 
hvor erosionen har formaadd at fjcerne sedimentdsekket og traenge 
ned i underlaget.

Ofotensynklinalen hviler i  vest paa den rode granit av Lödingen- 
typen, og graensen er overalt en injektionsgraense. Der kan mulig- 
vis optraede partier av grundfjeldsgranit inde i  det störe massiv, 
men ihvertfald er den rode Lödingengranit kaledonisk. Kontakten 
ligger her i  vest like under Evenaeskalkens basis, men hvor dette 
kalkstensnivaa dukker op igjen i  öst (ved Herjangseidet), findes

■Bd 44. H . 6 — 7 .] f j e l d k j e d e n s  s t u a t iq r a f i  og  t e k t o n iic .
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ingen store granitomraader, men derimot injektionsgneiser med 
lagerganger av Trondbjemit. Siden altsaa injektionsgneisen lig- 
ger i  Lodingengranitens injektionsnivaa, ligger det overordentlig 
neer at trtekke den slutning, at gneisdannelsen staar i  forbindelse 
med dette forhold. Den store rode Lodingengranit maa antas at kilo 
ut et eller andet sted under Ofotensynklinalen, men den sender gra- 
nitmateriale videre mot ost, som g ir foranledning t i l  den sterkere 
metamorfose. De granitganger man finder i  ost bestaar imidlertid 
ikke av rod mikroklinforende granit, men av bvite plagioklasrike 
graniter (Trondhjemiter), og det ser derfor ogsaa nt til, at der bar 
fundet en tilsvarende magmatisk differentiation sted av disse sidste 
utlopere. E t lignende forbold kan paavises ved Sulitelma, bvor 
de ytterste utlopere av forholdsvis kalirike graniter er Trond
hjemiter. Dette parti av injektionsgneis, som danner den midterste 
del av Narvikskiferen, kommer op av geosynklinalens dyp og fort- 
seetter videre ostover i den horizontale' lagpakke, som dtekker 
Rombaksantiklinalen i  nord. Denne lagpakke frembyr derfor den 
eiendommeligbet, at man dypest nede ved grundfjeldet finder 
den laveste metamorfose. med biotitskifre, mens metamorfosen tilta r 
opover, saa man forst faar granatglimmerskifre og senere feldspat- 
forende gneiser. De G r u b e n m a n n - B e c k e s k e  dybdetrin optrreder 
saaledes her i  den omvendte orden; man kan derfor tale om in 
verse dybde trin . Der er inden den metamorfe lagrmkke ikke 
fundet noget som tyder paa overskyvninger av den sterkere meta
morfe lagrrekke over den svakere metamorfe.

E t lignende faenomen finder man ogsaa hoit oppe i Ofotensynkli
nalen, hvor man oppe i  fjeldtopperne finder injektionsgneis med 
lagergange av Trondhjemit, mens man har de mindre metamorfe 
granatglimmerskifre i  lavere nivaaer. Her Andes ikke nu mere 
noget stort granitomraade, hvormed gneisdannelsen kan ha staat i 
forbindelse, men der er ting som taler for, at der har ligget et 
saadant i  vest, men at dette nu er borteroderet.

Disse begrrensede horizonter med injektionsgneis i  en mindre 
metamorf lagrsekke er vistnok meget almindelige inden fjeldkjeden, 
og det er meget som taler for at de generelt staar i  forbindelse 
med eruptivernes, smrlig graniternes injektionsnivaaer.

Eoruten injektionsbergarter av granitisk materiale spiller som 
bekjendt ogsaa gabbroide bergarter en stor rolle; i  vort profil findes 
de seerlig i ost, hvor den imponerende amfiholitreekke strsekker 
sig fra Abiskoalperne og nordover t i l  Altevandstrakterne (Rokom- 
borre og Kistefjeld). Eontakten mot skiferen under disse amfi- 
bolitmassiver er svsevende t i l  henimot horizontal, og det ser ut t i l
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at der ihvertfald i  visse tilfselde (Rokomborre) har fandet sted hori- 
zontalforskyvninger efter bergarternes krystallisation. Saadanne 
synes dog i  det hele og störe ikke ai ha spillet nogen meget vigtig 
rolle. Men hvorfra er de basiske magmaer kommet, der har place- 
ret sig som amfiboliter längs en saa paafaldende regelmtessig linje?

I  Ofoten—Tornetrsesk-profilet ligger amfiboliterne paa östsiden 
av Tornetrsesksynklinalen, og det vilde ubetinget viere en enkel og 
tiltalende forklaring at tfßnke sig deres arnested i Tornetriesk- 
synklinalens bund. Dette synes imidlertid ikke at viere tilfaeldet. 
Dor det förste er lagbygningen over synklinalens bpnd i det störe 
°g hele saa horizontal og regelmässig, at den ikke synes at tillate 
fioget brudd, hvorigjennem magmaerne künde ha trrengt op. Det 
Parti av synklinalens bund som er diekket av Tornetraesks vand- 
flate er heller ikke mere end 16 h n  bredt. Men desuten har jeg 
Du laenger mot vest fundet amfibolitinjektioner, der kan opfattes 
som amfibolitmassivernes tilförselskanaler. .[ den horizontale lag- 
pakke som hviler paa grundfjeldet nord for Rombaksbotn Ander 
Dian en raekke 20—50—100 m nuegtige amfibolitinjektioner i  ni- 
vaaer like over Rombakskalken eller i  omtrent i  det samme nivaa 
som det hvori amfibolitraekken ved Abiskoalperne er injeceret. De 
er vistnok ikke fulgt i  sammenhaeng med amfibolitmassiverne selv, 
og det er vel tvilsomt om dette idethele lar sig gjöre, men 
deres beliggenhet i lagserien er altfor eiendommelig t i l  at vaere 
nogen tilfmldighet; de er heller ikke bare injeceret i et enkelt 
fjeld men over et större omraade, og deres maegtighet tilta r mot 
öst. A t disse lagerformige injektioner maa viere kommet fra vest, 
synes at vmre ganske klart, saaledes som de ligger i det ubrudte 
sedimentdiekke. Hvor dette nivaa dukker ned i  Ofotensynklinalen 
i  vest, finder man imidlertid bare spor av amfiboliter, idet til-  
förselskanalen synes at viere omtrent heit klappet igjen.

Den gabbroide magma som tils lu t samlet sig t i l  de maegtige am- 
fibolitmasser i öst, synes saaledes at ha vandret en ganske lang 
vei langsmed de sedimentsere skikt; ihvertfald synes magmaen at 
ha sin oprindelse fra Ofotensynklinalen, og det er vel heller ikke 
heit udelukket at den kan viere kommet fra endnu ijiernere ut- 
spring i  vest.

Naar v i nu sammenfatter Ofotenprofilets tektonik, saa maa vi 
anta som det sandsynlige at hele den miegtige sedimentpakke er 
presset östover, mot og utover den faste östlige grundfjeldsplate. 
De virkende kriefter kan dels ha vieret de optrsengende magmaer, 
dels ogsaa en nedfoldning av grundfjeldet t i l  de störe geosyn- 
klinalgröfter, hvorved sedimenternes underlag forkortes. De frem-
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trængende magmaer kan ha virket dels ved »friktionen» under sin 
östlige bevægelse längs skiktflaterne, dels ogsaa ved ôkningen av 
det samlede volum inden de store geosynklinaler. Under denne 
fiytning av sedimentpakken, som ikke egentlig behöver at ha været 
saa overordentlig stor, viser det sig eiendommelig nok at de enkelte 
skaalformige mulder ■ har hat en viss grad av selvstændig bevæ
gelse. Hvor nemlig mulderne har form som en fiat theskaal, ser 
det ut t i l  at disse partier hver for sig kan forholde sig som rela- 
t iv t  resistente, faste plater. En sammentrykning fra siderne 
fremkalder her inversioner, som gaar utad faa muldens centrum t i l  
aile kanter, omtrent som naar inan skyver duken sammen om en 
bok paa et bord. Saaledes kan man f. eks. faa inversioner endog 
mot vest i  Ofotensynklinalen. Eignende forhold igenfindes ogsaa 
ved Baldoaivesynklinalen i Sulitelmafeltet.

Denne pakke av fjeldkjedesedimenter Ander man aldrig autochtoni 
hvilende paa underlaget, hvor dette er blottet. I  grundfjeldsvin- 
duet ved Rombaksbotn—Tornetræsk hviler autochtont paa grund- 
fjeidefc en ganske tynd plate med basaldannelser, aabenbart sva- 
rende t i l  basalkonglomeratet for Hyolithusformationen længer mot 
öst, men istedet for den petrografisk saa vel karakteriserte lag- 
række med avvekslende lerskifre og sandstene i  Hyolithusserien, 
finder man væsentlig en ensformig biotitskifer. Her synes saaledes 
det skjôvne, metamorfe dække at ha skrapt helt ned paa konglo- 
meratet, hvorved de nærmest overliggende avdelinger blev fjærnet, 
hvis da ikke skyveplanet heit fra begyndelsen av blev anlagt i 
et saa lavt nivaa. Konglomeratet selv har derimot i  almindelig- 
het sittet vel fastklæbet t i l  sit underlag.

Længer mot öst, i  glintranden, ligger derimot som bekjendt 
skyveplanet forholdsvis boit over grundljeldsoverflaten, over den 
under- og delvis mellemkambriske serie i  Hyolithuszonen. De 
mylonitiserte masser over skyveplanet synes at være skjælformig 
sammenskjövet efter en type som er almindelig i fjeldkjeders rand- 
gebeter (écaillé, des charriage). Dette dække over skyveplanet er 
overordentlig heterogent sammensat. En væsentlig del bestaar vel 
av skifre og andre sedimenter som kan sammenföres med Rombaks- 
skiferen i  vest i  stratigrafisk henseende; i  disse bergarter findes 
utpressede og isolerte linser av en dolomit, temmelig sikkert sva- 
rende t i l  den aller underste del av Rombakskalken, der er utviklet 
som sammenhængende drag av finkorning, næsten tæt dolomit i 
trakterne omkring den övre del av Salangsdalen osv. Endvidere 
findes lag av blaakvarts, som i  detaljer under mikroskopet og for 
öiet er overordentlig lik  hyolithusseriens sandstenslag, samt des-

[N o v .— D ec. 1922.
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uten alunskifre som ligner denne series ôverste kjendte avdeling. 
Det mest sandsynlige ex’, at disse sidste bergarter tilhôrer 
dele av hyolithusserien, som er avskrapet eller medfort fra vest- 
ligere omraader og sammenhopet i  de ostlige randgebeter. Des- 
uten findes sterkt mylonitiserte eruptivbergarter, blandt hvilke der 
vel nnxligvis kan befinde sig grundf'jeldsbergarter som kan være 
avskrapet eller medrevet fra vestligere omraader. I  nærheten av 
Abisko bar man saaledes et flak av en mylonitiseret granit i haard- 
skiferen, som minder paafaldende orn Vassijauregraniten. Efter 
min mening er det dog sandsynlig, at disse erupüvmyloniter for 
en væsentlig del er av kaledonisk alder, idet man ikke noget sted 
finder nogen rotter ned t i l  grundfjeldet gjennem hyolithuszonen. 
I  den ostlige fleksnr (ost for Abisko) er konglomeratet og hyo
lithuszonen urort og ubrudt, likesom overalt hvor jeg har under- 
sokt forholdene længcr mot nord, og en optrængning av grundfjeld 
synes' derfor at være overordentlig lite t rimelig i  denne zone. 
I  vinduet av grundfjeldsbergarter længer mot vest (Rombaksbotn- 
Vassijaure) er grundfjeldsoverflaten vistnok adskillig foldet og 
tektonisk paavirket, men allikevel synes netop her grundfjeldsgra- 
niten at mangle i  haardskifrene, hvor man fremforalt skulde ha 
ventet dem.

Denne overveiende kambi’osiluriske alder av schollens lag har 
jo ogsaa tidligere været hævdet baade fra svensk og norsk hold; 
for at nævne de senere, saa fremholdt jeg denne opfatning i  et 
foredrag i begyndelsen av 1916 paa grundlag av studier i Tromso 
fylkes grænsetrakter, mens H o l ïe d a iil  konx t i l  samme résultat et 
aar senere for JFinmarkens vedkommende.

Hvad nu denne store horizontalforskyvning av den sedimentære 
lagpakke angaar, bôr endnu et v ik tig  træk omtales noget nærmere, 
nemlig de indfoldede striper av fjeldkjedeskifer i  grundfjeldsvinduet. 
Disse indfoldninger var jo som nævnt inverteret mot vest istedet for 
mot ost, hvad man kunde ha ventet p. g. a. forskyvningen mot ôst. 
Jeg mener imidlertid at det er saa mange generelle grunder som 
taler for en saaden almindelig foi’skyvning mot ost, at man vanske- 
lig  kan komme bort fra at der ligger en realitet i  denne opfatning.

De iagttagelser hvorpaa v i maa bygge vore slutninger er fôl- 
gende: Over basalkonglomeratet i de nedfoldede fliker liviler ikke 
bergarter som kan identifieres med hyolithuszonen, men en tem- 
melig ensformig metamorf biotitskiferserie. Samtidig finder man 
ogsaa ofte kvartsbreccier umiddelbart over basaldannelserne, og 
efter al rimelighet maa det underste skyveplan ha gaat her. Da 
er altsaa ogsaa skyveplanet selv foldet ind, og denne indfoldning
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maa da nödvendigvis ha foregaat efter horizontalforskyvningen. 
E ller iallefald efter den förs te horizontalforskyvning mot öst. Man 
kan altsaa derved adskille to trin  i fjeldkjededannelsen. Det ligger vi- 
dere nær at sette nedfoldningen av sedimentstriperne i  forbindelse 
med opbulningen av det store grundfjeldsvindu.

En saadan opfatning medförer forsaavidt ogsaa en viss lettelse 
for tanken, som man undgaar at maatte forestille sig at den store 
lagpakke först skulde ha bevæget sig op paa toppen av den offl- 
kring 2 000 m  höie grundfjeldsantiklinal for saa at dumpe ned t i l  
2—300 m o. h. paa den anden side igjen.

Maar man betrakter den subkambriske grundfjeldsoverflates for- 
hold t i l  fje ldkjedebevægelserne, kan man idethele adskille to for- 
skjeilige typer av deformation. L;engst i  öst finder man det svagt 
heldende, men forövrig fuldkommen udeformerte og upaavirkede 
peneplan. Her er peneplanet kun böiet ned mot vest i  en svak 
fleksur ander fjeldkjedeformationerne, men grundfjeldet som helhet 
har forholdt sig som en absolut rigid plate, som i sin masse har 
holdt stand mot trykket. I  grundfjeldsantiklinalen har derimot 
grundfjeldet t i l  en viss grad maattet gi efter, dets trykfasthet er 
saa at si overskredet, og det gamie peneplan kan være skarp fol- 
det. Her deltar grundfjeldet i  fjeldkjedebevægelserne, og indgaar 
derfor som et ledd i fjeldkjeden selv.

Het forekommer mig ogsaa at Tornetræskvinduets deformations- 
tektonik kaster lys over andre grundfjeldspartier, der kan opfattes 
som antiklinaler i  fjeldkjeden. Jeg skal her bare minde om Nord- 
vest-tavlens og Bergensbuernes eiendommelige tektonik, der i mangt 
og meget minder om vort antiklinalomraade.

[Nov.— Dec. 1922.

Sulitelmaprofilet.

Efter denne forelöbige oversigt over enkelte trtek av Ofoten-Tor- 
netrieskprofilet skal jeg gaa over t i l  en kort omtale av Sulitelma
profilet. Dette er forsaavidt av viktighet paa grund av de bestem- 
bare fossiler som det har lykkes at finde der. Der var som be- 
kjendt for leenge siden, i  1898, fundet enkrinitstilker i  Sulitelma- 
omraadet av von S c h m a l e n s e e , men disse fossiler var ubestem- 
bare og gav ingen anden oplysning om lagenes alder end at 
de maatte vsere yngre end kambrium. Etpar spredte fund av en
krin itstilker i  svensk lapmarken har heller ikke kunnet gi yderli- 
gere oplysninger. A lle som har beskjeeftiget sig noget nmrmere med 
disse övre fjeldkjedesedimenters alder har imidlertid generelt gaat
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ut fra at man har at gjöre med kambrosiluriske lagriekker, mens den 
undre del(sevegruppen)som bekjendt harvieret regnet tilprekambrium.

Da jeg tok fat paa revisionen av Sulitelmafeltet for etpar 
aar siden, var noget av det som tiltrak  mig mest muligheten av 

finde bestembare fossiler i von Sciimalensees gamle omraade. 
Hermed vilde naturligvis meget vaere vundet, da man jo idethele 
ikke kjender saadanne i metamorfe lagrsekker nord for Trondhjems- 
feltet. Jeg tilbragte tilsammen omkring 10 dage derinde paa fos- 
siljagt, og det lykkedes da ogsaa at finde hvad jeg sökte. Trak
ten derinde er ogsaa ellers meget interessant, idet det.fossilfö- 
tende beite staekker sig like under de störe Sulitelmajökler, höit 
t i l  fjelds og langt fra folk.

Fossilerne er opbevaret i et forholdvis lite t omraade med be- 
mmrkelsvmrdig svak metamorfose; lsengst i  vest har man en metamorf 
Zone med oligoklasgneiser, saa kommer mot öst granatglimmerskifre, 
saa biotitglimmerskifer og klorit-muskovitskifer. 1 den sidste zone 
er der et omraade med ganske finskjaellet klorit-muskovitskifer, 
hvor fossilerne findes. Med et metamorfosekart i  haanden vilde 
man utvilsomt straks ha sökt hen t i l  det rette omraade, og veden 
systeruatisk sökning efter fossiler i  fjeldkjeden vilde et saadant 
kart idethele kunne b li t i l  stör hjmlp. Enkrinitstilker optrseder i 
maengde paa en 10—15 forskellige steder, og endvidere blev der 
fundet cystoideer og endel kolonier av en bryozo. De sidste blev 
fundet sammen med de bedste enkrinitstilker og cystoideerne paa 
norsk side av grcensen, i  fortsiettelsen av von Sciimalensees omraade. 
Fossilerne blev sendt t i l  nogen fremragende specialister, nemlig t i l 
dr. B asslek i  Washington og dr. Batiier ved British Museum. En- 
kriniterne og cystoideerne künde ikke bestemmes, i hvertfald har 
v i faat en forelöbig meddelelse i  den retning, mens derimot bryo- 
zooerne, som jeg ogsaa hadde sat störst haab til, var bestembare. 
Det viste sig efter B asslers bestemmelse — og han uttrykker sig 
med stör sikkerhet — at vaere D ian u lites  pe tropo litana, D ybowski, 
som hörer hjemme i den övre del av underordovicium og i mellem- 
ordovicium, men derimot ikke i overordovicium. Det bör laegges til, 
at D ian u lites  petropo litana, Bänder er et saekkenavn, hvori der efter 
de nyere undersökelser av B assler indgaar en hei del forskjellige 
arter, hvoriblandt ogsaa D ybowskis art av samme navn. Nogen 
mere nöiagtig placering av fossilnivaaet kan man ikke foreta paa 
grundlag av fossilerne, men av generelle grunder skulde jeg vaere 
tilböielig t i l  at anta, at man har med et nivaa i mellemordovicium 
at gjöre, muligens et i  den övre del.

Y i gaar saa over t i l  at se paa Sulitelmafeltets lagrekke og fos-

B d  44. H . 6— 7 .] FJELDKJEDENS STRATIGRAFI OG TEKTONIK.



726 THOROLF VOGT. [N o v .— D ec. 1922.

silnivaaets plads inden denne. Det underste ledd som jeg bar un- 
dersökt her er den mecgtige kalksten ved Fanske (Fauskekalken), 
som av H olmqdist er paralleliseret med kalkstenen ved Pieskijaure 
paa svensk side av greensen (Pieskikalken). Denne parallelisering 
er b lit fu ldt nt bekrseftet ved de senere norske kartleegningsarbei- 
der av K ekstad, som bar fu lg t Fauskekalken op. Saltdalen og 
Junkerdalen t i l  Graddis fjeldstue ved Riksgreensen, mens H olM- 
quist tidligere badde fulgt Pieskikalken t i l  riksgreensen ved Graddis.

Tig. 2. Sulitelmaprofilet. Profllets laengde er 90 km.

I  Sulitelmasynklinalen overleires denne kalksten av en sediment 
serie, hvis övre dele — inden det engere Sulitelmaomraade — er 
undersökt meget omhyggelig av H j. Sjögren, P. J. H olmquist og 
0 . N ordenskjöld. I  det utvidede Sulitelmaomraade kan man hen- 
sigtsmeessig dele denne Sulitelmaserie i  tre bovedavdelninger:

4. Baldoaiveskifrene, överst 
3. Furulundskifrene

■ Snlitelmaskifrene

2. Skjönstaagneis i  vest »Kloritgranulit» i  öst

1 b. Öimeskonglomeratet 
1 a. Fauskekalk i  vest Pieskikalk i öst

Under Fauske-Pieskikalkstenen kommer en skiferserie, som imid- 
lertid er meget lite t blottet paa norsk side, mens den indtar store 
arealer paa svensk side av riksgreensen. Fauskekalkens meegtig- 
het avtar overordentlig stark mot öst, idet den kanske kan smttes 
t i l  omkring 600 m ved Fauske, mens den gaar ned t i l  10 m og 
derunder mellem Pieskijaure og Yirijaure, bvortil jeg bar fulgt 
den. Over Fauskekalken i  vest optreeder der et seerdeles mmgtigt 
kvartskonglomerat med sterkt uttrukne rullestene (Oimeskonglo- 
meratet), mens der ikke er fundet noget belt tilsvarende i  öst.

Derimot optreeder der ved Yirijaure et granitbollekonglomerat,
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mdleiret i  en sandstensavdeling, men dette konglomerat synes at 
Bgge lid t under Pieskikalkstenens nivaa.

Over kalkstenen (og Oinseskonglomeratet) optricder en skiferav- 
deling, som er udviklet i  forskjellig metamorf facies i öst og vest, 
1 det man finder kloritmuskovit-skifre (»kloritgranulit») i  öst, men 
he höimetamorfe oligoklasgneise (Skjönstaagneis) i  vest.

I  »kloritgranuliten» findes kun lokalt karbonatindleiringer (dolo- 
mit), mens Skjönstaagneisen indekolder flere sammenhamgende kalk- 
hrag. Ivommer man endnu lcenger mot vest, utenfor Sulitelmasyn- 
klinalen, b lir disse kalklag endnu msegtigere, likesom de tildels 
lörer sedimentaere jernmalmforekomster (Nteverhaugen). »Klorit- 
granuliten», Skjönstaagneisen og serien ved Nmverhaugen svarer 
alle t i l  H o lm quists  Yensetskifre.

Ved basis av Furulundavdelingen optrmder milde ofte kulhol- 
hige skifre, som förer ganske smale kalkdrag med fossiler. Fossil
horizonten har tidligere veeret henlagt t i l  basis for »Kloritgranuli- 
len», idet man bar taenkt sig at den var kommet i  sin nuvaerende 
stilling over densamme ved en inversion. Det viser sig imidlertid 
Ved mermere undersökelser, at fossilnivaaets plads er normal og 
at det ligger umiddelbart over »kloritgranuliten».

Sammen med fossilerne findes et tufkonglomerat med ensartede 
rullestene av en effusiv bergart, som antagelig har hat basaltisk- 
andesitisk sammensajtning, men som nn er fuldkommen albitiseret. 
Andre steder i  samme nivaa findes sammenhamgende strömme av en 
lignende albitiseret effusiv. Strukturen av disse spiliter er fordet- 
meste meget godt opbevaret, og det kan efter min mening neppe 
betvivles, at der foreligger sikre effusive bergarter.

Yidere op kommer Furulundskifrene, i hvis övre del Sulitelma- 
gabbroen og kisforekomsterne er injeceret, samt herover igjen 
Baldoaiveserien, som sammensaittes av forskjeilige skifre og kalk- 
fy llite r.

I  sammen drag kan man altsaa angi folgende lagrrekke for Suli- 
telma-Saltenomraadet:

Sulitelmaskifer med fossilhorizont ved basis,
Vensetskifer med sedimenteere jernmalme,
Gynmskonglomerat,
Fauskekalk.

Konnektioner mellem Sulitelma og Ofoten.

Det er av viktighet at sammenbinde den ufuldstsendige men 
omtrentlig aldersbestemte lagserie ved Sulitelma med den fuld-
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stsendige serie i Ofotenprofilet. Det viser sig ogsaa at dette lai 
sig gjore med ganske stor sikkerhet, idet de mmgtige kalkstene, 
Fauskekalken i  syd og Eveneeskalken i nord, maa antas at repr® 
sentere samme stratigrafiske horizont. Det er begge kalkstene soffl 
bar en overordentlig stor miegtighed i et centralomraade i vest, 
mens de avtar i  tykkelse ostover. Begge forer partier av dolomB 
samt smale striper av den meget karakteristiske rode Leifsetmar- 
mor, som ikke synes at veere paavist i  andre nivaaer. En ganske 
stor vfEgt maa man tillsegge det forhold, at begge kalkstensavde- 
linger avsluttes opad av et meget msegtigt, om end lokalt u d v ik - 
let konglomerat med kvartsrullestene. Der findes ogsaa en sekviva- 
lent t i l  granitbollekonglomeratet ved Yirijaure under kalkstensho- 
rizonten, idet Eoslie har paavist et lignende konglomerat paa syd' 
siden av Ofotenfjorden under Evemeskalken. Disse konglomerater 
i nmrliggende nivaaer betegner en bsevning av havbunden, som 
allerede a priori maatte ant ages at ba veeret av mere generel re
gional natur. Lmnger syd, paaoen Leka paagrecnsen mellem Nord- 
trondelag og Nordlands fylker findes der saaledes ogsaa et kongl°' 
merat (vaesentlig med gabbrorullestener), som optrrer i  tilknytning 
t i l  en kalksten med striper av Leifsetmarmor, og antagelig repr®' 
senterer dette det samme nivaa.

Endvidere overleires saavel Fauskekalken som Eventeskalken av 
en serie med skifre og kalkstene, som forer sedimenteere jernmalm- 
forekomster. Disse synes at optraede i et centralt parti i  fjeld- 
kjeden, mens de ikke er paavist bvor den samme serie kommer 
frem i  dagen laenger mot ost. Ogsaa de bekjendte jernmalmfore- 
komster ved Dunderland ligger i  nivaa over mcegtige kalkstene 
som svarer t i l  Fauskekalken. Selv om man som tidligere naevnt 
kan finde smaa, udrivvserdige jernmalmforekomster av den samme 
type i lavere nivaaer, synes jernmalmserien at danne en nogen- 
lunde vel defineret serie over Fauske—Eventes-kalkens nivaa.

Y i faar da folgende konnektioner mellem Ofotenprofilets og Suli- 
telmaprofilets lagserier:

[Nov.— Dec. 1922-

Oiotenprofilet

Niingenskifer

Bogenserien

Salitelmaprofilet

Sulitelmaskifrene 
Eossilforende nivaa, effusiver

Vensetskifrene (»Kloritgranulit» etc.)

Evenskj*rkongIomerat Oinaeskonglomerat

Eventeskalk Pauskekalk

Narvikskifer Skifer
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Ofotenprofilot 
Rombakskalksten 
Rombaksskifer 
Skyveplan 
Basalkonglomerat 
Grundfjeld

Det er naturligtvis ikke godt at angi fossilnivaaets plads i  Ofoten- 
profllets lagrække med nogen större grad av nöiagtighet, men jeg 
kkulde anta, som det niest sandsynlige naar man tar alle forhold 
ßied i betraktning, at det b lir i  den övre del av Bogenserien eller 
Diuligens saa höit som ved overgangen rnellem Bogenserien og Niin- 
Senskiferen. Selv denne grænse er ikke altid let at trække inden 
Ofotenprofilets forskjellige omraader, idet den överste kalksten, som i 
et lokalomraade avslutter Bogenserien, kan kile helt ut og forsvinde.

Ihvertfald v il man se, at det under-mellem-ordoviciske fossil- 
aivaa kommer særdeles höit op i lagrækken, og det kan vel 
idethele tat være meget tvilsomt, om de anfürte lagrækker over- 
hodet naar saa höit op som t i l  silur (oversilur eller gotlandium).

Den undre grænse for alderen fremgaar ved samrnenligninger 
tned den östlige fjeldkjedezone og er delvis omtalt tidligere. Tæn- 
ker man sig de metamorfe bergarter over skyveplanet som en i 
det store og hele mot öst forskjövet lagpakke, saa avhænger deres 
aider av skyveplanets beliggenhet i Jagserien. Da man ikke noget 
sted i  vest i Ofotenprofilet har kunnet gjöre forekomsten av un- 
derkambriske sparagmiter sandsynlige, bortfalder forsaavidt her 
spörgsmaalet om virklige overskyvninger av store dimensioner, 
saaledes som man kan finde dem i  andre randgebeter av fjeldkje- 
den. Det store skyveplan over Hyolituszonen ligger i  forskjel
lige nivaaer, fra lavt nede i  underkambrium og t i l  den nederste 
del av mellemkambrium, men som oftest i den sorte mellemkamb- 
riske alunskifer straks over de överste underkambriske lag. Den 
horizontale brist eller avlösningsflate synes med forkjærlighed at 
ha dannet sig i  denne geologisk set saa fortræffelige glidezone med 
sit naturlige grafitförende smurningsmiddel.

I  det mylonitiserte dække findes efter min mening adskillig un- 
derkambrisk materiale, som altsaa forsaavidt ligger i  overskjövet 
stillin g i  forhold t i l  delvis yngre lag i  Hyolituszonen. Men den 
væsentligste del av schollens sedimenter maa være yngre, og det 
ligger da for haanden at anta en mellemkambrisk t i l  overkambrisk 
aider av disse. Fjeldkjedeseriens aider i  Ofotenavsnittet og i  disse 
dele av fjeldkjeden idethele synes derfor at være mellemkambrium,
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Sulitelmaprofilet

Mangler paa norsk side av grænsen.



overkambrium og ordovicium, men neppe gotlandium, derimot i  bst 
delvis ogsaa nnderkambrium.

Konnektioner med andre deler av fjeldkjeden.

Paa basis av de ovenfor anforte resultater skal v i trsekke noge» 
sammenligninger med andre dele av fjeldkjeden i  syd og i  nord-

I  Trondhjemsfeltet har man efter C. W. C a r s t e n s ’ utstrakte un- 
dersokelser to horizonter med effusiver, nemlig en oppe i Hovin- 
gruppen og en lavere, som C arstens  bar kaldt Bymarkgruppen- 
Hvis den ToRNEBOHM-CARSTENske opfatning av tektonikken i  Trond
hjemsfeltet er rig tig , saa skulde Bymarkgruppens effusiver ligge 
i  forboldvis lav ordovicium, kanske omtrent paa grmsnen mel- 
lem underordovicium og mellemordovicium. For en sikker be- 
stemmelse av nivaaet kan gjores maa H e r m a n n s  og G e t z ’s grap- 
to litfund revideres, men denne alder bekraeftes ogsaa av fossilfund 
fra det Centrale Norge. Forsaavidt er det altsaa meget mulig, at 
Sulitelmas effusivhorizont kunde tilhore det samme nivaa som By- 
•markgruppens, men jeg er allikevel nu mere tilbo ie lig  t i l  at anse 
Sulitelmahorizonten for at vaere noget yngre. Det er jo nemli» 
meget naturlig  at sammenfore det store konglomerat over Bymai'k- 
gruppen med Oinaes- og Evenskjaer-konglomeraterne, alle sammen 
de storste konglomerater i sedimentserien og vidnespyrd om bety- 
delige orogenetiske bevsegelser. Herved vilde Sulitelmaeffusiverne 
komme op i  Hovingruppen, bvor der ogsaa er en effusivhorizont. 
Om den im id lertid  er samtidig med denne, la r sig fo r tiden ikke 
avgjore, men det er ikke urimelig at den ligger imellem Trondhjems- 
feltets to effusivhorizonter. Med denne parallelisering skulde alt- 
saa Vensetskifrene og Sulitelmaskifrene svare t i l  Hovingruppen; 
Fauskekalken og Oinaeskonglomeratet vilde svare t i l  Bymarkgrup- 
pen med dens konglomerat, mens de underliggende serier (Narvik- 
skifrene, Rombakskalken og Bombaksskifrene) skulde svare t i l  Ro- 
rosgruppen.

Idet v i gaar over t i l  paralleliseringen med Finmarken, har man 
et forbindende led i  den ostligste fjeldkjedezone, som jeg tidligere 
har undersokt fra Tornetraesk og t i l  grsensen mellem Tromso og 
Finmarken fy lke r og som H oltedahl har undersokt i  Finmarken.

Den overveiende amderkambriske hyolithuszone straekker sig her 
i  samme faciesutvikling og med talrige fossilfund fra Tornetreesk 
t i l  Finmarken og videre ostover t i l  ostsiden av Altenelven. Over 
skyveplanet ved Tornetrsesk ligger der tektonisk isolerte dolomit- 
partier, som jeg sammenforer med den aller underste del av Rom-
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b a kska lke n  lsenger i  v e s t; saadanne p a r t ie r  av d o lo m it Andes 
ogsaa lsenger n o rd o ve r paa Aere steder, og d e t m aa ansees 
fo r  o v e ro rd e n lig  sa n d syn lig , a t denne d o lo m it sva re r t i l  H ol- 
t e d a h l s  P o rsa n g e rd o lo m it, som l ig g e r  un d e r s k y v e p la n e t i  Porsan- 
gerom raade t. H e rve d  fa a r m an a ltsa a  s a m m e n k n y tte t R om baks- 
k a lk e n  med P o rsa n g e rd o lo m ite n , og den unde rlig g e n d e  R om baks- 
s k ife r  sku ld e  da l ig g e  i  Porsangersandstenens n ivaa . D e t fo rekom - 
m er m ig  e adv ide re  m eget n a tu r l ig  a t sam m enfore E ve m e ska lken  
m ed den d o lo m itr ik e  R a ipas , h v is  denne serie  l ig g e r  ove r Porsan- 
ge rse rien  som a n ta t av  H o l t e d a iil . H e rve d  kom m er ogsaa Evenees- 
ko n g lo m e ra te t og B o se ko p kva rts ite n  t i l  a t  in d ta  samme plads i  
la g rre k k e n ; begge disse a vse tn in g e r e r v id n e s p y rd  om hsevninger 
a v  havbunden  over bave ts  n ivaa , om end fo rho ldene  e lle rs  kan 
vsere noge t fo rs k je l lig e ; mens n e m lig  denne h ie v n in g  v a r  ledsaget 
av  fo ld n in g e r i  R a ipas , h a r m an i  b v e r t fa ld  b id t i l  ik k e  fu n d e t 
noge t saadant i  N o rd la n d . De m e tam orfe  sed im en tse rie r over B o 
s e k o p k v a rts ite n  og s k y v e p la n e t sku lde  da svare t i l  serien med de 
sedimenteere je rn m a lm e  (B ogenserien  og V ensetserien) sam t t i l  de 
overste  s k ifre  (S u lite lm a s k ifre n e  og N iin g e n sk ifre n e ). D e t ka n  t i l -  
fo ies, a t der l ig g e r  saavel d o lo m ite r som k a lk s te n e  ove r Bosekop
k v a r ts ite n  i  K vsenangen-V addas-om raade t, og a t de r ogsaa Andes 
et ko n g lo m e ra t b o it  oppe i  den m e tam o ife  la g rm k k e  ved Yaddas. 
F o s s ilb o riz o n te n  ved  S u lite lm a  sku ld e  je g  vsere m est t i lb o ie l ig  t i l  
a t henlregge t i l  de o v re  ka lks te n e  ved  Yaddas, e t g o d t s ty k k e  op 
i  lag rcekken  over B o se ko p kva rts ite n . M a n  v i l  se, a t  denne p a ra l- 
le lis e r in g  b e k rre fte r H o l t e d a h l s  an tage lse r om E in m a rk s fo rm a - 
tio n e rn e s  a ld e r, id e t P o rsange rdo lom iten  b l i r  sa t t i l  O ve rkam b- 
r iu m  (O z a rk ia n ) og R a ip a sse rie n  t i l  U n d e ro rd o v ic iu m  (C anad ian), 
ganske de t samme som H o l t e d a h l  kom  t i l  ved a t sam m enfore E in -  
m a rke n se rie rn e  m ed den foss ilfo rende  H e c la  H o o k  paa B jo rnoen . 
Ogsaa a n ty d n in g e r  om p a ra lle lis e r in g  f r a  E in m a rk e n  m o t syd, 
s m r lig  t i l  T ro n d h je m s fe lte t v in d e r  i  s ty rk e , mens an tage lsen  om 
a t N o rd la n d sd o lo m ite rn e  sku ld e  t i lb o re  la v  o rd o v ic iu m  neppe kan  
siges a t vsere sa n d syn lig , id e t  disse ib v e r t fa ld  synes a t gaa op t i l  
toppen  av m e lle m o rd o v ic iu m  (B ogenserien m ed ka lks tene , d o lo m i
te r  og se d im e n ta re  je rn m a lm e ), mens m an  a n ta g e lig  ogsaa ba r 
d o lo m ite r i  o ve rka m b riu m . N a a r H o l t e d a iil  paa den anden side 
sam m en fo re r R a ipasseriens e ifu s ive r, de r fo rs t b le v  e rk je n d t som 
saadanne. av N . Z e n z é n , med B ym a rkg ru p p e n s  lavae r, saa stem m er 
d e tte  g o d t overens m ed den fo re lig g e n d e  ko n n e k tio n . H v a d  B jo rnoens 
H e c la  H o o k-se rie  angaar, saa b a r H o l t e d a iil  ogsaa p a ra lle lis e re t de 
to  d o lo m its e rie r de r med tils v a re n d e  b e rg a rte r i  S p itsbe rgens H e c la
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H ook. D e t in tre sse rte  m ig  n a tu r l ig v is  m eget a t fa a  k je n d ska p  t i l  
pladsen i  S p itsbe rgen lag rsekken  ogsaa fo r  andre  k a ra k te r is tis k e  
Divaaer, og he r v a r  da s ie rs k ilt  en s to r k o n g lo m e ra tse r ie  og en 
zone med sed im entm re je rn m a lm e  a v  v m rd i i  denne fo rb inde lse . 
^ e d  en fo resporgse l bos A . H oel og W . W e r e n s k io i.d , som h a r 
t° re ta t d e ta lje r te  undersoke lse r ove r S p itsbergens H e c la  H ook, f ik  
l eg  ved e ls k v m rd ig  im b tekom m enhe t fo lgende  o p lysn in g e r. D en  
Underste a v d e lin g  paa S p itsb e rg e n  e r en un d re  k a lk s te n  med do lo- 

som ove rle ire s  av en m m g tig  sk ife rse r ie  m ed g lindsende  fy l -  
^ te r. H e ro ve r fo lg e r en iiv re  k a lk s te n  m ed d o lo m it etc., og i  
H o rnsundom raade t ove rle ires  denne ka rbona tse rie  e fte r a l sandsyn- 
^ g h e t av et m re g tig t ko n g lom e ra t. Y id e re  op i  la g rre kke n  l ig g e r  
efte r  a l s a n d s y n lig b e t en sk ife rse r ie  med k v a r ts ite r ,  en m o rk  k a lk 
sten, sam t en serie med sed im en tic re  je rn fo re k o m s te r  (ved R echerche 
®ay, i  de t n o rd lig e  B e llsundom raade  og paa P r in s  K a r ls  B o rla n d ). 
H e tte  sva re r som m an v i l  se ganske paafa ldende g o d t overens med 
he n o rd landske  p ro f ile r , id e t saavel ko n g lo m e ra te t som de sedim en- 
t * r e  je rn m a lm e  kom m er paa samme p lads i  lagse rien . H v is  H o l t e - 
d a h ls  je vn fo re lse  av B jo rn o en s  T e tra d iu m k a lk  med F o rla n d e ts  
ttiorke k a lk s te n  e r r ig t ig  —  og a t  de l ig n e r  h ve ra n d re  fu ld s tre n d ig  
ha r je g  k u n n e t overbevise m ig  om —  saa sku ld e  der vnere g ra n d  
H i a t opkaste de t sporgsm aal, om de r ik k e  fo re lig g e r en h ia tu s  
paa B jo rn o en  im e lle m  den y n g re  fo ss ilfo re n d e  d o lo m itse rie  (C ana
d ian) og T e tra d iu m k a lk e n  (B la c k  R iv e r) .

N a a r m an s k a l sam m enfa tte  e n ke lth e te rn e  fra  de o ve n fo r om- 
ta lte  p ro f ile r , saa v i l  je g  f i i r s t  i  k o r th e t nrevne, a t den d o lo m it- 
r ike , a m e r ik a n s k -a rk tis k e  se d im e n ta tio n  i  o v e rk a m b riu m  og i  den 
Dedre de l av  o rd o v ic iu m  synes a t streekke s ig  la u g t  nedover i  
H o rd la n d , kanske  ned t i l  den n o rd lig s te  de l av T ro n d b je m s fe lte t (de 
m dre  dele av T ro n d h je m s fjo rd e n  med sine m m g tig e  ka lks te n e ), mens 
denne u d v ik l in g  som b e k je nd t ik k e  findes i  de t cen tra le  T ro n d h je m s- 
fe lt. Paa den anden side m aa m an fremhseve, a t N o rd landssed im en- 
te rne  e r av  t i ld e ls  ganske u tp rsege t g e o s y n k lin a l k a ra k te r , i  d e t spe- 
c ie lt m acgtigheten av k a rb o n a ta v le ir in g e rn e  a v ta r  b e ty d e lig  i  m ajg- 
t ig h e t m o t ost. D e  o ve ro rd e n tlig e  n u e g tig h e te r av  s k ifre  i  ce n tra l- 
om raaderne ty d e r  ogsaa i  h o i g ra d  paa g e o syn k lin a l-se d im e n ta tio n .

E n d v id e re  m aa m an frem hm ve, a t den la n d h re v n in g  som ko n g lo - 
ttie ra tse rien  (th e  T ro n d h je m  d is tu rb a n ce ) e r v id n e s b y rd  om, er av 
la n g t mere gene re l u tb re d e lse  end m an t id l ig e re  b a r h a t k je ndskap  
t i l .  E f te r  det som h id t i l  fo re lig g e r  a v  fo ss ilfu n d , h a r je g  sat 
denne heevning t i l  den und re  del av  m e lle m o rd o v ic iu m , og den sku ld e  
da fo rs a a v id t fa ld e  o m tre n t sammen m ed den avb ryd e lse  i  la g -
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se rien  som R a y m o n d  f in d e r m e llem  under- og m e lle m o rd o v ic iu m  i  
syd ska n d in a v iske  om raader. Im id le r t id  v i l  en re v is io n  av  kjendte 
fo s s ilfu n d  kunne  b r in g e  y d e r lig e re  o p ly s n in g e r fo r  dagen, og ln d tu  
v id e re  m aa d e rfo r denne a ld e r ansees som fo re lö b ig .

D e t m aa ogsaa fremhseves, a t de r findes fle re  ko n g lo m e ra tn iv a a e r 
i  fje ld k je d e se d iin e n te rn e , i  T ro n d h je m s fe lte t over og i  N o rd la n d  
baade over og u n d e r ko ve d n iva a e t.

D e t e r ik k e  u m u lig  a t d e t övre  n iva a  ku n d e  svare o m tre n t t i l  
den h ia tu s  over v o r  etage 4 b som er p a a v is t av  R a y m o n d  og 

J . K liE R .
H v a d  V u lkan ism en  angaar, saa synes den a t ha  v re re t v irk s o m  i  

fle re  a d s k ilte  t id s ru m , f r a  S k id d a v ia n  (d e t gam le  A re n ig )  t i l  
L la n d e ilo  og C aradoc, n a a r m an sa m m e n lig n e r m ed de b r it is k e  
he r. Ogsaa h e r h a r der vseret r ig e l ig  med vu lka n ism e  i  disse tid s - 
ru m , og e fte r de senere undersöke lse r synes m aks im um  a t vrere 
naadd i  L la n d e ilo .

[Nov.— Dec. 1922.

O v e rs ig t  o v e r  f je ld k je d o n s  te k to n ik .

D en lagse rie  som er o m ta lt  i  de t foregaaende, l ig g e r  i  N o rd la n d  
og T rom sö  i  store s y n k l in a le r  og a n t ik l in a le r ,  og d e t v ise r s ig  nu  
a t m an k a n  fo r fo lg e  disse sto re  fje ld k je d e fo ld e r av  fö rs te  orden 
f r a  om raade t i l  om raade. F ra  O fo ten— T o rn e træ s k -p ro file t h a r  je g  
a lle rede  t id lig e re  n æ vn t den ö s tlig e  T o rn e træ s b -s y n k lin a l, T o rne - 
træ s k -a n t ik lin a le n , h v o r  g ru n d fje ld s u n d e rla g e t e r fre m e ro d e re t, og 
den v e s tlig e  O fo te n s y n k lin a l. D enne s idste  h a r  je g  fu lg t  no rdove r 
o m tre n t t i l  egnen ved T rom sö, h v o r L y n g e n g a b b ro e n  er in je ce re t i  
dens ö s tlig e  del, mens m an h a r g ra n ite r  i  vest. R o m b a k s a n tik lin a le n  
fo rs v in d e r m o t n o rd  u n d e r de f la d tlig g e n d e  se d im e n træ kke r og kom - 
m er fö rs t  med ty d e lig h e t t i ls y n e  ig je n  i  K væ nangen og V e s tfm m a rke n , 
h v o r R a ip a s fo rm a tio n e n  er fre m e ro d e re t i  en ræ kke  a d s k ilte  fe lte r  
som er u n d e rsö k t av  H o l t e d a iil  og Z e n zé n  sam t av  fo r fa tte re n . 
T o rn e træ s k s y n k lin a le n s  östside k a n  fö lg e s  hele ve ien  sammenhæn- 
gende t i l  F in m a rk e n , og h e r l ig g e r  A lte n s y n k lin a le n  i  ganske samme 
pos ition  som T o rn e træ s k s y n k lin a le n .

M o t syd  ka n  O fo te n s y n k lin a le n  o m tre n t sam m e n kn y tte s  med 
S u lite lm a s y n k lin a le n , e fte r undersöke lse r a v  S. F o s l ie , Gr. H o lm sev  
og fo r fa tte re n , og v id e re  sydove r ka n  den fö lges paa g ru n d la g  av 
P . J . H o lm q u is t ’s og J . R e k s t a d ’s arbe ide r. I  öst h a r m an e fte r 
A .  H a m b e r g , P . J . H o lm q u is t  og F r . S v e n o n iu s  en særdeles f la d t 
lig g e n d e  s y n k lin a l i  samme p o s itio n  som T o rn e træ s k s y n k lin a le n . 
I  ves t fo r  S u lite lm a s y n k lin a le n  op træ der den s to re  N o rd la n d s -
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Fig 3. Oversigtskart over fjeldkjedens geotektoniske linjer. De tre fjeldkjedcsynkli- 
naler er trukket helt op (I, II og I I I ) .  Antiklinalerne er prikket.
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s y n k lin a l,  som ka n  fo lges e fte r a rb e id e r av J . R e k s t a d , Gr. H o lm sen  
og J . Ox a a l . I  S u lite J m a -S a lte n -p ro file t fre m g a a r fo ro v r ig  hoved- 
treekkene a lle rede  av H o lm quists  p ro file r.

Y i  ka n  a ltsa a  a d s k ille  tre  h o v e d s y n k lin a le r, som passende kan  
ka ldes  den fo r s te ,  a n d e n  og  t r e d ie  f j e l d k je d e s y n k l i n a l ,  regne t 
f r a  ost m o t vest. A vsse tte r m an disse m u ld e lin je r  og sa d e llin - 
je rn e  paa e t k a r t ,  fa a r  m an e t b ille d e  a v  fje ld k je d e n s  s t r n k tu r .

D e t v ise r s ig  nu, a t de r e r en paa fa ldende  lovm Bessighet i  an- 
o rd n in g e n  av de i  fje ld k je d e se rie rn e  in je ce rte  e ru p t iv b e rg a r te r . I  
os t h a r a lle rede  P. Q u b n s e l  frem heevet den regelm tessige anord- 
n in g  av a m fib o litse rie n , og denne fo r ts m tte r  paa samme m aate m ot 
n o rd  f r a  Torne trsesk  in d  i  N o rge . I  n o rd  l ig g e r  a m fib o litm a ss i- 
ve rne  paa osts iden av den fo rs te  f je ld k je d e s y n k lin a l,  mens de synes 
a t  b re  s ig  u t  m o t vest n a a r m an kom m er sydove r m o t S a rjek .

Den anden f je ld k je d e s y n k lin a l e r om raadet fo r  de k is fo re n d e  gab- 
b roe r, de r som rege l e r in je c e re t i  s y n k lin a le n s  o s tlig e  del. H e r b a r 
m an gabb ro fe lte rn e  ved S u lite lm a , B a lla n g e n , L y n g e n , Yaddas osv.

I  den tre d ie  f je ld k je d e s y n k lin a l (N o rd la n d s s y n k lin a le n ), er det 
g ra n ite rn e  som s p il le r  boved ro llen . E f te r  be liggenhe ten  i  lagserien  
ka n  m an a d s k ille  to  b o ve d ty p e r av g ra n ite r ;  en »bundgran it» , b v is  
unders ide  ik k e  er b lo tte t, traeder fre m  i  a n t ik l in a le n  m e lle m  den 
anden og tre d ie  s y n k l in a l og paa sine steder ogsaa vest fo r  den 
sidste. N o rd la n d s s y n k lin a le n  synes id e tb e le  o v e ra lt  a t h v ile  paa 
g ra n it .  E o s lie  h a r an ta t  tils tedevaere lsen av en g ra n d  fje ldsk jse rne  
u n d e r den ka ledon iske  in je k t io n s g ra n it  i  om raadene syd  fo r  O fo ten- 
fjo rd e n , noget som fo rs a a v id t b e k rte fte r m in  antagelse om a n t i-  
k l in a l l in je n s  fo r lo p . Paa den anden side l ig g e r  der ogsaa en serie 
g ra n it fe lte r , b v is  unde rs ide  er b lo tte t, inde  i  N o rd la n d s s y n k lin a le n  
selv. N o rd la n d s s y n k lin a le n s  a v s lu tn in g  m o t n o rd  er av a d s k il i ig  
in te resse ; de t v ise r s ig  n e m lig  a t fo ld n ing sa kse n  h e ld e r m o t syd , 
h vo rve d  dens g ra n itu n d e r la g  b l i r  fre m e ro d e re t i  nord . M an  m aa 
a ltsa a  taenke s ig , a t  N o rd la n d s s y n k lin a le n  g a a r op i  lu f te n  over 
de u h y re  brede g ra n it fe lte r  n o rd  fo r  O fo te n fjo rd e n . S e lv  om g ra - 
n itk o n ta k te n  m o t sed im enterne er en in je k t io n s k o n ta k t, m aa m an 
v is tn o k  fo re ta  en re v is io n  med h e n b lik  paa g ru n d f je ld s p a r t ie r  i  de 
mere cen tra le  dele her. I  O fo te n p ro file t fre m ko m m e r derved  et 
m eget dypere  h o r iz o n ta ls n it  a v  f je ld k je d e n  end m an k a n  faa  i  
s y d lig e re  N o rd la n d s p ro file r , noge t som fo ro v r ig  ogsaa g i r  s ig  
t i lk je n d e  ved  det ops tikkende  v in d u  a v  g ru n d f je ld  ved Torne- 
trsesk.

D e m agm aer som e r trseng t in d  i  fje ld k je d e s e rie rn e  b a r fo r -  
tr in d s v is  v a n d re t e fte r la g fla te rn e . D e tte  er k je n d t f r a  fle re  t id -
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lige re  undersöke lser, og je g  se lv  h a r u n d e rsö k t fo rtre e ffe lig e  eksem- 
p le r herpa.a ved S u lite lm a  og ved Vaddas.

M en h v o r f ra  er saa disse m agm aer kom m et, h vo r h a r de s it  u t-  
sp rin g  i  f je ld k je d e n ?

Bd 44. H . G— 7.] F JELD K JE DENS STRATIGRAFI OG TEKTONIK.

Fig. 4. Kart og profller over gabbroomraadet ved Sulitelma, visende hvorledes injek- 
tionsmassen i  hovedsaken fölger lagfiaterne.

F o r  de ka le d on iske  g ra n ite rs  vedkom m ende synes saken a t v;ere 
fo rh o ld sv is  k la r , id e t  m an med s tö rre  e lle r  m in d re  s a n d syn lig h e t 
kan  henföre  dem t i l  de t store  cen tra lm ass iv , h v o r i L o fo to m ra a d e t 
danner k je rn e n . L o fo tb e rg a rte rn e s  ka ledon iske  k a ra k te r  e r fo r -
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leengst paavist av J . H. L. Y ogt og forfatteren. Lofoten bür da 
sandsynligvis fjeldkjedens störe centralbatolit, hvorfra enorme 
magmamasser er treengt ind i ijeldkjedeserierne. Under Lofoten 
og en tilsvarende vestlig stripe ute i  havet har sandsynligvis det 
störe gjennembrudd i  ijeldkjedegröftens bnnd fundet sted, hvorfra 
magmaerne er strömmet op fra de störe dyp.

D e t ser a ltsa a  u t  t i l ,  a t d e t k u n  er den ö s tlig e  h a lv p a r t  av 
fje ld k je d e n  som er opbeva re t i  S ka n d in a v ie n , mens v i  m a n g le r den 
v e s tlig e  del, svarende t i l  d e t N W :l ig e  S ko tla n d  med s in  vestover 
re ttede  horizon ta lbevege lse .

Eiendommelig s tille r saken sig for gabbrobergarternes vedkom- 
mende. Siden de er bundet zonemeessig saa besternt t i l  hver sin 
fjeldkjedesynklinal, vilde det ubetinget vsere det enkleste at tcenkc 
sig, at der hadde fundet sted et gjennembrudd i  bunden av hver 
av disse. Im id le rtid  har jeg under omtalen av Ofoten—TornetrEesk- 
profilet trukket frem iagttagelser, som synes at maatte tyde paa, 
at amiiboliterne i den fürste ijeldkjedesynklinal er kommet vestfra, 
idetmindste fra den anden synklinal.

D e  k is fö re n d e  gabbroer i  den anden s y n k l in a l  l ig g e r  in je ce re t 
e fte r Jag fla te rne  paa en saadan maate, a t de t bare ved b e tra k tn in g  
av  dem synes n a tu r l ig s t  a t an ta , a t ogsaa de v a r  kom m et fra  
v e s tlig e re  k i ld e r . P e tro g ra fis k  lindes der desuten l ik h e ts p u n k te r  
med L o fo tens  c e n tra lfe lt ;  saaledes h a r je g  p a a v is t ekte  L o fo ts y e - 
n ite r  sammen med gabbro  i  V e s tf in m a rk e n  i  den anden s y n k lin a l.  
S a m m e n lig n in g e r v ide re  m o t syd  (J o tu n h e im e n ) g i r  im id le r t id  en 
a n ty d n in g  om, a t de m aaske kü n d e  ha en m ere lo k a l ro t  i  s in  egen 
s y n k lin a l.

F o r la te r  v i  nu  de n o rd lig e  o m raader og re t te r  b l ik k e t  m o t syd- 
lig e re  dele av  fje ld k je d e n , saa ig e n fin d e r v i  fle re  av de ovenf'or om- 
ta lte  te k to n is k e  hovedtraek. D en fo rs te  s y n k lin a l s v a re r da naer- 
m est t i l  Jä m tla n d so m ra a d e t, mens den fü rs te  a n t ik l in a l  (Tornetreesk- 
a n t ik l in a le n  etc.) bü r sam m enföres med de störe g ru n d f je ld s a n ti-  
k l in a le r  i  riksgraenseströkene m e llem  J e m tla n d  og T ro n d h je m s fe lte t 
(S ylene, M u llf je ld e t ,  O ld e n g ra n ite n  etc.).

D en anden f je ld k je d e s y n k lin a l s ku ld e  saa b l i  a t p a ra lle lis e re  med 
T ro n d h je m s fe lte t. D e t er her e t o v e ro rd e n tlig  paa fa ldende  fo rh o ld  
a t m an h a r de ta lr ig e  k is fö rende  gabbroe r i  T ro n d h je m s fe lte t i  
den samme te k to n iske  p o s itio n  som laenger nord . A v  in te resse  er 
de t ogsaa a t laegge meerke t i l ,  a t m an h a r svenske gabbro ide  
svo ve lk is fo re ko m s te r ne top  h v o r den anden s y n k l in a l n a a r in d  paa 
svensk side av riksgreensen.

D en tre d ie  i je ld k je d e s y n k lin a l ig e n fin d e r m an saa h e it u te  ved
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kys te n  ved H it te re n  og Sm ölen, h v o r ogsaa J .  S c iie t e l ig  h a r p e k t 
paa sam m enham gen m o t nord.

F o rs k je lle n  m e lle m  N o 'rd -N orges og S yd -N o rges  f je ld k je d e r  synes 
i  m a n g t og m eget a t  bero paa, a t m an l ia r  e t saa m eget dypere  
k o r iz o n ta ls n it i  syd . H e rve d  er fje ld k je d e n s  u n d e rla g  b lo t te t  i  la n g t 
s tö rre  u ts tre e k n in g  i  de t s y d lig e  N o rge . H e r k a n  den s to re  N o rd - 
ves ttav le  mevnes. D en b l i r  a n ta g e lig  a t o p fa tte  som en s to r g ru n d - 
f je ld s a n t ik l in a l i  fje ld k je d e n , saaledes som ogsaa de in d fo lde d e  
s ilu rs t r ip e r  v ise r. Og f r a  J o tu n h e im e n  b a r V . M . G o ld s c h m id t  
Ved sine k lass iske  unde rsöke lse r v is t  os e ru p t iv e m  es rö t te r  dypere  
end noget ande t sted. F o rd i m an i  n o rd  h a r e t hö ie re liggende  
k o r iz o n ta ls n it i  f je ld k je d e n , b l i r  g ru n d f je ld s a n tik lin a le rn e  fo r  en 
v te se n tlig  de l dsekket av  fje ld k je d e se d im e n te r og ka ledon iske  e ru p 
t iv e r ,  saa f je ld k je d e n  derved opnaar en t ils y n e la d e n d e  la n g t s tö rre  
bredde. Im id le r t id  m aa m an ogsaa i  syd  o p fa tte  g ru n d f je ld s a n ti
k lin a le rn e  som in te g re re n d e  ie d d  i  fje ld k je d e n , og de a d s k ilte  dele 
fo rb indes  derved t i l  en s tö rre  enhet.

B d  44. H . G— 7 .]  FJELDKJEDENS STRATIGRAFI Oß TEKTONIK.
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Lokal med recenta jättegrytor i Mótala ström.

Av

C a r l  T h. T iiä b e r g

Mótala ström, som genomflyterN orrköpings stad, bildar i  stadens 
céntrala delar fiera märkliga fa ll däribland de s. k. Järnbrofallen. 
V id m itt besök därstädes i  ju l i  manad 1922 var flodbotten för att 
möjliggöra en regiering to ta lt torrlagd. Som flodbottnen uppvisade 
ett stört antal jättegrytor, v ilka vid regleringsarbetet skulle koinina 
a tt bortsprängas, företog jag en okulärbesiktning av platsen, och 
framlägger resultat av densamma här nedan.

J ä t te g ry to rn a , v i lk a s  recenta  b i ld n in g s t id  j u  i  d e tta  f a l l  ä r  pä- 
ta g l ig ,  äro sam lade t i l i  t r e  o lik a  g ru p p e r be lägna u n d e r re sp e k tive  
tre  o lik a  fo rsh u vu d e n . D eras läge  fra m g ä r av  f ig . 1 á v i lk e n  b ild  
även synes a t t  s tröm m en, som ovan fa lle n  h a r en s trö m fä ra  av 
b e ty d l ig  b redd  d a r ä r  sam m andragen t i l i  en sm a l passage i  v i lk e n  
h ä r behand lade jä t te g r y to r  u p p trä d a . Ö ve r de fö rs ta  fa lle n  fra m - 
g ä r tv ä  s ta rk a  s trö m m a r u n d e r d e t a t t  m e lla n  desanim a v a ttn e t 
h a r m ind re  h a s tig h e t beroende pä bo ttnens  jä m t  s lu tta n d e  y ta  och 
frá n v a ro n  av b lo cka n h o p n in g a r. V id  nedre fo rsh u v u d e t, som s tra c 
k e r s ig  över he ia  s trö m fä ra n , h a r k a ra k tä re n  av tvenne  s k ild a  
s trö m m a r ännu  ej h e it  b o rte lim in e ra ts  och un d e r de t a t t  den ena 
o m ede lba rt e fte r  passerandet av fo rs h u v u d e t fra m r in n e r  i  en n t-  
v id g a d  lu g n  s trö m fä ra  g ä r den a n d ra  u p p fy l ld  av s to ra  v i r v la r  
öve r h ä l l  och b lo c k r ik  bo tten .

D en ö s tlig a s te  g ru p p e n  bestä r a v  31 ty d l ig a  jä t te g r y to r ,  de 
s tö rs ta  äro tvenne  t v i l l in g g r y to r  den ena ej m in d re  än 2 .io  
d ju p  och 0 . 6 0  x  0 . 8 0  m i  d ia m e te r m ed s in  ena v ä g g  d e lv is  genom - 
b ru te n , b ild a n d e  en fö rb in d e lse  med den lä g re  lig g a n d e  tv i l l in g e n  
va rs  d ju p  ä r  I .20  m och d iam . O.eo m bägge jä t te g r y  to rn a s  vä g g a r 
äro med v ä x la n d e  m e lla n ru m  b a n d fo rm ig t u rs v a rv a d e  och b o tt-
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Warna s k á lfo rm ig a  och i  o v a n lig t  hog g ra d  fin s lip a d e . A v  o v r ig a  
J á tte g ry to r  i  denna g ru p p  fa s te r m an s ig  s a rs k i lt  v id  sex s tycken  
i  de t na rm aste  l ik a  s to ra  g ry to r ,  som l ig g a  i  en b a lvbáge  pá y t t r e  
kanten a v  den p la tt fo rm s lik n a n d e  h a ll,  i  v i lk e n  ja t te g ry to rn a  fo re - 
kom nia. D eras d ju p  v a x la r  m e lla n  0.5 o och 0.6 o m och d ia m e te rn  
m e lla n  0.25 och O.35 m. B o ttn e n  i  dessa g r y to r  a r  s lip a d  i  e n lig - 
het med va d  fig . 2 u tv is a r . A n le d n in g e n  t i l l  denna nog sa m a rk - 
Hga fo rm  to rd e  v a ra  a t t  n a g ra  s to rre  lopa re  ej fo re k o m m it v id

B d 43. H .  6— 7 .]  LOKAL MED RECENTA JATTEGRYTOR.

Fig. 1. Delvis schematiserad situationsplan a.v jättegrytornas läge i  strümfäran. 
(Streckade lin jer markera forshuvuden, lieldragna tunna lin je r strömmarnas rik tn in - 

gar, öglorna virvelbildningar.)

u rsva rvn in g e n  u ta n  de e rsa tts  a v  sma.sten och sand, v a r fö r  även 
synes ta la  a t t  g ry to rn a s  vä g g a r v isa  en a lld e le s  s lä t c y l in d r is k  
fo rm  u ta n  n á g ra  u rs v a rv n in g a r  e lle r  u tv id g n in g a r  av g ry to rn a s  
Väggar. G ry to rn a s  b rä d d  v is a r  ej nágon s ta rka re  n ö tn in g  á t nágon- 
dera  s idan  och de tta  kan  m ö jlig e n  s tá  i  sam band därm ed a t t  de 
u tb i ld a ts  pá  b o tte n  av  en gemensam s to r u ts v a rv n in g  enär he la  
den p la t t fo rm , á v i lk e n  de ío rekom m a, v is a r  s ig  v a ra  s k á lfo rm ig t 
u rsva rva d , med en y ta  pám innande  om de i  s k ä rg a rd a rn a  nog  sä 
v a n lig a  u rs v a rv n in g a rn a . Ská lens m it tp a r t i  ä r n ä m lig e n  O.30  m 
d ju p a re  än dess k a n te r  och nedan fö r densam m a a n trä ffa s  e tt  s tö rre  
a n ta l svarvade losa  s tena r, som to rde  t jä n s tg jo r t  som löpare . In o m  
denna g ru p p  fö re ko m m e r y t te r l ig a r e  tvenne  s k á lfo rm ig a  u rs l ip -
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svarvad.

ningar den ena av dessa inneslutande tvenne mindre jättegrytor. 
A v  intresse äro vidare ett par tv illing g ry to r med mellanväggen 
to ta lt borteroderad fränsett en lag kam i  bottnen.

D e n  v ä s t l ig a s t be lä gn a  g ru p p e n  av  jä t te g r y to r  äro de lv is  av 
annan t y p  beroende dä rp a  a t t  d r iv k ra f te n  v id  u rs v a rv n in g e n  h ä r 
u tg jo r ts  av b a k v a tte n s v irv la r . M ed a n le d n in g  d ä ra v  är, fra n se t 

de hö g s t l ig g a n d e  g ry to rn a , fo rm en  ova l me 
s trä c k n in g  i  ström m ens lo p p  de lia v a  även en 
b rä d d fo rm  av annan ty p  an de t id ig a re  b e skrivna . 
T i l l  fö l jd  av  v a ttn e ts  re g e lb u n d n a  röre lse  h a i 

o n ä m lig e n  brädden ä t a v r in n in g s s id a n  b l iv i t  s tä rk t
hotten riifgform igt^ur-avslipad e t t  fö rh ä lla n d e  som u n d e r lä tta ts  dä rav  

a t t  jä t te g ry to rn a  l ig g a  te ra s s fo rm ig t. D enna  av- 
s l ip n in g  h a r i  v issa  f a l l  v a r i t  sä s tö r a t t  g ry ta n s  
k a n t ä a v r in n in g s s id a n  l ig g e r  ända t i l i  0 .7 o w* 

d ju p a re  än m otsvarande  k a n t ä a n d ra  s idan. H ä r- 
va rande  g ry to r  ha  ej h e lle r  den fü r  föregäende 
g ru p p e n  sä ty p is k a  c y lin d e r fo rm ig a  väggen. d*3 
s jä lv a  fo rs h u v u d e t fö rekom m er en jä t te g r y ta  av 

Fig. 3. Längdprofll h e lt  a vv ika n d e  ty p , den h a r e t t  d ju p  av  1.50 
genom en i  botten och en d ia m e te r av 0 . 7 o m och ä r  t i l i  e t t  d ju p  
utvidgad jättegryta. a y  p 10 m c y l in d r is k t  u rs v a rv a d  m en v id  näm nda 

d ju p  u tv id g a r  den s ig  b e ty d l ig t  se fig . o, sä a t t  d iam e te rn  torde 
u p pgä  t i l l  o ve r en m ete r, näm nda  u tv id g n in g  i  s id led  to rde  bero 
pä a t t  b e rg g run d e n  i  jä t te g ry ta n s  b o tten  v is a t s ig  m era m otständs- 
k r a f t ig  än om g ivande  b e rg g ru n d  v a r fö r  lö p a rn a  ej fö rm ä tt  a t t  an- 
g r ip a  g ry ta n s  b o tten  men h a r deras a v s lip n in g  i  s ta lle t ko m m ü  
a t t  u tv id g a  s ig  i  s id led . In o m  denna g ru p p  av jä t te g r y to r  fö re 

ko m m e r även en s k ä lfo rm ig  u rs v a rv n in g  [ 
d e t nä rm as te  överensstäm m ande m ed den 1 
föregäende g ru p p  b e sk rivn a . A n ta le t  inom  
g ruppen  observerade jä t te g r y to r  u p p g ä r t i l i  
22 s tycken  d ä ra v  tre n n e  m ed e tt  d ju p  a v  0.7  o 
m och en d ia m e te r va rie ra n d e  m e lla n  0.3 5 och 

0.4 o m.
Den tredje gruppen av jä ttegrytor omfattar 

de, som äro belägna nedanför sista forshuvudet, 
de äro ej sä samlade som de förut beskrivna 

Fig. 4. Vertikalprofil ge- grnpperna, utan förekomma dels omedelbait 
gr^tan™ '  (D^n^ streckade nedanför forshuvudet dels i  en bägformig ut- 
linjen utvisar nrsprnng- sträckning utgäende frän västra stranden t i l i  

liga bergvaOCIcn.) strömmens m itt och begränsat t i l i  det omräde

[N o v .— Dec. 1922-
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da r t id ig a re  om näm nda s tröm  och v irv e lb i ld n in g a r  fra m g â r. A v  
dessa jä t te g ry to r ,  14 t i l l  a n ta le t, ä ro  a lla  överensstäm m ande med i  
lö regaende g ru p p  b e sk rivn a , frâ n s e tt de tv â  lä n g s t trä n  fa l le t  
belägna, som bava  lo d rä ta  v ä g g a r och e tt jä m n t b rä d d a v lo p p  i  ova l 
lo rm , den bo rtre , en d ia m e te r av 0.4o x  O. 70  m och e t t  d ju p  av 
1-40 in, den and ra  en d iam e te r av O.42 X O.40 m och e tt  d ju p  av 
0.6o m In o m  denna g ru p p  fö rekom m er dock en jä t te g r y ta  av  
frä n  de ö v r ig a  a vv ika n de  ty p . D en  to rde  i  v iss  m an ku n n a  be-

Bd 44. H. 6— 7.] LOKAL MED EECENTA JÄTTEGB.YTOR.

Fig. 5. N&gra jattegryter inom den ostliga grnppen.

tecknas som en in v e rte ra d  ja t te g ry ta .  D e n  a r be lagen i  v k s tlig a s te  
vaggen om ede lbart nedan fo r s is ta  fo rsen  och to rde  a tm in s to n d e  t i l l  
s to rs ta  delen hava  u p p s ta tt  t i l l  fo l jd  av re flek te rade  v a tte n s tra la r . 
M a n  kan  m ahanda ta n k a  s ig  tre  o lik a  u tv e c k lin g s s ta d ie r som g iv i t  
a n le d n in g  t i l l  ja t te g ry ta n s  nu va ra n d e  utseende. F o rs ta  s ta d ie t 
to rde  v a ra  u rs v a rv n in g e n  i  bergvSggen, se tig . 4, an ledn ingen  t i l l  
a t t  densamm a u p p s ta tt  fa r  t i l ls k r iv a s  en fra n  fo rsh u vu d e t m o t 

49— 220270. G. F. F. 1922.
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bergvaggen r ik ta d  va tte n ka ska d  u n d e rh ja lp t av med densamma 
kom m ande sand och smásten. V id  ras á fo rs h u v u d e t e lle r  v id  
t id ig a re  s tro m -re g le r in g  h a r denna u rs v a rv n in g  u p p h o rt och i  s ta l 
le t  h a r genom  v irv e lb ild n in g a rn a  en h o r is o n ta lt  lig g a n d e  s k á lfo r- 
m ig  u rs v a rv n in g  av  3. o o m d ia m e te r och e tt  d ju p  i  ce n tru m  av 
0. 7 m u p p s tá tt. D enne s k á lfo rm ig a  u rs v a rv n in g  h a r  señare fy l l t s  
a v  neds to rtande  b ło ck  som h in d ra t dess fb rd ju p a n d e . Á  nam nda 
b lo ckanhopn ing  n e ds tb rtad  va ttenm assa  h a r sedan á te rka s ta ts  m ot 
nedre delen av den i  bergvaggen  fo rekom m ande u rsva rvn in g e n  
v a rv id  u p p s tá tt en v a lk fo rm ig  í 'o rd ju p n in g  va rs  utseende fra m g a i’ 
av  fig . 4.

Á  h a r b e s k r iv n a  lo k a l fo re ko m m e r e tt  y t t e r l ig t  s to r t  a n ta l ja t te -  
g r y to r  i  t id ig a re  u tv e c k lin g s s ta d ie r , lik s o m  rá n n o r och p á s fo rm ig a 
u rs v a rv n in g a r men aro dessa av  den ty p , som v a n lig tv is  u p p tra d e r 
v id  s tr id a re  v a tte n d ra g  som fra m r in n a  ove r be rggrund , och aro ej 
av  nágo t sp e c ie llt in tresse.

[N o v .J—Dec. 1922.
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A note on the relation between Hydrogen ion concentration 
and physical properties of soil.

By

0 .  A r r h e n iu s .

I n  a p rev ious  paper (1) the  in fluence  o f  the  h yd ro g e n  io n  concen
tr a t io n  on th e  p re c ip ita t io n  o f  c la y  has been p o in te d  o u t and was 
exp la ined  b y  the  h yp o th e s is  th a t  th e  c la y  w as an am po ly te . F ro m  
m any p o in ts  o f  v ie w  in  th e  so il science i t  is  o f v e ry  g re a t in 
te re s t to  d iscove r w h e th e r o th e r p h y s ic a l p rope rties  are in fluenced  
in  th e  same w a y .

F o r  th is  purpose the  h y g ro s c o p ic ity , th e  »fineness»1 ( f in le k s ta l)  
and th e  w a te rc a p a c ity  w e re  chosen as ch a ra c te ris tics  o f th e  s o il 
and w ere com pared w it h  the  s e tt lin g ra te  and h e ig h t o f p re c ip ita te d  
co lum n o f th e  c lay-suspens ion  a t v a ry in g  Ph.

T he  expe rim en ts  w ere ca rr ie d  o u t as fo llo w s : 50 g. c la y , sieved 
w ith  V 2 m m . mesh, w ere suspended in  200 cc. w a te r, k e p t in  a 
g la sscy lin d e r, d iffe re n t am ounts o f ac id  and a lk a li  added and th e  
volum es f i l le d  up  to  250 cc. The m ix tu re  w as w e ll shaken and 
le f t  to  se ttle . D u r in g  th e  p re c ip ita tio n  th e  h e ig h t o f th e  co lum n 
o f se ttled  c la y -p a rtic le s  and th a t o f the  supe rna ten t c le a r l iq u id  
Were m easured a t severa l in te rv a ls .

F o r  m easu ring  the  a c id ity  o f the  system  some cc. o f  the  c lear 
l iq u id  w ere taken  o u t and th e  P h m easured c o lo r im e tr ic a lly .

I n  o rde r to  a llo w  the  m ost s ta b iliz e d , suspensions to  se ttle , th e  
p re c ip ita t io n  was co n tin u e d  fo r  1 V 2 m onths. A f t e r  th is  the  c lear 
su p e rn a ta n t l iq u id  w as c a re fu lly  decanted and the  res t, th e  th ic k , 
je l l i f ie d  mass was pou re d  on a fu n n e l.

1 »Fineness means the viscosity of a clay holding 10 ’/. water and stirred to 
constant consistence as measured by the impression formed by a cone of certain 
angle and weight, fa lling  from a height when the point of the cone touches the level 
surface of the clay sample.
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A  p a r t  o f  th is  h a l fd r y  mass w as th e n  taken  fo r  th e  finenesstes , 
w h ich  w as c a rr ie d  o u t a cco rd ing  to  the  p re sc rip tio n s  g ive n  b y  t  
G eo techn ica l C om m ission  o f G ove rn m e n t R a ilro a d s . (4)

T h e  mass was th e n  a llo w e d  to  d ry  a t ro o m tem pe ra tu re  and, 
w hen  d ry ,  w as pow dered b y  gen tle  pressure w ith  a piece o f rubber.

T he  h y g ro s c o p ic ity  was m easured in  th e  u su a l w a y , (3) th e  c ia j 
re a ch in g  cons tan t w e ig h t in  a w acuum dess ica to r over 7.5 % H 2»U 4 
and  a fte rw a rd s  d ry in g  a t 110° C.

T h e  exac t m easurem ent o f th e  w a te rc a p a c ity  is  s t i l l  an unsolvei 
p rob lem , b u t th e  m ethod  here described has m a n y  advantages. The 
m ethod has p re v io u s ly  been used b y  Pettijohn (5) w hen  t r y in g  t °  
de te rm ine  th e  to ta l surface o f  sand and g lasspearls . I t  is  as io  - 
low s. A  w e ighed  p o rt io n  o f so il is  m o is tened  in  a fla s k  b y  w a te r 
fro m  a b u re tt. T he  fla sk  is  c o n tin u o u s ly  shaken and th e n  th e  soi 
is  baked in to  lu m p s . W h e n  there  is  no m ore loose d u s ty  so il the 
e x p e rim e n t is  ended, and  th e  a m o u n t o f  w a te r  added read  on the 
b u re t t .  T he  w a te r  is  th e n  ca lcu la ted  pe r g. d r y  substance. T h t 
fo l lo w in g  ta b le  w i l l  g iv e  an idea o f ho w  w e ll  th e  m ethod  w o rks  

(T a b . 1.)

Tab. I.
The watercapacity method.

Amont of soil used g................................... 5.48 6.85 12.59
Water added  .............................................. 1.85 1.70 3.10 ^
Percentage of water /  . . ........................  24.8 24.8 24.7 24.9

Mean 24.8 +  0.05 + Hygroscopic water 6.2 % =  31 +  0.05

T o rep resent d ry  w e ig h t th e re  is  ta ke n  fo r  the  purpose o f these 
e xp e rim en ts  th e  w e ig h t o f th e  substance d rie d  a t 110 G.

F o r  a c id ify in g , s u lp h u r ic  and o x a lic  ac id  w ere used, fo r  a lk a l i '  
n iz in g , C a (O H )2 and N a O H . T ab . 2— 4.

The re s u lts  o f these in v e s tig a tio n s  are seen fro m  th e  above 
ta b le . T h e  curves also rep resent these re su lts . F ig .  I  g ives  the  
H 2S 0 4— C a (0 H )2 tre a te d  c la y , I I  th a t  tre a te d  w ith  o x a lic  ac id  or 
N a O H  and f in a l ly  I I I  is  a n o th e r c la y  tre a te d  w i t h  N a O H  o r

Tab. I I .
H 2SP4 — Ca(OH)2—Series.

P H ............................ 1.5 3.5 4.2 4.7 4.9 5.0 5.4 6.1 6.8 7.5 8.0 9.1 10.0
Hight of Column . . 38.1 32.7 35.3 36.1 32.5 29.9 23.7 22.1 20.1 20.0 22.9 31.2 33.0

Relative settl. rate . 68 61 63 65 50 10 6 1 0.1 0.1 1.1 50 75
F in e n e s s ................ 44-4 42.2 46.6 52.7 43.4 42.9 34.5 33.0 31.4 31.3 31.6 44.1 45.9
Hygroscopicity . . 3.25 3.53 3.50 3.14 3.70 3.72 3.80 3.85 3.91 3.95 3.50 3.36 3.30
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Tab. I I I .
Oxalic acid.—NaOH—Series.

P f l .................... 2.5 3.8 5.0 5.8 6.0 6.5 6.6 6.7 6.8 7.0 7.5 8.5 10 12
Height of column 28.4 29.0 25.7 24.6 24.1 21.8 20.6 20.2 20.1 18.6 18.0 20.9 23.7 24.4

Relative settl.
rate . . . .  50 50 30 10 6 1 0 .1  0.1 0 .1  0.06 0 .0 6  0 .1  0 .1  0.1

Fineness . . . 36'7 37.0 35.7 34.7 34.2 33.8 32.0 31.5 31.4 30.4 29.2 25.7 27.9 33.1
Uygrosoopicity 3.40 3.S7 3.51 3.53 3.60 3.65 3.70 3.78 3.95 4.3 4.3 3.90 3.55 3.50

Pig. I. Different physical properties of a clay when treated w ith  H2S04 or Ca(OH)2 as 
influenceal by the reaction.

Rs =  settlingrate in cm per hour 
P =  fineness 
He =  height of column 
W h  =  watercapacity

Tab. IV .
H 2 S04—NaOH—Series.

PH . 2-5 3.0 3.8 4.2 4.4 4.5 4.7 4.9 5.0 6.1 6.9 7.2 7.7 7.9 8.6 9.5 ] 

Hygro-
8COpi-
city . 5.70 6.15 5.99 5.83 5.54 5.72 5.76 5.79 5.78 5.97 6.08 6.08 6.30 6.36 6.56 0.94
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H 2S 0 4 e sp e c ia lly  ta ke n  w ith  s m a lle r in te rv a ls  in  o rd e r to  g ive  a 
c lea re r idea o f  the  h y g ro s c o p ic ity  in  th e  c r i t ic a l  range P h  5— 3.

I t  is  e a s ily  seen fro m  th e  figu res  th a t  the  s e tt lin g  ra te , the 
h e ig h t o f th e  c lay -co lum n , and the  fineness, fo l lo w  each o ther, so 
th a t  a h ig h  fineness, s e tt lin g ra te  and co lum n  are reached a t h ig h  
a lk a l in i t y  and a c id ity  and a t th e  iso e le c tr ic  p o in t. T he  h yg ro -

[Nov.— Dec. 1922.

Fig. I I .  The same clay treated w ith oxalic acid and NaOH.

s
^ ----

10 9 8 7 6 5 ^ 5  2 PH

Fig. I I I .  The change in hygroscopicity of another clay when treated w ith 
H2S04 and NaOH.

s c o p ic ity  on th e  o th e r hand is  lo w  a t these p o in ts , and h ig h  w hen 
th e  c la y  is  m ore s ta b iliz e d . T he  w a te rc a p a c ity  is  n o t p lo tte d  here 
o r the  re s u lts  g ive n  in  th e  ta b le  as i t  is  in v a ria b le , w ith in  th e  
l im its  o f e rro r, a t 31 +  0.5 even i f  the  re a c tio n  has been v e ry  m uch 
changed.

These re s u lts  w i l l  have a g re a t in fluence  on o u r conception  o f 
th e  m echan ica l a n a lys is  o f  so ils ; w h ich e ve r m ethod  one uses, the
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reaction, and c e r ta in ly  o th e r c o n d itio n s  too, p la y  g re a t ro le . A  
measurement, o f  th e  h y g ro s c o p ic ity , the  fineness o r the  s e tt lin g ra te  
o n ly  g ives  a ce rta in  p h a s e  o f the  c la y  w h ic h  m ay be changed 
when ch a n g in g  th e  reac tion . A ls o  fro m  the  p o in t o f v ie w  o f the  
p la n t-p h y s io lo g is t th e  observa tions m ade here w i l l  be o f im portance. 
A cco rd in g  to  B r ig g s  (2) the  »nonavailable» w a te r s tands in  a ce r
ta in  p ro p o rtio n  to  th a t  h y g ro s c o p ic a lly  fixed . H e re  has been show n 
th a t the  h y g ro s c o p ic ity  o f a c la y  m ay v a ry  fro m  3.3 to  4.3 depend
ing  on the  tre a tm e n t and th e  reac tion . T h is  means a v a r ia t io n  
o f 1 ^  and  a v a r ia t io n  o f abou t 3 % in  the  n o n a v a ila b le  w a te r. 
T h a t is , b o th  so ils  tre a te d  w i t h  the  same ( lo w ) a m oun t o f w a te r  
W ill n o t g iv e  the  same crop because the  p la n t cannot u t i l iz e  as m uch 
W ater in  th e  one as in  th e  o ther. C a lcu la ted  in  ra in , 3 % o f a 
soil, counted to  30 cm. de p th , w i l l  be abou t 0.9 cc pe r cm2, equal 
to  9 m m . ra in .

I n  th is  pape r i t  has been show n th a t  the  h y g ro s c o p ic ity  and 
fineness as w e ll as the  s e tt lin g ra te  a t d iffe re n t reac tions  su p p o rt 
the  hypo thes is  th a t  th e  c la y  is  an a m p h o ly te . B o th  as a ffe c tin g  
the so il science and  p la n tp h y s io lo g y  these re su lts  w i l l  be o f in 

terest.
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En leptitisk sandstensartad arkos pA stortjärnsAsen 
i Woxna socken.

Av

H a r r y  v o n  E c k e r m a n n .

C irk a  tre  m i l  söder om Loos k y rk o b y  i  H ä ls in g la n d  och. pä 
W o x n a  ä lvens v ä s tra  s tra n d  u t i  W o x n a  socken s tra cke r s ig  i  nord- 
n o rd v ä s t lig  r ik tn in g  en s k a rp ry g g a d  sm al bergäs, som e fte r den

Fig. 1. Omrädet k rin g  Stortjärnsäsen.

o m ede lba rt v a s te r därom  belägna l i l i a  s jön S to r t jä rn  b ä r n a m n e t  

S to rtjä rn s ä s e n  (fig . 1).
Äsen uppbygges h u v u d s a k lig e n  av en m ik r o k l in r ik  röd  p e m a tit is k  

g n e js g ra n it , i  v l lk e n  a n trä ffa s  b ro tts ty c k e n  av  den om g ivande
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g rä  g rana tgne jsen . T a ck  va re  gne jsg ran itens  s tö rre  m o ts tánds- 
k ra f t  h a r den u tfo rm a ts  t i l i  en c:a 50 m hög  e rosionsrest över 
gne js te rrängen .

^ id  e tt besök pä bergäsen fö r l id e t  á r  i  sam band med m in  pägä- 
ende k a r te r in g  av L o o s -fä lte ts  b e rg g run d , observerade ja g  pä  äsens 
norra  d e l i  en svacka pä äs ryggen  en lju s rö d , ta t, le p t i t is k  be rg 
e t ,  som ja g  da an tog  u tg ö ra  en m y lo n it is e ra d  de l av  den röda 
gne jsg ran iten . V id  u n d e rsö kn in g  av e tt  s lip p ro v  be fanns den- 
sannna e m e lle r t id  n ä rm a s t u p p v isa  en k la s t is k  a rk o s lik n a n d e  s t r u k 
tu r  med s tö rre  ska rp ka n ta d e  k ö rn  av k v a rts , m ik ro k l in  bch p la g io - 
k las  i  en fin a re  grundm assa  av h u vu d sa k lig e n  rena  k v a r ts k o rn  (fig . 2).

Fig. 2. Arkos-leptit, kors.nik., 20 ggr. förstoring.

Ä ve n  om m änga av  kö rnen  ty d lig e n  v a r i t  u ts a tta  fö r  m e ka n isk  
päve rkan , d. v. s. u p p v isa  k ro ssn in g ssp ric ko r, sä synas dessa upp- 
kom na e fte r  de t kö rn e n  in ta g i t  s in  p la ts  i  be rga rten , ocb sä lunda  
ej h ä rleda  s ig  f r  an en m y lo n it is e r in g  av  angränsande g n e js -g ra n it. 
B e rg a rte n  synes m ig  d ä rfö r s a n n o lik t va ra  en le p t i t is k t  ta t ,  n ä g o t 
pressad, sandstensartad  arkos.

F ö r  a t t  b ä r fö re lig g e r  e t t  s i l i f ic ie ra t v i t t r in g s g ru s  ta la r  även 
de t fö rh ä lla n d e t, a t t  p la g io k la se n  i  a rk o s le p tite n  d e lv is  ä r  a v  en 
h e it annan k a ra k tä r  än den, som f'ö rekom m er i  g n e jsg ra n ite n , i 
det den u p p v is a r g ra n o fy r is k a  ocb m y rm e k it is k a  u tb ild n in g s fo rm e r, 
v i lk a  ja g  icke  k u n n a t ä te r fin n a  i  de s lip p ro v ,„s o m  ta g its  f rä n  
gne jsg ra n ite n .



752 HARRY VON ECKERMANN.

N edanstäende tvenne  a n a lyse r av  b e rga rten  hava  u tfö rts , den 
fö rs ta  av  pro fessor J . P e tren  ä s jä lv a  b o tte n s k ik te t, den senare av 
fö r fa t ta re n  ä s tu f f  frä n  ö v e ry ta n . D en a k tu e lla  m ine ra lsam m an- 
s ä ttn in g e n  b a r ja g  i  bägge fa lle n  bes täm t g e o m e trisk t.

[Nov.— Deo. 1922.

\

Fig. 3. Skiss av Stortjärnsäsens norra del.

A v  a n a lyse rn a  fra m g ä r hu rusom  fä lts p a th a lte n  t i l l t a g e r  m o t 
u n d e rla g e t, ävensom h u ru  p la g io k la se n  k v a n t i t a t iv t  d o m in e ra r i  
bägge fa lle n .

J a g  b a r v id  e t t  senare besök i  ä r  ä fy n d p la ts e n  u p p r i ta t  den i  
fig . 3 ä te rg iv n a  schem atiska  Sektionen ocb e k v id is ta n s k a rta n  över 
S to rtjä rnsäsens n o rra  ände. Som d ä ra v  fra m g ä r  begränsas arkos- 
le p t i te n  ö s te ru t av  en fö rk a s tn in g s s k ö l, som de lv is  synes fö l ja  en



B d  44. H . 6 — 7 .]  EN LEPTITISK SANDSTENSARTAD ARKOS. 753

I. I I .

Analys. A k tu e ll mineral- 
sammansättniDg. Analys. A k tu e ll mineral- 

sammansättning.

S i02 . . . 78.28 % M ik ro k lin  . 22 % 83.19 % M ik ro k lin  . . 16 %
T io2 . . . 0.06 » Plagioklas . 33 % 0.03 * Plagioklas . 22 %

A)2o3 • • • 11.27 > Kvarts . . .  15 % 8.31 » Kvarts  . . .  62 %

i \ O s - • • 0.00 » 100 % ej best. 100 *

FeO . . . 1.79 > 1.52 %

MnO . . . O.oo > ej best.

CaO . . . 0.62 > 0.58 % *

% 0  . . . 0.22 » ej best.

Na20  . . . 2.96 » 1.92 %

K 20  . . . 3.88 » 2.79 »

H 20  . . . 0.00 » o.io  »

H20  . . . 0'15 > 0.41 »

99.23 % 98.85 %

Fig. 4. Stortjärnsäsens norra ände. Förkastningsskölen fö lje r berget t i l l  höger v id  
spaden, leptiten synes v id  hammaren t i l i  vänster.

s tä rk t  pressad g rönstensgäng  (s a n n o lik t p r im ä r t  en la m p ro fy r  ao 
d io r it is k  k a ra k tä r )  och som in n e s lu te r m y lo n it is e ra d e  b ro tts ty c k e n  
av sävä l g n e jsg ra n ite n  som arkosen (f ig . 4).
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Ä  den nedsänkta  v ä s tra  delen av bergäsen, v i lk e n  s tu p a r sva g t 
söderut, v i la r  a rko s le p tite n  d ire k t ä g n e js g ra n ite n  öve r v i lk e n  den 
u t k i la r  vä s te ru t i  en s k a rp t bestäm bar g räns  (f ig . 5).

I  den m o t fö rka s tn in g sskö le n  s lu tta n d e  svackan  tra d e r  le p tite n s  
m ed u n d e rla g e t p a ra lle l la  b a n k n in g  t y d l ig t  i  dagen (f ig . 6).

A  svackans norra krön k ila r arkos-leptiten även nt, och gne js 
graniten är dar blottlagd ända fram t i l i  förkastningen. Söderut

[N o v — Dec. 1922.

Fig. 5. Arkos-leptitens gräns, markerad av hammaren, spaden och den ljusa
lin jen  i  f on den.

fö rs v in n e r le p tite n  un d e r m orän, men da den c:a 50 m lä n g re  b o rt 
saknas ä den änyo b lo tta d e  lä g re  lig g a n d e  b e rg y ta n , ä r  den san- 
n o l ik t  bo rte ro d e ra d  redan o m ede lba rt u ta n fö r  den skyddande  fö r- 
ka s tn in g sb ra n te n , säsom j'ag ocksä a n ty t t  ä ka rtsk isse n .

A rk o s - le p tite n  ä S tortj'ä rnsäsens n o rd v ä s tra  k rö n  m a rk e ra r  a llts a  
tro lig e n  e tt  g a m m a lt denuda tionsp lan , som U rsp ru n g lig e n  le g a t
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l ik a  m ycke r ove r d e t nuva rande  be rgskrone t (181 m ô. h .) som fô r- 
kastn ingens sp rânghô jd . A t t  dom a av den jâ m fo re ls e v is  lâ g a  g ra 
ven av  m y lo n it is e r in g  la n g s  fô rka s tn in g ssko le n , synes m ig  denna 
td jd  icke  ku n n a  hava v a r i t  avsevâ rt stor.

H u ru v id a  denna la n d y ta  u tg jo r t  u n d e rla g e t t i l l  L o o s fâ lte ts  sedi- 
D ientserier, n â rm a s t dess k v a r ts ite r , e lle r  t i l l  D a la-sandstenen, 
to rde  m ed n u  b e fin tl ig a  d a ta  icke  k u n n a  med sakerhe t bestam m as.

F o r  de t fo rs tn a m n d a  a lte rn a tiv e ts  bedôm ande saknas ânnu  i  hôg 
g rad  jâ m fô ra n d e  observa tions- och s tu ffm a te ria l. D ock  la g g e r m an

Bd 44. H . 6— 7.] e n  l e p t it is k  s a n d s t e n s a r t a d  a r k o s .

redan  n u  m a rk ę  t i l l  den om y n g re  a id e r v it tn a n d e  fu l lk o m lig a  
fr is k b e te n  hos a rko s le p tite n s  k a lifa lts p a t, avensom t i l l  den obe tyd - 
l ig a  try ckm e ta m o rfo se n  ja m fo rd  m ed Loos-be rga rte rnas  s ta rk a  fo r -  
s k i f f r in g  och g lim m e rb ild n in g .

I  d e t and ra  fa l le t  á te r, h a r  ja g  v id  genom gáng av s a m tlig a  t i l l -  
g a n g lig a  s lip p ro v  av D a la -sandsten  i  S veriges G eo log iska  under- 
sokn ings  och egna s a m lin g a r fu n n it  en v iss  overensstam m else i  
m in e ra lsa m m a n sa ttn in g e n , s a rs k ilt  i  s lip p ro v  ta g n a  na ra  sandstens- 
fo rm a tio n e n s  lig g a n d e . Gem ensam a r sá lunda  en ganska  r i k l ig  
m o t l ig g a n d e t t i l l ta g a n d e  fa l ts p a th a lt  med op igm en te rad  m ik ro k l in  
och p ig m e n te ra d  p la g io k la s , avensom  im p lik a t io n s s tru k tu re r  i  a t- 
s k i l l ig a  p la g io  k la s k o m . D a re m o t v isa  s ja lv a  s tu ffe rn a  med fa

Fig. 6. Arkos-leptitens bankning p a ra lle llt med underlaget.



u n d a n ta g  m a k ro sko p isk t en b e ty d l ig t  g rö v re  te x tu r  hos sandstenen 
än hos a rk o s - le p tite n .

Ä v e n  om a llts ä  in g e n  bestäm d s lu tsa ts  om a ld e rn  av denuda
tio n sp la n e t pä  S to rtjä rn sä se n  fö r  n ä rva rande  k a n  dragas, v i l l  ja g  
dock pä  g ru n d  av fö re lig g a n d e  m a te r ia l u t ta la  en fö rm odan, a t t  
detsam m a snara re  u tg ö r  u n d e rla g e t fö r  D a la -sandstenen  än fö r 
L o o s -s k iffra rn a , och s a n n o lik t ä r  av  p re ja tn lis k  e lle r p re jo tn is k  

a ide r.
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The alkali-spinel o f the Mansjo Mt.

by

H arry von E ckermann.

Bibliography: 1. v. Eckermann, H. The Rocks and Contact M inerals o f the Mansjo 
Mt. Geologiska Foreningens Forhandlingar, Vol. 44, pp. 203— 410. 
1922.

2. Dana, I .  E. A  System of Mineralogy.
3. F lin k , G-. B idrag t i l l  Sveriges Mineralogi. A rk iv  f. Kem i, Mine- 

ralogi och Geologi Bd. 5. No. 10.

A m o n g  the  c o n ta c t-m in e ra ls  o f th e  lim estone  depos it a t M ansjo  
M t. in  the  p ro v in ce  o f H a ls in g la n d  in  N o rth e rn  Sweden, th e  a u th o r 
has p re v io u s ly  described (1. p. 346) a b la ck ish  green sp ine l, w h ic h  
occurs in  s h a rp ly  bounded octahedrons, and w h ic h  was p roved  b y  
m ic ro -chem ica l tests ( K 2Cu P b (N 0 2)6 and N a C 2H 30 2U 0 2(C 2H 30 2)2 
-p re c ip ita tio n s ) to  co n ta in  a lka lie s .

A  com ple te  q u a n t ita t iv e  a n a lys is  has now  been ca rr ie d  o u t a t 
th e  p r iv a te  la b o ra to ry  o f  th e  a u th o r w ith  th e  k in d  assistance o f 
M r. Gr. H a g lu n d , C hem ica l E n g in e e r, and is  g ive n  b e lo w  ( I ) :

I la I I I l l
% % %

SiO „ . . . . . . 0.94 1.56 3.1 5 —

a i 2o 3 . . . . . 57.80 56.55 57.20 67.o i
Ee„03 . . . . . 3.04 1.90 ---  ' 2.17
FeO . . . 13.34 20.51 8.55
MgO . . . . . . 24.76 61.40 18.24 21.97
CaO . . . 00o

1.50 — ' —
Na„0 . . 2.20 — —
KoO . . . 1.39 — —
H„0 . . • — — —
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1. S p in e l fro m  the  lim estone  o f th e  M ans jo  M t. A n a l.  G. H ag- 
lu n d  and H . v . E cke rm ann .

Ia . M o le c u la r p ro p o rtion s  o f I .
I I .  C e y lo n ite  fro m  C eylon  (2. p. 222).

I I I .  G reen -b lack  sp ine l fro m  F ra n k lin ,  N . Y . (2. p. 222).
T h e  s a m p lin g  o f the  m in e ra l ana lysed  was ca rr ie d  o u t w ith  the  

u tm o s t care, o n ly  pure , p e rfe c t ly  c ry s ta ll iz e d  sp in e l c ry s ta ls  be ing 
selected, and th e  g ro u n d  m in e ra l pow der sub jected to  inspection  
u n d e r th e  m icroscope. A s  an e x tra  p recau tion , th e  sam ple  was 
w ashed w ith  d ilu te d  h y d ro c h lo r ic  ac id  before a n a lys in g .

T he  h ig h  percentage o f a lka lie s , the re fo re , canno t p o ss ib ly  he 
traced  to  an im p u re  sample, b u t cons titu tes  a ch a ra c te ris tic  com
ponen t p a r t  o f th e  M ans jo  sp ine l. T h is  is  fu r th e r  con firm ed b y  a 
check ing  a n a lys is  ca rr ie d  o u t b y  M r. G . H a g lu n d  w ith  a neW 
sam ple, w h ic h  gave th e  fo l lo w in g  va lues :

N a 20  =  1 .4 2  %

K , 0  =  1 . 3 2  %

N o t c o u n tin g  the  a lka lie s , the  com pos ition  o f the  sp ine l agrees 
in  a liim in a  w ith  th e  ce y lo n ite  ( I I  above) and in  iro n  and  m ag
nesia w ith  th e  F ra n k lin -s p in e l ( I I I  above).

U s in g  the  o rd in a ry  sp in e l-fo rm u la , and assum ing th a t  the  lim e  
occurs as s ilica te , the  com position  o f th e  m in e ra l m a y  be g iven  
sch e m a tica lly  as fo llo w s :

A lte rn a t iv e  I  A lte rn a t iv e  I I

HARRY VON ECKERMANN. [N o v .— D e c . 1922.

M gO  • (A lF e ) .,0 3 . . . . 84.7 % (F e M g )O  • (A lF e )20 3 . . 89.o *

C aS iO , .................. C a S i0 3 ............................ 1.7 *

( F e M g ) O .................. . . 10.9 » M g O ................................ 6.6 »

( N a l v ) „ 0 .................. ( N a K ) „ 0 ....................... . 2.7 »

100.o % lOO.o fi

A n  e x p la n a tio n  o f  th e  h ig h  percentage o f a lk a lie s  m a y  poss ib ly  
be fo u n d  b y  cons ide ring  th e  genesis o f th e  m in e ra l in  question. I  
have p re v io u s ly  show n (1. p. 334), how  th e  sp in e l o f th e  M ansjo  
lim e s to n e  has been fo rm ed  b y  th e  a d d it io n  o f m agnesia, s im u l
ta n e o u s ly  w ith  th e  decom position  o f p h lo go p ite , acco rd ing  to  the  
re a c tio n :

2 [ ( K H ) 2A lM g ,S i,0 11F ]  +  lO M g F ,  +  6 H 20 = 3 ( M g 4S i,0 s ■ M g F ,)  +
P h lo g o p ite  C hondrod ite

+  M g A l20 4 +  1 6 (H K )F  
S p ine l
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The a lk a lie s  th e re b y  released are, consequently , in  p a r t  re ta in e d  
by  the  sp ine l.

The excess o f m agnesia  above th e  re g u la r  s p in e l- fo rm u la  m a y  
be accounted fo r  in  connection  w ith  the  a d d it io n  a f  m agnesia  fro m  
the p e g m a tit ic  M ans jô  g n e iss -g ra n ite , in  w h ic h  ins tance  th e  sche
m a tic  fo rm u la  I I  p ro b a b ly  corresponds to  th e  a c tu a l com position  
be tte r th a n  fo rm u la  nu m b e r I .

The re fra c tio n  and  specific  w e ig h t o f the  a lk a li-s p in e l have p re-
v io u s ly  (1. p. 346) been de te rm ined  b y  th e  a u th o r as be ing

n Na =  1 - 720  
sp. W t ( ls.) =  3 - 6 8 3

T he  size o f th e  c rys ta ls , as a ru le , does n o t exceed 0 . 2  mm.

I  ta k e  th e  o p p o r t u n it y  h e re  o f  c o rr e c t in g  a  f e w  e rro rs  a n d  m is p r in ts ,  w h ic h  m y  
ab o v e  m e n t io n e d  p a p e r  (1 )  h a v e  b e en  fo u n d  to  c o n ta in .

O n  p a g e  2G 3 a n d  i n  th e  e r r a ta  p a g e  4 1 0 ,  th e re  is  d iscu ssed  a n  a l le g e d  d if fe re n c e

p lo t te d  b y  N . M a g n u s s o n  (G . F .  F .  V o l.  4 0 . 1 9 1 8 , p . 6 0 1 ) .  D r  G. A m in o f f  has  
k i n d ly  d r a w n  m y  a t t e n t io n  to  th e  fa c t ,  t h a t  I  h a v e  o v e r lo o k e d  M a g n u s s o n ’s h a v in g  
c o n tr a r y  to  o r d in a r y  p r a c t ic e  d r a w n  th e  c u rv e  w i t h  d e c re a s in g  a n g le -v a lu e s  a lo n g  th e  
o rd in a ta , —  so t h a t ,  c o n s e q u e n t ly  m y  d e te r m in a t io n s  c o n firm  h is  c o m p a r a t iv e  s u m 
m a r y  o f  e a r l ie r  o b s e rv a tio n s .

D r .  A m in o f f  h a s  a ls o  p o in te d  o u t  t h a t  th e  d iffe re n c e s  b e tw e e n  s e v e ra l a x ia l  a n g le s  
o b s erve d  a n d  c a lc u la te d  a re  c o n s id e r a b ly  d im in is h e d  i f  t h e  o r ig in a l  f o r m u la

I  h a v e  th e re fo r e  r e c a lc u la te d  th e  s a id  a n g le s , w h ic h  a re  n o w  g iv e n  b e lo w  to g e th e r  
'v i t h  th e  m is p r in t s :

p . 2 2 4  1. 3 8  a n d  p . 2 2 6  1. 1  » : 2 V  =  ( — )8 5 °0 4 ' ( r e c a lc u la te d )  a n d  o m it  f r o m  » i. e.»
to  > in  q u e s tio n »

b e tw e e n  th e  a x ia l  a n g le  v a lu e s  o f  f a y a l i t e  as  fo u n d  b y  m e  a n d  th e  a x ia l  a n g le  c u rv e

a n d  n o t th e  a b re v ia te d  a p p r o x im a t io n

p . 2 1 4  1. 1 7  a n d  2 9 ,  
p . 2 2 0  1. 3 1

ro a d : q u a n t i t a t iv e  
» : q u a n t i t a t iv e

p . 2 2 7  1. 2 4  
p . 2 4 1  1. 2 8  
p . 2 4 3  1. 3 3  
P- 2 4 7  1. 2 2  
p . 2 4 9  1. 4

» : a lm a n d ite
» : N iO  =  0 .0 5
> : 2  y na ( C a l)  =  ( — ) 8 3  4 7 ' ( r e c a lc u la te d )
» : C a r s t e n s

> : p >  «

5 0 — 220270. G. F. F. 1922.
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p. 250 1. 13 
p. 252 .1. 16 
p. 259 1. 26 
p. 261 1. 4 
p. 274 1. 27 
p. 277 1. 5 
p. 302 1. 25 
p. 315 1. 17 
p. 317 1. 23 
p. 320 1. 26 
p. 327 1. 37 
p. 334 1. 6 
p. 347 1. 11 
p. 349 1. 20 
p. 353 1. 39 
p. 357 1, 7

p. 358 1. 30, 31 
p. 362 1. 3 
p. 377 1. 33 
p. 380 1. 38 
p. 381 1. 27 
p. 394 1. 32 
p. 399 1. 4 
p. 399 1. 16 
p. 402 1. 13

read: Cakstens 
» Cakstens 
» : p e g m a t i t i e
> : 2  V n a  =  5 6 °1 8 ' ( r e c a lc u la te d )  2  V n a  =  5 5 M 6 '
» = 2  E  =  6 2 °
» : l a  m a g n e t i te  a  c r is ta l l is é e  
» : IV
> : O m i t  f r o m  » w it h *  to  » a g re e m e n t»
» : 2  E  =  4 0 ’
» : h a v e  b e en  o b s e rv e d  s e c o n d a r ily  
» : M ic r o c l in e  
» : 3  M g F e S i20 8 
» : m a g m a
» : 2  V sso =  -  7 7 t’0 5 '
» : a n y  la rg e  p ro p o r t io n s  o f  a lu m in a
» : w h e n  d is c u s s in g  th e  d io p s id e s  c o n ta in in g  f lu o r in e ,  I  h a v e  o v e r

lo o k e d  th e  b lu e  p y ro x e n e  f r o m  L â n g b a n s h y t t a n ,  d e s c r ib e d  b y  
F u n k  (3 . p . 2 0 2 ).

» : 2  V n a  (O b s ) =  —  4 1 °5 1 ' 2  V n a  (Cal) =  —  4 2 ° 3 4 ' (recalculated) 
» : ([3— a)na  (O b s ) =  0.0057 ((3 — a ) na (Cal) =  0.0051 
» : p >  v
» : 2 6 °2 5 ' 2 6 ‘3 4 ' 2 7 °3 0 ' 2 5 °5 2 '
» : Fe20 3
» : w i t h  th e  c o n t in u e d  p e n e tr a t io n
> : J Ig O — S i 0 2 m e lt in g - d ia g r a m  
» : S e d i m e n t a r y
> : S to c k h o lm  1 8 2 0 .
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I t  is well known that the central Swedish ore-deposits are as a 
title connected w ith a certain characteristic geological formation,

p o rp h y r it ic  com position .
T he  D annem ora  ore deposits  fo rm  no excep tion  to  th is  ru le . 

T h e y  are s itu a te d  in  th e  p ro v in ce  o f U p p la n d , 100 k ilo m e tre s  
n o rth  o f S to ckh o lm , ins ide  a le p t ite -d is tr ic t ,  w h ic h  has a p p ro x im a 
te ly  a N o r th — S o u th  extension , w ith  a w id th  v a ry in g  betw een 
0-5 k m  and 10 k m  and  h a v in g  ra m if ic a t io n s  eas tw ards  as w e ll  as 
W estwards. T he  le n g th  o f  th e  le p tite  b e lt is  abou t 45 k m  and i ts  
area 150 square k ilo m e tre s .

Since v e ry  rem o te  tim es th is  d is t r ic t  has been o f g re a t im p o r- 
| tance fo r  the  m in in g  a c t iv it ie s  in  Sweden, and i t  is  m a n y  years  

since Swedish and fo re ig n  sc ien tis ts  began to  occupy them selves 
w ith  g e o log ica l p rob lem s in  th e  D annem ora  reg ion . A b o u t the  
m idd le  o f la s t c e n tu ry  A . E r d m a n n  p u b lish e d  a d e ta ile d  geo log ica l 
d e sc rip tio n  o f the  m ines, and in  1878 A .  E . T ôr n ebo h m  com pleted 
d is  e xa m in a tio n  o f  D annem ora, w h ic h  re s u lte d  in  a g e o log ica l a tlas  
and descrip tion .

Introduction.

v iz. the  so-called le p tite s  (a lso named g ra n u lite  o r h a lle f lin ta ) , 
a q u a rtz -fe ls p a r rock , p e tro g ra p h ic a lly  m ost o ften  o f a q u a rtz -
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I n  1893 and '1895 0 .  N o r d e n s k jo ld  p u b lis h e d  h is  im p o r ta n t essays 
on th e  S w ed ish  h a lle f lin ta s , and  D annem ora  w as also sub jec t to  
h is  s tu d y  fro m  a g e n e tica l p o in t-o f-v ie w  (B u ll.  Geol. In s t ,  o f 
U psa la , V o l.  I ,  1893 and Gf. F . F . B d  17. 1895).

In  1910 H j . Sjo g ren  p u b lish e d  a s h o rt d e sc rip tio n  o f th e  geo logy  
o f th e  D a n nem ora  re g io n  as g u ide  fo r  th e  e xcu rs io n  o f the  In te r 
n a tio n a l G eo log ica l Congress (L iv re s -g u id e s  des E x cu rs io n s  n :r  27).

G . T . L in d r o t h  (S. Gr. U . A rs b o k  1915) p u b lis h e d  »Geologiska 
och p e tro g ra fis k a  s tu d ie r in o m  den ja rn m a lm s fo ra n d e  fo rm a tio n e n  
o m k r in g  R a m ha ll» , conce rn ing  a g ro u p  o f m ines in  th e  n e ig h b o u r
hood o f  D annem ora , w h ic h  essay also con ta ins  num erous observa
tio n s  o f in te re s t re la t iv e  to  the  D annem ora  prob lem s.

T he  same a u th o r in  Ja n . 1919 p u b lish e d  in  G . F . F . »Om g i'a ‘ 
natens n a tu r  u t i  de m e llansvenska  m a lm fy n d ig h e te rn a s  s k a rn b ild - 
n ingar» , an essay d e a lin g  w i t h  th e  g a rn e t in  th e  »skarn» o r g a n g u e 
u s u a lly  accom pany ing  th e  S w ed ish  ore deposits. T h is  p a m p h le t 
is  also o f in te re s t fo r  th e  D a nnem ora  e xa m in a tio n s .

R e g a rd in g  the  p resen t w o rk  i t  w as th o u g h t th a t  a chemical
s tu d y  o f c e rta in  fe a tu re s  w it h in  the  le p t ite  fo rm a tio n  m ig h t th ro w  
some m ore l ig h t  on th e  severa l p rob lem s in  hand.

T o  M iss N a im a  Sahlbom, Ph. D . is  due a th a n k fu l  a p p re c ia tio n  
o f he r u su a l care in  execu ting  the  chem ica l ana lyses pub lished  

here below.

Petrographical and Chemical Description of the Rocks.

T h e  p o r p h y r i t ic  H a l le f l in ta .

B y  fa r  th e  g re a te r mass o f h a l le f l in ta  o r le p t i te  a t  D annem ora 
be longs to  a dense p o rp h y r it ic  ty p e . T h is  has in  i t s e l f  b y  no 
means a u n ifo rm  appearance, b u t m a y  v a ry  m uch, s p e c ia lly  in  
c o lo u r and in  q u a n t i ty  and q u a l ity  o f phenocrys ts .

I t  seems th a t  th e  m ost com m on v a r ie ty  o f h a lle f l in ta  a t the  
D a n nem ora  m ines is  th e  g re y  p o rp h y r it ic  k in d , w h ic h  con ta ins  
m a c ro sco p ica lly  v is ib le  phenocrys ts  o f q u a rtz . I n  the  v ic in i t y  ot 
th e  ore-bodies th is  h a lle f l in ta  is  o fte n  o f a d a rk e r g re y  to  n e a r ly  
b la c k  co lou r.

T he  o u tw a rd  appearance o f th e  h a l le f l in ta  is  th a t  o f a p o rp h y 
r i t i c  ro c k  w ith  a d a rk -g re y , dense groundm ass o f concho ida l f l in t y  
fra c tu re . The  phenocrys ts  are here composed o f q u a r tz  and th e  
la rg e s t are u s u a lly  n o t more th a n  1 m m  in  d ia rn .; th e  q u a rtz
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appears as dark, semi-transparent, shining, rounded patches in the 
dense groundmass.

Under the microscope a slide of this rock shows, in a groundmass 
°f minute felspar (n <  Canada-balsam) and quartz particles of most 
irregular size and contour, numerous phenocrysts of quartz of very 
different size, whicli show jagged contours and undulose extinction. 
As a rule these phenocrysts consist of one rounded or somewhat 
polygonal individual, not infrequently they contain inclusions of 
numerous small crystals of quartz or hakes of muscovite.

Large crystals of felspar are not present in this rock, hut it  is 
Well known that such may appear in other localities in the mines.

There is a fa ir amount of muscovite, hiotite, and chlorite in the 
groundmass. Magnetite is fa ir ly  abundant (see analysis). One may 
also find scattered here and there a uniaxial highly di-chroitic 
mineral showing absorbation colours between brownish-violet and 
darkblue. This is tourmaline; its occurrance may be explained by 
the presence of the granite not far away.

Miss N aima Sahlbom has undertaken a chemical analyses of this 
rock. The résultat is given in Tab. I.

B d  44. H .  G— 7 .] PETROGrltAPHICAL AND CHEMICAL OBSERVATIONS.

Talt. I .

Quartz-studded HBIleilmta from the Central Field. 30 metres from Orucrs
shaft.

% Mol. prop. Mol. % Norm

S iO „................................ . . . .  73.24 121.46 80.3 Qu =  51.87

T iO „................................ 0.15 0.1 Or =  21.76

A o 3 ............................ . . . .  12.75 12.48 8.3 Ab =  4.16

Pe20 3 ............................ . . . .  2.98 1.87 — An =  1.70

F e O ............................... . . . .  3.14 4.37 5.4 Cor =  7.34

H n O ............................... . . . .  0.1 G 0.23 0.1 -2’ sal. =  86.83

M gO ................................ . . . .  1.41 3.50 2.3 MgSi03 =  3.52

C aO ............................... . . . .  0.34 0.61 0.4 (Fe, Mn) S i03 =  3.41

Na20 ............................ 0.79 0.5 Magn. =  4.34

K „ 0 ............................... 3.90 2.6 Ilm . =  0.23

P A ............................... . . . .  0.04 0.03 — Ap. =  0.09

H,O(105°)........................ — — -1' fem. =  11.59

99.53 — 109.00

American System: 1:: 2: 1: 2 — Subrang 2 of D arg ase .

Osaxn’s System:
s A C F a C f  n

80.4 3.1 0.4 7.8 5.5 0.7 13.8 1.6
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T h e  chem ica l a n a ly s is  in d ica te s  as th e  m icroscope has a lre a d y  
p roved  a h ig h ly  ac id  rock , r ic h  in  free  q u a rtz . I t  has the  compo
s it io n  o f a q u a rtz  p o rp h y ry  (see R osenbusch: E le m e n te  del' Cre- 
s te in s le h re , 1910 page 316, ana l. N :o  1). W e  no tice  th a t  in  t y p i ca  ̂
rocks  o f th is  k in d  K .,0  is m ost o fte n  th e  d o m in a n t a lk a li.  T ^ e 
con ten ts  o f  w a te r is  p ro b a b ly  o f  secondary n a tu re  and ind ica tes  
m uscov ite , c h lo r ite  and  m a y  be k a o lin ite . The la t te r  canno t h o w 
ever be fo u n d  u n d e r th e  m icroscope.

The  s tr u c tu ra l im p re ss io n  o f  th e  s lides is  th a t  o f a tuffogenous 
ro ck , and th is  conc lus ion  is s treng thened  b y  com parison w ith  o the r 
ty p ic a l  tu f f i t ic  rocks. T he  m anner o f d is t r ib u t io n  o f th e  m in e ra ls  
shows w h a t m a y  be te rm e d  a ch a o tica l d is o rd e r, '

T h e  s t r ip e d  H a l le f l in ta  o f  D a n n e m o ra .

W h e re a s  th e  p o rp h y r it ic  h a l le f l in ta  occupies the  m a jo r p a r t  of 
th e  d is t r ic t  and in  a sense encloses a lm o s t c o m p le te ly  th e  l im e 
stone and o the r h a lle f iin ta s , the  la t te r ,  v iz . th e  com pact and s t r ip 
ed v a rie tie s , fo rm  as a m a tte r  o f  fa c t o n ly  a lo ca l deve lopm en t 
o r phase o f a v e ry  l im ite d  area nea r th e  lim es tone .

The  best k n o w n  o f these lo ca l rocks is  the  s t r ip e d  h a l l e f l i n t a ,  
w h ic h  is  s p e c ia lly  w e ll deve loped in  th e  N o rth e rn  F ie ld . T h is  
handsom e ro c k  is  w e ll k n o w n  fro m  p e tro g ra p h ic a l co lle c tio n s  and 
m useum s; i t  is  d is tin g u is h e d  b y  w id e r  o r n a rro w e r seams o f d iffe 
re n t co lours. These m a y  be b la c k  and w h ite ;  d a rk  g re y  and l ig h t  
g re y ; red  and b la c k  o r green and b lack. M o s t fre q u e n t is  the  
d a rk  g re y  and l ig h t  g re y  v a r ie ty .  The  s tra t if ic a t io n  m a y  be re 
g u la r ly  a lte rn a t in g ; o r the re  m a y  be ir re g u la r it ie s ,  r a m ify in g  etc. 
Som etim es th e  s tr ipes  are s tra ig h t ,  som etim es ben t and cu rve d  in  
a fa n ta s tic  m anner, show ing  sn a ke -like  loops and curves. P a r t  o f 
one specimen m a y  have f a i r ly  s tra ig h t seams, th e  o the r p a r t  has 
s tr ip e s  o f w a v e lik e  c u rv a tu re .

Som etim es the  d a rk  s tr ip e s  seem to  be q u ite  b ro ke n  up  in  s m a ll 
fra g m e n ts ; m ost o f these ir re g u la r it ie s  and fr a c tu r in g  are p ro b a b ly  
the  re s u lt  o f e a r ly  lo c a l d is tu rb a n c ie s , lo ca l m e ta m o rp h ism  and 
pressure.

T h e  'd a rk  s tr ip e s  are m o s tly  s h a rp ly  defined and show  u p  d i 
s t in c t ly  a g a in s t th e  l ig h t  ones; b u t n o t in f re q u e n t ly  th e re  is  a 
c e rta in  »shading-offs, m a k in g  th e  s tr ipes  pass in to  each o th e r a l
m ost im p e rc e p tib ly .

A  m icroscop ic  e x a m in a tio n  o f  th e  s tr ip e d  h a l le f l in ta  revea ls  th e  
fo l lo w in g  fa c ts :
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1) T he  l ig h t-c o lo u re d  s tr ip e s :
The m a in  mass consists o f v e ry  m in u te  p a rtic le s  o f q u a rtz  and

fe lsp a r o f ir re g u la r  s ize and  con tou r. F a i r ly  e ve n ly  d is tr ib u te d  
th ro u g h o u t th e  mass are a n um be r o f agg lom era tes  o f s m a ll c ry 
s ta ls  o f ra th e r  h ig h  re fr in g e n ce  b u t lo w  b ire fr in g e n ce ; these w ere  
found  to  be zo is ite . H e re  and th e re  are s m a ll and la rg e  g ra in s  
o f ca lc ite  (see a n a lys is ). T he re  are no la rg e  fra g m e n ts  o f q u a rtz

2) The d a rk -co lo u re d  s tr ip e s :
These presen t an aspect q u ite  d iffe re n t to  the  above. U s in g  

f irs t  a lo w  m a g n ific a tio n , one sees banded zones o f d a rk e r and 
l ig h te r  g re y : fo r  exam ple one zone s l ig h t ly  shaded b y  v e ry  s m a ll 
d a rk  fra g m e n ts  w h ic h  g e t m ore and m ore fre q u e n t in  a ce rta in  d ire c 
t io n  u n t i l  th e  w h o le  zone is  s tro n g ly  shaded b y  th e m ; then  begins 
a new  s tr ip e  co n s is tin g  o f a l ig h t  co loured  groundm ass in te r 
spersed b y  d a rk  p a rtic le s  m uch  la rg e r  th a n  in  th e  above m en tioned  
zone. U s in g  a h ig h e r  m a g n ifica tio n  i t  is  re a lize d  th a t  the  d a rk  
pa rtic le s  consist o f agg lom era tes o f z o is ite  c ry s ta ls .

The groundm ass consists as in  1) o f m in u te  p a rt ic le s  o f fe lspa r, 
b u t s m a ll q u a rtz  fragm en ts , n o t id iom orphous , o f  vague o u tlin e  are 
also frequen t. T h is  w as n o t th e  case in  th e  lig h t-c o lo u re d  sam ple 
(see also a n a lys is  T a b le  I I I ) .  Specks and flakes o f m uscov ite  are 
com m on th ro u g h o u t the  mass (see po tass ium  in  a n a ly s is ) b u t i f  
th e re  is  also b io t ite  i t  occurs in  so m in u te  p a rt ic le s  as n o t to  be 
seen in  the  m icroscope. A  fu r th e r  d ifference fro m  th e  l ig h t  co
lo u re d  s tr ip e s  is the  n o t in fre q u e n t presence o f ra th e r  la rg e  b u t 
m acroscop ica lly  in v is ib le  phenocrys ts  o f  q u a rtz  o f i r r e g u la r ly  
rounded  con tour. These have a v e ry  crushed  appearance, sh ow ing  
undu lose e x t in c t io n  and m a n y  fissures and  cracks. G ra in s  o f 
m a g n e tite  and v e ry  l i t t l e  ca lc ite  is  a lso v is ib le  u n d e r th e  m ic ro 

scope.
The z o is ite  agg lom era tes  are n a tu r a lly  o f secondary n a tu re  and 

owe th e ir  o r ig in  to  c ry s ta ls  o f p la g io c la se  in  th e  u n a lte re d  ro c k  
w h ic h  has p ro b a b ly  been a tu ffaceous sed im en t w ith  fra g m e n ta l 
c ry s ta ls  o f fe ls p a r and a l i t t l e  q u a rtz .

The fo l lo w in g  ana lyses o f s tr ip e d  h a lle f l in ta  have been exe
cu ted by M iss N a im a  Saulbom .

T he  specimens w e re : one o f a v e ry  l ig h t  g re y is h  p in k  s tr ip e  
a lm ost w h ite  co lour, th e  o th e r o f a v e ry  d a rk  g re y  s tr ip e . T he  
sam ples o r ig in a te  fro m  th e  N o r t h e r n  f i e l d  o f  D a n n e m o r a :

Bd 44. I I .  6— 7.] RETROGRAPIIICAL AND CHEMICAL OBSERVATIONS.
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Tab. I I .
Liffht stripe in Hiilleflintn.

% Mol. Prop. Mol. % Norm
Si02 ........................ . . . . 73.68 122.19 79.8 Q = 35.08
Ti02 ........................ 0.15 0.1 Or = 36.84
A1A  ..................... . . . . 12.67 12.40 8.1 Ab = 10.94
*A 0 3 .............................. 1.23 — An =7 10.38 J
F e O ........................ . . . . — — 1.6 A'sal. = 93.24
M nO ........................ . . . . O.oo — —

M g O ........................ . . . . 0.39 0.97 0.6 Fe SiO, = 1.28
C a O ........................ 6.28 4.1 MgSi03 = 0.97
Na20 ........................ . . . . 1.29 2.08 1.4 CaSi03 = 2.97
K20 .............................. . . . . 6.22 6.60 4.3 Ilm. = 0.23
P A ........................ . . . . — — — Haem. = 0.91
c o „ ........................... — — •A fem. = 6.36
H,0 (105°)................. — —

100.01 lOO.oo

American System: 1:3:3: 2 =  Snbrang 2 of Riesenase.

O s a n n ’s System:

s A C F a c f n
79.9 5 7 4.1 2.2 9.5 6.8 3.7 2.5

T he  percentage o f fe rro u s  oxide  has n o t been de te rm ined , b u t 
in  the  co lum n  fo r  m o l. % the  to ta l con ten ts  o f iro n  ox id e  have been 
c a lcu la te d  as FeO .

I n  th e  analyses th e  l ig h t  g re y  s tr ip e  is  som ew ha t r ic h e r  in  
a lu m in a , lim e  and a lk a l i  (bo th  K 20  and N a .,0 ) th a n  th e  d a rk  one. 
I t  is  h a rd  to  e x p la in  here the  d a rk e r co lo u r except b y  tw o  rea 
sons: The loss a t ig n it io n , w h ic h  is zero in  Tab . I I  and 0.44 in
Tab. I l l ;  th is  m a y  in d ic a te  presence o f carbon. A  te s t fo r  th is  
e lem ent has n o t been made, b u t we k n o w  fro m  H olmquist’s w o rk  
(A rch e a n  G eo logy, G. F . F . 32) th a t  carbon is  b y  no means ra re  in  
h a lle f lin ta s  o f  d a rk  co lo u r (see H olmquist’s a n a ly s is  N o . 6 =  1.46 %  C 
and N o. 14: 1.36 %. T h e  o th e r reason m a y  be preponderance o f 
m agnesia, re v e a lin g  perhaps presence o f b io t ite  m in u te ly  d ispersed 
as d a rk e n in g  p ig m e n t.

R e g a rd in g  th e  n a tu re  o f the  d iffe rence  betw een th e  d a rk  and 
l ig h t  s tr ipes  w e  f in d  in  th e  l i te ra tu re  a g re a t d iv e rs ity  o f  op in ions .

T ornebohm (B e s k r iv n in g  t i l l  ge o log isk  a tla s  o ve r D a nnem ora  
g ru v o r , S to ckh o lm  1878) g ive s  the  reason as v a r ia t io n  o f  a c e rta in
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Tab. I I I .
Dark stripe in Hiillefliiita.

% Mol. Prop Mol. % Norm
Si02 .................... ................76.85 127.44 82.3 Qu =  44.28
T i0 2 ................ 0.09 0.11 0.1 Or =  35.451

A> A .................... ................11.39 11.15 7.2 Ab =  4.16/=  50.85

pe20 :1.................... ................ 1.81 1.13 — An =  11.241

k e O .................... ................ — — 1.6 2  sal. =  95.13

M n O .................... ................ 0.09 0.13 0.1 '

M g O .................... ................ 1.04 2.58 1.6 MgSi03 =  2.58

C a O .................... ................  2.26 4.03 2.6 MnSiOj =  0.17
N a ,0 .................... ................ 0.49 0.79 0.5 Haem. =  1.72

K 20 .................... 6.35 4.1 Ilm . =  0.17

.................... ................ — — — — fern. =  4.64
c o 2 .................... ................ — — —
Ign. Loss . . . . ................ 0.44 — —

100.44 — lOO.oo
American System: 1 :3 : 2 : 1 =  Subrang 1 of A lsbaclw .se .

Osanx's System:
s A  C F a C f n

82.4 4.6 2.6 3.2 8.8 5.0 6.'2 1.1

»green m inera l»  (c h lo r ite , am ph ibo le ) o r absence o r presence o f »red 
p igm ent»  o r la s t ly  presence o f ca lc ite . I  have fo u n d  th a t  th e  la t te r  
is  u n d o u b te d ly  a common, th o u g h  n o t u n iv e rs a l cause o f s tr ip in g . 
Som etim es, as H j . S jo g ren  says; »the ca lc ite  en te rs  so la rg e ly  as
to  fo rm  bands c h ie f ly  c o n s is tin g  o f ca lcareous m ate ria l» .

P . J . H olm q o ist  (A rcb e a n  G e o logy) has g iv e n  a tte n t io n  to  th is  
phenom enon w ith  re g a rd  to  c e rta in  h a lle f lin ta s  fro m  U to  in  th e  
a rch ip e la g o  o f  S tockho lm . R e fe rr in g  to  th e  banded le p t ite  o f  L i l i a  
S i l lv ik  he says: » I t  shows an e xce lle n t bedded s tru c tu re , caused b y  
the  re g u la r  a lte rn a t in g  o f  d a rk  g re y  and l ig h t  g re y  la ye rs  o f lep- 
t i t i c  m a te r ia l o f som ew hat d iffe re n t com position.»

F o r  H o l m q u is t ’s paper the  fo l lo w in g  ana lyses o f l ig h t  g re y  and 
d a rk  g re y  s tr ipes  o f  the  Uto le p t i te  w ere m ade b y  R . M a u z e l iu s :

L igh t grey stripe Dark grey stripe
Analysis No. 7 Analysis No. 8

S i02 ......................................  76.92 73.99
T i0 2 .................................... 0.15 0.14
A L O j ............................................14.52 14.47
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L i g h t  g r e y  s t r ip e  D a r k  g r e y  s t r ip e
A n a ly s is  N o . 7  A n a ly s is  N o . 8

F e 2C>3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .3 1  0 .4 3
F e O ..............................................  0.65 1.71

M n O .......................................  — 0.05
M g O ....................................... 0.53 0.99
CaO........................................... 1.32 3.84

N a 20  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .3 6  2 .8 6
K 20  . . . ..................................  3.02 1.15

H 20  ..............................................  1.27 0.51

P A .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .0 3  0 .C 4
C02 ...........................................  — _

B a O .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .0 8  T r a c e
8  ................................ .... . — Trace

1 0 0 . 1 6  1 0 0 . 1 7

These figu res  in d ic a te  th a t  as fa r  as concerns U tô  the  l ig h t  g re y  
p a r t  is  r ic h e r  in  s ilic a  and potash, b u t poorer in  soda, lim e , m ag
nesia and oxides o f iro n  th a n  i ts  d a rk  g re y  p a rtn e r.

H olmquist’s calculation on the mineralogical composition of the two 
analyses give the following relations between the main constituents:

Light grey Dark grey
Quarz................................. 36 %
Ortoclaae.....................................
A lb i t e ..................................... ' ' • • 18> = 2 9 ,  

. . . .  11) JH
Metasilicases of Fe, Mg, Ca . . . . . . . 5 13
A1,03 • 2 S iO , ............................. . . . .  20 19
Fc304 ............................................ 0.5
H20 .......................... 0.5

M ic ro sco p ica l e x a m in a tio n  o f the  U to  sam ples revea led  q u a rtz , 
fe lspa rs , b io t ite  and m uscov ite  as m a in  co ns tituen ts . T he  d a rk e r 
co lo u r is  connected w i t h  an abundance o f b io tite .

R e g a rd in g  th e  m anner in  w h ic h  the  s tr ip e d  h a lle f l in ta  has o r i 
g in a l ly  been fo rm ed, fac ts  p o in t  to w a rd s  th e  th e o ry  th a t  i t  has 
been la id  dow n  th ro u g h  se d im e n ta tio n . T h a t the  la y e rs  o f  s tr ip e d  
h a lle f l in ta  w ere fo rm ed in  w a te r  a d m its  o f  b u t l i t t l e  doubt. The 
v e ry  fre q u e n t a lte rn a tio n  o f s tr ip e s  o f »flin ta» w ith  ca lc ite , even 
u n t i l  la ye rs  as th in  as paper, p o in ts  to w a rd s  such a fo rm a tio n . 
A ls o  the  v e ry  re g u la r  and p a ra lle l m anner in  w h ic h  the  w ho le  
sys tem  appears. U n d e r th e  m icroscope I  have been able to no tice



th e  same a rrangem en t. These observa tions u n d e rlin e  th e  th e o ry  
o f w a te ry  depos ition .

S t i l l  ano the r and im p o r ta n t p ro o f can be found  in  the  chem ica l 
ana lys is  o f  th e  s tr ip e d  h a e lle flin ta s  (T ab . I I  and I I I ) .  C om pare 
th e  am o u n t o f  l im e  in  these tw o  ta b le s  w ith  th e  n o rm a l p o rp h y r ic  
q u a rtz -s ta in e d  e ru p tiv e  h a lle f l in ta  T a b le  I  and i t  w i l l  a t once be 
noticed th e  im m ense preponderance o f  lim e  in  th e  fo rm e r specimens.

A s  R o senbuscii p o in ts  o u t (E le m e n te  der G este ins leh re  1910 page 
626) in  h is  d iscussion  on th e  h a lle f lin tg n e is s  fro m  W e s ta n a  (A n a ly s is : 
CaO =  4.33 %; N a 20  =  1 .31 %; K .,0  =  3.59 %): the  p ro p o r tio n  between 
the  a lk a lie s  to  each o th e r and  to  l im e  in d ic a te  a n o t incons ide rab le  
a d m ix tu re  o f lim e s to n e  sed im ent to  th e  o r ig in a l tu f f .  The p a ra l
le lis m  w ith  th e  D annem ora  sam ples is  s t r ik in g .
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The Fels ite  P orphyry.

I t  is  w e ll  k n o w n  th a t  num erous d ikes o f  in t ru s iv e  rocks c u t 
th ro u g h  th e  D annem ora  f ie ld  in  va rious  d ire c tio n s . T h e ir  m in e ra l-  
o g ica l com pos ition  m a y  be o f an ac id  o r basic n a tu re . To  the  
fo rm e r ty p e  be long th e  d ikes  o f F e ls ite  P o rp h y ry .

A s  a lre a d y  T ornebohm has p o in te d  o u t (op. c it .)  these d ikes  oc
c u r  in  tw o  d iffe re n t w ays . T he  m a y  be »up righ t»  o r »flat»; the  
fo rm e r ru n  in  a d ire c tio n  o f W N W — E S E  and cu t across th e  m a in  
s tr ik e  d ire c tio n  o f the  fie ld . T h e  la t te r  ru n  a lm o s t 1ST— S w ith  
v a ry in g  b u t m o s t ly  incons ide rab le  d ip  to w a rd s  W  and consequen tly  
c u t across th e  gene ra l d ip  o f the  ore-bodies. T ornebohm’s in te r 
p re ta t io n  o f th is  is th a t  a l l  th e  d ikes  have o r ig in a l ly  been v e r
t ic a l  o r n e a r ly  so; w h e n  pressure and fo ld in g  ensued, the  d ikes 
p a ra lle l to  the  ax is  o f  fo ld in g  (S S W — N N E )  have been t i l t e d  90’ 
and th e re fo re  assumed a f la t  p o s itio n , w hereas th e  d ikes  ru n n in g  
W N W — E S E  have re m a ined  v e rtic a l.

I t  is  k n o w n  th a t  these fe ls ite  p o rp h y r ie s  m a y  be o f d iffe re n t 
m in e ra lo g ic a l com position . T he  phenocrys ts  m a y  be fe lsp a r o r 
q u a rtz , o r b o th . H a v in g  exam ined num erous s lides  fro m  d iffe re n t 
lo c a lit ie s , i t  seems to  me th a t th e  q u a rtz -s ta in e d  species are ge
n e ra lly  in  m a jo r ity .

M ucro sco p ica lly  the  fe ls ite  p o rp h y r ie s  a l l  appear as d a rk -g re y  o r 
perhaps som ew hat b ro w n ish , dense, p o rp h y r it ic  rocks w ith  some
w h a t f l i n t y  f ra c tu re ; and  indeed w hen the re  are q u a rtz  pheno
c ry s ts  p resent, the  resem blance w ith  th e  q u a rtz -s ta in e d  h a lle 
f l in ta  is  so g re a t, th a t  m a c ro sco p ica lly  th e y  can h a rd ly  be d is t in 
gu ished  fro m  each o the r.
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I n  th e  m icroscope we no tice , as has a lre a d y  been s ta ted , a 
com pos ition , w h ic h  o fte n  d iffe rs  in  sam ples fro m  d if fe re n t dikes.^

T h e y  have a l l  a gronndm ass o f i r r e g u la r ly  p laced c ry s ta ls  ot 
fe lsp a r and q u a rtz  ( fe ls i t ic  appearance). S m a ll flakes o f m uscov ite  
can be seen and th e re  are s treaks w here  the  fe ls p a r supervenes 
and o the rs  w here  m uscov ite  is  m ore  a bundan t. P atches o f b io tit©  
are a lso fre q u e n t.

T he  phenocrysts , ( in  ou r sam ple a lm o s t e x c lu s iv e ly  q u a rtz ), are 
a l l  s ing le  in d iv id u a ls  som etim es w i t h  c ry s ta llo g ra p h ic a l o u tlin e . 
B u t  m ore o fte n  th e y  have in d e n ta tio n s  o f rounded  fo rm  (pocke ts ) o r  
one side o f a p h e n o c rys t m a y  show th is  appearance and  the  o the r 
side m ay have i ts  n o rm a l hexagona l con tou r. T he  q u a rtz  shows 
o fte n  an undu lose  e x tin c tio n , sh o w in g  th e  pressure to  w h ic h  th is  
ro ck  has been sub jected . C racks and  fissures in  th e  q u a rtz  caused 
b y  th e  same fo rce  are also num erous.

T he  d is t r ib u t io n  and size o f the  phenocrys ts  is  v e ry  i r re g u la r  
and th o u g h  th is  is  c e r ta in ly  an in tru s iv e  ro ck , i t  m u s t be a d m itte d  
th a t  i ts  appearance un d e r the  m icroscope is  s im ila r  to  th e  above 
described tu ffogenous rocks.

M iss  S a iil b o m  has ana lyzed  a specim en o f  th e  F e ls ite  P o rp h y ry  
d ike  o f 213 M . le ve l a t th e  b o u n d a ry  be tw een K u n g s - and Svea- 
M in e , D annem ora  C e n tra l F ie ld ;  the  id e n tic a l d ik e  w h ic h  w as 
s p e c ia lly  m a rked  (F . P .) fo r  v is ito rs  a t  th e  G eo log ica l Congress ot 
1910. W e  fin d  the  a n a lys is  here be low :

Tab. IV .

[N o v .— D e c . 1 9 2 2 .

Felsite Porphyry, Central Field, Dannemora.
% M o l .  p ro p M o l.  % N o r m

S iO -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 4 .8 4 1 2 4 .1 1 8 1 .5 Q u  = 4 1 .8 7

TICK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .0 9 0 .1 1 0 .1 O r  = 2 6 .5 7

A 1 20 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 .0 0 1 4 .6 8 9 .6 Ab = 1 9 .2 0

F e 20 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .7 9 0 .4 9 — An = 2 .5 9

F e O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .5 6 2 .1 7 2 .1 C o r = 5 .4 6

M n O  . . . 0 .3 4 0 .2 A,' s a l . = 9 5 .6 9 .

M g O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .1 8 0 .4 5 0 .3 M g S iO j  = 0 .4 5

C a O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .5 2 0 .9 3 0 .6 (Fe, M n )  S i 0 3 = 2 .5 2

N a 20  . . . 3 .6 5 2 .5 M a g n . = 1 .1 4

K 20  . . . . 4 .7 6 3 .1 I l m .  = 0 .1 7

P A  • ■ ■ — — 21 fe m . — 4 .2 8

I I 20  (1 0 5 " ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .5 2 — —
1 0 0 .4 8 — 100. o .

American System: I : 3 : 1 : 3 =  Subrang 3 of A lnskase .



Os Ann ’s System:
s A C F a c f n

81.6 5.6 0.6 2.6 12.7 1.4 5.9 4.5

The a n a lys is  shows a h ig h ly  ac id  and  ra th e r  q u a r tz y  ro c k  o f 
a com position  s im ila r  to  th e  p o rp h y r ic  h a lle f l in ta  (T ab . I )  and 
l ik e  th is  its  n a tu re  th e re fo re  corresponds w it h  a re a l q u a rtz  
p o rp h y ry .

T a k in g  in to  co n s id e ra tio n  th e  chem ica l resem blance and  th e  close 
v ic in i t y  between th e  tw o  rocks, one is  a p t to  come to  the  con
c lu s io n  th a t  th e  d ikes  o f fe ls ite  p o rp h y ry  rep resent th e  la s t phase 
o f th a t  vo lca n ic  a c t iv i t y  w h ic h  caused the  issue o f  those la rg e  
masses o f t u f f  and  lavas w h ic h  s o lid if ie d  in to  h a lle f lin ta .

Bd 44. H . C— 7.] PETR0GRAPH1CAL AND CHEMICAL OBSERVATIONS. 771

T h e  P re d o m in a n c e  o f  P o ta s s iu m  o v e r  S o d iu m  in  th e  D a n n e m o ra
ro c k s .

I n  Gr. T . L in d r o t h ’s »Den ja rn m a lm s fo ra n d e  fo rm a tio n e n  o m k r in g  

R a m h â ll»  (S. G . U . A rs b o k  1915) we fin d  severa l analyses o f lep- 
t i te s  (h a lle f lin ta s )  fro m  th e  R a m h a ll and S te n r in g  fie lds , w h ich  
a re  s itu a te d  n o t fa r  fro m  D annem ora  (T h e  R a m h a ll M ines are 12 
k m  S E ; S te n r in g  9 k m  S o f D .)

In  these a n a lys is  o f  le p tite s , fo u r  (4) in  num ber, th e re  is  n o t 
one in  w h ic h  th e  con ten ts  o f sodic ox ide  does n o t g re a t ly  p re 
dom in a te  ove r th e  po tassic oxide.

In  o u r a n a lys is  fro m  D annem ora  th e re  is, on th e  c o n tra ry , 
n o t one in  w h ic h  th e  same re la tio n s  ho lds  good. I n  a l l  o u r ana
lyses  the re  is  a d is t in c t,  o ften  considerab le , preponderance o f 
po tass ium .

L ix d r o t h ’s ta b le s  s h o w :

Tab. I Tab. I I Tab. I l l Tab. IV

Porphyr. Leptite 
froni Ramhäll

Porphyr. Leptite 
w ith myrme- 

k it ic  structure 
from Ramhall

Porphyr. Leptite 
from Stenring

Banded Leptite 
w ith  amphibole. 

stripes

Na,0 5.97 % 5.90 % 4.50 % 3.30 %

K 20 0.51 0.73 0.40 2.48

O u r tab les  fro m D annem ora :

I I I I I I IV .
Porphyrie
hälleflinta Light stripe Dark stripe Felsite por

phyry

Na.,0 0.49 % 1.29 % 0.49 % 2.26 %

K ,0  3.67 6.22 5.98 4.48
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H j . Sjogren, H . E . J ohansson and N a im a  Saiileom  (C hem ica l and 
P e tro g ra p h ic a l S tu d ie s  on th e  o re -bea ring  rocks o f C e n tra l Sweden, 
(Gr. F . F . B d  3(1, 1914) have un d e r d iscuss ion  severa l samples of 
h a lle f lin ta s  (here ca lled  »granulites») fro m  F il ip s ta d s  B e rg s la g  in  
W e s te rn  C e n tra l Sweden. These a u th o rs  have ana lysed  n ine 
sam ples fro m  d if fe re n t lo c a lit ie s  and come to  the  conclus ion  th a t 
the  ana lysed  rocks  b e long  c h ie fly  to  th ree  d iv is io n s : one v e ry  
ex trem e  in  soda, a n o th e r e q u a lly  ex trem e in  po tash  and a th ir d  
m ore in te rm e d ia te  in  cha rac te r. I n  fa c t the re  are rep resen ted  in  
th is  series some o f th e  p u re s t soda- as w e ll as po tash -rocks  ever 
ana lysed.

I n  one respect o u r analyses o f h a l le f l in ta  agree w ith  the  tab les  
o f the  th re e  a fo rem entioned  a u th o rs  and th a t  is the  s trange  cha
ra c te r o f th e  rocks fro m  a chem ica l s ta n d p o in t. T h e y  are as 
these a u th o rs  p o in t o u t re g a rd in g  th e ir  ow n samples, ex trem e in  
com pos ition  and w e fin d  the re fo re , i f  th e  system  o f W a s h in g to n  
(th e  »A m erican  System») be a p p lie d , th a t  the  s tr ip e d  h a lle f lin ta s  
have as y e t no nam e in  th a t system .

[N o v .— Dec. 1922,
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Akrochordit,

eit nytt mineral trän Längbaus gruvor.
Av

G u s t . F l in k .

N:o 1 i  -L is ta  pä m ineral frän Längban, som kräva nndersökning»,1 
avser det mineral, som här ska li närmare skrivas. Det b ildar 
ku l- e lle rt v ä rtfo rm ig a  aggregat av rad ia lt sammanväxta k ris ta ll-  
ind iv ider och har därföre e rh ä llit ovanstäende namn, hä rle tt av 
Ä5tP°X0?^wv, v ä r ta . Visserligen är egenskapen a tt genom regelmässig 
sammanväxning av subindivider bilda dy lika  aggregat icke ute- 
slntande tillkom m ande d e t ta  m ineral, utan kan sägas vara ganska 
van lig  inom m inera lriket, men da den h it t i l ls  icke tyckes vara ut- 
ny ttjad  v id  namngivning, sä torde det icke vara obefogat a tt här 
sä sker, da jn s t denna egenskap är den, som t i l i  det y ttre  mest 
karakteriserar mineralet.

A k ro c h o rd ite n , som t i l lb ö r  de m er s ä lls y n ta  m in e ra le n , fanns  fö r  
6 —7 a r sedan i a rb e ts rn m m e t »Japan», pä e tt  d ju p  av ca. 100 m e te r 
b land  L ä n g b a n sg rn vo rn a . H e ia  fö r rä d e t som b le v  t i l lv a ra ta g e t,  
bestä r av  7 m in d re  s tycke n  och skä rvo r. D e t fö rekom m er i  d ruse r 
jä m te  and ra  m in e ra l pä n n d e rla g  av  en m y c k e t oren, s m ä ko rn ig  do
lo m it  med tä t t  in s trö d d a , m in im a la  f j ä l l  av  m a n g a n o f'y ll sam t s to ft-  
f in t ,  i  s tr im m o r anhopa t m a lm m in e ra l, h u v u d s a k lig e n  h a n sm ann it. 
P ä  d e tta  u n d e rla g  fö rekom m a p y ro k r o itk r is ta l le r  r ä t t  r i k l i g t  och av 
en ty p , som e lje s t ic ke  ä r ia k tta g e n . D e b ild a  k r is ta l l ta v lo r ,  som 
o fta  v isa  en ra n d b e g rä n s n in g  av g länsande p r is m a y to r  sam t i  ö v r ig t  
m a tta  basis- e lle r  lä g t rom b o e d riska  y to r ,  som genom  b u k t ig h e t 
övergä i  v a ra n d ra . Dessa p y ro k r o itk r is ta l le r  u tm ä rk a  s ig  även 
genom en o v a n lig  b e s t ä n d ig h e t  gen tem ot den e lje s t snabb t in trä -  
dande o m va n d lin g e n . E n  de l av  dem b ib e h ä lla  ä n n n  d e lv is  en 
viss g e n o m s k in lig h e t. P y ro k ro itd ru s e rn a  genom sättas av enstaka 
tu n g s p a ts ta v lo r, som ty d lig e n  äro ä ld r e  än p y ro k ro ite n , va re m o t 
smä k a lk s p a ts k r is ta lle r ,  som fö rekom m a h e it  sparsam t, ä r o y n g r e .  
P y ro k ro it ta v lo rn a  äro m est översä llade av e t t  p ä r lg rä t t ,  e lle r  svag t 
b ru n a k t ig t  m in e ra l, som b ild a r  smä k r is t a l l f jä l l  v i lk a  än ä ro jä m n t

1 Dessa Förhandl. Bd. 41, s. 195.
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u tb re d d a  pâ u n d e rla g e t, an  b ilda, smâ, k u lfo rm ig a , lu c k ra  g ruppe r. 
D e tta  ân n n  ej u n d e rsô k ta  m in e ra i to rd e  v a ra  id e n t is k t  m ed n:o 40 
i  ovan nâm nda l is ta .

D e  s a rs k ild a  a k ro ch o rd ita g g re g a te n  aro nâstan  a n m â rk n in g s v a r 
re g e lm â ss ig t b a lv k lo t fo rm ig a  ocb b â lla  b ôgs t 7 mm i  tv a rm â tt .  
S tu n d o m  aro dock tv â  e lle r  fie ra  sam m anvâxta , v a rig e n o m  re g e l- 
m âssigheten i  v iss  m ân  upphâves. D e  s it ta  a n vâ x ta  pâ  e lle r  m el- 
la n  p y ro k ro it -  e lle r  tu n g s p a ts k r is ta lle r ,  v a rs  k a n te r  och b o rn  o ita  
om s lu ta s  av  dem. A k ro c b o d r ite n  â r sâledes ty d l ig e n  y n g re  an 
de bâda and ra  m in e ra le n . D a re m o t ka n  tv e k a n  râda  b e trâ ffa n d e  
â ld e rs fo ljd e n  m e lla n  h u v u d m in e ra le t ocb den tre d je  fô ljes laga ren , 
de t p a r lg râ , f jâ l l ig a  m in e ra le t, dâ in te td e ra  in ta r  su p e rp o s itio n  t i l l  
de t andra . D e t s is tnâm nda  fô re ko m m e r tâ m lig e n  j& m n t u tb re t t  p a 
sâva l p y ro k ro ite n  som tu n gspa ten , m en d a rem o t icke  pâ  akrochor- 
d ite n , v a ra v  dock icke  m ed sâke rbe t ka n  s lu tas  t i l l ,  a t t  denna ai 
y n g re : d e t s a n n o lik a  â r v a l, a t t  de aro u n g e fâ r sa m tid a  b ild n in g a r-

M a k ro s k o p is k t v is a  a g g rega ten  i  y  ta n  en m a tt,  sam m etsartad  
s t r u k tu r ,  som un d e r m ik ro s k o p e t fra m trâ d e r sâsom b e tin g a d  a ' 
s m â in d iv id e rn a s  fra m sp rin g a n d e  k r is ta lls p e ts a r. Dessa aro t y d l ig f  
fy r y t ig a  med (ske n b a rt) ro m b is k  s y m m e tr i ocb k o n tu rv in k la rn a  
m e lla n  de d ia m e tra la  p o lk a n te rn a  b a r k u n n a t fa s ts tâ lla s  t i l l  resp- 
104° ocb 76° v i lk a  vâ rd e n  e g e n d o m lig t nog  ju s t  â r va ra n d ras  supp
lém en te r. H â ru r  s k u lle  e tt  ro m b is k t a x e lfô rh â lla n d e  k u n n a  hâr- 
ledas. M en  den o p tis k a  o rie n te r in g e n  v is a r  o tv e ty d ig t  ban  p a 
la g r e  s y m m e tri, va rig e n o m  dessa v in k e lv â rd e n  b l i  o t i l lr â c k l ig a  fo i 
b e râ kn in g e n  av m in e ra le ts  k r is ta l lo g ra f is k a  ko n s ta n te r.

M in e ra le t repas av  a p a tit ,  m en icke  av flu ssp a t, vadan  bârdbe ten  
=  4.5. N âgon  k ly v b a rh e t k a n  m a k ro s k o p is k t icke  pâvisas. "Vis- 
se rlig e n  â r ra d ia l s tâ n g lig h e t t y d l ig  pâ b ro t ty to r  genom  aggregaten, 
men a t t  f r ig ô ra  e n s k ild a  s tâ n g la r Ira n  v a ra n d ra  synes icke  vara 
m o j l ig t  och v id  k ro s s n in g  e rh â lla s  endast oregelm âssiga  s p l it t r o i-  
I  tu n n s lip a t p ré p a râ t d a rem o t v isa  s ig  o fta  fin a  s p ric k o r, mest 
u n g e fâ r v in k e lr â t t  m o t s tà n g la rn a s  lâ n g d r ik tn in g  ocb aven, ehu ru  
m in d re  t y d l ig t ,  p a r a l le l l t  m ed denna r ik tn in g ,  v a r fo r  d e t â r san- 
n o l ik t  a t t  m in e ra le t â r k ly v b a r t ,  e b u ru  m in d re  u tp râ g la t ,  i  tv a  
m o t v a ra n d ra  u n g e fâ r v in k e lrâ ta  r ik tn in g a r .

A v e n  fâ rgen  pâ d e tta  m in e ra i b e s itte r en v iss  s jâ lv s tâ n d ig b e t 
och lâ te r  s ig  icke  lâ t t  f ix e ra  —  dock to rd e  den n â rm a s t v a ra  a t t  
be teckna  som r ô d b r u n  m ed nâgon d ra g n in g  â t g u lt .  D e h e la  ag
g rega ten  v is a  o fta  en t y d l ig  e b u ru  svag g e n o m s ik tig h e t, som i  
nâgon m ân e r in ra r  om den hos b y a l it .  E n  sam m etsa rtad  s tr u k 
t u r  bos k u lo rn a s  n a tu r lig a  y ta  â r  fô ru t  pâpekad. Pâ b ro t ty to r  a i

[ N o v . - D e c .  1 9 2 1 .
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d in e ra le t  m a tt m ed g rä a k t ig  fä rg , som dock fö rd e la r  s ig  pä kon- 
cen triska  zoner m ed n ä g n t o l ik a  m ö rka  och l ju s a  nyanser. M ik ro -  
sko p isk t p re p a ra t ä r  nästan  fä rg lö s t och u ta n  m ä rk b a r p leokro ism .

P rofessor P . Q u e n s e l  h a r h a ft  v ä n lig h e te n  u tfö ra  en de l o p tis k a  
hestäm ningar, s ä v it t  sädana v a r i t  m ö jlig a  pä  d e tta  fö r  d y l ik a  
U ndersökn ingar s v ä r t i l lg ä n g lig a  m a te r ia l och a rb e te t h a r d ä rv id  
v a r i t  beg ränsa t t i l i  ia k tta g e ls e r  pä de m in im a la  k r is ta lls p e ts a r, 
v i lk a  fra m s k ju ta  v id  om kre tsen  av p re p a ra t, som o rie n te ra ts  genom 
cen trum  i  v a n l ig t  k u l fo rm ig t  agg rega t. A l l a  in d iv id e r  m äste 
äntagas h ä r v a ra  o rien te rade  med c-axe ln  ra d ie ra n d e  frä n ' ce n tru m , 
d e n  i  ö v r ig t  k u n n a  in ta  v i lk e t  läge  som h e ls t k r in g  denna axel. 
I  sädana s n i t t  som h ä r s läcka p a ra l le l l t ,  a llts ä  sam m an fa lla  med 
p inako iden  {100}, ä r  den o p tis k a  X - r ik tn in g e n  sam m anfa llande  med 
b-axe ln , p re p a ra te ts  ta n g e n t ia lr ik tn in g . I  sädana s n i t t  a te r, som 
Visa m a x im n m  av u ts läckn ingssnedhe t, ca. 40°-, a llts ä  sa m m a n fa l
lande med p in a ko id e n  {010}, ä r  d e t den o p tis k a  Y - r ik tn in g e n , den 
o p tiska  no rm a len , som l ig g e r  n ä rm a s t c-axe ln , sa a t t  Z - r ik tn in g e n  
b ild a r  c:a 50°- pä m o ts a tta  s idan  av sam m a axe l. M in e ra le t ä r 
sä lnnda  m o n o k l in t ,  med o p tiska  a xe lp la n e t v in k e lr ä t t  m o t sym m e-
tr ip la n e t, X  =  b, Y  : c =  40’. D isp e rs io n e n : p <

Specif, v ik te n  ä r  genom  v ä g n in g  i  bensol fu n n e n  =  3.194. 
K e in is k  a n a lys  pä a k ro c h o rd ite n  ä r  u t fö rd  av d :r G. K a r l  A l m 

s trö m , som därom  m edde la r: » M in e ra le t lose r s ig  l ä t t  och fu l ls tä n -  
d ig t  i  u tspädd  sva ve lsy ra , v a rv id  m an g a n o x id fö re n in g e n  ö ve rgä r i  
Perm anganat, som rö d fä rg a r lösn ingen . H ä ra v  fra m g ä r, a t t  he ia  
arsenikm ängden  fö re finnes i  fe m v ä rd ig t s ta d iu m . Y id  n p p h e ttn in g  
avger m in e ra le t v a tte n  och fä rg a s  g rä s v a rt. Y id  analysen användes 
resp. 0.2233, 0 .26o7 och 0.2169 g r . substans.»

A n a ly s e n  gav  fö lja n d e  re s u lta t.
I I I I I I Medeltal

A s20 5 . . . . 33.36 — 33.M

P A  . . . . . . .  — 0.42 — 0.42

MnO . . . . . . . 38.98 — — 38.98

MhjOj . . . .. . . . — 0.50 — 0-50

FeO . . . . .. . . . — 0.46 — 0.46

CaO............... . . . . 0.99 — — • 0.99

MgO . . . . . . .  6.94: — — 6.94

K 20 ................ . . .  — 0.55 — 0.55

Na20 . . . . 1.18 — 1.18

H 20 . . . ., . .  . — — 16.78 16.78
100.31

51—220270. G. F. F. 1922.
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E f te r  f r â n râ k n in g  av en r in g a  fo ro re n in g  av M n 20 3 • H 20 , b l i r
sam m ansa ttn ingen  A s 20 3 ■ 4 M nO • M gO  • 6 H 20 .

Funnet Beràknat

.......................... . 33 51 0.146 1 34.7

P,05 .......................... . 0.42 0.003

M n O .......................... . 38.98 0.551 3.8 42.8

FeO . . . ■ ............... . 0.46 0.006

CaO .......................... . 0.99 0.016

M g O .......................... . 6.94 0.122 1.2 6.1

K 20 .......................... . 0.55 0.006

Na20 .......................... 0.019

H20 .......................... . 16.72 0.929 6.4 16.4

99.75 lOO.o

M in e r a le t  k a n  a l l t s â  nppfattas som ett 2/3 -b a s is k t  bydroarseniat 
a v  Mn ocb Mg, e l le r

M n 3A s 20 8 • M n O H  • M g O H  • 5 H 20 .

N âgon  f u l l  m o ts v a r ig h e t b â r t i l l  to rde  icke  v a ra  kand. N arm aste  
l ik b e t  i  sain m ansa ttn  ingen  synes fô re finnas  hos m in e ra le n  t y r o l i t  
ocb e u k ro it, i  v i lk a  bâda dock k o p jia r  in g â r  som bas isk  hu vu d - 
bestândsdel. D e t fo r ra  a r lika le d e s  2/s-basiskt, men med 7 H 20 , 
de t senare 7 3-b a s is k t med 6 H 20 . B â d a  âro r o m b is k a .  S a n n o lik t 
fô re finnas icke  nâgon  n a rm are  re la tio n  m e lla n  dem ocb a k rocho r- 
d iten .

Summary.

Alcrochordite, fro m  a/.po/oacbov, a w a r t ;  tb e  in d iv id u a ls  grouped 
in  w a r t l ik e  agg rega tions . F o u n d  in  tb e  »Japan» w o rk in g  o f tbe 
L â n g b a n  m ines. N o t m a c ro sco p ica lly  c ry s ta lliz e d , b u t in  v e ry  sm a ll 
in d iv id u a ls , g rouped in  sp h e rica l fo rm s. C o lou r re d b ro w n -ye llo w isb , 
su b tra n s lu ce n t, o p t ic a l ly  m o n o c lin ic , a x ia l p lane  p e rp e n d icu la r 
to  p lane o f sym m e trie , o p tic a l n o rm a l, Y , in c lin e d  to  tb e  v e r t ic a l 
ax is  abou t 40°-. H ardness =  3.5. Specific  g r a v i ty  =  3 .19 4. Compo
s it io n :  A s20 5-4  M nO , M gO  • 6 H 20 , re q u ir in g : A s 20 3— 34.7, M nO  
— 42.8, M g O — 6 .], H 20 — 16.4.
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Förteckning
över svensk geologisk, paleontologisk, petrografisk och liiine- 

ralogisk litteratur för ar 1921.
[(Jämte äldre tillägg .)

A v

F r . E .  A i il a n d e r .

(Uppsatser i  Geol. För. Förliandl. äro ej npptagna. Anmärkningar ocli kompletterande 
uppgifter mottagas tacksamt av F r . E. Ä h lan d er , under adress: Arbetarb ib lio tekct, 
Barnhusg. 14, Stockholm, f  efter en uppsats anger, a tt jag  ej sett uppsatsen i  fräga.)

A hlm ann , H. W:SON. Geomorfologiske iagttagelser fra Yestlandet. — Norsk 
Geol. Tidsskr., Kristiania, Bd 5 (1918— 1919) 1920, s. 386— 389.

—  Den skandinaviska bergskedjans fortsättning över nordligaste Grön
land. —  Ymer, Sthlm, Arg. 41, 1921, s. 80 — 84, 1 textfig.

AM1NOFF, G. Über Lauephotogramme und Struktur von Zinkit. —  Zeitschr. 
Krystallogr., Leipzig, Bd 56, 1921, s. 495— 505, 5 textfig.

—  Über die Struktur des Magnesiumhydroxydes. — Ibid., s. 506— 509.
—  &  P h RAGMEn , G. Lauephotogramm und Struktur des Iridosmiums. 

—  Ibid., s. 510—514, 4 textfig.
A ndersson, G. Se N athorst, A . G.
ANDKRSSON, J. G. The national geological survey of China. —- Geogr.

Ann., Sthlm, Bd 3, 1921, s. 305— 310, 2 textfig.
A nrick , Carl Julius . Ivarta över Sveriges äkerareal. Skala 1 : 1.000.000. 

Sthlm 1921.
— Beskrivning t i l i  karta över Sveriges äkerareal. —  Sthlm. Sv. Geol. 

Unders., Ser. Ba, N :r 10, 1921, 81 s., 1 karta, 15 textfig.; eng. 
res. s. 79— 81.

ARRHENIUS, Olof. The hydrogen ion concentration of Egyptian soils and 
the reclamation of alealine land. -— The Cairo Scient. Journ., Alexan
dria, Vol. 10, 1921, s. 1— 18. f

ATTERBERG, A. Die Plastizität und Cohärenz der Tone und Lehme. —- 
Chemiker-Zeitung, Cöthen, 34, 1910, s. 369— 377, 3 textfig. f  

A urÜN, TYCKO E:SON. Absorption of X-rays in crystals. —  Sthlm, Medd.
Vet.-Akad. Nobelinst., Bd 4, N:o 10, 1921, 6 s.

B A R T H E L ,  Chr . Salpeterbildningen i  jorden. [Bef. efter föredrag.]. — 
Svenskt Land, Sthlm, Arg. 5, 1921, s. 4— 6, 6 textfig.
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BAUMAN, A. Bidrag t i l l  torfmarkslärans belysning frän praktisk jordbruks- 
synpunkt. —  Sv. Mosskulturför. Tidskr., Jönköping, Arg. 35, 1921, 
s. 150— 160.

B eruh, Sven Y. Bidrag t i l l  kännedomen om vära bituminösa skiffrar i 
och for deras rationella utnyttjande. —  Tekn. Tidskr., Sthlm, Arg. 51, 
1921, Veckouppl., s. 13—16, 5 textfig.

Berzelius, Jac. Se Breve.
Beskrivning t i l l  Kartbladet Upperud. —  Sthlm, Sv. Geol. Unders., Ser. D, 

N:o 52, 1921, X V I +  34 s.; härtill karta.
Bekognosceringen utförd av E. Granlund, B. Halden, L. v. Post 

o. N. Willen. Eegistret utarb. av L. v. Post o. X . Willen.
Breve t i l  og fra J. G. Forchhammer. 1. J. G. Forchhammer og Jac. 

Berzelius 1834— 1845. Udgivne av Ad. Clement. —  Kbhvn, Mus. 
Miner, et Geol. de l ’Univ., Miscellanees N:o 3, 1920, 28 s.

BÄCKSTRÖM, H ans L. J. On the solubilities of calcite and aragonite. — 
Sthlm, Medd. Vet.-Akad. Nobelinst., Bd 4, N:o 11, 1921, 11 s., 1 textfig-

Credner, W ilh e lm . De Geers Chronologie der Spät- und Portglazialzeit, 
ihre Entwicklung und nunmehrige Erweiterung auf Nordamerika. — 
Peterm. Georgr. M itt., Gotha, Jahrg. 67, 1921, s. 124—125.

D annemann , Fr. Die Eisenersschätze des nördlichen Skandinaviens. — 
Kosmos, Stuttgart, 8, 1911, s. 207— 209, 1 karta i texten.

D e Geer [Gerard]. The determination o f geochronology by a study of 
laminated deposits. —  Science, Newyork, N. S., Yol. 52, 1920, s. 
502— 503.

Du KlETZ, G. E in a r . Nägra iakttagelser over myrar i  Tome lappmark. —' 
Bot. Not., Lund, 1921, s. 3— 14, 2 textfig.

ELANDER, BuDOLF. Jorden och dess liv  under naturkrafternas inflytande. 
Allmän geografi. (Natur och Ku ltur 1). —  Sthlm 1921. 8:o. 150 s. 
86 textfig.

ERDTMAN, GUNNAR. Nordhallands skogar och torvmarker och deras utveck- 
lingshistoria. —  Var Bygd, Göteborg 1921, s. 1— 5, 3 textfig.

—  Pollenanalytische Untersuchungen von Torfmooren und marinen Sedi
menten in Südwest-Schweden. —  Ark. Bot., Sthlm, Bd 17, N:o 10, 
1921, 173 s., 9 tavl., 1 karta.

—  Two new species of mesozoic Equicetales. —  Ibid., N:o 3, 1921, 6 s., 
1 tavla.

EXNER, Fe lix  M. Dünen und Mäander, Wellenformen der festen Erdober
fläche, deren Wachstum und Bewegung. —  Geogr. Ann., Sthlm, Bd 3, 
1921, s. 327—335, 5 textfig.

FELLENIUS, W. Vägerosionsförsök utförda ä vattenbyggnadslaboratoriet vid
K. Tekniska högskolan i  anslutning t i l i  föreliggande förslag t i l i  Siljans 
regiering. —  Tekn. Tidskr., Sthlm, Arg. 51, 1921, Veckouppl., s. 
325— 329, 337— 338, 8 textfig.

FlLräN, T hure. Om Tranäs och Säbybygden. Nägra geologiska, historiska 
och kulturhistoriska samt geografiska anteckningar. —  Linköping 1921- 
8:o. V I I I  +  317 s. f

Forchhammer, J. G. Se Breve.
FORSSLUND, KARL-Er ik . »Per Jyntes Höl» och andra grottor i  Dalarna. — 

Dalarnas Hembygdsförb. Tidskr., Hedemora, Arg. 1, 1921, s. 136— 139, 
4 textfig.
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Porsstrand, C. Se Nathorst, A. G.
PROSTERUS, Be n j . Nomenklaturen för jordarterna och jordmänerna i  de 

nordiska länderna. —  Nord. Jordbruksforskn., Kobenhavn, 1921, H ft. 
5— 8, s. 145— 160.

FröDIN, GUSTAF. Über die Geologie der zentralschwedischeri Hochgebirge.
— Uppsala, Bull. Geol. Inst., Vol. 18, 1921, s. 57— 197, 1 karta, 
52 textfig.

Geijer , Per . The cerium minerals of Bastnäs at Riddarhyttan. —  Sthlm, 
Sv. Geol. Unders., Ser. C, N:o 304 [ =  Ärsbok 14 (1920): N:o 6], 
1921, 24 s., 5 textfig.

— Grafitförekomster i Norrland. —  Tekn. Tidskr., Sthlm, Arg. 51, 1921, 
Kemi & Bergsvet., s. 44— 46; disk., s. 45 — 46.

— Recent work on archaean sulphides ores in  Fenno-Scandia. —  Econ. 
Geol., Lancaster, Pa, Vol. 16, 1921, s. 279— 288.

Grabe, a l b . Bergsvetenskap. —  Vetensk. Forskn., Sthlm, 1921, s. 262 
— 271.

Granlund, E. Se Beskrivning t i l i  kartbladet Upperud.
Grönwall, K arl A. Grundlinjer t i l i  sex föreläsningar med ljusbilder 

om niväförändringarna i  Norden (sommarkurserna i  Lund 1921). —  
Lund 1921. 8:o. 16 s., 1 Schema.

— Skandinaviens historiska geologi. —  Vetensk. Forskn., Sthlm, 1921, 
s. 22— 35.

GuSTAFSSON, E m il . Se Hellsing, Gustaf.
H adding , A ssar. Eine neue Röntgenröhre fü r Debyesche Aufnahme. —  

Zeitschr. f. Physik, Braunschweig, Bd 3, 1920, s. 369— 371, 1 textfig.
— De röntgen-kristallografiska apparaterna och dcras användniag. -—•

Lund 1921. 8:o. 55 s., 17 textfig.
—  Röntgenographische Untersuchung von Feldspat. —  Lund, Univ. 

Arsskr., N. F. Avd. 2, Bd 17, N:o 6 [ =  Fysiogr. Sällsk. Handl., 
N. F., Bd 32, N:o 6], 1921, 25 s., 1 tavla.

—  Über die Röntgenkristallographischen Apparate und ihre Leistungen.
—  Zeitschr. Krystallogr., Leipzig, Bd 56, 1921, s. 423.

—  Über Störungen der Linienabstände und der Linienbreite bei Debye- 
diagrammen. —  Centralbl. f. Miner., Stuttgart, Jahrg. 1921, s. 631 
636, 1 textfig.

H alden , B ertil  E., Skalgrusförekomster i  Västerbotten. —  Sthlm, Sv. 
Geol. Unders., Ser. C, N:o 307 [ =  Ärsbok 15 (1921): N:o 2], 1921, 
28 s., 1 karta, 7 textfig.

— Se Beskrivning t i l i  kartbladet Upperud.
H alle , T. G. On the sporangia of some mesozoic ferns. —  Ark. Bot., 

Sthlm, Bd 17, N:o 1, 1921, 28 s., 2 tavl., 1 textfig.
— . Se Nathorst, A. G.
H ede, J. Ernhold. Gottlands silurstratigrafi. •— Sthlm, Sv. Geol. Unders., 

Ser. C, N:o 305 [ =  Ärsbok 14 (1920): N:o 7], 1921, 100 s., 2 tavl., 
13 textfig.

H ellsing, Gustaf. Bidrag t i l i  kännedomen om de svenska alunskiffrarnas 
bitumenhalt. — Tekn. Tidskr., Sthlm, Arg. 51, 1921, Kemi & Bergs
vet., s. 73— 79, 85— 87, 89— 93, 1 textfig.
Gustafsson, Em il  & H ellsing, Gustaf. Bidrag t i l i  kännedomen 

om de svenska alunskiffrarnas bitumenhalt. —  Ibid., s. 130— 132.
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HOLTEDAHL, O l a v . Paleogeography and diastrophism in  the atlantic-arctic 
region during paleozoio time. —  Amer. Journ. of Sei., New Haven, 
Ser. 4, Vol. 49, 1920, s. 1— 25, 12 textfig.

H üBER, W i l h e l m . Erörterungen über die Küstenhebung Schwedens im 
18. Jahrhundert. (Diss. Techn. Hochschule, München). —  Augsburg 
1916. 8:o. 80 s.

H ü LTGREN, A x e l . Metallografisk Studie av volframstäl. —  Sthlm, Jern- 
kont. Ann., Arg. 105, 1921, s. 499—525, 22 textfig.

VON H u e n e , F r ie d r ic h . Neue Beobachtungen an Simosaurus. —  Acta 
Zool., Sthlm, Arg. 2, 1921, s. 201— 239, 3 tavl., 14 textfig.

—  Neue Pseudoruchier und Coelurosaurier aus dem württembergischen 
Keuper. —■ Ibid., s. 329— 403, 4 tavl., 35 textfig.

HÖGBO.m , A. G. Geologiens utveckling under nittonde ärhundradet. 
Sthlm 1921. 4:o. 99 s. 29 textfig.

—  Om vitriolbildning i  naturen säsom orsak t i l i  massdöd av fisk i  vära m- 
sjöar.—  Handl. t. Landtbruksveckan, Sthlm, 1921, s. 149—160, 1 textfig-

J o h ansson , N il s . Flyttblock frän Västergötland. — Sveriges Natur, 
Sthlm, Arg. 12, 1921, s. 154— 155, 2 textfig.

JOHANSSON, Sim o n , De humusfria jordarternas, speciellt lerornas, klassi- 
fikation. — Nord. Jordbruksforskn., Kpbenhavn, 1921, H ft. 5— 8, s. 
180— 183, disk. s. 183.

KRAUSE, P. G. Der schwedische geröllführende Diabas, ein neues Leit- 
geschiebe fü r das norddeutsche Diluvium. —  Berlin, Jahrb. Preuss. 
Geol. Landesamt, Bd 41, Teil 1, H ft 2, (1920) 1921, s. 217— 225. f

KÖPPEN, W. Über Änderungen der geographischen Breiten und des Klimas 
in geologischer Zeit. —  Geogr. Ann., Sthlm, Arg. 2, (1920), 1921) 
s. 285— 299, 5 textfig.

LEFFLER, J. A. Myrmalm och järnslagg frän övre Värmland. —- Sthlm, 
Jernkont. Ann., Arg. 105, 1921, s. 110— 113, 1 textfig.

LlNDROTH, G u s ta f  T. Om det relativa äldersförhällandet mellan järn- 
och lampritmalmer inom Garpenbergsomrädets malmförande formatiou. 
—  Ibid., s. 285— 309, 13 textfig.

MENZEL, P. Über Pflanzenreste aus Basalttuffen des Kamerungebietes. — 
Beitr. zur geol. Erfoschung d. deutsch. Schutzgebiete, Berlin, H. 18 
1920, s. 17— 32, 1 tavla, 6 textfig. f  

Grundad pä material frän Riksmuseets paleobotaniska avdelning.
M üNTHE, H e n r . Sveriges raukar jämte exempel pä pseudoraukar. Natur- 

skyddsutredning. (Kungl. Jordbruksdepartementet 49). — Sthlm 1921, 
8:o. 39 s., 1 karta, 79 fig. —  Även som: Sthlm, Sv. Geol. Unders., 
Ser. C, N :r 303 [ =  Ärsbok 14 (1920): N:o 5], 1921, 39 s., 1 karta, 
79 fig.

NATHORST, A. G. Nekrologer m. m.
ANDERSSON, Gunnar. Alfred Gabriel Nathorst. Nägra minnets ord.

—  Ymer, Sthlm, Arg. 41, 1921, s. 47— 55, 1 portr. i  texten. 
PORSSTRAND, Ca r l . T ill Alfred Nathorsts minne. Nägra hägkomster 
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HALLE, T. G. A. G. Nathorst. f .  — Fauna och Flora, Uppsala & 

Sthlm. Arg. 16, 1921, s. 33— 40, 1 portr. i  texten.
Se w a r d , A. C. Alfred Gabriel Nathorst. —  Bot. Gazette, Chicago, 

Vol. 71, 1921, s. 462— 465, 1 portr. i  texten.
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Übersicht. —  Arch. Hydrobiol., Stuttgart, Bd 13, 1921, s. 97— 169, 
15 textfig. f .
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(Forts, fr. 1920.)
SAMUELSSON, CARL. T ill frägan om vinderosion i  arktiska trakter med 
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Sthlm, 1921, s. 35— 51.

SEFVE, I v a r . Rektor Ivar Sefves resa i  Sydamerika. —  Ymer, Sthlm, 
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—  En skänsk mosse och dess utvecklingshistoria. — Sv. Bot. Tidskr., 
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—  Stentornet pa Viksta hed. — Sveriges Natur, Sthlm, Arg. 12, 1921, 
s. 19— 32, 1 tavla, 7 textfig.
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Se w a r d , A. C., se N a th o rs t, A. G.
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SÖDERBERG, RUDOLF. Västgötska silursjöar. Nâgra geografska synpunkter 
och lite t jämförande biologi. —  Sveriges Natur, Sthlm, Ârg. 12, 192L 
s. 56— 71, 1 tavla, 15 textfig.

T amm , O. Om berggrundens inverkan pä skogsmarken. — Sthlm, Medd. 
Statens Skogsförsöksanst., H . 18, 1921, s. 105— 164, 2 tavl., 19 
textfig.; tysk res. s. 159— 164.

—  Om jordmânen i  det nordsvenska barrskogsomrädet. (Utdrag ur förf:s 
avhandling »Markstudier i  det nordsvenska barrskogsomrädet»). — 
Skogliga rön, Sthlm, N:o 1, 1921 ( =  Bilaga t i l i  Skogen. Sthlm, 
1921: h. 12), 19 s., 3 textfig.

TROEDSSON, Gustaf, T., Bidrag t i l i  kännedomen om Västergötlands yngsta 
ordovicium jämtp ett försök t i l i  parallellisering av de ordovicisk-got- 
landiska gränslagren i  Sverige och N. Amerika. —  Lund, Univ. Ärsskr., 
N. F. Avd. 2, Bd 17, N:o 3 [ =  Fysiogr. Sällsk. Handl., N. F., Bd 
32, N:o 3], 1921, 18 s. ; engelsk res. s. 18.

W ADELL, H a k o n , Vatnajökull. Some studies and observations from the 
greatest glacial area in Iceland. —  Geogr. Ann., Sthlm, Ârg. 2 (1920), 
1921, s. 300— 323, 1 karta, 12 textfig.

VESTERBERG, K. A l b . Nâgra synpunkter beträffande den kemiska jord- 
analysen. — Sv. Kem. Tidskr., Sthlm, Ârg. 33, 1921, s. 12— 22.

WESTGREN, A r n e . Stâlets kristallbyggnad. —  Sthlm, Jernkont. Ann. 
Ârg. 105, 1921, s. 401— 430, 8 textfig.

W lL L É N , N . Se B eskrivn in g  t i l l  kartb ladet Upperud.
W lMAN, C. Some reptiles from the Niobrara group in  Kansas. — Upp

sala, Bull. Geol. Inst., Vol. 18, 1921, s. 9— 32, 3 tavl., 8 textfig.
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Anmälanden och k ritik e r.

1) G. Berg, Die mikroskopische Untersuchung der Erzlager
stätten, V I I I  +  197 s., 88 textfig. Berlin 1915. (Bornträger).

2) J. MURDOCH, Microscopical determination of the opaque 
minerals, an aid to the study of ores, V I I  +  165 s., 1 pi., 
9 fig. New York 1916. (Wiley.)

3) W. Myron D avy  and M ason Farnham , Microscopic exa
mination of the ore minerals. IX  +  154 s., 6 fig. New 
York 1920. (McGraw H ill.)

4) H . SCHNEIDERHÖRN, Anleitung zur mikroskopischen Bestim
mung und Untersuchung von Erzen und Aufbereitungspro
dukten, besonders im auffallenden Licht. X V  +  192 s., 
159 fig., 15 lösa bestämningstabeller. Berlin 1922. (Gesellsch. 
deutscher Metallhütten- und Bergleute. I  uppl. utgängen.)

Medan den optiska undersökningen av silikatmineral uppnätt en viss 
fulländning, som möjliggör ej endast att bestämma och identifiera mine- 
ralspecies och ur summan av erfarenheter i  fortsättningen fastslä deras 
kemiska sammansättning, utan även kontrollera deras homogenitet och 
tillväxtbetingelser och allt vad därmed sammanhänger, har undersöknin
gen av opaka malmmineral, isynnerhet vad de senare förhällandena be- 
träffar, stagnerai i  betänklig grad. I  en del omfângsrikare handböcker 
äro vissa malmmineral upptagna som mer eller mindre självständiga mineral- 
species, men äro dock misstänkta för att vara sammanväxning av tvä eller 
flere; t i l i  fö ljd av den intensiva mikroskopiska sammanväxningen har den- 
na misstanke ej kunnat kontrolleras enbart genom kemisk undersökning.

Den stora praktiska betydelse malmmineralens inbördes förhällande äger 
i  alla malmer och det ej i  mindre grad teoretiska värde strukturförhäl- 
landena représentera för alla frâgor som beröra ej blott paragenes och suc
cession, utan även isotypi, isomorfi och morfotropi samt slutligen den ke- 
miskt-kristallografiska Strukturen, gör det i  hög grad önskvärt, att denna 
brist beträffande malmmineralen utfylles och nägon för undersökning fram- 
komlig väg öppnas i  endera riktning, som kan leda t i l i  résultat, nämligen 
t i l i  utvidgning av kännedomen om de opaka malmmineralen medelst en 
lätt tillgänglig metodik.

Svärigheten att beträda dylika vägar bestod huvudsakligen däri, att meto- 
diken lâg pä sidan om den tid ig t utstakade petrografiska. Petrograferna för- 
höllo sig avvaktande, sä länge undersökningen av malmmineralens elasticitets- 
förhallande medels polariserai ljus ej överskred kvalitativt experimentsstadium,



784 ANMÄLANÜEV OCH KIT IKER .

de voro rentav avvisande, när den komplicerade och dyrbara metallografiska 
apparaturen föreslogs för malmpetrografiska undersökningar, och de visade 
knappt nägot större intresse, när malmmineralens olika reflexionsförmaga 
a polerade ytor, delvis med anlitande av anlöpningsfärger,1 i  reflekterat 
ljus under konstant incidensvinkel prisades som rätta vagen t i l i  diagnostisk 
skärpa. Forst när härmed kombinerades inverkan av olika etsningsmedel 
samt prövning pä relativ härdhet, vanns petrografen och mineralogen för 
undersökningsmetoden, isynnerhet, när en enkel typ av malmmikroskop tor 
vertikalt reflekterat ljus säg dagen. De praktiska konsekvenserna av un
dersökningar av dylik art medförde, att de första systematiserade resulta- 
ten publicerades i  E conom ic G eology (C a m p b e l l  1906/7) och att 
metodiken i  huvudsak utarbetades i U. S. A.

A tt malmmineralen stodo i  tu r och ordning för undersökning förspor- 
des även i  Europa, utan att behovet för tillskapaude av en ny metodik 
gjorde sig bemärkbar hos B erg  (1 ) , som nöjer sig med en koncentrerad 
framställning av de gängse petrografiska metoderna samt deras tillämpning 
pä gängartsmineral, medan han för opaka malmmineral konstaterar stora 
svärigheter för diagnos. Bokens tite l är alltsä med kännedom av CAMP
BELLS och andra föregängares i  U. S. A. arbeten i  hög grad vilseledande.

I  »Mineralography» (2, utgängen frän Harvard) och »Mineragraphy»2 
(3, frän Mass. Inst, of Technology) bortlämnas utan vidare all hänsyft- 
ning pä petrografiska metoder i  trängre bemärkelse; de förutsättas endera 
som bekanta eller som för ändamälet obehövliga. Bägge starta, efter kort- 
fattad översikt över föregängares arbeten, med en detaljrik, men föga över- 
siktlig beskrivning av preparatens tillredning, demonstrera i ord och bild 
kortfattat det förenklade metallmikroskopet med vertikalbelysning och 
dess användning, samt betona vikten av fotografisk reproduktion av malm
bilden, varvid en del anvisningar och räd tabuleras (3). Iluvudvikten hos 
bägge lägges i  sammanställning av malmmineraltabeller i  uppslagsform, för 
vilka i ena fallet (2) 186 st. malmmineral ingäende undersökas (av dem 
bestämdes 20 st. som inhomogena blandningar), i  andra fallet (3) 143 st. 
nybestämmas eller underkastas förnyad kontroll. Men medan hos den ene 
(2) i  första rummet mineralets färg användes som nyckel att ingä i  ta- 
bellerna med, varpä härdheten, sä ater färgen och slutligen de mikrokemiska 
reaktionerna med tillämpning av 17 olika reagenser anlitas a llt efter be- 
hov, framhäva de andra (3), att malmmineralens färg är det minst säkra 
diagnostiska kännetecken, dä den är mest underkastad subjektivt omdöme, 
även om jämförelsemineral föreligga, dels i  avhängighet av belysningsför- 
förhällanden, dels beroende pä olikartad polityrförmäga hos samma mine
ral i  olika snittlägen. I  stallet utgä de frän mikrokemiska prov medels 
ett fatal (tre) reagenser, kontrollera därefter härdheten (en tretalig härd- 
hetsskala användes bade i  2 och 3), utföra ett kompletterande mikrokemiskt 
prov medels en fjärde reagens samt begagna sig av mineralets färg som 
orientering; slutligen anlitas i  särskilt komplicerade fa ll bläsrörsanalys pä 
ur slipprovet isolerade malmmineral, vilket underlättas med tillh jä lp  av 
nägra typiska tabellöversikter. »Mineragraphy» later tydligt skönja den

[N o v—  Dec. 1922

1 M. L eo, Die Anlauffarben. Dresden 1911.
3 Denna för klassiskt skolade öron nägot misslj adande benämning skapades ocb 

motiverades av W h i t e h e a d  1917 (Ec. Geol. X I I .  697).
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sordiu, som är meningen att lägga pá »Mineralographys» optimistiska seger- 
stämning.

»Chalkographie (4) är anlagd i bred och uttömmande Stil av en malm- 
mineralens fysiografi. Den allmänna delen (s. 1 148) omfattar metoder
saväl för undersökning i vertikal! reflekterat ljus (delvis nya), som i genom- 
gäende ljus ( i kort sammandrag med litteraturanvisningar^, beskriver ut- 
förligt de i  bägge fallen tillämpade instrumenten samt behandlar ingäend.e 
undersökningsmaterialets grövre och finare tillredning. Synnerligen detalj- 
r ik t och systematiskt genomföres beskrivningen av preparatframställning 
för reflekterat ljus och etsningsmetodernas karaktär (endast sex reagenser 
och deras kombination anvandes). lördelar och nackdelar av olika behand- 
ling av preparaten diskuteras och oframkomliga vägar förkastas (t. ex. an- 
löpningsfärger). Även fotografisk och annan reproduktion av mikroskop
bilden omnämnes. Bästa möjliga facit drages ur undersökning av opaka 
minerals polarisationsförhallanden, som harmed första gangen med all re
servation sammanföras i  översiktlig form vad metodiken beträffar. Även 
undersökning av finare och grövre krossprodukt beröres kort. — I  spe- 
ciella delen sammanföras resultaten av undersökning â 25 sulfidiska malm- 
mineral, 8 oxidiska dito ur ascensionszonen, 8 ur oxidationszonen samt 
tre gedigna metaller och nâgra fâ gângartsmineral. Beskrivningen gár 
systematiskt efter schemat: 1) polityr, 2) härdhet, 3) genomgängar, 4) re- 
flexionsförmaga och färg (efter Ostwald) samt färgnyanser i aggregat, 6) 
polarisationsförhällande, 7) etsningsförhallande, 8) inre beskaffenhet, 9) ag- 
gregatens struktur, 10) karaktäristik gentemot liknande mineral, l l )  upp- 
gifter över det undersökta materialets fyndort (fiera svenska fyndorter in 
ga, ehuru nâgra norska gá som svenska).

Det skulle leda för längt att mera ingâende beröra det rika innehallet 
i  denna nya fysiografi (som enligt löfte skali följas av del I I :  »Gefüge
bilder von Erzlagerstätten), emellertid bör den gedigna utstyrseln med 
bl. a. 126 goda mikrofotografiska reproduktioner framhävas samt hänvisas 
t i l i  de 15 bestämningstabellerna, vilka giva en mängd även för vanliga 
petrografer utomordentligt viktiga upplysningar och sammanställningar 
(t. ex. 3:optiska data över genomskinande malm- och gângartsmineral, jfr . 
även E. L a RSEN, vars tabeller ej ha kunnat utnyttjas). Störande verka
tryckfel (exempelvis i  tabeli 3). ,

H. G. Baclüuna.

Sven Ek MAN : Djurvärldens utbredningshistoria pa skandina- 
viska halvön. (Stor oktav, 614 sidor och 142 bilder 
texten. Pris 50 kr.)

Detta arbete, som nyligen utkommit pä Albert Bonniers välkända för- 
lag och tillägnats »minnet av de bada banbrytarna för den skandinaviska 
djurgeografien Sven Nilsson och Sven Lovén», omfattar tre huvudavdelnin- 
gar: I)  A rte rn as  g ru p p e rin g , I I )  O rsakerna  t i l i  den ñ u tid a  ut- 
b redn ingen  och Faunans h is to r ia  samt I I I )  Lande ts  in d e ln in g . Det 
avslutas med en utförlig litteraturförteckning och ett dito register.
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Avd. I  lämnar en uttömmande redogörelse för sam t lig a  ve rteb ra - 
te rs  och en del e ve rteb ra te rs  ñ u tid a  geogra fiska  u tb re d n in g  i 
Sverige, Norge och det geografiskt hithörande, väl undersökta Nordfinland. 
De talrika uppgiftema rörande varje arts utbredning äro dels hämtade 
ur den vidlyftiga litteraturen, dels ock insända av ett stört antal intres- 
serade amatörzoologer landet runt, dels slutligen grundade pä förf:s talrika 
egna iakttagelser. I  denna avdelning, som bl. a. inrymmer en redogörelse 
för de marina relikterna och deras intressanta historia, göres aven en 
jämförelse mellan Skandinaviens och utomskandinaviska trakters fauna. — 
Här liksom i följande avdelning meddelas goda avbildningar av ett flertal 
d jur samt áskádliggores pá ett fö rträ fflig t satt á ett stört antal kartor i  
texten viktigare arters utbredning, dennas relation t i l l  olika kvartärgeolo- 
giska skeden (bl. a. issjöarnas, det senglaciala havets och Ancylussjöns 
maximiutbredning) o. s. v.

I  avd. I I ,  som behandlar landfaunan och sötvattensfaunan var för sig) 
redogöres först för orsakerna t i l i  den fo rra s  ñ u tid a  u tb re d n in g  
[ställning t i l i  klimat och vegetation, vandringar, spridningshinder (t. ex. 
Baltiska havet och fjällkedjan) m. m.] varefter lämnas en översikt över 
lan d fau na ns  h is to r ia  (inki. geografi och klimat i forntiden, fossila 
fynd fran interglacial samt sen- och postglacial tid  o. s. v.).

I  kap. om orsakerna t i l i  sö tva tten s fa un an s  u tb re d n in g  redo
göres likaledes för denna faunas förhallande t i l l  temperatur, för vandrin
gar (t. ex. alens först pá señare tider i  huvudsak uppklarade, hügligen 
intressanta vandringar), yttre spridningshinder (salthalt, vattendelare, Vat
tenfall m. m.); vidare skildras en del olikartade djursamhällen (djupfau- 
nan, planktonfaunan o. s. v.) och invandringen (delvis i  belysning av fossila 
fynd), varvid pavisas, att vid pass 74 procent av sötvattensfiskarna in- 
vandrat t i l i  Skandinaviens sjöar och vattendrag genom Baltiska havet före 
och under ancylustiden. Denna avdelning ( I I)  avslutas av en överblick, 
som bl. a. belyser frágan om tiden säsom djurgeografisk faktor och den 
skandinaviska faunans ställning t i l i  utomskandinaviska omräden.

Avd. I I I  slutligen behandlar lande ts  g eogra fiska  in d e ln in g  i  re- 
g io n e r, vilka närmare karakteriseras. Dessa regioner äro 1) den ark- 
tiska  eller^ f jä llre g io n e n , 2) den högboreala reg ionen  e lle r  det 
n o rd ska n d in a v iska  skogslandskapet, 3) den sydskand inav iska  re
g io ne n  samt 4) ku s tre g io ne n , samtliga med subregioner.

Av förestaende korta antydningar om en del av det digra arbetets 
inneháll torde framgá, att detsamma behandlar en mängd intressanta och 
betydelsefulla problem, och som denna behandling i allmänhet är bade kri- 
tisk, grundlig och up to date, inses, att förf. presterat ett jättearbete och 
detta just vid en tidpuukt, dâ ett sádant sammanfattande verk är hügli
gen av behovet päkallat. Det skali därför irán naturvetenskapligt intres- 
serade hall hälsas med tacksamhet och tillfredsställelse. I  betraktande av 
det livliga intresse, vanned personer i skilda ställningar delgivit förf. en 
mängd iakttagelser, kan man redan i  andanom se, med vilken iver och 
glädje de och manga andra skola komma att insända uppgifter om nya 
iakttagelser för framtida bearbetning. Ty självfallet maste ett arbete av 
denna art och omfattning förete en del luckor och brister, detta ej minst 
i  fraga om vissa evertebratgrupper, säsom t. ex. land- och sötvattensmol-
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luskerna, vilka förf., enl. rec:s meriing, behandlat väl knapphändigt och 
nägot ytligt..1

Det lider intet tvivel, att EKMANS storslagna arbete kommer att verka 
i  hög grad befruktande pä ej mindre den djurgeografiska forskningen över 
tuvud taget an även den kvartärgeologiska, med vilken den är sä in tim t 
förenad. I  fräga om en del mähända mindre väl grundade hypoteser kom- 
ffler nog k ritik  icke att utebliva. En saklig sadan bidrager emellertid 
endast t i l i  att a llt skarpare belysa de mänga högintressanta, men ofta nog 
lnvecklade problem, som behandla icke blott faunans (inkl. människans) 
Utan även florans invandringshistoria t i l i  det för blott ett par tiotal ärtu- 
senden sedan överisade och därför sä gott som allt liv  saknande Fenno- 
skandia.

Henr. Munthe.

1 Jag faster m ig harvid lag m indre v id  fo rks rent fe laktiga (genom en o fo rk la r lig  
lapsus tillkom na) uppg ift (sid. 276), a tt >den bokanta A n c y l u s s j o n  uppkalla ts ef- 
ter snackan Ancylns lacustris, som pŁtraffats i  leravlagringar fT&n insjons botten>,
v ilk e t borde ha u tbytts  mot nngefar fo lja n d e :-------- efter den b lo tt i  sott vatten
levande snackan Ancylns fluv ia tilis , som traffats i  sjons strandavlagringar. Bland 
andra pdtagliga geologiska felaktigheter ar den. a tt fo rf. §, kartan fig. 73 (sid. 301), 
som bl. a. v isar Ancylussjons m axim iutbredning, lŁter denna sjo upptaga stora om- 
rkden aven av vastra Sverige och sodra Norge.



788 GEOLOGNYTT.

Geologiiytt.

D e n  i n t e r n a t i o n e l l a  g e o lo g k o n g r e s s e n  i  B r y s s e l  öppnades den 
10 aug., v a rv id  P res iden ten  i  o rg a n isa tio n sko m m itté n , M. JEAN  LEBACQZ, 
va ldes t i l i  kongressens p res iden t.

Deltagandet frän de skandinaviska länderna var av känd anledning r lI^ a! 
frán Norge ingeñ, frân Sverige infann sig bergmästare D ahLBLOM och irán 
Danmark d:r V. MADSEN.

Det har varit svârt att erhâlla autentiska uppgifter frân kongressen, 
varandra motsägande rykten, som ej kunnat vérifieras, fà tills  vidare 
lämnas därhän.

Spaniens officielle représentant señor Rubio-y-Muñoz inbjöd à sitt lands 
vägnar nästa kongress att samlas i  Madrid 1925, vilket av kongressen en- 
hälligt antogs.

Fraga väcktes om de internationella geologkongresserna skulle anslutas 
t i l i  International Research Council eller fortsätta enligt hävdvunnen arbets- 
ordning. En stark majoritet syntes föreligga för det señare alternativet, 
d. v. s. att kongresserna a llt framgent skulle existera som självständig orga
nisation. Däremot synes kongressen vid sin sista allmänna sammankonist 
ha antagit ett av den s. k. Londonkommittén utarbetat och av »le conseil» 
tillsxyrkt förslag t i l i  fastare organisation för kongresserna. Häri torde 
ocksâ ingâ medgivandet, att det t i l i  kongress inbjudande landet äger fw  
het att inskränka inbjudningen t i l i  de länder, de önska se representerade, 
en emot innebörden av begreppet internationeil kongress tydligen ganska 
betänklig ätgärd.

Pa förslag av hrr DE M argerie och LACROIX beslöts att igängsätta för- 
arbeten t i l i  en internationeil geologisk karta över Afrika.

Medlemsförteckningen upptager 490 anmälda deltagare, (inklus. en del 
institutioner) varav 354 antecknats som närvarande. Härav utgjorde den 
belgiska kontingenten heit naturligt den största med 105 närvarande, där- 
näst Frankrike med 69, Storbrittanien representerades av 26 närvarande 
deltagare, Förenta Staterna av 25, Italien av 17 o. s. v.

Bland ämnen, som särskilt debatterades under kongressammanträdena 
märkes tektoniken inom den herzyniska veekningszonen, Afrikas geologi 
samt Asiens tektonik, dar Aegand ’s föredrag och tektoniska karta över 
den eurasiska kontingenten särskilt uppmärksammades.

Avsked har beviljats statsgeologen vid Finlands geol. kommission, fil. dr.
E. M arinen , som förordnats t i l i  direktör vid Outukompu. T ill hans efter- 
trädare som statsgeolog har fr. o. m. den 1 jun i utnämnts docenten vid 
Hälsingfors universitet, fil. dr. P. ESKOLA, som i  dagarna ätervänt t i l i  
Finland efter en läDgre studievistelse i  Förenta Staterna.
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Mötet (len 2 november 1922.

N ä rv a ra n d e  41 personer.

M eddelade o rd fö ra n d e n , h r  Bäckström, a t t  fö rre  chefen fö r  Norg'es 
G eo log iska  U ndersöke lse , D r  H ans R eusch, f a l l i t  o ffe r fö r  en tra g is k  
o lyckshände lse , som h a ft  t i l l  fö l jd  en ö g o n b lic k lig  död. I  F ö r- 
eningens nam n hade t i l l  N o rs k  Geol. F ö re n in g  avsän ts  te leg ram , 
u tt ry c k a n d e  F ö re n in ge n s  d ju p a  bek lagande över de t skedda. H ä rp ä  
hade frä n  N o rs k  Geol. F ö re n in g  in k o m m it en sk rive lse  »med ser- 
b p d ig  ta k  t i l  G eol. F ö r. i  S to ckh o lm  fo r  dens va ckre  u t t r y k  fo r  
de ltage lse  i  a n le d n in g  av  D r  R eusch ’s dpd».

Styrelsen hade t i l l  medlem i  FöreniDgen inva lt:
F il .  D r  G . K arl A lmström, G öteborg , föreslagen av h r r  A m in o f f  

och Quensei.
F ö red rogs  fö rs la g  frä n  S ty re lse n  a t t  f r .  o. m . 1923 sänka ärs- 

a v g ifte n  i  F ö re n in g e n  t i l i  k r .  15, sa m t a v g ifte n  säsom s tä n d ig  
ledam ot t i l i  k r  250. F ö rs la g e t bord lades s ta d g e e n lig t t i l i  näst- 
fö lja n d e  sam m anträde .

F ra m la d e  S ty re ls e n  fö rs la g  t i l i  s ta tu te r  fö r  användandet av de 
av K n n g l.  M a j: t  b e v ilja d e  lo tte r im e d le n , som den 15 nästkom m ande 
december b l iv a  t i l lg ä n g lig a . F ö re n in g e n  an tog  e n h ä ll ig t  s tyre lsens 
fö rs la g  som in n e h ö ll fö lja n d e :
1. M ed ien  fö rv a lta s  som s ä rs k ild  fond  benäm nd 1922 ärs lo t te r i-  

fond.
2. R ä n to rn a  pe r ka le n d e rä r ä fonden t i l l fö ra s  F ö ren ingens  löpande 

in k o m s te r och inb e rä kn a s  i  dess o rd in a rie  s ta t.
3. Fondens k a p ita l m ä e fte r  pä fö rh a n d  i  v a r je  e n s k ilt f a l l  fa t ta t  

b e s lu t a n lita s  fö r  a t t  m ö jlig g ö ra  in ta g a n d e  i  F ö ren ingens  fö r -  
h a n d lin g a r av  a v h a n d lin g a r av h ö g t v e te n s k a p lig t vä rde , v i lk a  
pa g ra n d  av  s tö rre  om fäng  e lle r höga ko s tn a d e r fö r  nödvän- 
d ig t  i l ln s tra t io n s m a te r ia l e lle r  ta b e l l t r y c k  e ljes t icke  s k u lle  
ku n n a  m o tta g a s  fö r  p u b lic e r in g  u ta n  öve rskridande  av  F ö r 
eningens o rd in a r ie  in ko m s te r e lle r t i l lb a k a s ä tta n d e  av anna t 
ö n s k v ä rt tr y c k .

4 . S ty re lse n  äger n ta n o rd n a  k a p ita lm e d e l u r  lo tte r ifo n d e n  av sam- 
m a n la g t bögs t 5,000 k r .  p r  räkenskapsär.
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S k u lle  un d e r e t t  räkenskapsa r m er än 5,000 k r .  behöva u t- 
tagas u r  fonden e lle r  s k u lle  dennas ka p ita lm e d e l behöva a n lita s  
fö r  täckande  av uppkom m en b r is t ,  t i l lk o m m e r  de t F ö ren ingen  
a t t  pa fö rs la g  av S ty re lsen  härom  beslu ta .

F ö r  s ty re ls e b e s lu t rö rande  u tano rdnande  av k a p ita lm e d e l u r  
lo tte r ifo n d e n  fo rd ra s  sam stäm m iga  ro s te r av m in s t 4 s ty re lse - 
m ed lem m ar.

5. F ö r  u r  lo tte r ifo n d e n s  k a p ita l u tanordnade  m edel läm nas under 
s ä rs k ild  r u b r ik  i  rev is ionsbe rä tte lse  redogörelse.

P ro fessor A xed H amberg h ö ll e tt av  s k io p tik o n b ild e r  och skisser 
b e ly s t fö re d ra g  om den glaciala erosionen. F ö re d ra g e t u tg jo rd e  en 
fo r ts ä t tn in g  t i l l  h r  H am bergs  fö re d ra g  den 2 m ars 1922. E n  upP” 
sats i  a n s lu tn in g  t i l l  bada fö red ragen  kom m er a t t  in f ly ta  i  e tt  
kom m ande h a fte  av  fö rh a n d lin g a rn a .

M ed a n le d n in g  av fö re d ra g e t y t t ra d e  s ig  h r r  Gr. D e Heer, T or- 
nerhjelm, B ertil H ögbom, H olmqüist och föredrag anden.

D ocenten Gr. A minoff läm nade e t t  meddelande om mineralet Ba- 
rylit frän Längban. E n  uppsats i  a n s lu tn in g  t i l i  m edde lande t in - 
f ly te r  i  e t t  kom m ande ha fte  av  fö rh a n d lin g a rn a .

D r  H arry von E ckermann meddelade om en pä Stortjärnsberget 
i  Woxne socken anträffad arlcosartad sandsten. (Se uppsats i  före- 
lig g a n d e  ha fte  av fö rh a n d lin g a rn a .)

[N ov.— Dec. 1922.

Mötet den 7 deeember 1922.

N ä rva ra n d e  41 personer.

O rd fö randen , hr Bäckström, m eddelade a t t  S ty re lse n  t i l i  med- 
le m m a r i  F ö re n in ge n  in v a lt :

P ro fessor J . A .  L e f f l e r , S tockho lm , fö res lagen  a v  h r  H o lm q ü is t.
G ru v in g e n jö r  Olof R eutersvärd, K iru n a , fö res lagen  av h r r  G e ije r  

och H . E . Johansson.
Am anuensen Torsten A lthin, G öteborg , fö res lagen av h r  T h ä - 

berg , sam t
S ta tsgeo logen Olaf A ndersen, K r is t ia n ia ,  fö res lagen  av  h r r  T h . 

V o g t och Quensel.

F ö re n in g e n  b i fö l l  S ty re lsens  frä n  fö r ra  sam m an träde t b o rd la g d a  
fö rs la g  om s ä n k n in g  a v  ä rs a v g ifte n  f r .  o. m. 1928 t i l i  k r .  15, och 
a v  s tä n d ig  m e d le m sa vg ift frä n  samm a t id p u n k t  t i l i  k r .  250.
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F ö rrä tta d e s  i  s ta d g a rn a  fö re s k r iv n a  v a l fö r  1928, v a rv id  u tsâgos: 
t i l i  o rd fö rande  p ro fesso r f r ih e r re  GIerard D e Geer, 

sekre te ra re  pro fessor Percy Quensel,
» skattmästare doktor K . E . Saiilström,
: stvrelseledamöter professor Helge Bäckström oeli statsgeologen

dr R. Sandegren.

T i l l  re v is o re r fö r  1922 ärs fö r v a ltn in g  va ldes d r  B e r t i l  H ögbom  
och d r  A .  f l .  W e s te rg ä rd  med d r  B e r t i l  H a ld e n  soin supp léan t.

D agen  fö r  ja n u a r is a m m a n trä d e t bestämdes t i l i  and ra  to rsdagen  
i  m anaden.

H r B ror A sklünd höll ett av skisser och skioptikonbilder be- 
lys t föredrag om spriclcdalar i sydöstra Östergötland jämte n&gra 
bidrag till spricîcdalsproblemet.

E n  uppsats i  a n s lu tn in g  t i l i  än ine t kom m er a t t  in f ly ta  i  e tt 
fö lja n d e  ha fte  av fö rh a n d lin g a rn a .

Med anledning av föredraget yttrade sig hrr Gl. D e Geer, V es
terberg, S enduis, Gelter, H olmquist, Orton och föredrag anden.

T i l l  in fö ra n d e  i  fö rh a n d lin g a rn a  anm älde se kre te ra re n : 
A rp o ja u re , en p o s tg la c ia l sjö i T o rn e  L a p p m a rk  av C. C :son 

C a l d e n iu s  sam t
F ö rsö k  t i l i  a n a lys  av N ordens s e n k v a rtä ra  n iv ä fö rä n d r in g a r  av 

A . Cleve-E uler.

52—220270. G. F. F. 1922.
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Fig. 5. Gneiss-granite from the dyke, fig. 2. Nic. +  Magn. 30 times.
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Fig. 7. Idiomorphic plagioclase enclosed in microciine of gneiss-granite. Nie. + Magn.
10 times.
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Fig. 8. S illimanite crystals in  gneiss-granite. Ord. ligh t. Magn. 25 times.

K g . 9. Andalusite-crystal bordered by small flakes of a sericitic muscovite. Ord. ligh t.
Magn. 80 times.
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GARNET + 
SILLIMANITE Q

%
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o 0.5 1 1.5 2 2.5 °/a  MYRMEKITE

Fig. 10. Diagram of the occurence of myrmekite, sillim anite and garnet in gneiss-
granite.

Fig. 11. Contact between meta-diabase and red, contorted gneiss. Along the contact 
are seen myrmekite-warts, and also »accidental» phenocrysts w ith in  the diabase. Ord.

ligh t. Magn. 40 times.
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5 c m  
__I

Hg. 18. Harzburgite. The light spots are the olivine- and hypersthene-phenocrysts.

Fig. 14. Harzburgite containing corroded olivine crystals surrounded by hyperstliene 
and edenite. Ord. light. Magn. 6 times.
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Pig. 15. O livine crystal surrounded by edenite in  harzburgite. In  the edenite small 
patches (black) of serpentinized secondary olivine. Ord. ligh t. Magn. 25 times.

Pig. 16. O livine w ith in  hypersthene in  barzburgite. The black and a ll the white, 
excepting at lower r igh t hand, hypersthene; the gray, olivine and lower r igh t hand 

white edenite. Nic. +  Magn. 20 times.
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Fig. 17. Ore-agglomerations w ith in  pyroxenite indicating positions of redissolved 
d iv ine . Ord. ligh t. Magn. 30 times.

5 cm 
_!

Fig. 18. Eulysite from »Toppgrnvan». MansjS Mt.
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Mol.“  tyb

Fig. 23. Hypothetic melting diagram FeO—Si02.

F ig. 24. Eulysite from >Toppgrnvan>. Ord. ligh t. Magn. 6 times.
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y Fig. 25. Enlysite partly  transformed in to an iron-anthophyllite-skarn. Ord. ligh t.
Magn. 6 times.

Fig. 26. Section across a larze iron-anthophyllite crystal, showing remains of fayalite 
and hornblende besides some quartz. Ord. light. Magn. 6 times.
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Fig. 28. Detail of fig. 26. showing remains of fayalite. Nic. +  Magn. 40 times^
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Fig. 29. The transformation of hornblende (dark kernel) into griinerite (colourless 
shell), bordering on fayalite. Ord. light. Magn. 100 times.
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Fig. 30. Polysynthetic lamellar twinning of griinerite. Nic. + Magn. 60 times.

5cmj
Fig. 31. Griinerite skarn, darkly pigmented by alteration into hematite.
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Pig. 34. Section across a narrow part of the fayelite dyke at Gymâsberget, Woxna. 
Arrows show direction of bedding of rock-sequences I  and I I .  Ord. light. Hagn. 4 times.

I
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Fig. 35. Detail of fig. 34. On the left side is seen how a small apophysis^ of the 
dyke has cut through the reaction zone of hornblende. Ord. light. Magn. 6 times.

Fig. 36. Amphibolite rich in pyrite. The corroding of hornblende by pyrrhotite is 
shown by the columnar crystal at the bottom of the figure close to the colourless 

quartz. Ord. light. Magn. 25 times.
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I

Fig. 37. Ilematite-serpentine-skarn, from the Mansjo iron mine. The hematite is seen 
occupying pseudomorphs of serpentine and talc after grunerite and iron-anthophyllite. 

Ord. light. Magn. 20 times.
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Kg. 44. Garnetiferus para-gneiss, intruded by pegmatite.

5cm

Fig. 4o. Schistose para-gneiss. The left figure shows the normal contact towards the 
limestone (the calcite visible at the top part of the rock); the right figure, the extremely 

strong schistosity close to the eulysite.
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Fig. 46. Crystalline schist (para-gneiss). Nic. + Magn. 20 times.

Fig. 47. Pyroxene-gneiss. Ord. light. Magn. 30 times.
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0  5 cm
1 ______ 1_______ I_______ I_______ I_______ I

Fig. 60. Normal contact w ith  alternating layers of limestone and gneiss at some distance
from the eulysite.

5cm
_l

Fig. 61. Grossularite (top-part o f rock) in  contact w ith  gneiss.
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5 cm 
J___I

Fig. 63. Limestone, containing spinel and cronarodite marking the stratification of 
the previous mica-layers.

0 5cm
1 _____I_____ ( i l l

Fig. 62. Limestone enclosing solitary grains of B-chondroite.
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Fig. 64. Limestone, thoroughly pigmented by chondrodite.

Fig. 65. Limestone, containing solitary crystals of phlogopite.





GEOL. foken :s fo rh and l . bd 44. PI. X X X V II.

Fig. 67. Fluor-pyroxene (mansjoite) dyke (at the top of the figure) cutting the lime
stone and containing exogenous calcite (white) and pargasite (dark). On the r igh t hand, 
at the bottom, grains of serpentinized B-chondrodite are seen in  the limestone; on the 

le ft hand, a dyke of colourless apatite (white).

Fig. 66. Contact between limestone and pegmatite. The white pegmatite (upper part 
of rock) includes rows of violet quartz-grains, (to the upper left).

5 c m
J
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Pig. 69. Weathered scapolitisized pegmatite dyke, grading at the upper part into a
> Mansj oi te-dyke >.

Fig. 70. The same rock as in fig. 69 on a fresh fracture-surface. The sharp lim iting  
of the scapolitisized pegmatite-dyke is clearly seen at the bottom of the figure, (above 
>cm>), as are the diopside contact-zones. Where the dyke grades towards the top into 
mansjoite, the diopside changes into pargasite, and the accompanying G-chondrodite in 

the limestone into B-chondrodite.
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Fig. 71. Calcite-crystals, which show deformation-structures. N ie .+  Magn. 40 times.
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Fig. 72. Remains of an anorthite crystal w ith  enclosures of calcite. N ic .+  JIagn. 40 times.

Fig. 73. Fan of secondary prehnite, crystallized out of a groundmass of amphodelite.
Nic. + Magn. 60 times.
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Fig. 74. Diopside-contact between tbe pegmatite and the limestone. The dark spots 
along the r igh t part o f the contact are leucoxene. Ord. light. Magn. 6 times.

Fig. 75. Detail of fig. 74. String of apatite w ith in  phlogopite. Ord. light. Magn.
60 times.
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Fig. 76. Detail o f fig. 74. Diopside-rods w ith in  scapolite. The sharp sinuous boundary 
between the two sym plektitie diopside-scapolite-zones is clearly visible. Ord. ligh t.

Magn. 60 times.

Fig. 77. Detail of fig. 74. Anorthite and scapolite of the pegmatite-dyke w ith in  the 
contact-zone, the diopside rods of which are p la in ly  seen in  the upper le ft comer.

N ic .+  Magn. 50 times.
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Fig. 78. Detail o f fig. 74. Seapolite-Quartz symplektite, close to the inner diopside- 
scapolite-zone. Nic. + Magn. 60 times.

Fig. 79. Mansjoite-fels from the pyroxene-dykes. The dark spots are grinding powder 
remaining in  holes in the thin-section. Ord. ligh t. Magn. 30 times.
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Fig. 80. Prehnite (primary)-aggregates w ith in  golden-yellow, flu ida lly arranged phlogo- 
pite. Hansjoite crystals corroded by the phlogopite are clearly seen. Ord. ligh t. Magn.

15 times.

(
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Fig. 81. "Wollastonite-needles and grains of diopside w ith in  vesuvianite. The needles 
start from twinned wollastonite-crystals. N ic .+  Magn. 100 times.
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Fig. 82. Pargasite, intergrown at r igh t angles by a smaller pargasite crystal (dark).
N ic .+  Magn. 40 times.

Fig. 83. Diopside-contact transformed into a pargasite-contact. The cross-section of a 
pargasite crystal is visible in the upper le ft hand corner. The dark spots are leucoxene. 

The scapolitisized pegmatite is found on the right. Ord. ligh t. Magn. 60 times.
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Fig. 84. Lenticular rest o f grossularite w ith in  vesuvianite, intergrown hy diopside. 
O' ligh t. Magn. 80 times.

Fig. 85. Alm anditic grossularite in  pegmatite- limestone contact, rich in  quartz. The 
dark is diopside, the gray garnet, the white scapolite and quartz. W ith in  the garnet 

are also seen radiating chlorite-grains. Ord. ligh t. Magn. 50 times.
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Fig. 86. Grossularite, p o ik ilitica lly  intergrown by diopside and cut by a vein of sca- 
polite and quartz. Ord. ligh t. Magn. 40 times.

Fig. 87. Fig. 86 at Nic. +  Magn. 40 times.
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Fig. 88. Ring of scapolite grains around plagioclase Thin-section from the upper 
pegmatite dyke series Nic. +  Magn, 30 times

Fig. 89. Scapolite showing secondary deformation structure at the pargasite-bearing 
dyke-contacts. The dark mineral is leneoxene. Ord. ligh t. Magn.[ 80 times.
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Fig. 90. The observations on the Mansjo Mt. scapolites entered in the diagram o f the 
refraction and birefrigence of scapolites, according to Sundins.
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Fig. 91. Scapolite, showing pavement structure in the centre of a pegmatite dyke.
Nic. + Magn. 30 times.

Fig. 93. Vesuvianite (black) p o ik ilitica lly  intergrown by diopside Nic. + Magn. 60 times.
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Fig. 94. Zonaly b u ilt vesuvianite. On the r igh t hand is seen grossularite. Both 
minerals are intergrown by diopside. Ord. ligh t. Magn. 60 times.
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Fig. 97. G-chondrodite, showing tw inn ing lamellte (dark) surrounded by spinel (black).
Nic. +  Magn. 40 times.

Fig. 98. G-chondrodite in limestone, the calcite showing crossed lamellar tw inning.
Nic. +  Magn. 30 times.
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Fig. 99. Detail o f fig. 98. Chondrodite crystal showing tw inning along (001) and 
(305). —  Nic. +  Magn. 60 times.

Fig. 100. Crystal o f B-chondrodite altered into serpentine. Ord. light. Magn. 60 times.
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Fig. 101. Phlogopite crystal enclosing a corroded grain of calcite. Ord. ligh t. Magn.
30 times.

Fig. 102. T itanite crystal in the diopside-contact of the lower dyke-series. 
Ord. ligh t. Magn. 60 times.
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Fig. 103. Apatite-dyke showing pavement structure. On the le ft hand vesnvianite.
Nic. +  Magn. 30 times.

Fig. 104. Contact between apatite- and amphodelite-facies of a pegmatite dyke. Nic +
Magn. 35 times.
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Fig. 105. Apatite-dyke. The dark spots in the centre of the dyke are amphodelite. 
On the outside of the apatite is seen vesuvianite w ith  numerous »crocodile-skin»-like 
cleavages, bordering on solitary wollastonite crystals (not visible) and diopside. The neigh

bouring calcite is not in the picture. Ord. ligh t. Magn. 30 times.

Fig. 106. Anorthite and scapolite enclosing remains o f calcite and diopside. Nic. +
Magn. 40 times.
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Fig. 107. »Breccia-symplektite.s The dark groundmass is grossularite; the ligh t, vesu- 
vianite. Both are filled up w ith  fragments of ealcite, diopside, anorthite and scapolite.

Nic. +  Magn. 40 times.
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Fig. 108. Vaponr-pressure diagram for saturated flu id  magma (according to Niggli.).

Fig. 109. Concentration-triangles CaO : S i02 : C02, Crosses indicate probable conditions
at Mansjo Mt.
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Furfattarna äro ensamma ansvariga for sina uppsatsers innehäll.
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Telefon: R. T. 16199.
Telegrafadress:
Bergsbyrfin.

Utfor bland annat:

Undersokning och kartlaggning av fyn- 
digheter geologiskt, magnetiskt och elek- 
triskt (egna metoder).

A.-B. B E R G S B Y R Á N
Postadress: 
Jernkontoret 
Stockholm 15

Som v i óvertag it

A -B . HASSE W. TULLBERG S K AR TO G R A FIS K A  A V D E LN IN G  

och framdeles kom m a d riva  denna efter samma princ ipe r och 

under samma ledn ing  som fo ru t, fa v i hárm ed rekom m endera 

oss v id  forekom m ande behov av ka rtogra fiska  arbeten.

K A R T O G R A F I S K A  I N S T I T U T E T  

redigerar, r ita r, reproducerar och trycke r alia slag av ka rto r 

och kartogra fiska  fram stá lln ingar efter vetenskapliga p rinc iper 

och med modernaste tekn iska hjálpm edel.
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KARTOGRAFISKA INSTITUTET
C E N T R A L T R Y C K E R I E T ,  S T O C K H O L M  

Vasagatan 1 6 — 1 8 .
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Utför bland annat:

Undersökning och kartläggning av fyn-

I ä A | / $ 5 digheter geologiskt, magnetiskt och elek-
triskt (egna metoder).

A.-B. B E R G S B Y R Ä N
T e le fo n :  R . T . 161 99. P o s ta d re s s :
T e le g ra ia d re s s : J e r n k o n to r e t
B e rg s b y rä n . S to c k h o lm  15

UNDERLAGSKARTOR ÖVER SVERIGE.
S k a l a  i :  5 00 .00 0  O m fa t ta r  h e ia  S ve rig e  i  4  b la d , 2 s t. i fo rrn a t 7 0 X  IO O  c m . o c h  2 

st. i  fo im a t  87  X  IO O  c m . In n e h ä l le r  a l la  k o m m u n - , h ä ra d s - och  
län sg rän ser, jä rn v ä g a r , v ik t ig a re  la n d s v ä g a i s a m t s a m h ä lle n  o ch  
k y r k o i.  N a m n  e n d a s t fö r s tö rre  s a m h ä lle n .

S k a l a  1: 1 m i l j .  O m fa t ta r  h e ia  S ve rig e  i  2  b la d  i fo rm a t 7 3 X 71 c m . o c h  7 3 X 76 
c m . o ch  in n e h ä lle r  u tö v e r o v an s tä en d e  äv en  h ö g s ta  m a r in a  grän sen .

S k a l a  1: I  ‘ / 2 m i l j .  O m fa t ta r  h e ia  S ve rig e  i  I  b la d  i  fo rm a t  47  X  105  c m . G rän se r  
l ik a  m e d  fö re g ä e n d e , n a m n  fö r  h ä ra d e n  och  s ta d er s a m t k ö p in g a r.

S k a l a  1 :4  m i l j .  S c h e m a tis k  ö v e rs ik t  m e d  e n d a s t s tö n e  v a tte n d ra g  o c h  sjöar, 
v ik t ig a re  jä rn v ä g a r . In g a  n a m n .

S k a l a  1 :4  m i l j .  S c h e m a tis k  ö v e rs ik t u ta n  v a tte n d ra g  m e n  m e d  h ä r a d s -o c h  lä n s 
g rän ser. N a m n  fö r res id en sstäd er s a m t n u m re r in g  a v  h ä ra d e n a .

S o m  p lä ta r  o c h  s te n ar t i l i  o v an s tä en d e  k a r to r  a l l t id  f in n a s  s tä en d e , k u n n a  v i  le v e re ra
s p e c ia lu p p la g o r  a v  dessa k a r to r  e lle r  d e la r  a v  d e s a m m a  t i l i  s y n n e r lig e n  b i l l ig a  p riser.
V i  h a v a  ä v e n  o r ig in a lr itn in g a r  t i l i  u n d e rla g s k a rto r i  a n d ra  sk a lo r och  lä m p lig a  fö r  

o lik a  ä n d a m ä l, v i lk a  v i re p ro d u c e ra  e fte r  ö v e ren s ko m m else  i  ö n s kad e  s to rle k a r.
K a r to r n a  e rh ä lla s  d ire k t  frä n

KARTOGRAFISKA INSTITUTET
A.-B. C E N T R A L T R Y C K E R IE T  I  S T O C K H O L M

Vasagatan 1 4 — 1 8 . Te le foner * C entra ltryckerie t»
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G e n e r a l s t a b e n s  k a r t a  o v e r  n o i r a  S v e r i g e ,  s k a la  i : 2 0 0 0 0 0 , 
b la d :  H u s u m  o c h  Id re .

K o n c e p t k a r t o r ,  s k a la  1 : 5 0 0 0 0 , b la d :  S a la  N O .  S O . S k e lle fte &  S V . S O .  
G y s in g e  N V .  N O .  S V . S O .

G e n e r a l  k a r t a  n , s k a la  I : I  m i l l .
G e n e r a l s t a b e n s  o v e r s i k t s k a r t a  o v e r  S v e r i g e ,  s k a la  1:4 0 0 0 0 0 , 

b la d :  H a rn o s a n d , S u n d s v a ll och  S a rn a .
E k o n o m i s k  k a r t a  o v e r  B l e k i n g e  l i i n ,  sk a la  1 : 2 0  0 0 0 , b la d : 

F ly m e n , G r a n h u lt ,  J a m jd , L a n g e n a b b e n , B re d a v ik s u d d e , T o r n a k r a  och  
U tla n g a n .

E k o n o m i s k  k a r t a  o v e r  H a l l a n d s  l a n ,  s k a la  1 : 2 0 0 0 0 , b la d :  
B a s ta d . G re v ie , I la l la n d s a s , R e n n e s lo v , R o s jd h o lm -O rk e llju n g a , S k o tto rp ,  
V a llS s e n  O ss jo , F lo a l t  o c h  H is h u lt  F in n a s  iiv cn  i  sv a rttry c k

I n t e r n a t i o n e l l a  v a r l d s k a r t a n ,  s k a la  1 : 1 m i l l . ,  b l a d : G a v le  o m -  
fa tta n d e  o m ra d e t m e lla n  6o °  o ch  64 °  n . b r . s a m t 12°  och  1S0 6 . 
G re e n w .

S t o c k h o l m s -  o c h  U p p s a l a  l a n  s a m t  S t o c k h o l m s  o v e r -  
s t l t h a l l a r s k a p ,  s k a la  1 : 3 0 0 0 0 0 .

O v e r s i k t s k a r t a  o v e r  S v e r i g e ,  s k a la  1 : 1,5 m i l l . ,  fin n e s  de ls i  fa r -  
ger, de ls i sv a rt och  b l& tt.

O v e r s i k t s k a r t a  o v e r  S v e r i g e ,  s k a la  1 : 2 m i l l . ,  f in n e s  de ls  i  fa rg e r, 
dels i  svart och  blS.tt.

K o n t u r k a r t a  o v e r  S v e r i g e ,  s k a la  1 : 5 0 0 0 0 0 .
K o n t u r k a r t a  o v e r  S v e r i g e ,  s k a la  I : I  m i l l .
K o n t u r k a r t a  o v e r  S v e r i g e ,  sk a la  1 : 2 m i l l . ,  f in n e s  de ls  i b la t t ,  de ls  

i  g ra t t  try c k .
G e n e r a l s t a b e n s  h o j d k a r t a  o v e r  s o d r a  S v e r i g e ,  sk a la

1 : 5 0 0 0 0 0 , b la d  n r . V I I .
G e n e r a l s t a b e n s  h o j d k a r t a  o v e r  n o r r a  S v e r i g e ,  sk a la

1 : 5 0 0 0 0 0 , b la d  n r . V I I I .
K a r t a  o v e r  S t o c k h o l m ,  sk a la . 1 : 4 0 0 0 , 1 :6 0 0 0  o c h  1 : 1 2 0 0 0 .
K a r t a  o v e r  N o r d e n ,  s k a la  1 : 1 ,5  m i l l .
K a r t a  o v e r  O s t e r g o t l a n d ,  s k a la  1 : 4 0 0  0 0 0 .
P o l i t i s k  v a r l d s k a r t a  i  H a m m e r s  y t t r o g n a  p r o j e k t i o n .  

M ittp u n k ts k a '.a  1 :6 0  m i l l .  F in n e s  de ls  i  fa rg e r o c h  dels i  svart och  b l l t t .
S v e r i g e s  k a r t l a g g n i n g ,  en  d v e rs ik t u tg iv e n  a v  K a r to g ra fis k a  sa llskap e t.

G EN ER A LS TAB E N S  LITOGRAFISKA ANSTALT



Geologiska Föreningens i Stockholm förhandlingar u tkom m er 
med 7 h a ften  ä rlig e n ; p renum era tion  mottages genom NordisTca boJc- 
handeln, Stockholm. Genom samma bokhande l ka n  äfven i  m an a f t i l l -  
gäng  e rha llas :

Bd 2--3 0 ä 20 kr. Generalre,gister t i l i
» 31 > 30 > | Bd 1 - 5 ä 3 kr.
> 32 > 60 » » 6-- 1 0 > 4 »
> 33--3 9 » 20 > > 11-- 2 1 > 6 >
> 40 » 30 » » 22-- 3 1 > 6 >
> 4 1 --44 > 20 > » 32-- 4 1 6 >

Lösa haften af alia banden t i l i  pris beroende pä häftenas omfäng.
Medlemmar af Föreningen erhälla genom skattmästaren de äldre banden af Förhand- 

lingarna och Generalregistret t i l i  hälften a f det ofvan npptagna bokliandelspriset. Ä  18sa 
haften lämnas ej prisnedsättning.

Geologiska Fören ingens sekreterare , Professor P ercy  Quensel, t r ä f -  
fa s  i  Fören ingens angelügenheter ä  M in e ra lo g is k d  In s titu tio n e n , Stock
holm s Högslcola. I i ik s te l. 8 2 5 0 0 . E f tc r  k l. 6  e. m . B ik s te l. 7 2 1 8 0

Föreningens ordinarie möten äga rum fö rs ta  h e lg fr ia  torsdag  i  mänaderna februari, 
mars, april, maj, Oktober, november och december. Dagen för januarimötet bestämmes ä 
decembersammankomsten. Personlig kallelse utfärdas t i l i  sammanträdena pä därom gjord 
framställning t i l i  sekreteraren. Häftena ntdelas t il ls  yidare sammanträdesdagarna i jannari» 
mars, maj och noyember.

Uppsatser, afsedda a tt införas i  Förhandlingarna, insändas t i l i  Föreningens sekreterarc 
Mineralogiska institntionen, Stockholms Högskola, Stockholm . Ätföljande ta ilor och fignrer 
böra vara fü l l t  färdiga t i l i  reproduktion, dä de jämte nppsatsen sändas.

I  Förhandlingarna mä uppsatser —  förntom pä skandinaviskt spräk — införas pä en- 
gelska, franska eher tyska; dock vare författare skvldig a tt i  de fa ll dä Styrelscn anser sä- 
dant önskvärdt bifoga en resume pä skandinaviskt spräk.

Därest korrektionskostnaderna fö r införd nppsats nppgä t i l i  mera än 16 kronor pr 
tryekark, vare författare skvldig att erlägga det öfverskjutando beloppet, sävida det uppgär 
t i l i  m inst 10 kr. p r nppsats.

Författare erhäller gratis 75 separat a f införda uppsatser.

Referat honoreras sälunda (Fören. beslnt Vis 1911):

l:s ta  sidan eller del d ä ra f............................... efter 20 öre pr tryckrad.
2:dra » > » > ...............................  > 1 5 » »  >
3:dje » > » > ................................  » 1 0 » »  >
Följande sidor honoreras icke.

Anmälan om föredrag göres i  god t id  hos sekreteraren.

LedamSternas arsafgifter, hvilka enligt § 7 af Föreningens stadgar skola vara inbetalda 
senast den 1 april, insändas t i l i  Föreningens skattmästare, D r K . E. Sah i.stböm, Sveriges 
geologiska nndersökning, Stockholm  50 t i l i  hvilken Föreningens ledamöter äfven torde 
insända uppgifter om ä n d r in g a r  a f  adresscr och t i t la r .  Arsafgifter, som ej äro inbetalda 
den 1 april, är skattmästaren skyldig a tt ofördröjligen inkräfva.
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