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Hj . L undbohm, Sketch of the Geology of the Kiruna district:
Page 753, line 12 from above is printed desolated, read desolate.

» 759, » 9 o. 10 » » » stripe, » strip.

p. J. H olmquist, The Archaean Geology of the coast-regions of Stock
holm :

Page 867, is printed A rvedson, read A rewedson.
On PI. 36 are grey lines omitted in  the scheme’s square for »Grey 

gneisses in general».

A. G. H ögbom, A xel Gavelin , and H. Hedström, Excursions in the Ar-
chaean of Southern Sweden:
Page 987, line 3 from above, is printed di strict 

> 994, » 2 from below, > amost
» 997, » 7  > • i t  is, obvious
, ,  , 4 , » atlered

read district 
» almost 
» i t  is obvious 
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Page 1002. line 10 from below is printed Fig. 10 read Fig. 11.
> 1003, > 4 from above > of its coarse-grained > of a coarse-grained
> > > 11 » > dark-cloured » dark-coloured
> 1004, » 1 » > dark-colored > dark-coloured
> 1004. » 10—13 from below is printed: In the neighbourhood of Hula

sim ilar quartzitic dykes are 
met w ith in a strongly acidi
fied gabbro, which stand in 
-----------; read: In a strong
ly  acidified gabbro in the 
neighbourhood of Hula si
m ilar quartzitic dykes are 
met with, standing i n -------;

> > > 9 » is printed discribed read: described.
> 1005, » 10 from above, > onter > outer

4 1007, > 15—18 > is printed: induced from the considerable
intrusive ! magma, masses, 
which have penetrated it, 
and exaggerated by its 
subsidence down to a very 
great depth below the sur
face during the most im 
portant periods of metamor
phism. — read: induced by 
its subsidence down to a 
very great depth below the 
surface and by its penetra
tion w ith  considerable in 
trusive magma masses dur
ing the most important pe
riods of metamorphism.
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1008, S> 3 from above is printed: colouwed read: coloured.
> 1011, 22 > » withothers > w ith  others.
> 1013, > 21 » > regions » region.

1015, ) 1 from below » may i t  be observed » may be observ
ed.

1026, 1» 11 from above « bacic > basic.
» 1034, 77 » > entering in » entering





GEOLOGISKA FÖBENIMENS

Närvarande: 30 personer.
Ordföranden, hr H ögbom, meddelade, a tt Föreningens Le- 

damot Bergsingeniören T. H. K ociojm, Malmö, aflidit.

Nästa möte utsattes t i l l  onsdagen den 7 maj.
Amnäldes, att räkenskaperna för är 1909 ännu icke kun- 

nat aislutas, beroende pä att en del räkningar ä tryck af För- 
handlingarna ännu icke hunnit inkomma.

H r H amberg höll föredrag om Sarek-traläens geologiska 
formationer och tclrfonilc. (Jämför en uppsats i  detta hafte 
a f Föreningens Förhandlingar.)

E fter föredraget följde diskussion, hvarvid yttrade sig h rr 
H olmquist, Ga v e l in , G. D e G eer och föredraganden.

Med anledning af prof. Hambergs teoretiska förklaring af öfver- 
skjutningsföreteelscrna inom Sarjek-omrädet framhöll hr Holmquist, 
att de milda skiffrarna, den s. k. köligruppen, vaster om Kvikkjokk 
ovillkorligen mäste anses öfverlagra det östra omrädets glimmerskiffer- 
amfibolit-komplex. Detta framgick ock otvetydigt af tal:s publiserade 
redogörelse för Sulitelma-divikkjokksprofilcn. Tal. bestred ock före- 
dragandens tolkning af strukturföreteelserna inom detta omräde och 
ansäg, att antagandet af en nu försvunnen mäktig bergskedja väster

de öfverskjutna massorna, hvilka frän dessa genom tyngden 
sknlle hafva glidit ner t i l i  sin nuvarande plats, vore en godtycklig 
kypotes, som icke motsvarades af de geologiska förhällandena.

Hr Ga v e lin  kade under somrarna 1900— 1901 och 1909 utfört 
ßeologiska undersökningar i och för en monograii öfver det närmast
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SW in till föredragandens forskningsfält belägna Huouteoare-omradei 
ocb därvid äfven vid nägra tillfällen för jämförelser vandrat in pa 
mindre delar af föredragandens omräde. Tal. hade emellertid i at- 
skilliga afseenden en afvikande mening om en del tektoniska ocli 
äldersförhällanden inom trakten.

Föredragandens förmodan, att eruptivbergarterna vid Ruoutevarc 
malmberg voro genetiskt samhöriga med en mängd karakteristiska berg- 
arter inom hans s. k. »syenitskälla»; künde talaren^ pá grund af sina 
undersökningar i alio bekräfta. Det künde icke rada tvifvel om atl 
de skildrade eruptivbergarterna inom »syenitskällan» bade samma upp 
trädande och geologiska älder som Ruoutevare-eruptiven.

Talaren hade studerat relationerna mellan ifrägavarande eruptiv- 
bergarter och den otvifvelaktigt sedimentara glimmerskiffer-kvartsit-serif 
(lokalt med inlagring af magnesit), som flerstädes omgifver dem, ocl 
hvilken serie pá grund af sitt petrografiska utbildningssätt och sitl 
fältsammanhang med Holmquist ’s Sevegrupps-skiffrar vaster om Kvikk 
jokk vore att beteckna säsom Sevegrupp. Eruptivserien uppträdde icke 
genombrytande i  förhällaude t i l i  skiffrigheten. Däremot hade tal. Her 
stades iakttagit eruptivbergarterna omgifna (bade i liggandet och hän 
gandet) af glimmerskiffer-serien, i hvilken de befunnits flika upp sig 
bildande band eller lagergängar. Glimmerskiffern hade ofta närmas 
transen mot de metamorfoserade eruptivbergarterna en smal men högs' 
karakteristisk kontaktzon, som talaren ville tolka sasom uppkommei 
genom kontaktmetamorfoserande inverkan af eruptivmagman pä dei 
äldre skiffern. Pa dessa och fiera grunder hade de afhandlade eruptiv1 
bergarterna enligt talaren ett intrusivt uppträdande uti ätminstom 
traktens Sevegrupp, och han künde därför icke gä med pä att känföri 
dem t i l i  urberget, sasom föredraganden hade g jo rt.1

Frägan om de mörka amfiboliternas äldersrelation t i l i  de siluriski 
skiffrarna och gabbro-syenit-serien syntes inom de afhandlade östn 
fjällomrädena svärare att besvara. Äfven talaren hade iakttagit breccie 
artade och stärkt mylonitiska gränszoner mellan omvandlade anortosit 
eller syenit-bergarter och öfverliggande amfibolit, angifvande att kon 
takten dem emellan utgjordes af ett öfverskjutningsplan. Strax väste 
och nordväst in till föredragandens undersökningsomräde hade talarei 
emellertid pä manga stallen funnit amfiboliter tydligt genomsätta äfvei 
den »västliga silurens» skiffrar och kalkstenar och säledes dar förhalb
sig yngre an dessa. _ . ,

I  fräga om olivinstenarnas enligt föredraganden ovissa geologisK- 
ställnin» anmärkte talaren, att det inom Ruoutevare-omrädet ick 
künde betviflas, att därvarande olivinstenar tillhörde anortosit-syenit 
serien pä samma satt som pyroxeniter och malmer, m. a. o. att d 
liksom dessa utgjorde basiska differentiationsprodukter af anortosit 
syenit-magman.

(578 MÖTET DEN 7 APRIL 1910. [A pril 1910.

1 A f skäl som skola utvecklas i annat sammanhang, anser jag> a1
ifrägavarande ernptivbergarter jämväl äro yngre än silur.

Señare tillägg.
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Med anledning af föredragandens framställning af den mot NW 
riktade stupningen säsom ett sekundärt förskiffringsfenomen utan stra- 
tigrafisk betydelse framköll talaren, att han dock i mänga enskilda 
fall inom sitt eget undersökningsoraräde funnit cn motsvarande stup- 
ning mot NW äfven kos formationsgränser oller olika leder i sedi- 
mentära skiifrar.

Hr Hamberg genmälde ungefär füljande. Angäende tydningen af 
forhällandena i den västra kanten af Iivikkjokk-traktens Seveskiffrar 
vore tal. mycket tyeksam. Att emellertid den mot NW svagt stupande 
parallellstrukturen inom Sarek-trakten öfvervägande vore en sekundär 
Struktur, därom vore tal. öfvertygad, i synnerhet som utom denna ofta 
äfven en mera horizontal lagring förekommer. Med utgängspunkt frän 
denna sekundära parallellstruktur och i  betraktande af att tillräckligt 
afgörande observationer i kontakten mellan Seveskiffrarna och den 
vestra siluren tycktes saknas, hade föredraganden framställt sin upp- 
fattning. Det kräfdes emellertid ytterligare observationer, innan den 
ifrägavarande fjälltraktens tektonik blefve utredd.

Beträffande äldern af de i  »syenitskällan» ingäende bergarterna, 
sä hade tal. mahända betecknat dem säsom tillhörande urberget. Detta 
bade dock endast skett förslagsvis, beroende pä att dessa bergarter 
icke tycktes genomsätta sevebergarterna inom den af tal. under- 
sökta trakten.1 Hade hr Ga VELIN funnit kontaktförhällanden, som be- 
visade dessa bergarters yngre bildningstid, sä hade tal. för närvarande 
ingen anledning att betvifla en sädan.

Hvad ater bestämmandet af amfiboliternas och diabasernas älder 
beträffar, sä spelar enstaka observationer därvid en jämförelsevis liten 
roll pä grund af dessa bergarters förekomst i nästan alla formationer.

Beträffande den mot NW stupande parallellstrukturen bade tal. 
ingalunda yttrat, att ej äfven formationsgränserna undantagsvis künde 
intaga detta läge. Sa hade ju  tal. framhällit, att gränsen mellan »sy- 
enitskällan» och den östra siluren stupade ät nämnda hall, hvilket 
föranledde, att denna formatiou endast künde förföljas ett kortare 
stycke frän sin östra kant. Äfven andra dylika exempel funnos.

1 A f kemiska grunder skulle en släktskap med de säsom postsiluriska 
ausedda, af Th . V ogt undersökta monzonit-gabbroeruptiven pä Lofoten kunna 
formodas. Det tyckes dock äfven räda en bestämd skillnad i  sammansättningen 
Kellan dessa bergarter och >syenitskällans>, enär de förra hälla en afsevärdt 
större magnesiahalt an de seriare. Nägot säkert stöd för en samhörighet mel
lan dessa tvä bergartsserier torde därför ej ännu föreligga.

Senare tillägg.
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Die skandinavische Gebirgskette.
Der berühmte Meister auf dem Gebiete der Geotektonik 

E. S uess hat schon im Jahre 1888 eine seine grosse Belesen
heit in der skandinavischen geologischen L iteratu r beweisende 
Übersicht des Baues der skandinavischen Gebirgskette gelie
fert. Die grundlegenden Arbeiten von K a r l  P ettersen  im 
nördlichen Norwegen, von Tu. Ivje r u lf  und A. E. T o rnebohM 

in den zentralen Teilen der Kette waren schon damals aus
geführt, obgleich die kühnen, aber genialen Theorien des 
letzteren noch nicht die Anerkennung gewonnen hatten wie 
jetzt. In  den zwei folgenden Dezennien sind nun viele neue 
Arbeiten sowohl norwegischer als schwedischer Geologen hin
zugekommen. Dessenungeachtet sind unsere Kenntnisse in 
der fraglichen Beziehung noch ausserordentlich lückenhaft, 
grosse Gebiete sind noch fast unbekannt, trotzdem aber dürf
ten die über verschiedene Teile der etwa 1,400 lim langen 
Gebirgskette verbreiteten Spezialuntersuchungen wenigstens 
ein B ild  der Tektonik in groben Zügen zu entwerfen gestatten-

Die skandinavische Gebirgskette gehört zum grössten 
Te il Norwegen an. Sie fängt im Südwesten in der Gegend 
von Haugesund (S. von Bergen) an und erstreckt sich im Nor
den bis zur Küste nördlich von Tromsö. W ie die meisten 
Kettengebirge kann auch dieses in mehrere Längszonen zer
te ilt  werden; wenigstens sind es deren zwei.

D ie Zone der Faltungen.

A u f der norwegischen Seite bleibt in ihrem ganzen Lauf 
die vielleicht wichtigste Zone die Hauptfaltungszone der 
Kette, die der Längsrichtung derselben ziemlich treu folgt- 
Um den Trondhjemsfjord is t diese Zone besonders gut aus
geprägt. Dort bestehen die Faltungen nach den Unter
suchungen von K jerulf , T örnebohm u . a. aus mehr oder min
der stark metamorphosierten silurischen Schiefern, deren sibi
risches A lte r jedoch durch Petrefaktenfunde bestimmt worden
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ist. Diese Falten können in NNO—SSW-licher Richtung 
ln einem Zusammenhänge über mehr als zwei Breitegrade 
verfolgt werden. Die Fortsetzung dieses Silurgebiets im Süd- 
Westen w ird  von einem hohen gefalteten Grundgebirgsland 
gebildet, das unter anderem den Snsehiettan, das Gebirge 
von Romsdalen und den Jostedalsbrae enthält. In  seinen öst
lichen Teilen schliesst dieses Gebiet in den der Küste vor
liegenden grossen Inseln Hitteren und Smölen grosse E in 
faltungen von S ilur und anderen postarchäischen Schiefern ein. 
Das Streichen des Gneisses sowie dasjenige der Falten jün 
gerer Schiefer is t überwiegend N W —SO. Im  Westen, im 
Söndfjord und Nordfjord, werden 0 —W -lich streichende Falten 
silurischen P hyllits  angetroffen, auf denen durch Verwerfungen 
eingesunkene, nicht gefaltete Schollen devonischen Alters auf
ruhen. Den aus diesen Gegenden allerdings ziemlich spär
lichen Untersuchungen nach zu urteilen, bildet dieses Fal
tungsgebiet eine tektonische Fortsetzung des Trondhjemsfeldes, 
Jedoch scheinen die Faltenachsen der westlichen Abteilung 
etwas mehr nach Westen längs der Küste umzubiegen.

Nördlich vom Trondhjemsfeld soll nach den Angaben von 
V ogt1 ein NNO -SSW-liches, m it der Hauptrichtung der Küste 
paralleles Streichen vorherrschen. Im  südlichsten Nordland 
scheinen ausgedehnte Massive von Granit und Gabbro vorzu
kommen, nördlich von diesem Eruptivfe ld gewinnen wiederum 
verhältnismässig regelmässig gefaltete Schiefer wahrschein
lich algonkischen und silurischen A lters das Übergewicht. 
In  den Schiefern sind häufig mächtige Lager von Kalkstein 
oder Marmor, weniger häufig geschichtete Eisenerze einge
schaltet. Im  nördlichsten Nordland, zwischen dem Folden- 
Und dem Ofotenfjord, werden nochmals Eruptivgesteine und 
Grundgebirge vorherrschend.

In  letzterer Gegend hört die etwa von Bergen bis dahin 
Ununterbrochene Faltungszone plötzlich auf, und in ihrer

1 J. H. L. V ogt: Söndre Helgeland. — Norges Geol. Unders. N:r 29. 
Kristiania 1900.
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Fortsetzung findet man in  Tromsö amt nach K a r l  P ettersen 

flach gelagerte Schiefer.

D ie  Zone der Deckenschollen.
Südlich und östlich von der oben erwähnten ausgeprägten 

Faltenzone kommt eine etwa ebenso (rund 100 km) breite Zone, 
wo die Gesteinslager flach liegen, wo aber das S ilur von älteren 
kristallinischen Schiefern überlagert w ird. Nach den An
schauungen von T ö r n e b o h m  is t dies durch »Überschiebung» 
zu stände gekommen. Dieser Anschauung haben sich H ögbom 

und mehrere andere schwedische Geologen angeschlossen, die 
norwegischen Geologen aber verhalten sich m it Ausnahme von
H . R eusch  zweifelnd oder ablehnend.

Diese Zone fängt an der norwegischen Küste am Bokn- 
fjord (bei Stavanger) an.1 A u f dem Grundgebirge liegt hier 
ein graugrüner P hy llit, dessen unterer Teil nicht selten durch 
Alaunschiefer ersetzt wird. A u f dem P h y llit  ruh t ein quarz i- 
tischer Gneiss oder Granit. Der Alaunschiefer und der Phyl
l i t  sind zweifellos silurischen Alters. Nach T örnebohm s  A uf
fassung ist die überliegende Eruptivdecke übergeschobenes 
Grundgebirge.

In  dem nordöstlich davon belegenen Hochgebirge (Har- 
dangervidda usw.) herrschen ähnliche Verhältnisse; auch hier 
ruhen nach den Arbeiten einer ganzen Reihe norwegischer 
Forscher auf dem P h y llit Gesteine, die m it denjenigen des 
Grundgebirges genau übereinstimmen. Das silurische A lte r des 
Phyllits  ist durch Funde von Dictyonema flabellifornie an 
mehreren Stellen sicher bewiesen.2 Die Gesteinsdecken liegen 
im allgemeinen ziemlich horizontal, jedoch ist der P h y llit 
fü r sich meistens stark gefaltet. Über letzterem findet man 
häufig einen mehr oder weniger mächtigen Quarzit, der nach 
oben in den Gneiss unmerklich übergeht.

1 H. K aldhol: Fjeldbygningen i  den nordöstlige del af Ryfylke. — 
Norges Geol. Undersög. N:r 49. Kristiania 1909.

8 J. Rekstad: Fra Höifjeldsströget mellem Haukeli og Hemsedalsfjeldene. 
— Norges Geol. Undersögelses aarbog 1903, N:r 4, S. 21.



Nordöstlich vom Hardangervidda fängt m it Halling- 
skarven Norwegens ausgedehnteste und höchste Hochgebirgs
gegend an, die sich in einem Zusammenhänge auch über den 
Jotunheimen (m it Galdhöpiggen 2,560 m, der höchste Gipfel 
Skandinaviens) erstreckt. H ier stellen sich Veränderungen 
1Ji der Zusammensetzung der Gesteinslager ein. Oberhalb des 
Phyllits oder des Tonglimmerschiefers t r i f f t  man hier einen 
Eeldspatsandstein (Sparagmit) an. Die oberste Decke besteht 
oicht nur aus Granit oder Gneiss, sondern aus einer Reihe 
Tiefengesteine, deren wichtigste Glieder der Altersfolge nach 
Uabbro, Labradorfels und Granit sind. Gänge von diesen 
Eruptivgesteinen kommen in dem unterhalb des Phyllits lie 
genden Grundgebirge häufig vor. Nach einigen älteren A n
gaben sollten Gänge des jüngeren Granits auch in dem P h y llit 
auftreten, spätere Forscher haben dies aber nicht beobachtet.

T örnebohm fasste die ausgedehnten Gabbrofelder von 
Jotunheimen als ein präalgonkisches Hochgebirge auf, in dessen 
Täler und Umgebung die algonkischen und silurischen Sedi
mente abgesetzt wurden. Während der postsilurischen F a l
tungsperiode wurden dann die sedimentären Schichten in die 
Seiten des Gabbromassivs eingefaltet. Da der P h y llit aber 
■Weit in allen tie f eingeschnittenen Tälern selbst mitten im 
Gebirgskomplex angetroffen wurde, konnte die Auffassung 
T örnebohms nicht aufrechterhalten werden. Der norwe
gische Forscher B jö r ly kke  sprach 1901 die Ansicht aus, 
dass auch die Gabbromassen des Jotunheimen der übergescho- 
kenen Partie angehörten. Später gab er diese Theorie auf 
ünd ging zu der alten IvJERULF’schen Auffassung über, der 
E ekstad  sich schon früher angeschlossen hatte, und nach 
Welcher die Gesteinslager im zentralen Norwegen in der Reihen
folge nach ihrem A lte r liegen. R ekstad  und B jö rlykke  fassen 
also die über dem P h y llit liegenden Eruptivmassen als post- 
®ilurisch auf. Da diese, wenn sie nicht sekundär verschiefert 
Worden sind, einen ausgeprägten Tiefhabitus erkennen lassen, 
s° nimmt R ekstad  an, dass die Eruptive eine so gewaltige
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Mächtigkeit gehabt, dass ihre untersten je tz t allein erhal
tenen Teile m it einer grobkristallinen S truktur erstarrten. 
Die obenliegenden Ergussgesteine seien durch die Erosion 
gänzlich entfernt.

Die Beweisführung der genannten norwegischen Geologen 
fü r  das postsilurische A lte r der obenliegenden Eruptivforma
tion scheint m ir aber wenig überzeugend. Weder sichere 
Gänge noch pyrogene Kontaktwirkungen sind in dem P hy llit 
nachgewiesen. Nach den Beschreibungen der beiden Verfasser 
ist die Grenze zwischen den beiden Formationen sehr unbe
stimmt. Der P h y llit  w ird — nach R ekstad1 — zunächst von 
einem Quarzschiefer überlagert, der nach oben allmählich in 
einen Gneiss übergeht, über dem endlich die Eruptive kommen. 
Björlykke beschreibt sehr ausführlich, wie der P h y llit unter 
dem Kontakte an mehreren Stellen im kleinen gefaltet ist, und 
wie zertrümmert die dem obenliegenden Eruptivgestein benach
barten Schichten aussehen.2 Meiner Meinung nach sprechen 
die Kontaktverhältnisse viel mehr fü r eine starre Überschie
bung als fü r eine giühendflüssige Ausbreitung der oberen 
Eruptivformation über den P h y llit  und den Sparagmit.

Nordöstlich vom Jotunheimen kommt das klassische 
Untersuchungsgebiet T öuneboiims,3 das sich auf der schwe
dischen Seite bis zum nördlichsten Jämtland ausdehnt. A u f 
dem Grundgebirge liegt hier, wo die Lagerfolge normal ist, 
sowohl in Norwegen als in  der schwedischen Landschaft Härje- 
dalen zunächst die s. g. Sparagmitformation, die aus einer 
Reihe wenig dislozierter, algonkischer Eeldspatsandsteine und 
Quarzite besteht, in welche ein häufig mehr als 100 m mäch
tiges bituminöses Kalksteinlager, der B irika lk, eingeschaltet 
ist. Im  mittleren Jämtland stellen sich auf dem Grundgebirge

1 J. Rekstad: Fra Indre Sogn. — Norges Geol. Undersög. Aarbog for 
1905. V II.  S. 18.

2 K. 0. Bjöblykke : Det centrale Norges Fjeldbygning. — Norges Geol. 
Undersög. N:r 39, S. 521—525. K ristiania 1905.

3 A. E. T öbkebohm: Grunddragen af det centrala Skandinaviens berg- 
byggnad. — K. Sv. Vet. Akad. Handl. Bd 28. N:r 5. Stockholm 1896.
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Petrefaktenreiche, flach liegende Silurschichten ein, unter denen 
Kalksteine häufig sind. Diese Silurschichten weichen von den- 
jenigen stark ab, die der stark gefalteten Zone im Trond- 
b,jemischen angehören und meist aus metamorphosierten, ver
steinerungsarmen Schiefern bestehen. Wegen dieser verschie
denen petrographischen und paläontologischen Ausbildungs- 
^eise des Silurs te ilt  man diese Formation hier in  eine öst
liche und eine westliche Fazies.

Die flach liegenden sibirischen Schiefer des mittleren 
Jämtland sowie die s. g. Sparagmitformation in  Härjedalen 
Und den angrenzenden Teilen von Norwegen werden von einer 
bis 1,500 m mächtigen Scholle verschiedener kristallinischer 
Schiefer, wie Glimmerschiefer, Granitgneiss, Amphiholit usw., 
überlagert, die den Bildungen des Algonk und in  geringerem 
t ’mfang des Grundgebirges angehören dürften. Die hierher
gehörigen algonkischen Schichten sind meistens unter dem Na
men der Sevegruppe bekannt. Dass dieselben Bildungen nicht 
postsilurisch sein können, geht daraus hervor, dass sie im 
Westen unter die silurischen Schiefer der Gegend von Trond- 
bjem untertauchen. Diese Scholle hat eine grösste Breite von 
nicht weniger als 140 hn  im südwestlichen Jämtland.1 Nörd
lich und südlich davon ist sie weit schmäler, aber ausserhalb 
der zusammenhängenden Scholle liegen isolierte Lappen (bei 
Ansätten, Landverk und Fuda in Jämtland, Frönberg in  Da- 
larne und K vitvo la  und Koppang in Norwegen), die anzu
deuten scheinen, dass die Scholle auch hier eine etwa ebenso 
grosse Breite gehabt hat. Wo die Scholle sehr breit ist, ist 
sie jedoch von »Fenstern» durchlöchert, in  denen Grundgebirge, 
Algonk oder S ilur zu Tage tr it t .

T öRNEBOHM hat sich über die Entstehungsweise der Scholle 
Rieht bestimmt geäussert, scheint aber die Vorstellung gehabt 
zu haben, dass diese breite Decke von kristallinischen Schie
fern als eine über verschiedene Gesteine und Formationen

1 A G. H ögbom, Studies in the post-silurian thrust region of Jämtland. 
Geol. Foren. Förh. Bd 31, S. 337. Stockholm 1909.
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überschobene liegende Fa lte1 anzusehen sei, deren M itte l
schenkel ausgewalzt sei. Etwa ebenso ausgedehnte Falten 
sieht man ebenfalls an Profilen aus den Alpen. Es ist 
aber nicht wahrscheinlich, dass diese riesige Decke als 
eine liegende Falte aufzufassen ist. Die im Verhältnis zur 
Decke ganz enorme Breite dürfte nach einer solchen Be
trachtungsweise schwer zu erklären sein.

Innerhalb der Scholle ist die Schichtenfolge stets die nor
male. Ausnahmen hiervon bilden nur einige kleine in der 
Nähe des Jotunheimen liegende Schollen, die eine invertierte 
Schichtenfolge darbieten. H ier könnte also eine wirkliche 
Faltung vorliegen, worin der Mittelschenkel beibehalten und 
der Oberschenkel wegerodiert wäre. Auch in der Nähe der 
W urzellinie der Scholle sollen Invertierungen Vorkommen.

In  Schwedisch-Lappland sind hauptsächlich folgende drei 
Gebiete der Überschiebungszone näher untersucht: 1) der nord
westliche Te il von Pite Lappmark und die angrenzenden Teile 
von Lule Lappmark, 2) das Sarekgebirge in Lule Lappmark,
3) das Gebirge südlich vom Torneträsk. Das erste und 
dritte  dieser Gebiete sind von P. J. H olmquist ausführ
lich untersucht, das zweite ist Gegenstand vorliegender Unter
suchung.

Das S ilur erscheint auch in Lappland in zweifacher Aus
bildungsweise: einer östlichen klastischen und einer west
lichen metamorphosierten Fazies.

In  der östlichen Fazies wurde das silurische A lte r zuerst 
von Svenonius durch Funde von Hyolitlius2 entschieden, die 
lange die einzig bekannten Fossilien aus dieser an der Ostkante 
des Hochgebirges durch ganz Schwedisch-Lappland sich er
streckenden Zone waren, weshalb dieselbe in der L iteratu r 
hauptsächlich als die Hyolithuszone bekannt ist. Nunmehr

[April 1910.

1 A. a. 0., 177 und Grunddragen af Sveriges geologi, 4. Aufl., S. 80. 
Stockholm 1906.

2 F. Svenonius : Nya olivinstensförekomster i Norrland. — Geol. Foren. 
Förh., Bd 7, S. 203. Sthlm 1884.



sind von M oberg1 2 am Torneträsk eine Reihe anderer silu- 
iischer Fossilien aus derselben Zone bekannt geworden, die 
sämtlich dem Kambrium angeboren. Die östliche Fazies be
steht hauptsächlich aus Tonschiefern, Quarziten und Konglo
meraten. Kalksteine sind innerhalb derselben sehr selten.

Die westliche Fazies w ird  nach HoLMQursT2 am Suli- 
tälma aus folgenden drei Hauptabteilungen, von oben nach 
Unten gerechnet, aufgebaut: 1) Sulitälma-Schiefer (meist P h y llit 
Und Quarzit); 2) graugrüne Schiefer (hauptsächlich aus grünen 
Giloritischen Schiefern und dunklen rostigen phyllitischen 
Schiefern bestehend); 3) sandige Kalksteine (sandsteinartige 
Quarzite und kalkige Glimmerschiefer einschliessend). Zw i
schen die untersten Schichten der graugrünen Schiefer sind 
dünne Kalksteinlager eingeschaltet, in denen von Schmalensée 3 
Enkrinitstiele fand. Diese sind wohl ziemlich sicher kambro- 
silurischen Alters, sind aber nicht bestimmbar und gestatten 
uicht eine genauere Bestimmung des stratigraphischen H ori
zontes.

Die über dem S ilur in der Gegend zwischen K v ikk jokk— 
Hornafvan einerseits und der norwegischen Grenze anderer
seits liegenden kristallinischen Schiefer sind nach H olmquist 

ausschliesslich algonkischen Alters. Im  Westen bestehen sie 
Von oben nach unten gerechnet hauptsächlich aus folgenden 
Gliedern: 1) grauer feinkörniger Glimmerschiefer; 2) heller 
granulitischer Quarzit; 3) braungrauer Glimmerschiefer. Im  
Osten kommen auch dunkelgrüne Schiefer vor. In  Verbin
dung m it den algonkischen Schiefern kommen auch häufig 
Amphibolite vor, die H olmquist als verschieferte Grünsteine
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betrachtet, die während des Faltungsprozesses der Gebirgs
kette in die Schiefer in jiz ie rt wurden.

H olmquist nimmt keine ausgedehnten Überschiebungen 
an. Die algonhischen Schiefer bilden südlich von der L in ie  
K v ikk jo kk—Sulitälma ein beinahe viereckiges zusammen
hängendes Gebiet, von etwa 60 Tcm Länge in W N W —OSO und 
etwa 50 hn  Breite in der Richtung senkrecht dazu. Im  
Süden is t diese Scholle von einem zusammenhängenden Band 
silurischer Schiefer begrenzt, die einen fast vollständigen 
Übergang zwischen der östlichen und der westlichen S ilur
fazies bilden. Im  Süden, Osten und Norden tauchen die silu
rischen Schiefer unter die algonkischen hinab. H olmquist sucht 
diese abnorme Lagerung durch eine Theorie zu erklären, die 
m it der von T örneboiim fü r Jotunheimen aufgestellten nahe 
übereinstimmt. Die Sedimentgesteine der östlichen Silurfazies 
seien an steilen Ufern und in Fjorden eines aus dem Algonk 
bestehenden Landes abgelagert. Später hätte letztere Forma
tion sich über die silurischen Ablagerungen durch Überschie
bungen geringen Betrags ausgebreitet, wobei eine Synklinale 
Biegung der silurischen Schichten stattgefunden hätte. Letztere 
wären deshalb etwa wie unterhalb des Silurs eingefaltet worden. 
Diese vermutete Ausbreitung der harten algonkischen Schiefer 
nach Norden, Osten und Süden über das in den Tälern lie 
gende Silur, so dass letztere besonders nach oben schmäler ge
worden wären, erscheint m ir aber wenig wahrscheinlich. Die 
Westseite der algonkischen Schieferplatte sollte dagegen unter 
das S ilur im  Westen untertauchen. Dieses scheint jedoch nicht 
direkt beobachtet zu sein, sondern w ird auf Grund des allge
meinen nordwestlichen Fallens der Gesteine angenommen.

In  der Gegend südlich vom Torneträsk t r i i f t  man nach 
den Untersuchungen von H olmquist 1 wenigstens am Ostrand 
des Gebirges ungefähr dieselbe abnorme Überlagerung wie in 
südlicheren Gegenden an. W eiter nach Westen scheinen die

1 En geologisk profil öfver den Skandinaviska fjällkedjan yid Torneträsk.
— Geol. Foren. Förh. 25: 27. Stockholm 1903.
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Verhältnisse ziemlich verwickelt zu sein und sind in so ver
miedener Weise von T ö r n e b o h m  1 und H o lm q u is t  2 gedeutet, 
dass ich hei dieser kurzen Übersicht auf eine Darstellung 
(ü r  Tektonik dieser Gegend verzichten muss, zumal da eine 
ttene Arbeit von H o lm q u is t  über dasselbe Thema im Erschei
nen begriffen ist.

D as S arekgebirge.

In  der nördlichen Fortsetzung des von H o lm q u is t  unter
suchten Gebietes in Fite Lappmark treten grosse Verändern n-' 
Sen in  der Zusammensetzung der über der östlichen Silurfazies 
ruhenden Schollen auf. In  Lule und Torne Lappmark scheinen 
diese ganz überwiegend aus Eruptivgesteinen zu bestehen. 
Darunter scheinen Syenite und Gabbrogesteine eine dominie
rende Bedeutung zu haben. Letztere gehören zu den gegen die 
Hrosion widerstandsfähigsten Gesteinen, und in den Gegenden, 
Wo Gabbrogesteine vorherrschen, findet man deshalb eben die 
grössten Höhen von Schweden. Die höchste Spitze in  unserem 
Lande ist der Kebnekaisse (2,123 m), die zweithöchste is t der 
Sarektjäkko (2,090 m), beide in  der fraglichen Gegend von 
Lappland. Letztere Spitze ist von einer beträchtlichen Zahl 
hoher Gipfel umgeben, die ein ausgedehntes Alpenland bilden, 
das an W ildheit, Vergletscherung und Ausdehnung dem nor
wegischen Jotunheimen an die Seite zu stellen ist.

Ausser dem Sarektjäkko kommen im Sarekgebiet nach 
•Ln Messungen des Verfassers drei andere Gipfel vor, die die 
Höhenlinie 2,000 m übertreffen, nämlich Palkattjäkko, Aka- 
v&re und Pärtetjäkko. Die Zahl der eine Höhengrenze von 
L800 m überschreitenden Spitzen dürfte ziemlich gross sein, 
Wahrscheinlich nicht v ie l weniger als ein halbes Hundert. 
Hie Gletscher sind etwa ein hundert, unter denen die grössten 
6lI>e Ausdehnung von etwa 10 Tcm? haben. In  dem eigent
lichen Hochgebirgsterrain besteht der feste Boden überwiegend

amphibolitischen Gesteinen.
1 Om Torneträsk-profilens tydning. — Geol. Foren. Förh. 25: 83.
2 Bihang t i l i  Torneträskprofilen. — Geol. Foren. Förh. 25: 373.
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Die hohen Gipfel sind von Hochebenen umgeben, über denen 
kleine Berghügel bis zu Höhen von etwa 1,300 m hinaufragen, 
die im Norden, Osten und Süden des Hochgebirges meist aus 
syenitischen Gesteinen bestehen (vergl. Taf. 30). Im  Westen 
desselben aber werden hauptsächlich phyllitische und kalkige 
Schiefer angetroffen, die dem Silursystem anzugehören schei
nen. Der Ostrand der syenitischen Hochebene schiesst steil 
zu den niedrigeren Ebenen und weiten Tälern ab, die eine 
Fortsetzung des kleinhügeligen nordbaltischen Flachlandes 
bilden. In  diesem Ostabhang der Hochebene findet man wie
derum sibirische Schichten eingeschlossen.

Bei einer Darstellung der Tektonik der Sarekgegend 
empfiehlt es sich, die Gesteinslager auf folgende vier Haupt
abteilungen zu verteilen, die auch in nächster Übereinstim
mung m it der Topographie stehen:

1) Die vermutlich silurischen Schichten.
. 2) Das östliche Grundgebirge, das das Liegende des Silurs 

bildet.
3) Die Syenitscholle.
4) Die Amphibolitscholle.

Übersicht der Gesteine.

1. Die vermutlich silurischen Gesteine.
a. Die silurischen Schichten der östlichen G lintlin ie.
W ie schon in der vorstehenden Übersicht erwähnt worden 

ist, hat Svenonius an mehreren Stellen am Ostrande der 
lappländischen Hochgebirge einen Saum von silurischen B il
dungen nachgewiesen. Die horizontale Breite dieses Saumes 
ist in der Sarekgegend fast überall äusserst gering, da die 
ganze Formation wegen seiner leichten Verwitterung meist 
nur in ziemlich steilen Abhängen vorkommt.

Die hierhergehörigen Schichten, die die östliche S ilur
fazies des Sarekgebirges bilden, liegen im allgemeinen fast 
horizontal oder zeigen eine geringe Neigung in westlicher 
oder nordwestlicher Dichtung. Die obersten 10—20 m sind



dagegen immer stark gestört und in lauter kleine Scherben 
zerdrückt.

Diese Formation besteht aus einer Abwechselung von 
Tonschiefern und Quarziten, bezw. Sandsteinen, einschl. Kon
glomeraten. Die Tonschiefer sind schwarz oder grüngrau. 
Dine genaue Etagierung der verschiedenen Tonschiefer- und 
Sandsteinniveaus hat noch nicht stattgefunden. Zu oberst 
tr if f t  man meist einen etwa 100 m mächtigen Komplex , von 
Tonschiefern an, darunter bemerkt man überwiegend Quarzit,. 
dieser dürfte aber nicht allein bis zur Basis der Formation 
andauern, sondern verschiedene Tonschieferlager einschliessen. 
A. B erglund , der m ir 1909 begleitete, beobachtete im Nordost
ende des T jakke li im ganzen drei Tonschiefer- und zwei Quarzit
lager, im Südabhang des Passeäive drei Tonschieferlager und 
drei oder vier Quarzitlager. Der Quarzit ist meist entweder 
grau oder blauschwarz. In  einigen von M oberg sorgfältig gemes
senen Profilen im Luopakte am Torneträsk umfasst die Forma
tion daselbst wenigstens vier Tonschiefer- und ebenso viele Sand
steinlager. E in nur etwa V2 m dickes Kalksteinlager is t dort 
ün Sandstein eingeschaltet angetroffen worden.

In  der Sarekgegend scheinen bis je tz t nur am Stora 
Sjöfallet Funde von kalkigem Material (Kalksandstein, Dolo- 
»litlinsen in Tonschiefer und Quarzit) in der östlichen Fazies 
der Silurformation gefunden worden zu sein.

b. Die klastische G-esteinsserie im Kukkesvagge.
Im  Tale Kukkesvagge in einer Entfernung von 20—30 

hn von der G lin tlin ie  kommt eine ebenfalls aus Tonschiefern 
Und Quarziten bestehende Gesteinsserie vor. Im  unteren Teil 
des Kukkesvagge ist das Fallen der Schichten ziemlich steil 
ßach SW, im oberen Teile des Tales sehr wechselnd, m itunter 
lotrecht m it überwiegendem Streichen N W —SO. Die Quar
zite sind durchweg blauschwarz. Die Zahl der verschiedenen 
Lager von Tonschiefer und Blauquarz ist vie l grösser als im 
Tjakkeli, ist aber noch nicht genau ermittelt, übersteigt in 
dessen gewiss ein Dutzend. Irgend welche Fossilien sind

45— 100170. G .F .F .1 9 1 0 .
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darin nicht gefunden, wegen des gleichartigen Aussehens 
dieser Gesteine m it den naheliegenden kambrischen Schichten 
der G lin tlin ie  im Osten des Gebirges gehören sie wohl zwei
fellos dem kambro-silurischen Systeme an.

c) Die weichen Schiefer im Westen des Hochgebirges.
Westlich vom Hochgebirge in dem verhältnismässig fla

chen Gelände östlich von den Seen Virihaure und Vastenjaure 
t r i t t  eine Gesteinsserie auf, deren Glieder zwar kristallinisch, 
aber meist von kleinem Korn und nicht besonders stark ver
k itte t sind. Unter ihnen spielen wohl die P hyllite  die quan
t ita t iv  grösste Rolle. Ausserdem kommen vor: grüne fein
körnige amphibolitische und chloritische Gesteine, Glimmer
schiefer verschiedener A r t  und (meist sandige) Kalksteine.

Es ist dies offenbar dieselbe Formation, die H olmquist 
im Osten vom Sulitälma gefunden hat, und deren silurisches 
A lte r durch die Enkrinitfunde von v. Schmalensüe im K a lk 
stein am Eusse des Sulitälma bestimmt worden ist.

Die hierhergehörige Schichtenfolge bildet die westliche 
Silurfazies des Hochgebirges. Für sie ist besonders ein ver
hältnismässig hoher Kalkgehalt und eine stets vorhandene, 
aber nie zur G robkrista llin ität entwickelte Metamorphose kenn
zeichnend. Die Lagerung is t meist sehr flach oder etwas 
nach W  oder N W  geneigt.

d) Die Granatphyllite des Luotto.
M itten zwischen den Amphibolit- und Gabbrodiabasgipfeln 

des Hochgebirges kommt auf der Hochebene von Luotto und 
in den benachbarten Tälern eine andere Phyllitformation vor. 
Diese besteht aus meist flach liegenden, einigermassen grob
kristallinischen, meistens dunkle Granate von etwa 1—3 
mm Durchmesser enthaltenden Phylliten, die auch ziemlich 
viel Quarz einzuschliessen scheinen. Die A r t  des Auftretens 
und der Granatgehalt lassen an eine Zusammengehörigkeit 
m it den kalkhaltigen Phylliten, d. h. m it der Silurformation 
im Westen, denken.

[A pril 1910.
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Ein schmales Band von G ranatphyllit w ird auch auf dem 
Säkok und dem südlichen Abhang des Pärtefjället gefunden. 
Wahrscheinlich steht dieses Band in Zusammenhang m it dem 
G ranatphyllit des Luotto (vergl. die Karte an der Taf. 30).

2. Das Liegende der östlichen Silurfazies.

Das Liegende der östlichen Silurfazies sind, soweit be
kannt, teils quarzitische Gesteine, teils eruptive Bildungen, 
die wahrscheinlich dem Grundgebirge angehören. Die Quar
zite unterscheiden sich von den überliegenden Sandsteinen 
des Silurs durch eine ausgeprägte kristallinische Struktur. 
Die Grenze ist jedoch keineswegs immer nachzuweisen. Ob
gleich diese Quarzite nicht zu der sibirischen Eormation ge
rechnet werden können, darf jedoch ihre Zugehörigkeit zu 
der algonkischen Eormation m it Recht vermutet werden. 
Diese Quarzite enthalten nicht selten eruptive Gesteine, wie 
Pegmatite und Diabase.

Das granitiscbe oder gneissige Grundgebirge, das als 
Liegendes der östlichen Silurfazies au ftritt, ist meist durch 
eine mehr oder minder lebhaft rote Farbe gekennzeichnet. Häu
fig sind sie ganz ziegelrot und an M ikroklin  reich, während 
der Plagioklasgehalt geringer is t und Perthit gänzlich fehlt, 
in  anderen Fällen kommt Perthit vor, und in Ausnahmefällen 
ist die Farbe grau. Diese Gesteine sind also vorzugsweise 
Kaligranite. Häufig haben sie eine beträchtliche Kataklase er
litten, wodurch nur vereinzelte grössere Mineralkörner geblie
hen sind, die als porphyrische Einsprenglinge erscheinen. M it
unter scheint das ursprüngliche Gestein ein Porphyr gewesen 
zu sein. Dadurch erhält diese Formation eine groäse Ähnlich
keit m it der erzführenden Granulitformation von Schwedisch- 
Lappland. W ie diese enthält unser Gebiet hauptsächlich 
piarzarme oder sogar syenitische Granulite. Überhaupt sind 
daselbst ausgeprägte Tiefengesteine m it einer regelmässigen, 
Kchtungslosen S truktur nicht häufig. Wenn die Gesteine 
uicht porphyrisch sind, so zeigen sie jedoch im allgemeinen
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eine mehr oder weniger gestörte Kristallisation, die sich in 
Schlierenbildung, ungleichmässiger Körnigkeit usw. kundgiebt. 
Granite m it ausgeprägtem Tiefenhabitus fehlen jedoch auch 
nicht ganz. An Niavve kommt ein gut krista llis ierter Horn
blendegranit m it Plagioklaseinsprenglingen vor. Auch werden 
andere Granitvarietäten besonders in losen Blöcken ange- 
troifen.

Eine erschöpfende Untersuchung dieses Grundgebirgster- 
rains, wo fast überall Moränenmassen sowohl die kleinen 
Berge als den Boden der Täler bedecken, ist infolge der Sel
tenheit der fest anstehenden Felsen unmöglich. Um das oben 
Gesagte zusammenzufassen, so mag als fü r die Gegend be
sonders charakteristisch hervorgehoben werden: das Vorkom
men von rot gefärbten, häufig mikroklinreichen und perthit- 
armen granitischen und syenitischen, im allgemeinen nicht 
besonders natronreichen Gesteinen, deren S truktur häufig gra- 
nulitisch, schlierig oder porphyrisch ist.

A ls das Liegende der östlichen Silurfazies im Kukkes- 
vagge kommt ein D ioritporphyr vor, der einige mm dicke, 
aber mehrere cm lange Tafeln von einem nicht sehr basischen 
Plagioklas enthält, die in  parallelen Reihen flu idal angeord
net sind. Dasselbe Gestein kommt auch in  einem kleinen 
Berge Kätsitvaratj nördlich vom Akavare vor. Wegen seines 
Vorkommens unterhalb des Silurs im Kukkesvagge dürfte es 
zu dem östlichen Grundgebirge zu rechnen sein. Seine 
Stellung is t jedoch noch unsicher.

3. Die Syenitscholle.

Die hierhergehörenden Gesteine, die das unmittelbare 
Hangende der östlichen Silurfazies bilden, nehmen die grösste 
Area im ganzen Gebiet ein. Vermutlich gehören sie zum 
grössten Teil dem Grundgebirge an, wenigstens dürften sie 
hauptsächlich präsilurisch sein.

Die Hauptmasse der Gruppe besteht aus graugelben gra
nitischen und syenitischen Gesteinen, die stets einen p e r th i-
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tischen Feldspat enthalten und durch Druck mehr oder we
niger parallelstruiert worden sind. Stellenweise treten aber 
auch ganz andere Gesteine auf. In  den hohen Wänden des 
tie f eingeschnittenen und malerischen Itapadalen t r i f f t  man 
eine ganze Reihe hierhergehöriger Gesteine von sauren Grani
ten an bis zu eruptiven Erzen (vergl. das Profil auf der Taf. 30).

Die Granite sind nicht besonders häufig. Sie haben nur 
ganz ausnahmsweise einen rötlichen Farbenton, fast immer 
neigt ihre Gesamtfarbe mehr ins Gelbliche oder Grauliche. 
Als Feldspat führen sie stets Perthit, dagegen nur sehr selten 
Plagioklas oder perthitfreien M ikroklin. Ih r  Gehalt an Natron 
scheint nach ausgeführten Analysen m it demjenigen an K a li 
gleich gross zu sein. Der Quarz is t in den grobkörnigeren, 
’'ingepressten Varietäten mitunter schön violett. A ls dunkles 
Mineral kommen häufig geringe Mengen grünen, oft m it Mus- 
kovit vergesellschafteten B io tits  vor.

Die allgemeinsten Gesteine des fraglichen Gebietes sind 
die Syenite. Sie sind häufig schön violett gefärbt durch den 
perthitischen Feldspat, den sie stets enthalten. In  der mine
ralogischen und chemischen Zusammensetzung schliessen sie 
sich am engsten den Graniten an. In  Zusammenhang m it der 
Verminderung des Kieselsäuregehaltes steht eine Vermehrung 
des Gehaltes an Natron, Kalk, Magnesia, Tonerde und Eisen
oxyd. Die Verwandtschaft m it den Graniten ist jedoch stets 
auffallend.

Unter den Syeniten mögen gewisse Perthitgesteine her- 
vorgehoben werden, die dunkle Minerale fast ganz entbehren. 
Hierher gehören schön grauviolette Varietäten, in denen die 
dunklen Minerale stark zurücktreten. Hierher sind auch blen
dend weisse Gesteine zu stellen, in  denen der Feldspat mehr 
°der weniger zu Muskovit, Zoisit, Granat und Quarz umge- 
"'andelt worden ist.

Einige Syenite nähern sich durch einen hohen Gehalt an 
Matron und K a lk  in der Zusammensetzung den Monzoniten. 
Hesteine aber, die neben Perthit auch reichlich oder über-
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wiegend Plagioklas enthalten, scheinen selten zu sein. Bei
spiele solcher fehlen jedoch nicht ganz. E in  solches Gestein 
aus dem Pelloreppe enthält als herrschende Mineralkombina
tion Andesin, Perthit, A ug it, zu denen sich nicht unbe
trächtliche Mengen von Quarz, A pa tit und Eisenerz gesellen. 
Der Perthit bildet zum Teil breite Säume um den Plagioklas. 
Man könnte wohl dieses Gestein als einen Quarzmonsonit 
bezeichnen.

Die Diorite sind auch nicht häufig. Sie enthalten meist 
ausser Plagioklas, A ug it und Hornblende auch grosse Tafeln 
braunen B iotits als wesentlichen Bestandteil. In  den Dio- 
riten ist auch ein sehr charakteristischer und in beträchtlichen 
Massen vorkommender Augitdioritporphyr zu zählen, der 3— 
5 cm lange Andesinkristalle in  einer etwa mittelkörnigen 
Grundmasse enthält.

Die Gabbrogesteine sind im Gebiet häufiger, jedoch bei 
weitem nicht so häufig wie die Syenite. Sie bilden einen 
Komplex von ziemlich vielen verschiedenen Varietäten.

A ls das eine Endglied dieser Reihe können die Feldspat
gesteine betrachtet werden, die hauptsächlich aus Labrador oder 
Bytownit bestehen. Es giebt im Gebiete prachtvoll vio lett 
gefärbte Bytoivnitfelsen, die porphyrisch struiert sind und 
zollgrosse Bytownittafeln als Einsprenglinge enthalten. Häu
figer sind die kreideweissen, mehr oder weniger metamorpho- 
sierten Eeldspatgesteine, die in frischem Zustande grob- oder 
m itte lkörn ig gewesen zu sein scheinen, je tz t aber mehr oder 
minder vollständig in  ein dichtes Gefüge hauptsächlich von 
mikroskopischen Zoisitstengeln und Quarz umgewandelt sind. 
In  einigen Varietäten t r if f t  man auch Albitkörner, Muskovit- 
blättchen und spärliche rundum ausgebildete Granate an.

Die gewöhnlicheren Gabbro&vten treten sowohl olivinfrei 
als olivinhaltig auf. Besonders letztere sind reich an ver
schiedenen wesentlichen Bestandteilen. Ausser Bytownit, O li
vin und A u g it enthalten die saureren Glieder Hornblende 
und braunen B io tit, die basischeren rhombischen Pyröxen,
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titanhaltiges Eisenerz, grünen Spinell und A pa tit in reich
lichen Quantitäten.

Die feldspatärmsten Glieder der Gabbrogesteine gehen in 
Pyroxenite und Hornblendite über, die auch im fraglichen Ge
biete nicht gerade selten Vorkommen. Der Eeldspatgehalt 
dieser Gesteine is t häufig sehr gering. Die meisten unter 
ihnen enthalten überwiegend rhombischen und monoklinen 
Lyroxen, häufig in ziemlich grossen Individuen, in denen k le i
nere, aber reichlich vorkommende Olivinkörner poikilitisch 
eingeschlossen sind. Wenigstens ein Vorkommen enthält Spi
nellkörner. E in  anderes enthält einen amethystgefärbten 
Chlorit. Wieder ein anderer Pyroxenit, der als D iattagit zu 
bezeichnen ist, besteht hauptsächlich aus D iallag; daneben 
kommt Eisenerz reichlich und Spinell spärlich vor.

Unter den Hornblenditen enthält eine Varietät 3—4 cm 
grosse, durch feinkörnigere Massen getrennte Hornblendeindi
viduen, die dem Gestein ein porphyrartiges Aussehen ver
leihen, und in denen der A ug it poikilitisch, z. T. durch pa
rallele Verwachsung, eingeschlossen ist. Man könnte dieses 
Gestein einen Hornblenditporphyr nennen.

Die basischeren Varietäten der Gabbrogesteine zeigen 
auch Übergänge zu wirklichen Titaneisenerzen. Solche finden 
sich in dem berühmten Eisenerzberg Ruoutevare, etwa 30 1cm 
südwestlich vom Rapadalen. Nach den Untersuchungen von 
H j. Sjögren1 2 besteht dieses Eisenerz aus Titanomagnetit 
Ilmenit, Spinell, O liv in  und einer Pyroxenart. Das umge
bende Gestein soll nach den Angaben von W. P etersson 2 ein 
Saussuritgabbro sein, unter dem auch ganz weisse, zoisitisierte 
Labradorsteine Vorkommen. Bei einem Besuch am Ruoutevare 
Im Frühjahr 1902 fand ich auch Gesteine, die einen etwas sau
reren Feldspat enthalten und als D iorite zu bezeichnen sind

1 En ny jernmalmstyp representerad genom Routivare malmberg. Geol. 
Foren. Förh. Bd 15, S. 55. Stockholm 1893.

2 Om Routivare järnmalmsialt i Norrbottens län. — Ibidem S. 45.
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Dass diese Eisenerze vom Ruoutevare zn der mächtigen, 
hauptsächlich aus Syeniten bestehenden Eruptivscholle, die 
das Hangende der östlichen Silurfazies bildet, gehören und 
als das basischste Glied dieser Eruptivgesteine anzusehen 
sind, erscheint m ir zweifellos. Am Ruoutevare scheinen keine 
Zwischenglieder zwischen dem Erz und dem Gabbro beobach
tet zu sein, im Sarekgebirge sind diese nicht selten.

Dass alle die verschiedenen Eruptivgesteine, die man in 
der unteren Hälfte der Gebirgswände im Rapadalen, sowie 
in naheliegenden Gebieten findet, wenigstens zum grössten 
Teil aus einem und demselben Magma herstammen und durch 
Spaltung desselben entstanden sind, ist wohl wahrscheinlich. 
Charakteristisch fü r dieses Magma muss ein ziemlich hoher 
Natrongehalt gewesen sein. Die KontaktVerhältnisse der ver
schiedenen Gesteine und ihre gegenseitige Abgrenzung sind 
indessen äusserst schwierig zu erforschen, da man dieselben 
in grösserem Massstab entblösst nur in  den steilen Wänden 
der hohen Berge im Rapadalen findet, wo sie aber u. a. 
wegen Herabstürzens von Steinen nicht ohne Lebensgefahr zu
gänglich sind. Die Grenzen der verschiedenen Gesteine aus der 
Entfernung und m it dem Fernrohr zu verfolgen ist untunlich, 
weil die äussere Farbe der Gesteine mehr von dem A lte r der 
Fläche, d. h. von der seit dem letzten Bergsturz verflossenen 
Zeit, und der danach entwickelten Flechtenformation als von 
der Beschaffenheit des Gesteins abhängt. Die Altersfolge kann 
man jedoch fast ebensogut in heruntergestürzten Blöcken stu
dieren. Nach Beobachtungen an solchen habe ich die alte Regel 
bestätigt gefunden, dass die saureren Gesteine im allgemeinen 
jünger sind als die basischeren. Diese Regel ist jedoch keines
wegs ausnahmslos. Eine drastische Ausnahme bilden z. B. 
Gänge von Pyroxenit, die Augitsyenit im Läddepakte durch
setzen. Diabasgänge, die jünger sind als der Syenit, kom
men besonders im Ivätokkaisse vor; dies ist ja  aber nur eine 
ganz häufige Erscheinung.
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Was die Verhältnisse ausserhalb der Umgebung des Ra- 
padalen betrifft, so sind sie bis je tzt weniger genau erforscht. 
Soviel geht jedoch aus meinen bisherigen Untersuchungen 
hervor, dass die Perthitsyenite in dem ganzen Gebiet, das 
das tektonische Niveau zwischen der östlichen Silurfazies und 
der Amphibolitformation umfasst, eine sehr grosse Verbrei
tung haben und die häufigsten Gesteine sind.

In  dem fraglichen Gebiet wären vielleicht auch andere 
Gesteine als die obengenannten zu erwähnen. E in  interes
santes Vorkommen von Peridotit ist von Sv e n o n iu s 1 aus dem 
I'Uopsokvaratj im Njätsosvagge beschrieben worden. Es liegt 
etwa auf der Grenze zu der Amphibolitformation und gehört 
Gelleicht eher zu derselben. Ähnliche Peridotitvorkommen 
habe ich auch anderswo im Sarekgebirge gefunden, sie sind 
Jedoch noch nicht näher untersucht.

Gesteine sedimentären Ursprungs sind in der fraglichen 
Eruptivscholle sehr selten. Kalksteine habe ich nur nördlich 
vom Akavare zwischen diesem Berge und dem oben erwähn
ten Kätsitvaratj reichlich angetroffen. Sonst sind Kalksteine 
sehr selten und scheinen nur auf den Grenzen zu der Am 
phibolitformation vorzukommen.

Quarzite und sedimentäre Schiefer sind auch ziemlich 
selten. Einige solche Vorkommen, die als silurischen Ursprungs 
zu deuten sind, sind auf der Karte ausgezeichnet. Dagegen 
sind durch Druck hervorgebrachte Verschleierungen eine 
äusserst häufige Erscheinung.
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Die Gesteinsmetamorphose.

Die oben erwähnten Gesteine, die zu dem Hangenden der 
Östlichen Silurfazies gehören, sind fast stets durch Druckme- 
tamorphose mehr oder weniger verändert, und häufig ist diese 
so durchgreifend gewesen, dass von dem ursprünglichen Ha
bitus nicht viel erhalten geblieben ist.
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GEOLOGU JVergl. S. 708.
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Eine eigentümliche mechanische Zertrümmerung der Sye
nite, Granite und vielleicht auch basischerer Gesteine in l in 
senförmige oder rhombische Stücke, die jedoch hauptsächlich 
ihre gegenseitige Lage beibehalten haben, ist fü r die östlichen 
Teile des Gebietes charakteristisch. Die dabei entstandenen 
Sprünge sind meist sehr schmal und wieder durch feinen M i
neraldetritus verkittet, unter dem man im Mikroskop kleine 
Körner von Feldspat und wohl auch Quarz, ferner Chlorit 
und Muskovit gewahrt. In  einem Gestein habe ich als F ü l
lungsmasse zermalmten T itan it gefunden. Die Verschiebun
gen längs der Sprünge scheinen im allgemeinen sehr gering 
gewesen zu sein, mitunter Bruchteile von 1 mm. An beiden 
Seiten der Sprünge sind die Feldspatlamellen oft stark gebo
gen. Beim Zerschlagen solcher Stücke erhält man deshalb 
nicht ebene Spaltflächen des Feldspats, sondern gebogene, die 
statt des gewöhnlichen Glasglanzes des Feldspats einen fett
artigen Glanz zeigen. Derartige Gesteine scheinen ziemlich 
allgemein im Hangenden der östlichen Silurfazies vorzukom
men. H olmquist1 erwähnt solche aus der Torneträskgegend, die 
auch Syenite sind. Svenonius scheint solche Gesteine »Kakirit» 
genannt zu haben. Ich habe sie wegen der meist geringen 
Bewegung der verschiedenen Körner In-situ-Breccien genannt.

Eine ganz ähnliche Zertrümmerung zeigen, wie schon er
wähnt (S. 692—693), die obersten 10—20 m der Silurablagerun
gen. H ier scheint aber die Bewegung zwischen den verschie
denen Linsen oder Rhomben, die die festen Einheiten des zer
trümmerten Gesteins bilden, etwas grösser gewesen zu sein, 
denn die Oberfläche derselben zeigt häufig Schrammen.

Diese charakteristische Breccienbildung ist hauptsächlich 
an dem östlichen Rand der den S ilur überlagernden Syenit
scholle entwickelt. Zwar t r i f f t  man sie häufig in einem A b
stand von 10 km von diesem Rand, aber in grösserer Entfer
nung w ird  sie seltener.

1 En geologisk profil öfver den skandinayiska fjällkedjan vid  Torneträsk. 
— Geol. Eören. Förh., Bd 25, S. 40. Stockholm 1904.



Die Metamorphose der zahlreichen Eruptive des Rapada- 
Dn befindet sich auf ziemlich verschiedenen Stadien der E nt
wicklung. Manche Gesteine haben die eruptive S truktur und 
Mineralogische Zusammensetzung fast vollständig beibehalten, 
andere sind zu Schiefern verschiedener A r t  vollkommen um- 
Si'Wandelt, in denen keine Spur der ursprünglichen Struktur 
^halten geblieben ist.

Die leiseste Metamorphose zeigen diejenigen zahlreichen 
Gesteine, die nur dünne Quetschzonen an Sprüngen oder auf 
heu Grenzen zwischen den Mineralkörnern erkennen lassen. 
Sei fortgeschrittener Kataklase bekleiden sich die Sprünge 
Mit Muskovit, B io tit, Amphibol, Chlorit usw. Die stärk
ste Umwandlung zeigen die vollständig verschieferten Ge
steine, in denen Orthoklas, M ikroklin, Kalinatronfeldspat, und 
^-ügit fehlen, aber Muskovit, A lb it, Zoisit und Hornblende auf- 
treten. Es giebt solche Schiefer, die eine so vollkommen plane Pa- 
r;ille ls truktur zeigen, dass man sie vielleicht als sedimentär 
aüsehen könnte, wenn man ihren genetischen Zusammenhang 
Mit den gleich zusammengesetzten Eruptivgesteinen nicht 
kennte.

Die syenitische Formation des Rapadalen w ird hie und 
ha von dünnen Schieferlagern durchzogen, die wenigstens 
111 vielen Fällen als Eruptivgänge zu betrachten sind. Diese 
Schiefer sind Sericitchloritschiefer, Epidotbiotitamphibolit, 
Quarzglimmeramphibolit usw. Die Zusammensetzung dieser 
Schiefer deutet auf Grünsteingänge hin. Dass alle diese Schie- 
ter metamorphosierte Eruptivgänge seien, kann ich jedoch 
hei dem jetzigen Stande der Untersuchungen keineswegs be
haupten.

4. Die AmphibolitscJiolle.
Das Gerippe dieser Formation bilden kristallinische Glim- 

Merschiefer und Quarzite.
Die Glimmerschiefer enthalten sehr häufig Granat und 

Feldspat und können wohl mitunter metamorphosierte Erup
tivgesteine sein. Die Quarzite sind meist grau oder weiss je
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nach dem Gehalt an B io tit, der häufig zusammen m it dem 
allgemeineren Muskovit vorkommt. A ls Zwischenglied zwischen 
den Quarziten und Glimmerschiefern ist ein grauviolettes 
Gestein zu nennen, das besonders fü r die unteren Teile der 
Amphibolitformation charakteristisch ist. Es enthält wohl 
immer Granat, Muskovit und braunen B io tit als wesentliche 
Bestandteile. A lle  diese Gesteine sind gut krista llin isch und 
zeigen nunmehr keine klastische Struktur.

Sämtliche Quarzite und die meisten Glimmerschiefer sind 
feinkörnig, von den verschiedenen Mineralkörnern kann man 
meist nur die Glimmertafeln m it blossem Auge unterscheiden. 
Eine Ausnahme bilden gewisse Glimmerschiefer, die häufig 
grosse Granatkristalle enthalten.

Diese Schiefer müssen sämtlich als jünger als das Grund
gebirge und älter als das S ilur aufgefasst werden. Sie dürf
ten deshalb die algonkische Formation vertreten und als 
äquivalent m it der Sevegruppe in Jämtland und der Sparag - 
mitformation in Norwegen zu betrachten sein. Es dürfte eben
falls dieselbe Schieferformation sein, die die ausgedehnten 
Hochebenen zwischen dem Tarrekaise und dem Talzug des 
Sädvajaure und des Hornafvan bildet und von H olmquist 1 

als die Schiefer der Sevegruppe bezeichnet worden ist.
Diese Schieferformation im Südsüdosten des Sarekgebirges 

enthält in ihrem nördlichsten Vorsprung ein bedeutendes Am- 
phibolitmassiv, den Tarrekaisse. Es sind die speziellen geo
logischen Verhältnisse daselbst, die über die zahlreichen ho
hen Berge und Gipfel des naheliegenden Sarekgebirges sich 
fortzusetzen scheinen, denn wenigstens in letzterer Gegend 
treten die zu den algonkischen Schiefern gehörigen Am phi
bolite und Gabbrodiabase so in den Vordergrund, dass sie 
quantitativ über die sedimentären Schiefer sehr stark domi
nieren, die die eigentliche Grundlage der Formation bilden. 
Ich habe sie deshalb die Amphibolitgruppe genannt Diese 
ist es, die durch die Widerstandsfähigkeit der Amphibolite

[A pril 1910.
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Und Gabbrodiabase gegen die Erosion die Erhaltung der G ip
fel des Sareker Hochgebirges verursacht. Die Begrenzung des 
Hochgebirges fä llt  deshalb mit derjenigen der Amphibolit
hruppe zusammen.

Die Amphibolite dieses Gebietes sind fein- bis m ittelkör- 
Mge Gesteine, die stets eine ausgesprochene plane Parallel- 
struktur zeigen, in deren Ebenen die häufig kurzen und dik- 
ken Hornblendesäulchen liegen. Die meisten Amphibolite 
Zeigen auch eine angenäherte Parallelorientierung dieser Säul- ‘ 
chen, wodurch eine ausgeprägte Streckung zu Stande kommt.

Die mineralogische Zusammensetzung dieser Gesteine ist 
ziemlich einförmig. Der Gehalt an dunkelgrünem Amphibol 
ist stets gross und dürfte meistens zwischen etwa 50^ und 
~5 % der Gesamtmenge schwanken. Brauner B io tit kommt nicht 
häufig, A ug it äusserst selten in den gut kristallisierten Am- 
phiboliten vor.

Die hellen Minerale bilden seltener m it dem Amphibol 
ein körniges Gemenge, häufiger sind sie in sehr flachgedrückte 
Linsen konzentriert, die in die Hornblendemasse einge
schaltet sind und dadurch die plane Parallelstruktur bedeu
tend verschärfen. In  den gestreckten Amphiboliten sind diese 
Linsen mehr stenglig als in den anderen. Unter den hellen 
Mineralen sind Feldspat, Granat und Zoisit die wichtigsten 
und ungefähr gleich häufig. Der Feldspat entbehrt meistens 
die Zw illingsstreifung; wenn solche vorhanden ist, konstatiert 
man leicht unter dem Mikroskop, dass er ein A lb it ist. Der 
Granat is t in Dünnschliff ungefärbt, idiomorph, k la r oder von 
Poikilitisch eingeschlossenen Mineralkörnern getrübt. Mitunter 
kommt Chlorit als Neubildung auf Sprüngen im Amphibol und 
Granat vor. Unter den weniger häufigen hellen Mineralen 
sind Skapolit und Quarz zu erwähnen. T itan it und Eisen
erz sind häufig in geringeren Quantitäten vorhanden.

Die Amphibolite sind zweifellos U m w a n d lu n g s p ro d u k te  

Von Gabbrodiabasen, d ie  auch in frischem Zustand e inen  gros
sen Teil d e r Amphibolitformation bilden. Diese Gabbrodia-
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base sind dunkelgraue bis bräunlichgraue Gesteine von dia- 
basartigem Habitus m it leistenförmigen Feldspaten. M itunter 
t r i t t  der Feldspat in zwei Generationen auf; die ältere Gene
ration kann sogar ziemlich gross (3—4 mm) werden und be
steht dann häufig aus Komplexen mehrerer Individuen. Unter 
dem Mikroskop erkennt man, dass die Feldspatleisten keines
wegs so idiomorph begrenzt sind, wie es in den Diabasen der F a ll 
zu sein pflegt, weshalb die S truktur etwas gabbroähnlich wird. 
Der A ug it ist allotriomorph, im Dünnschliff hell grünlich.

[A pril 1910.

Fig. 1. Struktur der Amphibolitforniation in Gipfeln zwischen dem Palkat- 
tjäkko (2,020 m ) und dem Pärtetjäkko (2,000 m ), vom letzteren ans gesehen.

Beide Minerale enthalten häufig zahlreiche Interpositionen, 
was die dunkle Farbe des Gesteins bedingt. In  geringeren 
Quantitäten ist häufig Titaneisen und A pa tit vorhanden.

Zwischen den frischen Gabbrodiabasen und den fertig  
gebildeten Amphiboliten kommen alle Übergänge vor, wodurch 
die Herkunft der letzteren aus den ersteren genügend bewie
sen wird.

Die Amphibolite treten meist als Lagergänge zwischen 
den Glimmerschiefern und Quarziten auf. M itunter findet man 
deutliche Apophysen und überschneidende Gänge von Am-



2. Die Struktur der Amphibolitformation in den Gebirgswänden östlich 
vom Sarektjäkko (2,090 m ), vom letzteren aus gesehen.

spätere tektonische Störungen verworfen, gebogen oder gefaltet 
sind. Geradlinige Gänge von bedeutender Ausdehnung kenne 
lch nicht aus der fraglichen Formation. In gewissen Gegenden 
^es Gebietes, wie dem Nordabhang des Perikpakte, des Äpar- 
t.jäkko und des Buopsoktjäkko, treten die Amphibolite und 
Qabbrodiabase so überwiegend auf, dass diese Teile der Berge 
fast ausschliesslich aus eruptivem Grünsteinmaterial bestehen, 
Während die algonkischen Schiefer fast fehlen.

Phibolit in dem Nebengestein. Die Eruptionen der Gabbro- 
'fiabase dauerten aber lange Zeit an. Unterdessen trafen bedeu- 
fßnde tektonische Störungen des Gesteins ein, neue Spalten 
wurden geöffnet, die die älteren überschnitten und m it Gabbro- 
^iabas gefüllt wurden. In  dieser Weise ging es fort, und da- 

entstand nebst den in die Schiefer und Quarzite injizier- 
feu Lagergängen ein kompliziertes Netzwerk sich verästelnder, 
Verschiedenalteriger Gänge (Fig. 1 und 2), die fast sämtlich durch
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In  der Amphibolitgruppe kommen Kalksteine nicht allzu 
selten vor. Sie enthalten häufig Schichten von Grünsteinen 
und anderen noch nicht näher untersuchten, gegen die Ver
w itterung resistenten Schichten, die häufig stark gefaltet 
sind, während der Kalkstein sich ganz plastisch verhalten 
hat.

Die stratigraphische Stellung der im Sarekgebiete vor
kommenden Peridotite, Serpentine und Magnesite ist noch 
etwas unsicher. Die Olivinfelse führen Bronzit und zeigen 
dadurch eine gewisse Verwandtschaft m it den Olivinpyroxeni- 
ten und Olivingabbrogesteinen der Syenitscholle, kommen 
aber, soweit ich sie kenne, nicht zusammen m it dem Syenit 
vor, sondern in  den untersten Schichten der Amphibolitscholle. 
Das erste Vorkommen in der Gegend vom Sarek is t von SvE- 
nonius 1 bereits im Jahre 1883 am Ruopsokvaratj südlich vom 
Luobme im Njätsosvagge erwähnt worden. Ähnliche Vor
kommen sind an einer ganzen Reihe von Fundorten längs der 
skandinavischen Gebirgskette bekannt. Ich habe an mehreren 
Stellen im Sarekgebiet Olivinfelse in losen Blöcken gefunden, 
die lokal so angehäuft waren und unter solchen Verhältnissen 
vorkamen, dass sie auf eine Herkunft aus naheliegenden festen 
Felsen hindeuten. Es bleibt aber noch übrig, die Vorkom
men im festen Gestein aufzusuchen.

Im  Westen des Hochgebirges auf dem Luto und Alatjäkko 
t r i f f t  man Serpentine reichlich an. Zusammen m it Olivinfels 
und Serpentin kommt Magnesit häufig vor. Letzterer er
hält m itunter in der Weise das Übergewicht, dass der Magne
sit die Hauptsache w ird  und die Vorkommen als Magnesitlager 
erscheinen.

Diese Magnesitlager scheinen ebenfalls zu den untersten 
Niveaus der Amphibolitscholle zu gehören.

1 Nya olivinstensförekomster i  Norrland. Geol. Foren. Förh., Bd 7- 
201. Stockholm 1884.

[A pril 1910.
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Saurere Eruptivgesteine scheinen in der Amphibolitgruppe 
tlUr ausnahmsweise yorzukommen und scheinen keine Ver
wandtschaft m it denjenigen der Syenitscholle zu zeigen. Im  
Sarektjäkko und Akavare habe ich Gänge von Granit beob
achtet. Sie weichen von den m it dem Syenit verwandten 
Graniten stark ab.

Der Granit von Akavare is t ein K a lig ran it m it etwa 
doppelt so viel K a li als Natron.

*

Die Tektonik der Sarckgegend.

Die östliche Silurfazies liegt verhältnismässig ungestört 
auf ihrer Unterlage. Diese besteht entweder aus Quarziten

32. H. 4 .] GESTEINE U. TEKTONIK D. SAREKGEBIRGES. 709

Verf. phot. 3. Aug. 1909.
4. Nordwestende des Tjaska am Stora Sjöfallet. Unten horizontale 

Schichten des Silurs, oben geneigte (sekundäre) Parallelstruktur des Silurs und
der Syenitscholle.

°der aus roten Syenitgranuliten oder roten Graniten. We
nigstens am Ostrand der Silurbildungen liegen die untersten 
Schichten regelmässig horizontal (Fig. 3 u. 4) und lassen keine 
durch Druck entstandenen sekundären Strukturen erkennen. Die 
‘Ubichten ¿er obersten 10—20 m dagegen sind überall, wo ich 
die Verhältnisse näher erforscht habe, zu einer aus lauter

^ — 100170. G .F .F .1 9 1 0 . ,
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kleinen, etwa linsenförmigen Scherben bestehenden Breccie zer
drückt. Der Kontakt zwischen dem Silur und der Syenitscholle 
scheint in seinen östlichen Teilen ziemlich horizontal zu liegen, 
weiter nach Westen neigt er beträchtlich nach NW , in dem er 
sich in immer tiefere Silurschichten senkt. Am Stora Sjöfallet 
z. B. t r if f t  man in den Bergen Luleb Kirkao und Tjaska (Big. 
4) die sibirischen Tonschiefer bis 300 m über dem See Langas- 
jaur an, aber die Grenze zwischen der Syenitscholle und dem 
S ilur senkt sich allmählich nach NW , so dass an dem grossen 
Wasserfall selbst der Kontakt auf dem Sandstein ruht, der 
hier nicht mehr horizontal liegt, sondern 15°—20° und mehr 
nach N W  neigt. Hier endigen die Silurschichten, nachdem 
sie auf einer Strecke von ungefähr 12 hm sichtbar gewesen 
sind.

In  etwa derselben Weise kann man die Silurschichten, 
die am Ostrand der Syenitscholle sichtbar sind, eine 
kurze Strecke in den nach N W  eingeschnittenen Tälern ver
folgen, ehe sie unter die Oberfläche heruntertauchen. Im  Ra- 
padalen scheinen die Silurschichten in  den kleinen Bergen 
L itnokvaratj und R ittok unter die Gesteinsoberfläche zu sinken. 
Am Sitojaure habe ich sie nicht westlicher als in dem östlich
sten der drei vom Berge Yalak kommenden Bäche gefunden.

Die Syenitscholle ist oberhalb des Kontaktes in feinkör
nige verschieferte Gesteine zerquetscht und ausgewalzt. Selbst 
in  grosser Entfernung vom Kontakte findet man eine sehr cha
rakteristische Quetschung des Syenites, nämlich den oben 
(S. 702) erwähnten K a k ir it oder die In-situ-Breccia, die noch 
in  einer Entfernung von 5—10 hm vom Rande der Scholle 
allgemein vorkommt.

Diese mechanische Zertrümmerung sowohl der obersten 
Silurlager als der obenliegenden Syenitscholle spricht sehr 
zu Gunsten einer starren Überschiebung des Syenits über 
das Silur. Svenonius, der besonders die Berge in der Nähe 
des Stora Sjöfallet untersucht hat, ist zu der Ansicht gekom
men, dass die Granite (Syenite) sich über das S ilur als meh

[April 1910.



rere auf einander folgende Eruptivdecken ausgebreitet hätten. 1 
^  enn diese Ansicht rich tig  wäre, sollte man aber erwarten, 
ln der obenliegenden Scholle typische Ergussgesteine zu finden; 
das ist aber keineswegs der Fa ll. Die im Hangenden des Silurs 
auftretenden Gesteine haben keine porphyrische Struktur, 
sondern durchweg einen ausgesprochenen Tiefenhabitus, und im 
^ ilu r selbst fehlen alle pyrogenen Kontakterscheinungen. 
Bie Abwesenheit solcher Kontakterscheinungen im S ilur und 
der porphyrischen Struktur im überliegenden Syenit sowie 
das Vorkommen ausgeprägter Quetscherscheinungen an beiden 
Seiten des Kontaktes beweist genügend, dass hier Überschie- 
büng starrer Massen und nicht Erguss Schmelz flüssiger La- 
Ven vorliegt. Man darf aber nicht annehmen, dass die ganze 
Bewegung der Syenitscholle auf dem S ilur als Unterlage statt- 
iand, denn dieselbe enthält auch andere mehr oder weniger hori
zontal liegende Zonen von Verschieferung und Zertrümmerung, 
üach denen Bewegungen stattgefunden haben, die aber wegen 
des Fehlens so leicht erkennbarer Leitlager wie des Silurs 
schwieriger zu verfolgen sind.

Die Syenitscholle zeigt ein anderes ausgeprägtes S truk
turelement, das m it der Überschiebung in Verbindung zu stel- 
êu ist. Es ist dies eine ungefähr nach NAV 15°—30° fallende 
Baralleistruktur (Fig. 5), die meistens ebenfalls in  den obersten 
Schichten des Silurs (Fig. 4) nachgewiesen werden kann. Ausser 
dieser neigenden Paralle lstruktur kommt auch eine horizon
tale vor. Da im ganzen Gebiete die Grenzen der verschiedenen 
Gesteine im allgemeinen etwa horizontal verlaufen, muss die 
gegen N W  neigende S truktur in den meisten Fällen eine 
sekundäre sein. Ich betrachte sie als durch Druck entstan
dene Verschieferung und als Sprünge, die z. T. durch andere 
üesteine später ausgefüllt sind.

Die Anordnung dieser nach N W  neigenden S truktur
flächen zeigt eine auffallende Ähnlichkeit m it der Orientie-

1 Öfversikt af Stora Sjöfallcts och angränsande fjä lltrakters geologi. — 
Geol. Foren. Förh. Bd 22. S. 315. 1900.
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rung der Strukturflächen in einer Gletscherzunge. Wenn w ir 
die oberhalb des Silurs liegende Syenitscholle als eine von 
N W  nach SO gleitende Gesteinsdecke betrachten,. so würden 
diese Strukturflächen nach entgegengesetzter Richtung geneigt 
sein wie die Bewegung. In  derselben Weise sind die Struk
turflächen in der .Gletscherzunge orientiert. Ich habe nachge
wiesen, dass die letzteren nichts m it der Schichtung des 
Schnees zu tun haben, sondern Sprünge darstellen, nach 
welchen kleine Verschiebungen stattgefunden haben.1

Die Syenitscholle scheint die ganze Breite des untersuch
ten Gebietes einzunehmen. Sie hat aber im Kukkesvagge 
ein längliches Loch, ein s. g. Lenster, worin Schichten von 
Tonschiefer und Blauquarz (vergl. S. 693 und die Karte Taf. 30) 
wieder zu Tage treten. Diese sind stark gefaltet und enthalten 
hier und da Syenit- oder Gneisschollen eingeschlossen, im gros
sen und ganzen scheinen sie aber einein N W —SO-licher Rich
tung streichende Balte zu bilden. Die Unterlage dieser Schich
ten scheint ein meist stark gepresster Porphyrit zu sein. Dass 
die Tonschiefer und der Blauquarz der östlichen Silurfazies 
angehören, der sie vollkommen ähneln, is t wohl zweifellos; 
dann würde der Porphyrit wahrscheinlich dem östlichen Grund
gebirge zuzurechnen sein. Die Entfernung von dem west
lichsten Punkt des Silurs im Kukkesvagge bis zu dem 
Ostrand der Syenitscholle beträgt aber in  der N W —SO- 
R ichtung etwa 40 Jcm. Es scheint mir, dass w ir  hier eine 
Bestimmung der Minimalbewegung der Scholle haben.

Es is t aber wahrscheinlicher, dass die Scholle vie l weiter 
gefahren ist. Die in ih r enthaltenen Gesteine weichen von 
demjenigen, die das Grundgebirge im Osten zusammensetzen, 
stark ab. Die tektonischen Verhältnisse können also keines
wegs in der Weise erklärt werden, dass etwa in einer E n t

1 Über die Parallelstruktur des Gletschereises. —- IX . Congrès internat, 
de Géographie. Compte rendu. I I .  Genève 1910. — Eine ausführliche Dar
stellung desselben Gegenstandes w ird im AVerke »Naturwiss. Untersuch, des 
Sarekgebirges» erscheinen.

[A pril 1910.



fernung von 40 km von dem jetzigen Ostrand des Silurs das 
Grundgebirge aufgebrochen und über das S ilur hinüberge- 
Schoben wäre. Wabrscheinlich ist die Syenitscholle aus weit 
eDtlegeneren Gegenden gekommen..Es ist denkbar, dass weitere 
Untersuchungen im Nordwesten und zwar innerhalb des nor
wegischen Gebietes Aufschlüsse in  dieser Beziehung geben 
könnten.

Im  Westen des Sareker Hochgebirges sind meine Unter
teilungen noch allzu unvollständig, um sichere Schlussfolge- 
rUngen zu gestatten. Nach den bis je tz t gemachten Beobach
tungen scheint aber die daselbst vorkommende Formation von 
Uhylliten und sandigen Kalksteinen, die wohl zweifellos als 
Silur zu betrachten ist, auf der Syenitscholle abgelagert zu 
sem. Die Phyllite  der Luottoebene, die ich als vermutlich 
der westlichen Silurfazies zuzurechnende Schichten angesehen 
habe, scheinen ebenfalls auf der Syenitscholle zu liegen. Diese 
phyllitischen, wahrscheinlich silurischen Schiefer wären also 
zusammen m it oder lieber auf der Syenitscholle von N W  nach 
SO geglitten.

A u f die Syenitscholle m it den darauf aufruhenden Phyl- 
üten folgt die Amphibolitscholle, die auch beträchtliche Men
gen von Quarziten und Glimmerschiefern enthält. H insicht
lich der Herkunft dieser Amphibolite könnte man sich a p rio ri 
mehrere Möglichkeiten denken.

1) Die Syenitscholle könnte als ein unterhalb der Amphi- 
bolitgruppe in jiz ierter Lakko lith  aufgefasst werden. Dann 
Würde man jedoch wohl erwarten, in der von Sprüngen so 
stark durchsetzten Amphibolitscholle Syenit und andere dazu 
gehörende Gänge zu finden. Das ist aber nicht der Fall. 
Hie Granitgänge, die man findet, haben eine von derjenigen 
(ler dem Syenit angehörenden Gesteine abweichende Zusam
mensetzung (vergl. S. 709).

2) Die Amphibolite könnten als Gabbrodiabase betrachtet 
Werden, die die Syenitscholle durchdrungen hätten. Man 
Würde dann aber erwarten, die Gabbrodiabase, die durch un
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zählige Eruptionen die Amphibolitscholle durchwoben haben, 
in  der Syenitscholle auch häufig zu finden. Das tu t man 
aber nicht. Diabasische Gesteine sind da sehr selten. Aber 
auch wenn man die Amphibolite als durch die Syenitscholle 
hervorgedrungene Eruptivgesteine betrachtet, kann man dadurch 
nicht die abnorme Lage der mächtigen Lager von kris ta lli-

[A pril 1910.

Yerf. phot. 28. .Tuli 1903.

Fig. 5. Nordabhang des Pelloreppe im Rapadalen. Oben die dunkle Amphi- 
bolitformation, darunter m it etwa horizontalem Kontakt die Syenitscholle. 
Letztere zeigt zwei Parallelstrukturen: eine etwa horizontale und eine unge

fähr 20° nach NW (rechts) geneigte.

nischen Quarziten und Glimmerschiefern oberhalb des Silurs 
erklären.

Sind aber weder die Syenite unter der Decke der Am 
phibolitscholle in jiz iert noch die Ampliibolite durch die Syenit
scholle hervorgebrochen, dann bleibt nichts anderes als die 
Annahme übrig, dass erstere Scholle als eine hauptsächlich 
fertige Bildung über die Syenite übergeschoben worden ist.



Die tektonische Stellung der Amphibolitscholle is t auch der
jenigen der Syenitscholle ganz analog. Erstere liegt auf der 
Westlichen Silurfazies ungefähr wie letztere auf der östlichen.

Die Kontakterscheinungen auf der Grenze zwischen der 
Amphibolitgruppe und der Syenitgruppe habe ich nur erst 
ari wenigen Punkten im Kapadalen untersucht. Ich habe da 
iä der Nähe der Grenze meistens die Ausbildung äusserst 
stark verschieferter Gesteine gefunden, hier und da m it sehr

Bll 32. H. 4 .] GESTEINE U. TEKTONIK D. SAREKGEBIRGES. 715

Vcrf. phot. 24. Ju li 1909.
Fig. 6. Amphibolitmiitze des Läddepakte schief von unten von einem Ab

satz in 900 m  Höhe gesehen.

energischen Ealtungen verbunden, bei denen mitunter die 
beiden Formationen m it einander vermengt waren. Das 
starre Brechen in  linsenförmige Stücke, das fü r den Kontakt 
zwischen dem Syenit und der östlichen Silurfazies so charak
teristisch ist, kommt hei dem Kontakt m it der Am phibolit
scholle weniger zum Vorschein, t r i t t  jedoch auch auf sowohl 
im Am phibolit als in dem violetten Quarzit. Die ganze Am- 
phibolitformation macht aber ebenso wie die Syenitformation 
den Eindruck einer zu wiederholten Malen zerquetschten und 
immer wieder zusammengeheilten Gesteinsmasse.
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Die Amphibolitscholle zeigt im allgemeinen — gerade 
wie die Syenitscholle — eine ungefähr nach Nordwesten geneigte 
plane Parallelstruktur. W ie wenig diese m it einem Aufbau 
von nach diesen Ebenen auf einander gelagerten Gestein
schichten zu tun hat, geht unmittelbar aus der Tatsache 
hervor, dass die Unterfläche der Amphibolitgruppe im Westen 
etwa ebenso hoch liegt wie im Osten. Bei dem vorhandenen 
Abstand von etwa 40—50 lim, würde sich diese Fläche aber 
selbst bei einem so geringen mittleren Fallen wie 12° unge
fähr um 10 hm senken. Diese Grenzfläche bleibt aber tro tz der 
Neigung der Strukturflächen im grossen und ganzen horizon
tal, wie man auch an den Bildern Fig. 5 und 6 sieht.

Ziemlich beträchtliche Abweichungen von der Horizon- 
ta litä t zeigt diese Grenzfläche aber lokal an verschiedenen 
Stellen. Im  Rapadalen zwischen Pelloreppe und Stuorra 
Skärkas bildet sie eine deutliche, wenn auch flache A n t ik l i
nale (vrgl. den Querschnitt Taf. 30) m it der Achse in der 
Richtung N W —SO.1 * 3 Zwischen Läddepakte und A lk a tj biegt 
diese in nord-südliche Richtung um.

Das N W —SO-liche Fallen der Parallelstrukturflächen is t 
auch nicht ausnahmslos. In  dem nördlichen Teile der Am phi
bolitscholle zwischen Stuor N ijak und Äpartjäkko zeigen die 
Strukturflächen ziemlich übereinstimmend ein N W —SO- 
liches Streichen und ein Fallen unter die Gebirgsmassive. 
Wahrscheinlich beruht dies auf einer schwachen Faltung der 
Scholle nach einer N W —SO-lichen Achse. Solche Faltungen 
quer zu der Längsachse der skandinavischen Gebirgsachse 
scheinen nicht selten zu sein. H olmquist 2 erwähnt ähnliche 
aus der Gegend zwischen K v ikk jokk  und Sulitelma. A u f 
Grund der Überschiebungstheorie ist diese Biegung der Am 
phibolitscholle nach einer der Bewegungsrichtung der Scholle

1 Vgl. auch Taf. 31. • Fig. 2 in der folgenden Abhandlung über die Geo
morphologie und Quartärgeologie des Sarekgebirges.

3 A. a. O.
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parallelen Achse durch eine Vertiefung oder ein Tal in der 
unterliegenden Scholle leicht erklärlich.

Rd 32. H. 4 .] GESTEINE U. TEKTONIK D. SAKEKGEBIRGES.

Die drei hauptsächlich eruptiven Formationen der frag
lichen Gegend von Schwedisch-Lappland bilden gleichsam 
drei verschiedene Welten fü r sich, die sowohl petrographisch 
als topographisch und biologisch nicht vieles gemeinsam haben. 
Die schwach welligen Ebenen der roten Granite und Granu
late im Osten tragen dichte Nadelwälder, die wegen ihrer 
Entlegenheit noch von der A x t verhältnismässig unberührt 
geblieben sind. A u f den Abhang der grauen Syenitscholle 
steigen nur noch die Birken hinauf, während ihre Oberfläche 
als eine mittelgebirgige Tundra erscheint. Darüber erheben 
sich die schwarzen, von Schneefeldern weissfleckigen Bergrie
sen der Amphibolitformation. In  den hochliegenden Tälern 
zwischen ihnen finden w ir die Gletscher.

T h eo re tisch e  S ch lussbetrach tungen .

Im Vorhergehenden habe ich m ir erlaubt, der Tektonik 
des Sarekgebirges eine Deutung zu geben, die m it der von 
Mehreren anderen skandinavischen Geologen fü r die Tektonik 
anderer analoger Gebiete der skandinavischen Gebirgskette 
angenommenen übereinstimmt. Wenn die ausgezeichneten Un
tersuchungen T örnebohms über die Überschiebungen in Jämt- 
land und andere Untersuchungen derselben A r t  an der skan
dinavischen Gebirgskette nicht ausgeführt wären, so vermute 
Ich, hätte ich nicht Phantasie und Mut genug gehabt, um 
die Überschiebungstheorie fü r das Sarekgebirge zu erfinden 
ünd anzunehmen, obgleich ich so viele Stützen fü r diese A n
schauung gefunden habe. Ich glaube, man könnte etwa das
selbe fü r viele andere Gebiete der langen Zone der Decken
schollen in  der fraglichen Gebirgskette sagen. F ü r jeden 
einzelnen Punkt hat diese Theorie noch die Tendenz, Zweifel
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zu erregen, wenn man aber das Zeugnis der unzähligen ver
schiedenen Punkte zusammennimmt, dann erscheint die Theorie 
sehr überzeugend.

Die tektonischen Verhältnisse des Sarekgebirges zeigen 
besonders eine gewisse Übereinstimmung m it derjenigen des 
Jotunheimen. In  beiden Gebieten w ird  die Silurformation 
von einer hauptsächlich aus Tiefengesteinen bestehenden Ge
steinsmasse überlagert, die an der Unterlage keine pyrogenen 
Kontaktwirkungen ausgeübt hat. Dagegen scheinen sich in 
beiden Gebieten am Kontakt bedeutende Zonen starker Zer
quetschung und Verschieferung gebildet zu haben. Trotzdem 
ist für den Jotunheimen von 'Rerstad und B jörlykke , fü r die 
Gegend des Stora Sjöfallet von Svenonius ein postsilurischer 
Erguss der Eruptivgesteine über das Silur angenommen. Die 
Kontaktverhältnisse, das Fehlen porphyrischer Gesteine usw. 
machen dies indessen nicht wahrscheinlich. F ü r die Gegner 
der Überschiebungstheorie w ird aber auch, wenn man die E rup
tive als postsilurisch erklären könnte, nicht vie l gewonnen, 
denn in den meisten Gebieten werden die sibirischen Schichten 
von kristallinischen Schiefern sedimentären Ursprungs bedeckt, 
die als präsilurisch angesehen werden müssen. Eine beson
dere Annahme hinsichtlich der Eruptivgesteine h ilf t  also nicht 
um diese Theorie herumzukommen.

In  der Gegend südwestlich von dem Sarekgebiet glaubt 
H olmquist gefunden zu haben, dass die silurischen Sedimente 
der östlichen Fazies am Ufer der aus algonkischen Schiefern 
gebauten Berge abgelagert und später von diesen durch Über
schiebungen geringen Betrages bedeckt wurden. Dass an ge
wissen Punkten die silurischen Schichten durch geringfügige 
Bewegungen älterer Gesteinslager überdeckt worden sind, 
darf wohl als wahrscheinlich betrachtet werden. Eine allge
meingültige Bedeutung fü r die Erklärung der Tektonik der 
Gebirgskette dürfte diese Auffassung jedoch nicht haben. Im  
allgemeinen kann aber die Annahme einer mehrseitigen 
Ausbreitung des Hangenden des Silurs durch geringe Über-

[A pril 1910.
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Schiebungsbewegungen nicht genügen, um die in der etwa 
100 km breiten Zone der Deckenschollen überall vorkom
mende abnorme Lagerung zu erklären. Es würde wohl wahr
scheinlicher sein, wenn die Silurschichten in Fjorden abge
lagert wurden, dass erstere während der langen Postsilurzeit 
'Wegerodiert und die Täler breiter wurden. Und wie könnte 
man m it dieser Theorie die Tektonik der zahlreichen isolier
ten Berge erklären, die rundum immer dieselbe abnorme La
gerung erkennen lassen? Solche Berge sind in» Norwegen 
zahlreich, z. B. der Nupseggen, der Haarteigen, der Hardanger- 
jökeln, der Hallingskarven. Der Ansätten und der Land
le r kshöj den in Jämtland sind ähnlich gebaut. Endlich bleibt 
die abnorme Überlagerung in den Fenstern der Schollen von 
Jämtland und der Sarekgegend bei der Theorie der geringen 
Überschiebung unerklärlich. Dass die Überschiebungen in der 
fraglichen Zone der skandinavischen Gebirgskette ziemlich 
gross gewesen, darauf deutet somit alles hin.

In  welcher Weise die Überschiebungen zu Stande gekom
men sind, ist noch in  Dunkel gehüllt. T örnebohm hat in 
dieser Hinsicht keine bestimmte Meinung ausgesprochen. Nach 
seinen Darstellungen sollte die 130—140 km breite Scholle von 
Jämtland wenig westlich von der Beichsgrenze unter das S ilur 
des Trondhjemsbeckens hinuntertauchen. In  der Scholle selbst 
ist die Schichtfolge fast stets normal, in  der Nähe der W urzel
lin ie sollen aber Invertierungen Vorkommen. Mehrere Dar
stellungen von T örnebohm deuten darauf hin, dass er sich 
Wenigstens den Anfang der Überschiebung als eine nach SO 
überschobene, liegende Falte gedacht hat, in der dann der 
Mittelschenkel ausgewalzt wäre. Eine solche Auffassung ist 
aber wegen der geringen Dicke der Scholle, die fast nur 1 % 
der Breite derselben beträgt, undenkbar.

Die tektonischen Verhältnisse der skandinavischen Decken
schollen sind noch am besten an ihren Osträndern bekannt, 
die im allgemeinen zentraler und besser zugänglich liegen. 
Für die E rklärung des Vorganges, durch welchen die ab

Bd 32. H. 4 .] GESTEINE ü. TEKTONIK D. SAREKGEBIRGES.
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norme Überlagerung zu Stande gekommen ist, is t aber eine 
genauere Kenntnis der Tektonik am Westrand der Schollen 
von noch grösserem Gewicht. Sowohl T örnebohm als H olm- 

qtjist scheinen zu meinen, dass sie unter das S ilur im Westen 
heruntertauchen. Wenn dies wahr ist, so kann meiner Mei
nung nach überhaupt keine Überschiebung stattgefunden haben. 
S tatt deren muss man dann eine Unterschiebung der früher 
im Osten der Deckenscholle liegenden Berglager unter dieselbe 
annehmen.

Eine solche Auffassung ist früher von H olmquist1 fü r 
Jemtland z. T. aus anderen Gründen vertreten worden. Die 
jetzige Deckenscholle sollte dabei hauptsächlich an seinem u r
sprünglichen Platz geblieben sein, während die Erdkruste dar
unter und östlich von derselben schief nach unten und in west
licher Richtung gepresst wurde, indem gleichzeitig das S ilur des 
Trondhjemsbeckens gefaltet, und da es je tzt kein hohes Ge
lände einnimmt, z. T. m it in  die Tiefe geschleppt wurde.

Die Zusammenschrumpfung der Erdkruste, die durch diese 
Bewegungen hätte stattfinden sollen, würde nach H olmqüist 

etwa 200 hm betragen. Wahrscheinlich ist dieses Mass jedoch 
eher zu gering als zu gross, denn die Deckenscholle hat nach 
den letzten Angaben von H ögbom2 eine maximale Breite von 
nicht weniger als 140 hm. Dann kommen auf die Verkürzung 
durch die energische Faltung des Trondhjemer Silurs nur 60 
hm, was allzu wenig erscheint. W ir  können uns aber m it 
200 hm begnügen. Dieser Betrag ist jedoch schon ungefähr 
J/2 % des ganzen Erdumkreises. A ls  wirkende Ursache bei 
einer solchen Verminderung der Erdoberfläche denkt man sich 
die Abkühlung des Erdinneren, wodurch die Erdkruste zu 
gross werde. Man kann sich aber nicht denken, dass die da

[A pril 1910.

1 Bidrag t i l i  diskussionen om den skandinaviska fjällkedjans tektonik. 
— Geol. Foren. Fork., Bd 23, S. 55. Stockholm 1901.

2 Studies in the post-Silurian thrust region of Jämtland. — Geol. Foren 
Förh., Bd 31, S. 289. Stockholm 1909. (Auch als Publikation des Geologen
kongresses erschienen.)
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durch hervorgerufenen Spannungen nur an einem Ort ausge
löst werden. Wenn w ir aber die gleichzeitige Bildung z. B. 
v ier solcher Gebirgsketten wie die skandinavische annehmen, 
steigt die dadurch verursachte Verkürzung des Erdumkreises 
auf 2 %. Offenbar würde diese Schrumpfung der Erdober
fläche eine ganz enorme Abkühlung des Erdinneren voraus
setzen, da man wohl für dasselbe wegen des enormen Druckes
nicht v ie l höhere Ausdehnungskoeffizienten als fü r feste Kör-

•  ■
Per annehmen darf.

Viele theoretische Gründe sprechen also gegen die Annahme 
niner [/wferschiebung. Ich glaube auch, dass die einzige gil- 
üge Ursache einer solchen Annahme, nämlich das Unter
tauchen der Überschiebungsscholie im Westen, noch einer Be
stätigung bedarf. Für T örnebohm war die Feststellung der 
W irk lichke it einer Überschiebung und des Betrages derselben 
die Hauptsache, und er scheint ihrem Westrand keine grosse 
Aufmerksamkeit gewidmet zu haben, wozu kommt, dass die 
Zusammensetzung der Scholle stark wechselt und eine Dis
kontinuität derselben deshalb leicht übersehen werden 
konnte.

Für die Gegend südlich der L in ie K v ikk jokk—Sulitelma 
nimmt H olmquist ein Sinken der algonkischen Scholle unter die 
’Westliche Silurfazies an. Nach H olmquists eigenen Worten 
ist diese Annahme jedoch hauptsächlich auf das vermutete 
allgemeine nordwestliche Fallen der Schichten begründet, wo
durch nach N W  immer jüngere Ablagerungen kämen. Im  
harekgebirge hat es sich aber ergeben, dass das allgemeine 
nordwestliche Fallen z. T. eine sekundäre S truktur ist.

Die Annahme eines Heruntertauchens der Überschiebungs
scholle unter die westliche Silurfazies scheint deshalb noch 
nicht sicher bewiesen, und dann is t auch die Theorie der 
Unterschiebung nicht nötig. Letztere ist auch deshalb nicht 
■Wahrscheinlich, weil die östliche Silurfazies ziemlich unge
stört liegen geblieben ist. Dies würde aber überraschend sein, 
Wenn die eigentliche Bewegung in derselben und ihrer Unter

Bd 32. H. 4 .] GESTEINE U. TEKTONIK D. SAREKGEBIRGES.
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läge stattgefunden hätte. Ich glaube deshalb, dass man fü r 
die Zone der Deckenschollen der skandinavischen Gebirgs
kette zu natürlicheren Ergebnissen kommt, wenn man für 
dieselbe ein einfaches Hinabgleiten der Schollen von W  oder 
N W  nach 0  oder SO annimmt, wie H. Schardt es fü r  die 
Alpen angenommen hat. Eine solche Auffassung ist schon 
früher von B rögger1 als denkbar in kurzen Zügen dargestellt 
worden.

Wenn man die ScHARDT’sche Auffassung anwenden w ill, 
findet man aber, dass die uns je tzt zugänglichen Teile der 
skandinavischen Gebirgskette nicht genügen, um die Her
kunft der Deckenschollen zu erklären. Die grosse Scholle 
in Jämtland kann nicht von dem gefalteten S ilur in dem 
Trondhjemischen herkommen, und man kann auch nicht an
nehmen, dass dieses S ilur früher von den Gesteinen der Scholle 
bedeckt gewesen wäre, denn das wäre ja  schon eine abnorme 
Überlagerung. Letztere müssen also von einer je tzt gesun
kenen Zentralzone herrühren, die westlich von der westlichen 
Silurfazies lag. Die Annahme einer solchen Zone hat nichts 
Unwahrscheinliches, sie fehlt eben — kann man sagen — in 
der Vollständigkeit der jetzigen Gebirgskette. Die Hypothese 
von einer einst höheren Zentralzone im Westen findet eine 
Stütze auch in  der Beobachtung von W rak ,2 dass die ältesten 
Talbildungen Nordskandinaviens (seine Tuipal- und Borsu- 
generationen) eine viel weiter nach N W  gelegene Wasser
scheide voraussetzen, da sie selbst in  Norwegen nach SO 
neigen.

Es scheint mir, dass die Annahme einer solchen hochlie
genden Zentralzone, die hauptsächlich aus Grundgebirge, al- 
gonkischen Schiefern und Eruptivgesteinen bestand, und von 
welcher Schollen sich ablösten und über die Niederungen aus
breiteten, keine unwahrscheinlichere Theorie ist als die früher

1 Norge i  det nittende aarhundrade. Bd 1, S. 13. Kristiania 1900.
2 Walter Wrak, Bidrag t i l i  Skandinaviens Reliefkronologi. — Ymer 

1908, S. 148.

[April 1910.



aufgestellten. Die Schollen ruhen fast überall auf dem Silur. 
-Dieser Umstand stützt die Theorie beträchtlich, denn fü r das 
Zustandekommen des vermuteten Herabgleitens ist eine Unter- 
iage von wenig widerstandsfähigen, verhältnismässig plasti
schen Gesteinen selbstverständlich vom grössten Gewicht ge
wesen. Solche die Bewegung fördernde Lager könnten in der 
Zentralzone algonkische Schiefer gewesen sein.

Häufig scheint man geglaubt zu haben, in den skandina
vischen Deckenschollen die Einheiten der Bewegung zu finden. 
Sowohl T örnebohm als H ögbom heben jedoch hervor, dass auch 
Wenigstens geringere Verschiebungen nach anderen Ebenen 
als der Hauptüberschiebungsfläche stattgefunden haben. Im  
Sarekgebirge deutet vieles darauf, dass zwei übereinander lie
gende Schollen vorhanden sind. Beide würden zum grossen 
Teil auf Silurschichten ruhen. Ausserdem haben aber auch

wahrscheinlich geringere — Bewegungen nach anderen, 
Hoch nicht näher definierbaren Flächen stattgefunden.

Die Theorie des durch die Schwerkraft hervorgerufenen 
Herabgleitens der Schollen setzt keine enorme Verminderung 
der Erdoberfläche voraus. Es genügt fü r diese Theorie an
zunehmen, dass eine grosse Aufbiegung der Erdoberfläche 
stattgefunden habe. Diese kann z. T. lediglich durch eine 
unregelmässige Verteilung der schweren Massen im Inneren 
der Erde verursacht sein. A n  einer Stelle, wo verhältnis
mässig leichte Massen vorhanden waren, musste eine Erhöhung 
der Erdkruste entstehen, an anderen, wo schwere Massen 
lugen, mussten Senkungen, Meere, sich bilden. Die durch die 
Schrumpfung des Erdkerns verursachten Spannungen konnten 
diese Unebenheiten der Oberfläche noch verschärfen und auch 
Haltungen verursachen. In  den Erhöhungen w irk t selbstver
ständlich immer eine Komponente der Schwerkraft nach aussen, 
die unter günstigen Umständen sich geltend machen und 
Herabgleitungen verursachen dürfte.

Die hier dargestellte Anschauung ermöglicht auch eine 
Auffassung von den Schwereanomalien der Gebirge und der

B d3 2 . H. 4 .] GESTEINE U. TEKTONIK D. SAREKGEBIRGES. 723



Meere und von dem häufigen Vorkommen älterer Gesteine und 
besonders des Grundgebirges in den Zentralzonen der Gebirgs
ketten. In  dem Masse, wie die jüngeren Schichten teils durch 
Herabgleiten, teils durch die Erosion von den höchsten Teilen 
eines Gebirges entfernt werden, w ird  das unterliegende Grund
gebirge entblösst und durch die verminderte Last empor
gehoben.

724 A. HAMBERG. [A pril 1910.
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Die Geomorphologie und Quartärgeologie des Sarek-
gehirges.

Von

A x e l  H a m b e r g .

(Hierzu Taf. 31—32).

Inhalt.

Die. Geomorphologie des festen  Gesteins.

D ie  eiszeitlichen Verhä ltn isse der Sarekgegend.

Die Uferlinien.
Die Bewegungsrichtungen des Eises.
Die Frequenz der Endmoränen.
Die eisgestauten Seen und glazialen Ströme. 
Eiszeitliche Geschichte des Sarekgebirges.
Die postglazialen Klimaschwankungen.

D ie  postg laz ia le  und  rezente E ro s io n  und  A kku m u la tio n .

In einer vorhergehenden Abhandlung1 habe ich gezeigt, 
'lass die Gesteinsmassen, die das Sarekgebirge und seine näch
ste Umgebung bilden, auf folgende vier, in der Reihe von 
°t>en nach unten gerechnete tektonische Gruppen verteilt wer
den können:

Die Amphibolitscholle,
Die Syenitscholle,
Die Silurformation der östlichen Fazies,
Das Grundgebirge im Osten.

1 Gesteine und Tektonik des Sarekgebirges nebst einem Überblick der 
skandinavischen Gebirgskette. — Geol. Foren. Förh. 82.

47— i0 0 i7 0  :3 .  G. F .F . tato.
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Zwischen der Amphibolitscholle und der Syenitscholle 
scheinen silurische Schichten der westlichen Fazies eingeschal
tet zu sein, die eine kristallinischere Struktur haben. H in 
sichtlich der Genesis dieser tektonischen Abteilungen wurde 
die Ansicht ausgesprochen, dass die östliche Silurfazies m it 
dem darunter liegenden Grundgebirge autochthone Bildungen 
seien, die seit der Silurzeit keinen wesentlichen tektonischen 
Störungen unterworfen worden sind. Über diese östliche S ilu r
fazies wurde zunächst eine hauptsächlich verschiedene Tiefen
gesteine, darunter meist Syenite, enthaltende Scholle, die Sye
nitscholle, übergeschoben. Letztere wurde danach durch 
eine zweite Überschiebung von der Amphibolitscholle be
deckt, die hauptsächlich aus Amphiboliten, dann ausserdem 
aus Gabhrodiahasen, Glimmerschiefern und Quarziten be

steht.

Die Geom orphologie des festen Gesteins.

Die geomorphologischen Grundzüge zeigen eine beträcht
liche Abhängigkeit von dem tektonischen Bau und der Be
schaffenheit der Gesteine.

Die östliche Silurfazies besteht hauptsächlich aus weichen, 
leicht erodierten Tonschiefern. Die Erosion hat deshalb hier 
m it grösserer Geschwindigkeit arbeiten können als im unter
liegenden Grundgebirge oder in der überliegenden Syenit
scholle. Es ist deshalb eine Kerbe [entstanden, die [oft 
unter dem Band der Syenitscholle so tie f eingeschnitten ist, 
dass Bäche, die über den Abhang fliessen, bei dieser E in 
buchtung frei durch die L u ft fallen. Häufig ist die Unter
grabung der Syenitscholle so bedeutend gewesen, dass die 
herausragenden Partien derselben hemntergestürzt sind 
und die Entstehung lotrechter Wände verursacht haben. Sol
che sind fü r die G lin tlin ie  der östlichen Silurfazies' sehr 
charakteristisch, Fig. 1. (Vergl. auch Fig. 3'der Abhandlung 
über die Gesteine und die Tektonik des Sarekgebirges.)

[April 1910.
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Die Basis der östlichen Silurfazies liegt etwa 400—(100 m 
m d. Heere. Ihre Mächtigkeit is t ungefähr 150 m. Die dar
über aufragende, in  der Syenitscholle ausgeschnittene steile 
IVarnl hat häufig eine Höhe von etwa 200 m, im Skerfe etwa 
300 m.

Die obere Fläche der Syenitscholle ste llt eine verhältnis- 
massig schwach undulierende Ebene, die Fjeldebene, d^r, deren 
Höhe über dem Meere etwa 800—1,000 m beträgt. Die run
den Berghügel der Syenitformation, die darüber aufragen, 
erreichen 1,300—1,400 m. E in hierzu gehöriger Berg, der 
Skanatjäkko, ragt ausnahmsweise beinahe bis zu 1,800 m 
empor.

Wie aufgesetzt auf der Syenitscholle erheben sich über 
dieselbe die dunklen Gipfel der Ampkibolitformation etwa 
1,000—1,200 m oder bis zu 2,000 m über dem Meere und in 
einigen Punkten noch höher. Die höchste Spitze der Gegend, 
der Sarektjäkko, erreicht 2,090 m ü. d. M.

Ein System von grossen Tälern durchschneidet die bei
den Schollen mehr oder weniger tief. A ls die Erosionsbasis 
dieser Talbildung kann die Oberfläche des Grundgebirges im 
Osten betrachtet werden. Von dieser Basis im Osten erheben 
sich die Täler allmählich bis zu einer Höhe von etwa 900 m 
an der Talwasserscheide, von wo sie wieder nach Westen 
sich senken. Diese Täler verzweigen sich und bilden ein 
Netzwerk, das die beiden Schollen in etwas mehr als ein 
Dutzend grössere Bergmassive zerteilt.

Die grossen Bergmassive werden von kleineren Tälern zer
schnitten, die oben meistens geschlossene Sacktäler sind. 
Zwischen ihnen liegen die Gipfel. Diese haben eine einigermas- 
sen gleiche Höhe von etwa 1,700—2,000 m. Wenn man sich die 
kleinen Sacktäler ausgefüllt dächte, so würden die von den 
grossen Tälern getrennten Bergmassive die Form ungefähr von 
grossen Tafelbergen m it einer schwach undulierenden Ober
fläche annehmen (Fig. 2). Allem Anschein nach haben die 
grossen Bergmassive auch einst diese Form gehabt. Denn

D l 32. H. 4 .] GEOMORPHOLOGIE des s a r e k g e b ir g e s .
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an vielen Gipfeln findet man noch wenig veränderte Stücke 
der alten flachen Oberfläche. E in drastisches Beispiel bietet 
der hohe M id tji Skärkas, der oben eine flache Ebene trägt 
(Fig. 3). Hohe Berge, die oben eine schwach undulierende 
Ebene tragen, sind häufig. Diese sind im allgemeinen ebenso 
hoch, mitunter höher als die naheliegenden scharfen Spitzen' 
Es beweist dies, dass letztere durch die Einsenkung zweier 
oder mehrerer Täler in das Bergmassiv entstanden sind. Wo 
die Talwände die Tafelfläche abschneiden, da finden w ir die 
oben flachen Gipfel, wo aber die Talwände einander schneiden,

Fig. 3. Alte Ebenen der honen Gipfel SO. vom Säbbetjäkko. Der entferntere, 
hach abgestumpfte Gipfel links ist der hohe M id tji »Skärkas.

da sind die scharfen Formen herausmodelliert. An den Aus- 
senseiten der grossen Bergmassive treffen w ir häufig die hohen 
flachen Gipfel an, z. B. den Ruopsoktjäkko (Fig. 2), in den 
zentralen Teilen dagegen häufiger die hohen spitzen Gipfel 
und Kämme (Fig. 2 u. 4).

Die Fjeldebene, die im allgemeinen die Oberfläche der 
Syenitscholle bildet und das amphibolitische Hochgebirge a ll
seitig mngiebt, kann auch mitten zwischen den grossen Berg
massiven gespürt werden. Die Luottoebene gehört zu dem-
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seHien Höhenniveau wie die Fjeldebene. Zu diesem gehören 
ebenfalls breite Talleisten am Nordabhang des Kaskatjäkko 
Riid des Pelloreppe und am Südabhang des Telma und des 
^arvatjäkko. Der breite Talboden des Snavvavagge und 
andere Ebenen gehören gleichfalls demselben Horizont an. 
dieser w ird durch die jüngeren Täler, wie der Rapadalen, 
durchschnitten und verhält sich folglich wie ein bfeites, rei-

l!|l 32. I I .  4 .] GEOMORPHOLOGIE DES SAREKGEBIRGES.

Fig. 4. Unter den Kämmen des Pelloreppe.

^cres Talsystem (Fig. ö). Man kann sich zwei Möglichkeiten 
seitier Bildung denken. Entweder entspricht es einer älteren, 
lange wirkenden Erosion, bei welcher die Erosionsbasis viel 
höher oder das Land etwa 600 m niedriger lag als jetzt, oder es 
steht in irgend einem Zusammenhang m it tektonischen Ebenen, 
die als Erosionsbasis fü r das Hochgebirge längere Zeit gedient 
haben. Diese tektonischen Ebenen könnten dann wohl, wenn 
kleine Hypothese von der Tektonik des Sarekgebirges rich tig  
*st, keine andere sein als die ursprüngliche Oberfläche der 
Syenitscholle selbst. Diese sollte folglich als Erosionsbasis 
für die Amphibolitscholle fungiert haben. Die erstgenanten
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Deutung darf aber vielleicht als ebenso wahrscheinlich ange
sehen werden.

Die grossen Täler, die das Hochgebirge durchschneiden, 
sind im allgemeinen stark übertieft im Verhältnis zu den 
kleineren Tälern, die hauptsächlich in die Amphibolitmassive 
einschneiden. Der grosse Rapadalen ist 300—500 m übertieft. 
Eig. 6. Zur E rklärung dieser Übertiefung habe ich mich 
schon längst derjenigen Theorie angesehlossen,1 nach welcher

Fig. 5. Gipfel (Kaskatjäkko), eine ältere Ebene (Stuolle) und ein jüngeres Tal
(Kaskavagge).

die Übertiefung von der glazialen Erosion während der E is
zeit herkäme. Der Unterschied zwischen der glazialen und 
der fluvialen Erosion ist in einer solchen Gegend wie dem 
Sarekgebirge, wo alle Gesteine fest und hart sind, noch grösser 
als in den Alpen, wo viele jüngere Sedimentgesteine so locker 
sind, dass sie durch das strömende Wasser ziemlich schnell 
weggeschlämmt werden können. A u f die sehr festen Am 
phibolite, Gabbrodiabase. Quarzite, Syenite usw. des Sarekge- 
birges übt das fliessende Wasser überhaupt keinen merklicheren

1 Sarjekfjällen. Eu geografisk undersökning. — Ymer 1001, S. 1(12.



Einfluss aus. Die in der Unterseite der Gletscher eingeschlos
senen Gesteine sind aber ebenso hart und können deshalb ihre 
Unterlage abnutzen. A lle  Gletscherbäche sind deshalb auch 
hier wie überall anderswo stark schlammführend, alle ande
ren Bäche, die aus Schneefeldern • herbommen oder vom Regen 
gespeist werden, führen fast stets klares Wasser.

E in anderes Erosionsphänomen hängt ebenfalls m it der 
eiszeitlichen Gletschererosion zusammen. W ie schon erwähnt, 
dringen die grossen Täler durch das Gebirge, haben aber eine
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Fig. ö. Die Übertretung des Rapadalen und die hangenden Nebentäler

ausgesprochene Talwasserscheide,* die im allgemeinem ziem
lich weit nach Westen im Hochgebirge liegt. Wahrschein
lich sind die grossen Täler durch rückwärts wirkende Wasser- 
Erosion sowohl von Osten als von Westen her eingeschnitten. 
Die von beiden Seiten kommenden Täler sind sich schliess
lich an einer gemeinsamen Rückwand begegnet, die sie dann 
gemeinschaftlich wegzuerodieren anfingen. Im  allgemeinen 
haben die beiden Täler nicht genau übereingestimmt, und an 
der Wasserscheide muss sich wohl eine Schwelle lange erhal
len haben. Keine Spur einer solchen sieht man aber jetzt,
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offenbar haben die Eisströme, die das Hochgebirge von Osten 
nach Westen durchdrangen, diese Schwellen vollständig weg- 
genommen und den Talboden geebnet. Höher hinauf an den 
Talwänden kann man aber, z. B. im Kopirvagge und Pasta- 
vagge, einen im Verhältnis zur Gestalt der umgebenden Berge 
unnatürlichen Verlauf der Talwände beobachten.

Die eiszeitlichen Verhältnisse der Sarekgegend.

Im  Anfang der Eiszeit wurden gewiss die Täler des Sarek- 
gebirges von Gletschern angefüllt, die sich in der Neigungs
richtung des Landes bewegten und allmählich sich über die 
Tiefebenen, besonders im Osten, ausbreiteten. Es ist wahr
scheinlich, dass auch während der voll entwich eiten Eiszeit 
das Sarekgebirge ein Zentrum der Eisbewegung war. Dieses 
Verhalten änderte sich aber später, indem sich die Höhen
achse des Inlandeises gegen Osten verschob. Gleichzeitig 
musste sich auch die Bewegungsrichtung in dem Gebiete zw i
schen der Höhenachse des Inlandeises und der Wasserscheide 
des Landes ändern. Der grössere Druck unterhalb der Hö
henachse zwang das Eis, sich gegen die südöstliche Neigung 
des Landes zu bewegen. In  dieser Zeit wurde also das Hoch
gebirge von in nordwestlicher Richtung strömendem E is 
durchdrungen. Diese Eismassen führten m it sich Blöcke von 
den roten Graniten und Syeniten des östlichen Grundgebirges 
in das Hochgebirge hinein, wo man sie selbst auf den höch
sten Gipfeln noch finden kann.

[April 1910.

Die Uferlinien.

Die gegen die Neigung des Landes erfolgte Bewegung 
des Inlandeises wurde zuerst in der Landschaft Jemtland von 
T örnebohm1 nachgewiesen. Während der Abschmelzung bilde-

1 Nägra iakttagelser med afseende pä. flyttbloeken i Jemtland. — GeoL 
Foren. Förh. 1: 80. Stockholm 1872.



sich daselbst in den Tälern zwischen der Wasserscheide
und der Eisscheide durch das Eis gestaute Seen, die über die
Pässe der Wasserscheide Abfluss fanden. Anfänglich waren
die Seen klein, aber je nachdem der Eisrand sich gegen Osten
miriickzog, wurden sie grösser, Verbindungen zwischen den
verschiedenen Seebecken öffneten sich, wobei die Oberfläche*
S1d i bis zu der niedrigsten Passhöhe senkte. Diese Seen wur
den zuletzt sehr gross, ehe sie unter dem Eis einen Weg nach 
Osten fanden.
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Dg. 7. Uferlinien bis zu 1100^1200 m  ii. d. M. auf dem Sudabhang des 
Kertokestjäkko an der Mündung .des ßapadalen.

Solche Seen kommen auch in Norwegen südlich von der 
Gebirgskette und an verschiedenen Stellen in Schwedisch-Lapp- 
land vor. Die Spuren ihrer Wasserflächen kann man noch in 
meistens gut entwickelten, breiten Uferterrassen erkennen, 
deren Höhen m it derjenigen der Passhöhen übereinstimmen. 
Eie erste richtige Erklärung dieser Uferlinien verdanken w il
dem norwegischen Forscher A. M. H an se n . A u f der schwe
dischen Seite haben eine ganze Reihe Forscher sich m it dem 
Studium dieser eisgestauten Seen beschäftigt, unter denen Höß-



A. HAMBERG.734 [A pril 1910.

bom , 1 Gr. A ndersson , G a  v e l in  und 0. Sjögren die wertvollsten 
Beiträge geliefert zu haben scheinen.

Im  Sarekgebirge fehlen die an bestimmte Niveaus gebun
denen, scharfen und breiten Uferterrassen. Stattdessen kom
men in allen Niveaus zwischen den Talböden und den Gipfeln 
im allgemeinen nicht sehr stark entwickelte, mitunter jedoch 
sehr deutliche horizontale Linien vor, die offenbar von Was
serflächen herrühren (Big. 7). Ich glaubte anfänglich, dass 
diese Linien in grossen eisgedämmten Seen gebildet wor
den wären, die von einem im Osten des Hochgebirges liegen
den Eisreste aufgestaut gewesen wären, und dass die Seen

Fig. 8. Vermutete Uferlinien auf dem Nuorta Kirkcäive am Stora Lule elf.

nicht über Passhöhen im festen Felsen, sondern über Senkun
gen im Eise abgeflossen wären. Da diese Passhöhen allmäh
lich abschmolzen, konnten die Seespiegel nicht längere Zeit 
konstant bleiben und deutliche Uferlinien schaffen. Um der 
Lage der Höhenachse des Inlandeises nachzuforschen, dehnte 
ich darauf meine Untersuchungen weiter nach Osten aus, um 
zuletzt zu Gegenden zu kommen, wo die Berge wegen ihrer

1 Quartärgeologische Studien im mittleren Norrland. — Geol. Foren. Förh. 
81: 557. Stockholm 1910.
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Lage östlich von der Eisscheide keine Uferlinien mehr zeigten. 
Ich fand aber ganz ähnliche Uferlinien überall längs dem 
•'>0 lim langen Berge Ultevis und noch weiter nach Osten, z. B. 
auf dem Nuorta Kirkeäive, etwa 100 hm östlich vom Sarek- 
gebirge (Fig. 8). Dass die Eisscheide noch weiter östlich 
I%e, is t undenkbar, und fü r die Entstehung der, weniger 
deutlichen, aber in allen möglichen Niveaus vorkommenden 
Uferlinien dürfte es also nicht nötig sein, einen grossen im 
Osten liegenden Inlandeisrest oder grosse von ihm gestaute 
Seen anzunehmen.

Öd 32. H 4 .] QUARTÄRGEOLOGIE DES SAREKGEBIRGES.

Die Bewegruiigsrichtungeii des Eises.

Die in allen Höhenlagen vorkommenden Blöcke des öst
lichen Grundgebirges beweisen eine westliche Bewegungsrich
tung des Inlandeises durch das Hochgebirge. Diese fremden 
Blöcke sind aber die einzigen Anzeichen davon. Die Schram- 
uien der Rundhöcker ergeben ein ganz anderes Resultat. Sie 
zeigen, dass das Eis in den grossen Tälern im allgemeinen, 
jedoch nicht immer, sich der Neigung des Talbodens entlang 
bewegt. Diese entgegengesetzten Ergebnisse müssen daher 
kommen, dass der fragliche Blocktransport einem älteren Zeit
abschnitt als die Herausbildung der jetzt erhaltenen Schram
men angehört. Ersterer geschah, als noch das Hochgebirge 
von Eis vollständig bedeckt war, letztere entstanden in einer 
späteren Zeit, als hauptsächlich nur noch die Täler von Eis 
bedeckt waren. Die meisten Anzeichen einer alten Verglet
scherung, die w ir im Sarekgebirge finden, rühren ganz über
wiegend aus letzterer Epoche her, bei der das Inlandeis in 
Reste aufgelöst war, die hauptsächlich in den Tälern Jagen.

Die Verhältnisse dieser Eisreste bilden aber ein interes
santes Kapitel. Zum Studium ihrer Bewegungsrichtungen 
suchte ich zunächst geschrammte Felsen aut. Solche sind 
aber im Hochgebirge äusserst selten. Ich versuchte dann m it 
H ilfe  der Richtung der Endmoränenbogen in der Nähe der Tal-
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wände die Bewegungen dieser Eismassen zu erforschen. Letztere 
Methode erwies sich hauptsächlich wegen des häutigen Vor
kommens der Endmoränen als erfolgreich. Beobachtungen 
über den Blocktransport lieferten auch wertvolle Ergänzungen.

Aus diesen Untersuchungen hat es sich ergeben, dass die 
grossen Täler von Eismassen e rfü llt waren, die sich meistens 
in der Richtung der Neigung des Bodens bewegten.

Am Stora Sjöfallet beweisen sowohl die Schrammen der 
Felsen als die Biegung der Endmoränen, dass im grossen 
Tale des Stora Eule vatten ein Eisstrom in südöstlicher Rich
tung sich bewegt hat. Noch weit unten am Stora Lule e lf 
tindet man Gesteine aus der Gegend des Stora Sjöfallet. Ein 
ähnlicher Eisstrom scheint sich auch im Tale der dem L illa  
Lule e lf angehörigen Seenkette (Saggat, Skalka, Parkijaür, 
Randijaur, Purkijaur und Vaik ijaur) bewegt zu haben.

Im Rapadalen kann dieselbe Bewegungsrichtung ziem
lich genau verfolgt werden, sowohl an Schrammen als an den 
Endmoränen. Letztere beweisen, dass der Eisstrom des Rapa
dalen ziemlich mächtig gewesen ist und an mehreren Stellen 
in Nebentäler (Snavvavagge, Kätokjokk) Eiszungen hinein
gesandt hat, die Endmoränenbogen hinterlassen haben.

Von gewissen Ebenen zwischen den Bergen scheinen Eis
ströme in verschiedenen Richtungent ausgegangen zu sein. Eine 
solche zentrale Eismasse befand sich auf der Ebene zwischen 
dem Vuoines und dem Slugga. Von derselben gingen Eis
ströme entgegen der Neigung der Talböden durch den Kukkes- 
vagge und den Vuoskelvagge und gemäss der Neigung zum 
Sitojaure, Petsaure und Kärtjejaure aus. Auch scheinen in 
der Talerweiterung zwischen Pelatjäkko und Sarvatjäkko am 
oberen Anfang des Rapadalen grössere Eismassen sich erhal
ten zu haben, die sowohl nach dem Kukkesvagge als dem 
Rapadalen hin Eis abgaben.

Südlich vom Säkok scheint eine ähnliche Eishöhe gelegen 
zu haben. Sie sandte Eiszungen über die Ebene von Parek, 
wo riesige Endmoränenbogen hinterlassen wurden.
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Die Talwasserscheiden liegen in den grossen Hochgebirgs
tälern Njätsosvagge, Sarvesvagge, Alkavagge, Kopirvagge und 
Kuotesvagge ziemlich weit nach Westen. Im  allgemeinen 
scheinen die Eisscheiden in diesen Tälern weit östlich von 
den Wasserscheiden gelegen und die westliche Eisbewegung 
«Iso östlich von derselben angefangen zu haben. »

Die Frequenz der Endmoränen.

Die Endmoränenbogen kommen in den Hochgebirgstälern 
keineswegs überall m it derselben Häufigkeit vor. Am Ende 
der grösseren Täler haben sie im allgemeinen ihre grösste 
Entwicklung erreicht. W eiter hinein in den Tälern sind sie 
" 'e it seltener und fehlen auf grosse Strecken hin fast vo ll
ständig. Man darf aber nicht annehmen, dass die Endmorä
nen wälle der Talmündungen etwa einer Klimaverschlechterung 
°der einem Vorrücken'der Gletscher entsprächen. Vielmehr 
ist dieses Verhalten in der Weise zu deuten, dass an der Tal- 
üiündung verhältnismässig leicht eine Unterbrechung der im 
Tale befindlichen Eismassen und der ausserhalb desselben lie 
genden stattfand. A n  der Talmündung entstand dann ein aus
geprägtes Abschmelzungsgebiet, wohin die im Tale verhält
nismässig geschützten Eismassen Vordringen konnten. Erst 
nachdem sie sehr verdünnt waren, zog sich das Ende im Tal 
zurück.

Diese Endmoränenwälle treten hauptsächlich vor den Mün
dungen der grösseren Täler und ihrer Verzweigungen auf. 
k or den kleineren Tälern, die von derselben Grössenordnung 
sind wie die jetzigen Gletschertäler, findet man meist keine 
Endmoränenbogen. Die Mündungen der kleinen Täler und 
Kare sind meist flach und eben. Vor den Enden der heu
tigen Gletscher sieht man auch keine alten Endmoränen- 
'ivälle. Schon in einer Entfernung von einigen hundert 
Metern hören die rezenten Endmoränen der Gletscher auf. 
Weiter unten ist nur flacher Talboden m it den Spuren der

32. H. 4 .] QUARTÄRGEOLOGIE DES SAREKGEBIRGES.
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eiszeitlichen Uferlinien, und im allgemeinen forscht man um
sonst nach vermittelnden Moränenreihen, die den Übergang 
zwischen den glazialen und den rezenten bilden könnten.

Die glazialen Endmoränen der grossen Täler scheinen 
also keineswegs Rückzugsstadien von Gletschern zu bezeich
nen, die durch Abschmelzung ihres unteren Endes allmählich 
sich nach den Tälern der jetzigen Gletscher zurückzogen. Die 
glazialen Eismassen, die in den grossen Tälern lagen, schei
nen sich vielmehr nicht nur von unten, sondern auch von 
oben verkürzt und die jetzigen Gietschertäler und andere 
hochliegende Täler wahrscheinlich wegen mangelnder Schnee
akkumulation geräumt zu haben.

In  der letzten Phase der Eiszeit gingen die hier und da 
in den Tälern und auf den Ebenen liegenden Eisreste in tote 
Gletscher über, die keine bemerkenswerte Geschwindigkeit 
hatten, sondern nur abschmolzen und sich m it Schutt bedeck
ten, den sie später auf ihrer Unterlage abluden. Es giebt im 
Gebiete an mehreren Stellen erratische Blöcke, die eine so 
labile Lage einnehmen, dass man sie als von »toten» oder bei
nahe unbeweglichen Eismassen vorsichtig abgeladen anneh
men muss. Besonders dürfte die Oberkante der sich sowohl 
von unten als von oben verkürzenden Eismassen die Eigen
schaft gehabt haben, das Moränenmaterial vorsichtig abzuladen 
(Eig. 9).

[April 1910.

l)ie eisgestauten Seen und glazialen Ströme.

Es ist im Vorhergehenden nachgewiesen worden, dass im 
Sarekgebirge und in seiner Umgebung Uferlinien sehr häufig 
Vorkommen, aber an keine bestimmten Niveaus gebunden sind, 
und dass man fü r ihre Entstehung das Vorhandensein einer 
grösseren, östlich vom Gebirge liegenden Eisscheide nicht an
zunehmen braucht. Diese Uferlinien rühren offenbar von k le i
neren Nunatakseen her, die zwischen den Talseiten und in 
der M itte des Tales liegenden Eisresten, gestaut wurden.
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^chon beim ersten Anblick eines der fraglichen Täler findet 
lllan diese Verteilung von Eis und Wasser bestätigt. Die 
grossen Endmoränenbogen sind auf den Talboden beschränkt 
^ud gehen nur bei Talkrümmungen auf die Seiten hinauf. 
Ifie Uferlinien finden sich fast überall auf den Talseiten

^ ig . 10).
An gewissen Stellen sind die Uferlinien besonders deut

sch und breit. Dies ist der F a ll an den meisten Mündungen 
der Nebentäler. Wahrscheinlich waren dort die Wasserflächen l

lid  32- H. 4. ]  QUARTÄKGEOLOGIE des  s a r e k g e b ir g e s .

Dg. 9. y on ,1er »Oberkante» eines Inlandeisrestes vorsichtig abgeladener Fels- 
block am Ptnottajaure.

l'ud deshalb auch ihre erodierenden Wirkungen grösser als 
au ebenen Gebirgswänden. Im  unteren Teile des ßapadalen 
(Fig. 7) und am Südabhang des Täresäive an der Ansiede
lung Aktse sind die Uferlinien so scharf und auf weite Strec
ken hin zusammenhängend, dass man zu der Annahme eines 
grösseren Sees über dem jetzigen Laitaure geführt wird.
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Ein eigentümlicher See ist von Sv e n o n iu s 1 aus dem A u t
sotjvagge beschrieben. Dieser See nahm einen Teil des je t
zigen Petsaure auf und erstreckte sich dann nach SO. in den 
Autsotjvagge hinein, wo man als seine Fortsetzung nach Süden 
eine gewaltige glaziale, jetzt beinahe trockene Flussrinne fin
det, die in der Nähe des Sitojaur sich in zwei Arme te ilt, 
von denen der eine sich noch 1 km fortsetzt, ehe er plötzlich 
aufhört. Den Abfluss des Sees hat Sveno nius  im Ahotjkärsä 
gefunden. Der Touristenpfad zwischen der Sitohütte und dem 
Saltoluokte am Langasjaur fo lgt diesem ganzen glazialen 
Wassersystem.

Offenbar steht die Stauung dieses Sees in engstem Zu
sammenhang m it der oben (S. 786) erwähnten Eismasse auf 
der Ebene zwischen dem Vuoines und dem Slugga. Diese 
Eismasse hat einen Arm  zum Petsaure ausgesandt und dadurch 
den See gestaut. Ausserdem erfüllte aber ein anderer Arm  
den grossen See Sitojaure und stand dort wahrscheinlich m it 
Eismassen in Zusammenhang, die das breite Tal zwischen 
Täresäive und Ultevis einnahmen. Eine Ausbuchtung des 
über dem Sitojaure liegenden Eises scheint in den südlichsten 
Teil des Autsotjvagge eingedrungen zu sein. Dort scheint 
sich unter dem Eise oder dicht am Rande des Eises der erste 
Anfang der grossen Elussrinne ausgebildet zu haben, denn 
diese Rinne ist quer zu der Neigung des Bodens eingeschnit
ten und zeigt selber keine Spur von Neigung in der Rich
tung, in der das Wasser sich bewegte (Eig. 11). Es is t des
halb wahrscheinlich, dass das Wasser hier in einem oben 
durch Eis geschlossenen Tunnel lief, oder wenigstens durch 
den Eisrand verhindert wurde, der Neigung des Bodens zu 
folgen.

Glaziale, jetzt fast trockene Flussrinnen und Schluchten 
kommen an mehreren Stellen vor. Der Kalakjokk, der Suob- 
batkärsä, der Bach ztvischen Akavare und Stuottajaure und

1 Öfversikt af Stora Sjöfallets och angränsande fjä lltrakters geologi. — 
Geol. Foren. Förh. 21: 541. Stockholm 1899.
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andere, nunmehr kleine Bäche sind im Verhältnis zu ihrer 
jetzigen Entwässerungsarea und 'Wassermenge (soweit ich 
die letztere kenne) ungemein tie f eingeschnitten und verdan
ken wahrscheinlich wasserreichen glazialen Flüssen ihre E nt
stehung. Die oedeutendsten Beispiele dieser A r t  dürften aber 
der schon erwähnte zuerst von Svenoniüs  beobachtete Ahotj- 
kärsä und eine zwischen Ahavare und Snjutjotes befindliche 
je tzt ebenfalls trockene Schlucht sein. Die fluvioglaziale Her
kunft der letzteren ist zweifellos.

Unterhalb des Sjnutjoteskärsä und des Ahotjkärsä befin
den sich gewaltige terrassierte Deltabildungen. Man darf 
daraus schliessen, dass gleichzeitig m it dem Vorhandensein 
des Sees im Autsotjvagge und der Eismassen im Kukkesvagge, 
Petsaure und Sitojaure sich auch im grossen Tale des Langas- 
jaure Eisströme befanden, die Wasser gegen die Gebirgswände 
an mehreren Stellen aufstauten.

Im  Westen des Hochgebirges haben die glazialen Flüsse 
mächtige Kies- und Sandablagerungen wahrscheinlich in ziem
lich grossen eisgestauten Seen abgelagert. Hierzu gehört ein 
etwa 1 km langer und 85 m hoher Kullstensäs zwischen 
Mattäive und Alatjäkko.
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Eiszeilliche Geschichte des Sarekgehirges.

Die im Obigen gewonnenen Ergebnisse können zu folgen
dem Bilde der Geschichte des Sarekgebirges während der E is
zeit zusammengestellt werden.

Die Eiszeit dürfte im Gebirge in der Weise begonnen 
haben, dass die Gletscher daselbst sich ausbreiteten und 
die Niederungen m it Eis bedeckten. Noch lange Zeit blieb 
das Hochgebirge ein Zentrum der Eisbewegung. Später ver
schob sich die Höhenachse des Inlandeises nach Osten, und 
das Sarekgebirge wurde dann von in nordwestlicher Richtung 
sich bewegenden Eismassen durchdrungen.

Während der Abschmelzungszeit senkte sich diese Eis- 
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höhe allmählich etwa bis auf das Niveau des Eises im Ge
birge. Die Eisoberfläche lag dann horizontal, und Jeeine Be
wegung konnte stattfinden. Wegen der Abschmelzung am 
Eisrande im Osten, Süden und Westen senkte sich die Eis- 
oberfläche aber noch weiter und nahm danach eine geringe 
Neigung vom Gebirge nach den Niederungen an.

Endlich wurden die Gipfel eisfrei. Um die Gipfel herum 
fingen dann Nunatakseen sich zu bilden an, die hier und da 
horizontale Marken von ihren Wasserflächen her in den nicht 
allzu steilen Wänden der Gipfel verursachten. Die Eisober
fläche senkte sich allmählich, behielt aber eine sehr geringe 
Neigung bei. Im  Gebirge erweiterten sich die Nunatakseen, je 
nachdem die Berührungslinie zwischen Eis und Bergwand an- 
wuchs. Im  Daselbst wurden auch gewisse hochliegende Eismas
sen bei der Senkung der Eisoberfläche sehr dünn, da bei dem 
nunmehr sehr günstigen K lim a keine genügende Schneeakku
mulation stattfand. Diese Eismassen wurden von den dicken, 
sich schneller bewegenden unterliegenden Eismassen abge
schnürt.

Die Abschmelzung schritt besonders an den Bergwänden 
fort; axif den Ebenen blieben dagegen verhältnismässig dicke 
Eismassen zurück, von denen Eisströme sogar gegen die Nei
gung der Täler ausgingen.

Die merkwürdigste Abschnürung von Eismassen fand am 
Stora Sjöfallet statt, wo sich das auf der Syenitscholle zw i
schen Kirkao und Yuoines liegende Eis von demjenigen im 
Tale des Langasjaur trennte. Yon dem oberen Eisreste liefen 
Schmelzwasserströme, die in  Stauseen des unterliegenden E is
stromes mündeten.

W ie schon erwähnt, muss man annehmen, dass das K lim a 
des Hochgebirges zur Zeit dieser Abschmelzungsvorgänge sehr 
günstig war. Schon als der Band des Inlandeises im m itt
leren Schweden stand, war das K lim a in geringer Entfernung 
vom Eise nicht viel strenger als je tzt und etwa ebenso wärme
fordernde Pflanzen wie die jetzigen konnten den vom Eise



Keigelassenen Boden fast unmittelbar in  Besitz nehmen. Das 
Klima hatte sich aber danach gewiss noch mehr verbessert 
und war sicher in der Abschmelzungsperiode der im Sarek- 
gebirge liegenden Eismassen besser als je tz t daselbst. Daraus 
erk lä rt sich die tro tz der grossen Meereshöhe energische 
-^■bschmelzung des Eises.
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Die postglazialen Kliinaschirnnkiuigen.

Uber die seit der Eiszeit in Skandinavien stattgefundenen 
Klimaschwankungen sind verschiedene Meinungen ausgespro- 
chen worden. Nach der von A. B l y t t  und R. S e r n a n d e r 1

Yerf. phot. 29. Aug. 1900.

12. Koch in  der Kähe eines jetzigen Gletscherendes (des Jokkotjkasha- 
gletshers) erhaltene Uferlinien eines eisgestauten Sees im Rapadalen.

Vertretenen Anschauung soll das K lim a nach der Eiszeit 
mehrere ausgeprägte Schwankungen haben erkennen lassen. 
Uarunter soll auch eine Periode, die subatlantische Periode,

1 G. De Geeb und R,. Sernander, On the evidences of late Quaternary 
changes of climate in Scandinavia. — Geol. Foren. Fßrli. 30: 457. Stockholm
1908.
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vorgekommen sein, während der das K lim a feuchter und kä l
ter als das jetzige gewesen sei.

Im  Sarekgebirge findet man aber, dass die Uferlinien der 
eisgestauten Seen bis in  die unmittelbare Nähe der rezenten 
Endmoränen der jetzigen Gletscher gehen; dies zeigen z. B. 
die Eig. 10 und 12. Da die Gletscher die vor ihren End
moränen liegenden Uferlinien nicht zerstört oder m it Morä
nen bedeckt haben, kann aber daselbst das K lim a seit der Zeit 
der eisgestauten Seen nie schlechter gewesen sein als jetzt.

Nach den Angaben von Se r n a n d e r  soll aber die sub
atlantische Periode von sehr kurzer Dauer gewesen sein, und 
es is t deshalb möglich, dass die Zeit nicht hinreichte, um die 
während der vorausgehenden warmen Periode geleerten Glet
schertäler wieder m it Eis über die jetzige Gletschergrenze 
zu füllen.

Die postglaziale und rezente Erosion und Akkum ulation.

Nach der Abschmelzung der im Gebirge liegenden E is
reste traten Verhältnisse ein, die wahrscheinlich nicht v ie l 
von den jetzigen abwichen. Die je tz t wirksamen dynamisch
geologischen Kräfte dürften wohl deshalb der Hauptsache 
nach während der ganzen postglazialen Periode wirksam ge
wesen sein, wenn man auch eine gewisse Variation gemäss 
den Klimaschwankungen annehmen muss.

Die hohen Gipfel wurden wohl unter der Eisdecke von 
ihrem Verwitterungsschutt befreit und vielleicht abgeschliffen. 
Jetzt sind sie vom Frost derart zersprengt worden, dass der 
feste Felsen häufig kaum sichtbar ist. Die losgesprengten 
Stücke sind gross und liegen meist noch ungefähr in ihrer 
ursprünglichen Lage. Wo der Untergrund aus verschiedenen 
Gesteinen der Amphibolitformation besteht, findet man, dass 
die losen Blöcke der verschiedenen Gesteine auf der G ipfel
oberfläche dem Untergrund entsprechende Figuren bilden 
(Fig. 13).



Eine eigentümliche Erscheinung an den Gipfeln, wo klein
körnigere Yerwitterungsprodukte neben den Steinen vorkom-
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t'ig. 13. Die Yerwitterungsprodukte der flachen >Felsenmeere» der Gipfel blei- 
een liegen und zeigen die stratigraphische Zusammensetzung des Untergrundes. 

A uf dem Pärtetjäkko bei etwa 1800 m.

Fig. 14. Polygonboden auf dem Pärtetjäkko.

lîlen, ist die, dass das feinkörnige Material sich in rundliche 
°der polygonale Partien von einigen Dezimetern Durchmesser
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ansammelt und sich m it den grösseren Steinen umgiebt, die, 
wenn flach, auf der Hochkante m it der grossen Ebene der 
Polygonkante ungefähr parallel orientiert sind (Fig. 14). Die 
Bildung dieser »Polygonboden» scheint auf wiederholtem Frieren 
und Auftauen des Bodens zu beruhen.1

A u f den steilen Abhängen bleiben die losgesprengten 
Stücke selbstverständlich nicht liegen, sondern stürzen her- 
unter und sammeln sich zu Talusbildungen am Fusse des 
Bergs an. Wo die Abhänge hoch sind, hört man hin und 
wieder besonders bei regnerischem W etter Steine fallen oder 
grössere Steinblöcke herunterrutschen. Besonders in dem tie f 
eingeschnittenen Rapadalen sieht man Spuren grösserer Berg
stürze, die mitunter Steine, gross wie Häuser, mitten in den 
Fluss verfrachtet haben. Daselbst steigen die Talusbildungen 
mehrere hundert Meter über dem Talboden auf.2 Im  Njatsos- 
vagge, Jillavagge usw. haben die Bergstürze Seen und Teiche 
aufgedämmt.

Unter den hochliegenden Abstürzen finden sich häufig die 
Akkumulationsgebiete der Gletscher; dort werden die Talus
bildungen beseitigt, indem die Gletscher die niedergefallenen 
Steine und Blöcke m it sich tragen. An solchen Stellen pfle
gen die Lawinen eine grosse Bolle zu spielen. Grosse Mas
sen von Schnee und Rauhfrost können sich hoch oben an 
den Abstürzen bei niedriger Temperatur festsetzen, rutschen 
aber’ bei erstem Tauwetter herunter und reissen dabei Steine 
m it sich.3

An den weniger steilen Böschungen kann man mitunter 
plastische Bewegungsformen in dem Material von losen Stei-

1 B. H ögbom, Einige Illustrationen zu den geologischen Wirkungen des 
Frostes auf Spitzbergen. — Bull. Geol Instit. Upsala, Bd. 9. S. 51. Uppsala 
1910.

2 Vergl. Fig. 3 der Abhandlung über die Gesteine und die Tektonik des 
Sarekgebirges (1. c.).

3 A. Hambebg, Die Eigenschaften der Schneedecke in den lappländischen 
Gebirgen. — Naturw. Unters, des Sarekgebirges. Bd. I, Abt. I I I ,  S. 57. Stock
holm 1907.

[A pril 1910.



lleib die die Gipfel bedecken, beobachten. Solche sind in der 
^-ßiphibolitformation nicht gerade häufig, kommen aber m it
unter vor. An den Abhängen der Luottoebene und im Westen 
des Hochgebirges, wo Phyllite  und andere glimmerreiche Ge
meine allgemein sind, kann man prachtvolle Solifluktionsgrschei- 
nungen beobachten.

Die erodierende W irkung der jetzigen Gletscher spielt im 
‘̂ arekgebirge eine bedeutende Rolle, wo etwa einhundert Glet- 
scher Vorkommen. Ihre transportierende Tätigkeit hinsicht-

des auf sie gefallenen Steinmaterials ist bereits erwähnt, 
dhe beträchtliche Abnutzung auf der Unterlage kann man in 
Jedem Gletscherbach unmittelbar sehen, denn, alle Gletscher- 
bäche führen im Sommer trübes Wasser, während andere 
®äche fast stets klares Wasser zeigen. In  heissen Tagen 
können die Schlammmengen der Gletscherbäche bis auf 2 kg 
Pr nis steigen, den Transport ungerechnet, der in dem Fort- 
vollen von Steinen längs des Bodens besteht.

Die Steine verschiedener Grösse werden auf den Schutt
kegeln der Gletscherbäche gelassen, das feinere Material w ird 
nach den grösseren Wasserläufen hin mitgeführt. Der Rapaätno, 
ĉer Hauptfluss des Sarekgebirges, der etwa 30 Gletscher ent
wässert, füh rt im Sommer stets trübes Wasser. Nach dem 
Ausfluss aus dem See Laitaure w ird  dieser Fluss Blackälfven 
(schwed. Name =  der Trübfluss) genannt. Ich habe mehrere 
Jahre flüchtige Beobachtungen über die Wassermenge und 
Schlammmenge des Rapaätno angestellt1 und bin dabei zu dem 
Ergebnis gelangt, dass sein Transport von festen Partikeln 
etwa 180,000 Tonnen pro Jahr beträgt. F ü r das Areal der Glet- 
Scher berechnet, entspricht dies einer jährlichen Senkung des 
Dletscherbodens um 0.5 mm. Die wirkliche dürfte aber grösser 
Sein> da sich die an den Gletscherenden abgeladenen Moränen 
llQd in den Bachrinnen zurückgebliebene Gerolle dieser Be
lehnung entziehen.
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1 Sarjekfjällen. — Ymer 1901, S. 194.
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Der Rapaätno mündet in den ursprünglich etwa 15 km 
langen, sehr malerischen See Laitaure, der je tz t durch die 
Schlammablagerungen des Flusses fast zur Hälfte durch ein 
Delta (Taf. 31 Fig. 1) ausgefüllt ist, das in Bezug auf Reichtum 
seiner Details und Schönheit der Umgebung kaum seinesgleichen 
haben dürfte. Der Fluss w ird  da in drei grössere Arme, den 
Nuortätno, den Kuoutätno imd den Ärjeliätno, und ausserdem 
in eine unzählige Menge kleinerer Kanäle geteilt. Von dem 
600—700 m über dem Laitaure hinaufragenden Berge T jakkeli 
und Skerfe und von dem niedrigeren Nammatj hat man vor
zügliche Aussichtspunkte über das Delta und kann seine B il
dung studieren. Die über das Wasser emporragenden Sand- 
und Schlammablagerungen sind hauptsächlich als W älle ent
standen, die die Flussarme und Kanäle umgaben. Diese W älle 
wurden immer weiter in den See hinein ausgebaut und schlos
sen Lagunen ein, die fast stets einen Ausfluss behielten. Durch 
diesen kamen bei jeder F lu t neue Schlammassen in die La
gunen hinein und schütteten sie allmählich zu, so dass die 
Lagunen je tz t meistens ziemlich klein sind, während dagegen 
die Bodenflächen der Inseln grösser geworden sind. Am Ufer 
wurden ebenfalls Lagunen eingeschlossen, die aber klares Was
ser enthalten, wenn sie Zuflüsse vom Lande her haben. Die 
Uferlagunen sind deshalb meistens gross und werden nur 
durch verhältnismässig schmale Wälle vom den Flussarmen 
getrennt.

Im  Anfang des Deltas durchschneiden einige Moränen
rücken das Flusssediment, und an den Ufern unterhalb des Skerfe 
und des T jakke li sind einige Bergstürze darin eingemischt, 
sonst dürfte es von einer sehr homogenen Zusammenset
zung sein.

Das Delta im Laitaure wächst rasch an und dürfte schliess
lich einmal den See ausfüllen. Dann w ird  die Deltabildung 
nach dem nächsten See, dem kleinen Snavvasavon verlegt 
werden, der wohl bald gefü llt sein wird. Der zweite in der 
Reihe nach dem letzteren ist der grosse See Skalka. Sehr

[April 1910.
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feiner Schlamm kommt schon je tzt dorth in,,ja  w ird  bisweilen 
111 den unten liegenden Seen und im Luleelf selbst beob
achtet.

Der Rapaätno hat früher einen anderen See ausgefüllt. D ie
ser nahm den schönsten Teil des Rapadalen zwischen Skär- 
kas und Läddepakte einerseits und Kätokkaisse und Pello- 
reppe andererseits ein und hatte eine Länge von etwa 12 hm. 
Diese Strecke, die Rapaure genannt wird, bildet nunmehr 
eine zusammenhängende Reihe von Flussarmen, Inseen und 
Lagunen (Taf. 31 Fig. 2) und dürfte je tzt nicht mehr Schlamm 
aufnehmen können. Das, was bei Niedrigwasser abgelagert 
^ ird , dürfte bei Hochwasser wieder weggeführt werden.

Auch die glazialen Flüsse dürften eine nicht unbeträcht
liche Rolle für den Aufbau dieser und zahlreicher anderer im 
Sarekgebirge vorkommenden Deltabildungen gespielt haben. 
Der grösste Teil ist wohl aber postglazial.

üd 32. H. 4 .] QUARTÄRGEOLOGIE DES SAREKGEBIRGES.
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Sketch of the Geology of the Kiruna district.

By

H j. L u n d b o h m .

W ith Pis. 33—34.

About the geology of the country around the gigantic 
iron ore deposit of Kiirunavaara very lit t le  has been known 
until interest was raised in u tiliz ing  the ore technically and 
commercially, and, in  fact, u n til that time i t  was rather d if
ficult to arrange systematic investigations in this desolated 
region, Besides, the proportions of the ore mountain have, so 
1° say, paralyzed the interest of the geologists in everything 
eise, most of them being fascinated by the richness, accumu
lated in the ridge of the mountain. Very few devoted their 
studies to the remarkably interesting surroundings.

The first more accurate and indeed a very important and 
Useful survey of the iron ore deposits and of the d istrict was 
executed in  1875 by a commission in  charge of the Geological 
Survey. Later on K .  A. F r e d h o lm  collected some very in 
teresting data, which were published. In  1896 Professor H elge  

B ackstrom  and the author of this paper started a thorough 
investigation and published a short description of the more 
essential geological and petrographical features of the district; 
in 1897 the author made a study of the deposits from a practi
cal point of view for the government, and lately very impor-
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tant and extensive reports have been published by 0. S to tze r  

and P. G e ij e r . 1

The more detailed investigations, among others a syste
matic mapping of the district between the Torne and K a lix  
rivers, which were started as soon as the preparatory work 
for u tiliz ing  the ore had begun, are not executed to such an 
extent that the important questions, here offering themselves 
to the geologist, have been solved, but the result w il l always 
serve as a guidance to those of the members of the Congress, 
who are going to Lapland this summer. When we now are 
entitled to expect a v is it of many of the most experienced 
geologists of the world, we are also persuaded that this w ill 
effectively contribute to unveil many geological secrets and 
especially to the explanation of the genesis of this, the largest 
known iron ore deposit of the world.

This short paper is accompanied by two maps, Pis. 33 and 
34, one intended to give a general view of the geological 
conditions of the surroundings, the other showing more in 
detail some features of the geology of the ore mountain i t 
self. The latter is reproduced from »The iron ore resources 
of the world». Besides the author, P e r  G-e ij e r , N il s  Z e n z£in , 

N il s  S unditts and R a g n a r  L oostrom, a ll students of the U ni
versities of Stockholm and Uppsala, have taken part in  the 
mapping, and the following short description is materially 
based on the work of these young men and partly  w ritten 
by them.

As mentioned before, an extensive description of the most 
important igneous rocks of the district has been published 
by P e r  G e ij e r , and some more detailed descriptions of the 
other rocks are soon expected ready.

The Iviirunavaara and Luossavaara iron ore fields are 
situated in Lapland, halfway between Torne river and K a lix  
river, about 145 lcm north of the Polar Circle, 300 Jem from

1 A lis t of the most important publications w ill be found at the end of 
this paper.



the port of Lulea at the Baltic Sea and 170 hn  from Nar- 
Vlk at the Ofoten fjord in Norway. Both these ports are 
connected by a railway, bu ilt for ore transport, but also 
connected w ith  the railways of southern Sweden. The d i
stance from K iruna ra ilw ay station to Stockholm is 1 413 Jem.

The preparatory work for the mining of the ore was 
started in 1898; in the follow ing year, when the ra iling 
Cached Kiruna, i t  could be continued on a large scale; in 
1902 the railway was completed and prepared for an exten- 

traffic, which commenced in 1903, when about 800 000 
dons were exported.

K iruna is situated in a desolated country, quite unin
habited before the starting of the mining, and only periodi
cally visited by Laps, the nomadic tribes, that for many 
hundred years have been the only population of the d istrict 
aud s till are numerous and comparatively prosperous.

The climate is rather severe, the yearly average tempera- 
dare being —1,5° C., and the winter, lasting from the begin
ning of October to the end of May, generally w ith  huge 
Masses of snow and very often w ith  a temperature of 20° to 
°5° C. below 0°. During one month, at Christmas time, the 
Sun is below the horizon, but in  the summer the m idnight sun 
Sives a bright illum ination day and night.

In  the year 1900 the building of houses was started at 
dhe new place Kiruna, and since then a community has grown 
up, now containing about 7 800 inhabitants. From the cen- 
dfal part of the town an electric railway is bu ilt for the 
Workmen to the foot of Kiirunavaara, from where they are 
carried on an incline up to the mines.

General view o f th e  geology.

The iron ore mountains lie on an elevated plateau consisting 
° f vast moorlands and moraines. Several rather big, rounded 
aiountains and h ills  rise in the neighbourhood, but K iiruna- 
I'aara and Luossavaara are the highest, the former reaching
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a height of 748 m above sea level and 248 m above the flat 
valley between the two mountains. The whole district lies 
in the birch region and most of the tops rise above the tree 
lim it.

The ore mountains, forming the central part of the d i
strict, consist of igneous rocks, syenites and porphyries, the 
ores ly ing  in the la tter (see map I), and this igneous district 
is bound on both sides by sedimentary rocks. These are in 
the west a series of conglomerates, resting on more or less 
metamorphosed igneous rocks, temporarily called soda-green- 
stones, a ll grouped together under the name of the »Kurra- 
vaara complex». The series, bounding the ore-bearing por
phyry ' district in the east, is called the »Hauki complex» after 
the h il l Haukivaara and consists of quartzites, conglomerates, 
phyllites, beds of igneous rocks and of a relatively th ick fo r
mation of quarzitic sandstone. East of these rocks there is 
another area of ore-bearing porphyry.

The large ore-bearing district of igneous rocks wedges 
out towards the north, and the Hauki complex here must lie 
directly on the Kurravaara complex. The extent of the la tte r 
is not very well known, but we have a ll reason to believe 
that this sedimentary series forms the basement for the iron
bearing syenite-porphyry bed. The dip of these sedimentary 
rocks is always to the east and generally steep. The section 
(fig. 1), drawn ~W—E through the Luossavaara mountain, 
shows the sequence of the different rocks and, as fa r as we 
know at present, also the sequence of the age. There are 
no geological evidences for any kind of irregu larity  in this 
sequence as far as concerns the two sedimentary series and 
the intermediate igneous rocks, but i t  must be called into 
question, i f  there is not a fau lt line at the border between 
the quartzitic sandstone and the eastern porphyry district 
around Sakaravaara and Tuolluvaara.

The boundaries between these two formations are gene
ra lly  covered w ith  heavy moraines or swamps, but in a few

[A pril 1010.



places, where we may expect to see the contact, there have been 
lonnd peculiar amphibolitic rocks. I t  has, however, not yet 
been possible to make a more intimate study of the nature 
and extent of these rocks.

There is no doubt that dislocations have taken place in 
this district and that the present distribution of the different 
r°cks to a certain extent is due to folding, but this must 
have taken place in a comparatively late time.

The folding process, to which the rocks have been sub
ject, has, however, not been of such a thorough consequence
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as to produce in general any so great influence upon the 
structure of the rocks as has been the case in the Gellivare 
Ore Mountain. I t  must be considered as an irrefutable fact 
that the ores there and in Kiirunavaara have the same ge
nesis, and there is also much speaking for the opinion that 
the ore bearing rocks, which surround the ores in both re
gions, o rig ina lly  have been of the same kind. That this not 
now is the case must largely be attributed to dynamic pro
cesses which not only affected radically the structure of the 
rocks and the ore in Gellivare Ore Mountain, but also excer- 
cised great influence upon the form and the extent of the ore
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bodies. In  Kiirunavaara and Luossavaara on the other hand 
the ores on the whole are ly ing  pretty undisturbed in rocks, 
which have undergone comparatively inconsiderable metamor
phosis.

Very lit t le  is known concerning the age of the ore 
bearing rocks and the surrounding sedimentary series in the 
Kiruna district. No fossils have been found, and there is no 
reason to presume that any w il l be found. Nor are the rela
tions between these rocks and those of the surrounding d i
stricts very well known. The only th ing we can say w ith  
certainty is, that the whole rock-complex is younger than 
the oldest archean rocks, i t  is, however, reasonable to suppose 
that i t  is of pre-cambrian, or, more s tric tly  defined, algon- 
kian age.

Distribution and petrographical character of the rocks.

In  the subsequent short account the eruptive rocks occur
ring  farthest to the west are first described and thereafter 
the sedimentary series, the ore bearing igneous rocks, and 
lastly the iron ores.

Soda-greenstone.1 The rocks which temporarily have been 
grouped together under this name appear in the extensive 
mountain of Pathos vaara, in the SE part of the mapped 
district, and outside the map in the mountains Ailatisvaara 
and Adnamvare, in  various minor mountains to the west of 
Luossajarvi, in the Yalkeasiipivaara mountain N W  of Luos
savaara, in the northern part of the Kurravaara mountains 
and w ith in  a great area to the west and east of the Torne 
river, north of the district of the map pi. 33.

1 The detailed survey of the soda-greenstone area as well as the Kurravaara 
complex has been carried out by N. Sundius and N. Zenzen, the former in 
the district between Valkeasiipivaara and Pahtosvaara, the latter between 
Yalkeasiipivaara and the Torne river and both have furnished data for their 
description.



Between the deposits here mentioned there are extensive 
tracts of hogs and moraines w ithout outcropping rocks, but 
We have no reason to doubt that the greenstones in question 
occupy the entire area. This has in the south a width of 
sBgh{ly above 8 kilometres, at Valkeasiipivara the w idth may 

estimated at close on 2 V* kilometres, and in the north, 
Kurravaara, at about 5 kilometres.

West of this field of soda-greenstone there occur in the 
extreme north granites and syenites, further south gabbro 
aad diabase rocks, occupying large areas. The diabase is 
frequently traversed by very numeros granite dikes.

The soda-greenstones are fine-grained to dense (close-grained), 
Partly porphyritic rocks, usually darkly grayish-green, sometimes 
yellowish-green because of epidotizing. They are generally 
rather metamorphosed, but very important features of the ori- 
PPnal structures can as a rule be distinguished. Thus in the 
southern and middle parts of' the d istrict some coarser varie
ties occur, containing twinned plagioclases, w ithout zonal 
structure, ly in g  ophitically embodied in hornblende, occurring 
ln great quantity and in a ll probability uralitic. The deter
minations made of the optical properties of the plagioclase 
show it  to be very acid (albite-oligoclase to albite). There is 
110 reason to suppose tha t i t  has not o rig inally had this acid 
composition. In  some other more dense varieties the rocks 
have a p la in ly  effusive character w ith  skeleton plagioclase 
Needles sometimes trachytoidally arranged, ly ing  in a dense 
hornblende-mass more or less rich in  chlorite. There are also 
Numerous gradual transitions between the two varieties de- 
Scribed. The fine-grained varieties sometimes carry tabular 
plagioclases as phenocrysts, and pseudomorphoses of dark mine
rals. W  and N of Valkeasiipivaara there occur besides 
hornblende as newformed minerals epidote, chlorite, calcite 
atul quartz. In  Pahtosvaara these newformed minerals play 
a subordinate part, the rocks in return having been scapoli- 
tized in a high degree. Besides the minerals already men-

49—100170. G. F . F . 1910.
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tioned the soda-greenstones constantly carry small amounts of 
Magnetite and titanite, both being in most cases newformed.

The structures of the dense soda-greenstones indicate their 
effusive character and in several cases proofs have been gained 
° f the fact that the respective areas are b u ilt up 'o f several 
Beds of lava w ith  interstratified sedimentary tuffs, some
times s t ill showing their original clastic structure. Toge
ther w ith  these tuffs there is on Valkeasiipivaara a short 
harrow stripe of conglomerate of the same structure and com
position as the Kurravaara-conglomerate. This stripe of 
conglomerate is a transition between the tuffs in  the soda- 
Sceenstones and the Kurravaara-conglomerate.

The soda-greenstones cannot be regarded as real diabases 
Bat may be considered as syenite-porphyry rocks rich in dark 
minerals. W ith in  their area there are also varieties some
what richer in feldspar, forming transitions to syenite-por- 
Phyries. On the northwestern part of Pahtosvaara on the 
other hand the feldspars have a more basic character (oligo- 
°lase to andesine) and thus the greenstones here have a more 
aioritic composition. In  several places there occur some highly 
Weathered rocks, which possibly o rig inally were free from 
feldspar.

The Kurravaara-Conglomerate is b u ilt up of alternating 
loyers w ith  pebbles and w ithout pebbles. These, generally 
Well rounded, seem in the northernmost part nearest to the 
soda-greenstones to be of the same kind as the underlying 
r °ck, but otherwise to consist mostly of syenite-porphyries 
showing transitions on one hand to dense effusive, on the 
other hand to somewhat coarser, syenitic varieties. Besides, 
there are some pebbles of soda-greenstones and of intermediate 
lornis between these and syenite-porphyries. The latter are 
often rich in magnetite and pass through intermediate forms 
into magnetite-syenite-porphyries. Pebbles of pure magnetite 
also occur, sometimes containing apatite. In  the northern 
part of the conglomerate, pebbles of dense quartzites are
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scattered around, as well as striped jasper and crystalline 
limestone. There are also pebbles of rocks w ith  clastic 
structures, most nearly corresponding to some of the tuffs 
occurring among the soda-greenstones, or, as in Pahtosvaara, 
to the layers in the conglomerate itself which have no pebbles. 
I t  is especially to be emphasized that there occur no pebbles 
either of gneiss or quartz-porphyry or of any deep-seated 
rocks, except such allied to syenite-porphyries. The matrix 
of the conglomerate as well as the similar pebble-free, often 
stratified layers consist of small grains of the same rocks as 
the pebbles and of fragments of an acid plagioclase (albite 
or albite-oligoclase) ly ing  interspersed in a groundmass, in 
the southern part of the d istrict consisting of a mass rich in 
hornblende and epidote, in the northern part of chlorite, cal- 
cite and secondary quartz. In  Pahtosvaara the dark minerals 
are sometimes wanting, making i t  d ifficult to determine the 
boundary against the syenite-porphyry which these rocks 
macroscopically resemble. Some of the pebble-free, stratified 
layers here have a remarkable resemblance to the stratified 
tuffs occurring among the soda-greenstones. In  several cases 
the composition of the pebble-free layers corresponds to a 
syenitic rock rich in soda, in  other cases they m ight at least 
o rig inally have had a composition coming near to that of the 
soda-greenstones.

L ike the latter the Kurravaara-conglomerate on Pahtos
vaara is scapolitized in a high degree, which kind of meta
morphosis also can be traced eastwards in the syenite-por- 
phyry.

There are locally on Yalkeasiipivaara some layers of 
small angular fragments or queerly twisted pebbles, which 
have an unmistakable character of tuffs. I t  is especially to 
be remarked that among the fragments there are magnetite- 
syenite-porphyries w ith  a typical effusive structure. In  the 
K u r r a vaara mountains there occur a couple of stripes up to 
1,200 metres in length of a lig h t rock containing numerous

[A pril 1910.



fragments of porphyry-quartzes, and sometimes of syenite- 
porphyry (albite feldspar). I t  is impossible to explain the 
origin of those rocks except as quartz-porphyry tuffs. In 
sonie places of the same region there are also effusive syenite- 
P°rphyries, but i t  is possible that these have been placed in 
fheir present position w ith in  the conglomerate by tectonic 
dislocations. Dike-rocks allied to the soda-greenstones, as well 
as dikes of syenite-porphyries and of syenite are, in the 
s°uthernmost parts of the district, not uncommon in the 
Ivurravaara-conglomerate and the surrounding rocks. The 
more important observations regarding the Kurravaara-conglo- 
merate may be summarised as follows:

the pebble-free layers and the matrix of the conglo
merate have a composition very different from ordinary sedi
ments;

the feldspar does not generally show any traces of a 
Previous weathering and in most cases the pebbles are com
posed of effusive rocks;

unmistakable tuffs occur, containing fragments of rocks 
° f the same kind as the pebblqs of the conglomerate;

there is a conformity between the layers of the conglo
merate and the banks of the soda-greenstones;

some of the layers of the conglomerate are very similar 
f° the tuffs of the soda-greenstones, and

doubtless effusive rocks, genetically related to each other, 
occur in the foot- and in the hanging-wall of the conglo
merate and possibly also in the conglomerate itself.

These facts seem to lead to the conclusion that the whole 
Series of conglomerate and interstratified rocks are tuffs and 
this w ill also explain why the layers are chiefly b u ilt up of 
syenite-porphyries, though the basement does not contain such 
r °cks to any considerable extent.

The Haulci complex appears between the southern part of 
friirunavaara and the Torne River, thus w ith in  an area about 
15 kilometres in length, but i t  is nevertheless only at a few
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places that a ll its members are found. The complex has its 
greatest development in  Haukivaara and on the slope of 
Luossavaara. A t  the first mentioned place i t  reaches a hori
zontal w idth of 500 metres, except the uppermost layer, the 
quartzitic sandstone, which alone has a w idth of more than
1,000 metres; at the h ill Olofs Kulle, to the south of Nokutus- 
ja rv i, the w idth is about 250 metres w ithout the sandstone. 
In  most places where i t  has been possible to determine the 
dip of the layers, this is fa ir ly  steep to the east, more ex
ceptionally vertical.

The complex may be divided into three members, the 
older one consisting of quartzites w ith  beds of igneous rocks, 
the intermediate one of greywackes and phyllites and the upper
most of quartzitic sandstone. Z enziSn , who has carried out the 
close investigation in the northern part and together w ith  Loo- 
strom also in Haukivaara, is of the opinion tha t the older of 
these members ceases north of Syvajarvi, and tha t thus only 
the younger are found in the Kurravaara mountains and 
east of them.

As is seen on the maps, there is a sudden break in the 
formation in Haukivaara, a ll the older layers suddenly wed
ging out into the porphyry, an apparent alternate bedding 
between porphyry, phy llite  and quartzitic sandstone taking 
place. Further south only phyllite  and quartzitic sandstone 
appear. These conditions no doubt depend upon a series of 
faults produced by folding and subsequent erosion of a ll layers 
south of the h ill Porfyrberget,1 w ith  the exception of the 
quartzitic sandstone and a portion of the phyllite , of which 
rock some remains or possibly a narrow band is found on 
several places far down upon the eastern slope of K iiruna- 
vaara.

The sequence of the layers w ith in  the Hauki complex on 
the eastern slope of Luossavaara is illustrated by the vertical

1 Porfyrberget forms the wedge of quartz-porphyry visible on the map 
(pi. 1) immediately east of the name Haukivaara.

[A pril 1910.
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section Fig. 3. Immediately to the East of the small mag
netite deposit, which appears upon the eastern slope of the 
mountain, there is a porphyritic, locally strongly silicified 
quartz-feldspar rock, probably a quartz-porphyry tuff, which 
extends along the porphyry border for a distance of 1 x/2 k i
lometre. The following portion of the complex may, as is 
said before, w ith regard to the nature of the rocks be divided 
into three different members. The oldest of these consists of 
dense quartzites, sericite schists, and partly strongly schistose 
lava rocks. The quartzites are no doubt silicified tuffs, often 
w ith  clearly clastic structure and containing more or less 
fragmentary porphyry-quartzes. They carry hematite to a 
considerable extent, but not much enough to make i t  worth 
mining, sometimes finely disseminated, now and then as large 
lumps and pebbles. In  other places the rock is stratified w ith 
th in  layers of iron ore. The different variations do not as a 
rule continue far in  the direction of strike. There seems to 
be no doubt that the iron ore to a great extent has been 
deposited at the same time as the rock was formed; in some 
cases i t  may have been added later, but in every case the 
occurrence of iron ore is due to a late-volcanic process, before 
the silicification.

Baryte and orthite are very often found in the hematite
bearing quartzites. Among other minerals fluorite is perhaps 
most noteworthy.

In  alternate bedding with the quartzites there occur sericitic 
quartzites and sericite-schists, often with fragments of por
phyry-quartzes. These layers too sometimes contain small 
seams of iron ore. Beds of more or less schistose syenite- 
porphyry play a very prominent part in this member of the 
Hauki complex. They are often developed as amygdaloids, 
sometimes as breccia- or conglomerate-like formations of the 
porphyry rocks. Furthermore there occur gray, often some
what conglomeratic sericite-schists. The amygdnles generally



consist of quartz and calcite, but fluorite and baryte also have 
been found, the latter mineral also in  small veins.

The syenite-porphyries are generally strongly sericitized 
aud towards their borders often somewhat silicified; for that 
reason i t  is sometimes impossible to fix the contact between 
them and the other rocks.

The second member of the Hauki complex consists of two 
distinctly separated layers, the older one composed'of con
glomerates and greywacke, the younger of phyllites w ith  a 
well developed cleavage structure. Of particularly great in 
terest is a layer of conglomerate w ith  pebbles of hematite oc
curring in the lower zone at a certain geological horizon. 
This conglomerate has a thickness of about 15 metres and 
extends along the whole slope of Luossavaara. The pebbles, 
varying in size between some millimetres and several deci
metres, consist partly  of porphyries and oilier rocks, and partly 
° f more or less pure hematite — the percentage of iron in 
°ne series of tests has been found to vary between 59.36 and 
43,39 %. In  most instances they are indubitably water-worn 
fragments.

A  circumstance worth consideration is that this ore bearing 
conglomerate seems to be chiefly confined to the slope of 
Tmossavaara. I t  certainly occurs in Haukivaara, but is there 
less developed. Besides the comparatively pure hematite 
Pebbles there enter, both in  this and in the other conglomerate 
layers, pebbles of hematite-bearing quartzite and syenite-por- 
pbyries of the varieties found in the lower portion of the com
plex. Especially important are the frequently occurring quartz- 
Porphyry pebbles, which to a great extent are of the same 
kind as the quartz-porphyry of Kiirunavaara w ith  micropoi- 
k ilit ic  groundmass. The others are of very similar types, 
V'hich differ from the former only through the occurrence of 
quartz phenocrysts. No pebbles of quartz-porphyry or of the 
characteristic hematite-bearing quartzites of the Hauki com
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plex have been observed at a lower level w ith in  the conglo
merates of the district.

As has already been told, the upper zone of the second 
member of the Hauki complex consists of mostly gray or 
grayish-green phyllites w ith  well developed cleavage.

The topmost stratum of the Hauki complex consists of 
quartzitic sandstone, which, as is seen from the map, is of a 
much greater thickness and extent than any of the others. 
I t  is usually d istinctly clastic. Especially more fine-grained 
parts are sometimes very well schistose. Beds of conglomerate 
rich in pebbles occur. Looked upon as a whole they are 
concentrated on two levels, one near the underlying phyllite, 
the other not very far from the eastern boundary of the 
quartzitic sandstone.

The pebbles of these conglomerates mainly consist only 
of quartz-porphyries and syenite-porphyries, both of the same 
kind as those occurring in  the greywacke. Furthermore 
there are often seen fragments of generally gray or dark-gray 
phy llitic  rocks, these sometimes show clastic structures, but 
generally their original structures have been obliterated.

The bulk of the quartzitic sandstone may contain about 
70—75 /  quartz.

T h e  ore bearing igneous rocks.

The borders between the Kurravaara complex and the 
great masses of igneous rocks in which the Kiirunavaara and 
Luossavaara ores are imbedded, are not known except at a 
single place in Valkeasiipivaara, where a fine-grained gray 
porphyi’y  is ly ing  immediately in contact w ith  the con
glomerate. Otherwise the eruptive rocks can only be studied 
on the two ore mountains, on the slopes of which they often 
outcrop through the moraine cover, as well as in some mountains 
north and north-east of the same. In  the ore mountains 
several different species of rocks can be distinguished, viz-



syenites and syenite-porphyries, which occur to the west of 
the ores, and quartz-porphyries east of the ores.

Far down upon the western slope of Kiirunavaara there 
appears a fine-grained, gray or bright red syenite, the extent 
°f which is lit t le  known. I t  may be described as an augite- 
syenite, rich in soda, and i t  consists chiefly of perthitic feldspar 
and very often uralitized augite w ith  rather much magnetite 
aml titanite, a lit t le  quartz etc.

According to G e ij e r  the quantitative relations between the 
constituents vary, but the composition is most often about 65 
Per cent of feldspar, 15 per cent of augite (uralite), 10—15 
P(t  cent of magnetite, the rest are minor constituents (especi- 
aUy titan ite  and apatite). The colour of the feldspar is 
(macroscopically) gray, grayish purple, brown or yellowish 
white. I t  is a very acid oligoclase-albite w ith  generally sub- 
0l'dinate intergrowths of potash-feldspar. The augite is an 
alm.ost colourless diopsidic augite, the u ra litic  hornblende is 
° f a very lig h t bluish green colour. The augite sometimes 
Occurs in a very complicatedly orientated intergrowth w ith  
the feldspar. Very peculiar is the mode of occurrence of the 
titanite, which forms a mesostasis between the lig h t minerals 
01 occurs in exceedingly branching individuals in the feldspar 
°r  as a coating around the apatite grains, also eating its way 
al°ng their cleavage cracks.

To the east of the syenite the syenite-porphyries occur, 
■̂■t those places, where the contacts could be more closely 
studied, no sharp contact between the syenite and the por
phyries however could be observed, the conditions on the 
contrary rather pointing to a rapid transition. — The syenite- 
P°rphyries are pretty varying as regards to appearance and 
composition. G e ij e r  describes them in the following manner

They carry few and rather small phenocrysts of feldspar
of augite or uralite in a very fine-grained or dense, ge

nerally gray groundmass. The feldspar phenocrysts contain 
loss potash-feldspar than the perthite of the syenite and pos-
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sibly consist of a somewhat more basic plagioclase. The 
potash percentage is evidently gathered in the groundmass.

[A pril 1910.
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The la tter also contains hornblende (probably always nralitic), 
more seldom augite, and often much magnetite. The titan ite 
has always evidently replaced other minerals, as is generally



the case in the syenite. The structure of the groundmass is 
sometimes sphserulitic, sometimes trachytoidal, the feldspars 
arei however, generally hut lit t le  elongated. Very peculiar 
ls the occurrence of amygdule-like nodules, generally reaching 
from 0.5 to a few cm in size and most often well rounded. 
They are sometimes compact sphseroids, sometimes incomple
tely filled vesicle-like cavities, and are composed of hornblende, 
titanite, magnetite, apatite, biotite and sometimes feldspar, the 
minerals occurring now alone and now several together, and their 
relative quantities being about corresponding to the order in 
^hich they are enumerated. They a ll occur in larger individuals 
than in the surrounding rock. The feldspar, which is sim ilar 
t°  the perthite of the syenite, when occurring generally coats 
the walls of the nodule, while the other minerals occupy the 
centre. The same minerals also f i l l  th in  fissures in  the porphyries. 
Along these veins and around the nodules the otherwise gray 
Porphyry is w ith in  a narrow zone pink-coloured and consists 
°a ly of feldspar, the dark minerals being absent. Rock phases 
r ich in nodules thus — apart from the nodules — show a 
Pmkish colour. Such varieties are common e. g. along the 
ore contact on southern Kiirunavaara. As w il l be shown by 
examples from another locality, there are no such lig h t rings 
ai'ound nodules consisting only of feldspar. From these facts 
and from the results of the microscopic investigations Geijer 
has drawn the conclusion that these nodules are concretionary 
bodies, formed during the late-magmatic period and grading 
mto the normal groundmass on one hand and into true vesicles 
°n the other. They are genetically related to the m iarolitic 
cavities of deep-seated igneous rocks, and to litophysse. 1

Lastly  attention must be called to the fact tha t there are

1 According to Backstrom these amygdule-like nodules are the true 
Vesicles of the originally vesicular effusive lava, afterwards filled w ith secon- 
dary minerals, a ll of which occur as secondary also in the rock itself; the 
formation of these minerals is considered due to hydrothermal processes, con
temporaneous w ith the coming of the main ore sheet.
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seen schlieren in the porphyries, which are abnormally rich in 
magnetite or apatite.

The already described syenite-porphyries of Kiirunavaara 
are on the north-western slope of the mountain cut by a system 
of dikes of a syenite-porphyry, which is somewhat more acid 
and poor in magnetite and structurally resembles the quartz-

Fig. 5. Magnetite-syenite-porphyry, south of Nokutusjarvi. Ord. light. Magn. 
35 times. White is albite, the black magnetite is squeezed in between the

albite individuals.

porphyry occurring east of the ore body. Some of these dikes 
are older than the ore, but some are younger.

In  Luossavaara the syenite-porphyries are visible on the 
surface only in the v ic in ity  of the mountain top and they are 
here of the same character as in Kiirunavaara. To a great 
distance from the ore bed there occur in the rocks very nume
rous small veins and dikes of magnetite, containing large titan ite  
crystals and some quartz. These dikes are associated w ith 
quartz-hematite veins.

The porphyries occurring on Yalkeasiipivaara are most 
sim ilar to the gray porphyries of Kiirunavaara. Those o c c u r



ring between Luossavaara and NokutusjSrvi are on the con
trary of a somewhat different type, though showing a strong 
consanguinity to the already described ones. The feldspar is 
generally pure albite, w ithout any perth itic intergrowths, 
(W k  silicates are rare or to ta lly  wanting, but magnetite 
°ccurs in great quantities, w ith in  large areas making up 30

t

Per cent of the rock (magnetite-syenite-porphyry). Most often 
'P has crystallized after the feldspar (Fig. 5). Nodules are 
eoinmon, mostly consisting of albite and w ith  no lig h t rings 
arouncl them.

These porphyries continue up to Hopukka, but on the 
eastern slope of this mountain there occurs instead of them a 
^eddish-gray syenite-porphyry w ith  small quartz amygdules. 
^ei't of the Hopukka porphyries contain as principal consti
tuent a finely crosstwinned feldspar, which is probably an- 
°rthoclase as i t  is not sim ilar to microcline. These porphyries 
8°metimes show .pronounced effusive characters. The feldspar 
just mentioned is the main constituent also of the partly 
agglomeratic porphyries of Valivaara. These rocks — as well 
as those of Hopukka — contain magnetite and some biotite, but
110 other dark minerals.

On Valivaara there are perhaps two different beds of 
syenite-porphyry. Sim ilar rocks, often agglomeratic or amyg- 
daloid, continue eastwards to Palsivaara.

The quartz-porphyry forms the bedrock on the eastern 
st°pe of both the ore mountains and w ith in  the main part of

municipality of K iruna. I t  generally carries numerous 
funded feldspar phenocrysts, about 1 cm in size and of a 
red colour, in  a dense, reddish gray, red or sometimes dark 
gray groundmass. Phenocrysts of quartz never occur, except
111 the more acid variety occurring on western Iviiruna- 
Vaara as dikes, cutting the syenitic rocks. The feldspar for
c in g  the phenocrysts is a perthite, somewhat more acid than 
the phenocrysts of the syenite-porphyries, as the plagioclase 
Component is albite. The groundmass is much more fine
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grained than that of the syenite-porphyries, microgranitic or 
beautifu lly micropoikilitic, seldom sphserulitic. The quartz 
content of the rock is generally 15—25 per cent; magnetite 
is a common constituent, sometimes up to about 10 per cent. 
L ike  the syenitic rocks the quartz-porphyry is a sodic rock, 
though w ith  a considerable percentage of potash.

This porphyry also occurs on Hopukka and w ith in  a 
small area more to the ENE, in the last-mentioned case i t  is 
agglomeratic. On Luossavaara and between this mountain 
and lake Nokutusjarvi there are tuff-like agglomeratic areas 
in  this rock.

I t  is a remarkable fact that the great ore bodies of 
Kiirunavaara and Luossavaara occur between two beds of 
porphyries of rather different composition, their foot w all 
consisting of syenitic rocks w ith  a silica percentage of about 
60, the hanging wall of quartz-porphyries w ith  about 70 per 
cent silica. This fact is illustrated by the analyses in Table I I  on 
pages 786—787 of which No 1—6 and 11 represent the main mass 
of the syenitic rocks and No 13—16 the quartz-porphyries.

Although the boundary between these two rocks every
where is covered by moraines there is not much doubt where 
this line ought to be drawn. South of the lake Nokutusjarvi, 
however, there have, according to Geijer, been found outcrops 
of the different porphyries at only some meters distance from 
each other.

Close to its eastern border, especially on and northeast 
of Luossavaara, the quartz-porphyry is interwoven w ith  innu
merable dikes of finely crystalline apatite, generally very 
small but sometimes up to more than one meter wide. These 
dikes are often very rich in  ore minerals (magnetite and he
matite) and then resemble some ore varieties of Kiirunavaara 
and Luossavaara. They are often striped by alternating 
bands of ore and of pure apatite. They often also contain 
much tourmaline, sometimes quartz and albite, and show 
flow-structures and orientated intergrowths. On eastern K ii-
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tunavaara there occur small schliere-like dikes of magnetite, 
and ore bodies rich in apatite and surrounded by quartz- 
Porphyry on a ll sides.

Extremely interesting is the occurrence in the quartz- 
Porphyry especially around the southern end of Lake Luossa-
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Fig. 6. Ore fragments in  quartz-porphyry. Weathered surface. Nat. size.

jitrv i and on Luossavaara of numerous fragments of magne
tite, quite sim ilar to many of the different ore varieties of 
Kiirunavaara and Luossavaara (Fig. (1). A  satisfactory expla
nation of this fact does not yet seem to have been found but i t  is 
evident that i t  ought to be taken into serious consideration 
when discussing the origin of the iron ore and the surroun
ding rocks.

50— 1OO17O. G .F .F .m o .
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On the eastern slope of Luossavaara, immediately east 
of the quartz-porphyry, there occurs a rather narrow band of 
magnetite ore (the so called »Rektor» ore). Its  mineralogical 
composition is sim ilar to that of the apatite dikes described 
above. The same is the case of the most southern ore bodies 
in the Nokutusvaara ore field (between the Lakes Nokutus- 
jä rv i and Syväjärvi), while more to the north, w ith in  the 
same field, the ore occurs as small schlieren in a syenite- 
porphyry, whose relations to the other porphyries are un
known.

The eastern porphyry district, north and south of Tuol- 
luvaara and by G e ij e r  described under the name »TheTuollu- 
vaara District» is occupied by a quartz-porphyry, which has 
almost quite the same chemical composition as the quartz- 
porphyry of Kiirunavaara-Luossavaara, but differs from this 
rock by having a more coarse-grained groundmass, the struc
ture of which perhaps is secondary. In  this porphyry lies the 
Tuolluvaara ore field: dike-like bodies of magnetite, generally 
surrounded by ore-breccia, i. e. porphyry, intersected by innu
merable dikes and veins of magnetite. The ore is rather 
similar to that of Kiirunavaara-Luossavaara, but in  gene
ra l not so high in  phosphorus.

More to the north, on Mount Sakaravaara, there occur 
syenite-porphyries closely related to the soda-greenstones, and 
a porphyry w ith  quartz phenocrysts. This quartz-porphyry 
shows no signs of having undergone pressure metamorphism 
(the quartz-phenocrysts are quite intact), but has nevertheless 
a groundmass structurally resembling that of the Tuolluvaara 
porphyry. The syenite-porphyries are here locally altered to 
scapolite-biotite rocks.

The Iron Ore.

In  the area here described there occurs commercially 
valuable iron ore in  Kiirunavaara, in the mountain ridge it-
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sel f  and in some minor deposits to the SE of the great ore 
body, in Luossavaara as a comparatively large deposit com
mencing far down on the southern slope of the mountain, and 
extending across the top down upon the northern slope, and as 
a small deposit upon the eastern slope of the mountain, and 
finally in Tuolluvara. There are, besides, minor deposits of 
low grade magnetic iron ore in a small area beween the lakes 
Syvajarvi and Nokutusjarvi, and there appear numerous long 
but narrow strata of low grade hematite in the rocks of the 
Hauki complex.

As a result of the very extensive magnetic surveys, which 
have been made in the district, i t  has, however, been proved 
that magnetic iron ore occurs disseminated in the surrounding 
r °cks to such an extent that at several different places i t  
°auses a greater or lesser attraction of the magnetic needle.

has thus been shown that the Ivurravaara conglomerate 
West of Nokutusjarvi is pretty strongly magnetic, and there 
ls reason to believe that by continued magnetic surveys i t  
WlU be possible to determine the extent of this conglomerate 
layer where i t  is covered by moraines and swamps. West 
and south of Syvajarvi the syenite porphyry contains so much 
magnetite, in thin streaks, tha t i t  has been subject of rather 
extensive prospecting without, however, meeting w ith  any ore 
body. South of Nokutusjarvi the syenite porphyry is very 
rich in magnetite and occasionally contains up to 30 /  of 
that mineral. From the shore of this lake the syenite-por- 
phyry area w ith  strongly magnetic attraction continues about 

kilometres towards the south-east to a point situated 
about 800 metres west of the summit of Luossavaara. To 
the west of Kiirunavaara there are scattered compass attrac
tions probably belonging to three separate zones at a distance 
°b 500, 1150 and 1750 metres resp. from the ore ridge. Oi 
these the middle one is the most strongly developed.

These facts, being of a great importance not only as 
regards the knowledge of the extent of several of the rocks,
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but also fo r the explanation o f the d is tr ib u tio n  and the o rig in  

o f the ore, w i l l  be th o ro u g h ly  described b y  V . Ca r lh e im - 

G yLLENSKOLD.
The Kiirunavaara  ore deposit commences in Luossajarvi 

and continues towards the south, as far as is known, w ith  a 
length of somewhat more than 5 kilometres. The mountain 
ridge itself, w ith  a length of about 3,5 kilometres, consisting 
exclusively of iron ore, is divided into 11 more or less strongly 
marked hills. When the survey and mapping of the mountain 
was executed in  1875 by a commission appointed by the Go
vernment, these h ills  were given names after the persons who 
in some way or other took part in  the work, and these names 
are found upon the longitudinal section on the accompanying 

map (PI. 34).1
Although the iron ore generally is intersected by innumer

able joints, i t  has resisted the erosion very much better than 
the surrounding rocks, which is the reason why the ore 
forms an elevated ridge in Kiirunavaara and a well marked 
top in Luossavaara. In  the former mountain the ore dips to 
the east about 54°. The hanging wall has been eroded more 
than the foot w a ll and for this reason we do not get the righ t 
w idth of the ore body by a direct measurement. I t  has, 
however, been possible to find the dimensions near the surface 
w ith  the help of cross sections constructed according to the 
angles of dip, found by diamond drillings.

In  the about 3000 metres long mountain ridge, where the 
boundaries of the ore body are very well known, its horizontal 
w idth is on an average 96 metres and the thickness, at righ t 
angles to the hanging and foot walls, 78 metres, according to mea
surements made on 56 section-lines, taken 50 metres apart. There
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1 The names are: Vaktmästaren (the waiter), Grufingeniören (the mining 
engineer), Geologen (the geologist), Statsrädet (the minister of Interior), Berg- 
mästaren (the inspector of mines), Direktoren (the director), Pojken (the boy), 
Kapten (the captain), Landshöfdingen (the governor), Professorn (the professor), 
Jägmästaren (the forest surveyor).



is no exception from the rule that the ore body is heavier in 
and around the highest tops and narrover in the lower parts 
° f the ridge. The maximum thickness has been found in  a 
oross section through the h ill Geologen, where the horizontal 
Width is 196 metres and the thickness about 164 metres. In  
the highest peak, Statsradet, in a tunnel righ t across the ore 
body, 138 metres above the level of the lake, the horizontal 
Width is 188 metres. In  the lowest parts of the ridge the 
width of the ore varies between 40 and 56 metres.

The horizontal area of the ore body, including the depo
sits SE of the ridge as well as the deposits in the lake, has 
by adding areas of horizontal sections, each of a length of 
50 metres, taken at the outcropping of the hanging wall, 
been calculated to be about 436,000 square metres.

The question as to the depth which this deposit reaches 
is of equally great interest from a theoretical as from a prac
tical point of view, but unfortunately we are lacking mate
ria l for a safe estimate of the same. In  order to obtain in 
formation as to the quantity and qua lity  of the ore, a great 
number of diamond borings were however made to a tota l 
length of nearly 6,000 metres, and important conclusions may 
be drawn from the results of these borings.

Below the level of the lake Luossajarvi the boundary 
between the hanging wall and the ore is struck at 8 different 
Points of which 3 lay resp. 146,7, 205 and 236,7 metres under 
fbat level. The boundary between the ore and the foot wall 
bas been struck at 6 points of which two lay at a depth oi 
106,8 and 114,3 metres. The greatest known depth of the 
ore is in the claim Zenobia, where the d r ill hole finished in 
ore 300,6 metres below the lake, and thus 548 metres under 
the mountain’s highest top. Here the ore must have a consi
derably greater breadth deep down than in daylight.

The borings, as well as the mining, have proved, that the dip 
of both the hanging wall and the foot w a ll is very variable, but, 
i f  the averages for a ll observations are calculated, i t  becomes
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practically equal. Thus these borings confirm the supposition 
first arrived to, that the walls of the ore body are very uneven 
and consequently that such variations in the thickness as occur 
in the surface also may occur in the vestical direction. In  
other words, we must not from the incidental decrease in 
thickness draw the conclusion that the ore rap id ly wedges 
out. On the contrary there seems to be vei’y  strong reason 
to believe, that the ore body continues to a great depth, an 
assumption, which has been strongly confirmed by the survey 
of Ca r lh e im  GtYLLENSKOLD.

The ore deposit in Luossavaara which is quite separated 
from that of Kiirunavaara has a length of about 1,200 metres 
and reaches its greatest w idth of about 50 metres in  the top 
of the mountain. The ore dips about 65 to 70° E. Those 
diamond borings, which have hitherto been carried out, ind i
cate a decrease in  thickness of the ore body towards the 
depth.

In  the h il l Tuolluvaara there is a number of ore deposits 
scattered around. The largest of them has a horizontal 
w idth of up to 30 metres, and dips about 60° SE. The hori
zontal area of the outcrop of a ll the more valuable ore bodies 
has been estimated to about 14,800 square metres. According 
to the results of some deep d r ill holes, the largest should 
wedge out 230 metres below the surface, but there are strong 
reasons to believe that i t  has a pitch to SW and probably 
continues to a greater depth.

In  the three deposits here described, there are rather few 
exceptions from the rule that the contact between the ore 
and the surrounding rocks is very distinct, quite normal and 
pure iron ore occurring close to typical porphyry. In  the 
neighbourhood of the ore body and sometimes in  a short 
distance from i t  the porphyry in the foot w a ll contains 
very numerous small dikes of iron ore, not seldom, as in 
Tuolluvaara and Kiirunavaara, in such a way that the rock 
resembles a true breccia. The foot w a ll in  the h ill Gruf-

[April 1910.



mgenioren in  Kirunavaara offers in this respect some very 
interesting features.

These ore deposits are distinguished from most others by 
their being almost entirely devoid of other rocks, the only 
exceptions to speak of being in K iirunavaara a dike of acid 
syenite-porphyry, about 15 metres wide, crossing the whole 
°re body in the h ill Geologen, and some small masses of 
porphyry near the same h ill.

Another, more interesting peculiarity is the richness of 
l r on. The ore, consisting almost exclusively of magnetite, 
18 remarkably free from a ll non-metallic constituents, except 
apatite. Hematite occurs intermixed to a larger extent in 
the h ill Professorn and in some parts of Luossavaara; as small 
irregular lumps, crystals and very numerous th in  crackfil- 
lings in  the magnetite the mineral is found everywhere, but 
perhaps most commonly in the h ills  Geologen, Bergmastaren 
and Kapten in Kiirunavaara and also in Tuolluvaara.

Among other minerals, occurring sparingly, may be men
tioned pyroxene and uralite, turmaline, talc and asbestos; 
ealcite and pyrite  are rather common in cracks at greater 
depths, especially in  the h ill Professorn; ru tile  is found in 
thin sections of very pure magnetite in the h il l Vaktmasta- 
ren, titanite as idiomorphic crystals in the ore, for instance 
la the southernmost h ill Jagmastaren and more commonly in 
Luossavaara. The amount of titan ic acid in  the ores is gene
ra lly  not as much as 0.5 %, the sulphur percentage averages 
0-05 or less.

Apatite is always present, but in the most varying pro
portions. In  the northernmost h ill, Vaktmastaren, now mostly 
°utquarried, and also in the most southern hills, Professorn 
and Jagmastaren, there is ore w ith  as lit t le  as 0.16 percent 
° f  apatite in such quantities as to permit mining on a large 
scale; in the intermediate parts of the mountain the percent
age of phosphorus is generally high, sometimes rising to 4 
or 5, corresponding to 21.G to 27 percent of apatite. Even.
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the mode of occurrence is very variable. Sometimes the 
mineral in large quantities is so finely disseminated in the 
magnetite that i t  cannot be discovered without the microscope 
(see fig. 7). Otherwise i t  is found as smaller grains, as fine 
veins or fillings of cracks, or as irregularly formed, in many 
cases bed-like masses up to 0.3 metres in w idth and 10 to 15 
metres in length.

[A pril 1910.

Pig. 7. Ore, Bcrgmastaren, Kiirunavaara. Ord. light. Magn. 14 times. The 
apatite has crystallized somewhat before the magnetite.

In  some parts of the Kiirunavaara ridge and especially 
near the foot wall in  the h ills  Statsradet, Geologen and Ivap- 
ten the ore is laminated and consists of very thin layers of 
apatite alternating w ith th in  sheets of iron ore. This pro
duces a remarkably fine stratified structure, which no doubt is 
one reason why some geologists have made up their mind 
tha t the ore body must be of sedimentary origin.

In  other cases the structure of the apatite masses more 
resembles that of ordinary mineral dikes.



Figs. 8 and 9 give examples of different modes of oc
currence of the apatite.1

The ore in  Kiirunavaara and Luossavaara is always ex
tremely compact and hard and shows macroscopically in ge
neral no crystalline texture. The Tuolluvaara ore has a fine
grained crystalline structure. In  the firs t named mountains,
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Fig. 8. Ore and apatite, Bergmastaren, Kiirunavaara. 1,U of nat. size.

but especially in Kiirunavaara, there is a very conspicuous 
Jointing, which has the effect that the ore, when blasted, splits 
Ju small, often rhomboidlike pieces.

To give an idea of the chemical composition of the ore 
some representative analyses are given below in Table I :

1 These figures are taken from P. Geijer , »Igneous rocks and iron ores», 
that gives a very detailed description of the relations between apatite and 
Magnetite.
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Fig. 9. Schlieric, rudely »stratified» ore, Statsrfidet, Kiirunavaara. 
Weathered surface. 7/io of. nat. size.
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Table I .

1. 2 . 3 . 4 . 5 . 6 . 7.

.............. 76.01 91.50 65.31 96.10 68.73 89.39 90.05

F e20 3 ........................ 4.58 0.94 5.83 0.76 26.33 2.85 4.60

M n O ......................... 0.93 0.20 0.15 0.13 0.22 0.12 0.12

M g O .................... 0.75 1.45 1.15 0.62 0.54 1.94 1.83

C a O ............................. 8.92 2.22 14.04 0.60 0.60 0.81 0.42

• \ 'B 3 ......................... 0.79 0.81 1.26 0.20 1.38 0.48 0.34

T iO ............................... 0 . 13 „ 0.21 0.05 0.50 0.30 0.17 0.11

S iO , ........................ 1.80 1.74 1.04 1.02 1.94 3.66 2.14

.............. 6.713 1.28 10.97 0.016 0.122 0.19 0.016

s . 0.050 0.018 0.036 0.026 0.014 0.045 0.059

100.073 100.368 99.836 99.972 100.176 99.655 99.685

P c  . 58.25 66.92 51.37 70.12 68.20 66.72 68.43

P . 2.931 0.561 4.789 0.007 0.053 0.085 0.007

1. Kiirunavaara,, Direktoren.
2. > Grufingcnioren.

3. » Geologen.

4. > Vaktmastaren.

5.
6.

Luossavaara,
Tuolluvaara.

Balder.

7.

Origin of the ores.

The question of the genesis of these enormous Iron-ore 
deposits most natura lly have attracted the interest of the 
geologists, who have been working w ith  or w riting  on this 
district. The theories expressed essentially follow two lines: 
the pneumatolytic-hydrothermal, proposed by B ackstrom 1898 
and supported by de  L au n a y  in 1903, and the magmatic, first 
suggested by H ogbom, and defended by Stdtzer  and lastly  by 
Q e ij e r . The first theory is formulated by B ackstrom in 1904 
as follows:

»The g re a t ore sheet o f K irunavara-Luossavara  occurs
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between old lava streams and volcanic conglomerates, conse
quently between rocks, formed by volcanic action at the sur
face. I t  seems to mark an interval between two separate 
eruptions or eruptive periods, as the rocks on both sides are 
different, although showing a distinct consanguinity. The ore 
bed is older than the overlying quartz porphyry, while at the 
same time i t  is younger than the underlying syenite porphy
ries. The underlying porphyries show characteristic evidence 
of a hydrochemical or pneumatolytic action, which has left 
no sim ilar traces on the overlying porphyries, and therefore 
must have occurred in the in terval during which the ore was 
formed.

.From these facts we may assume that the magnetite- 
apatite sheet was produced by the volcanic activ ity  which 
produced the overlying as well as the underlying rocks, and 
that the hydrochemical or pneumatolytic transformation of 
the underlying porphyries was produced by the same agents 
which brought the iron and phosphorus up to the surface of 
the earth. These iron ore deposits should, consequently, have 
got the ir material from below through volcanic emanations, 
belonging to the last phase of the volcanic activity, or to an 
interval in the activity, as in  Kirunavara, emanations of iron, 
phosphorus, or titanium  compounds, essentially chlorides and 
fluorides, in the form of gases or superheated solutions, which 
on reaching the surface regions were decomposed by the wa
ter and the silicates w ith  which they were in contact.

This theory may appear rash, especially when applied to 
such enormous masses as the Kirunavara-Luossavara magnetite- 
apatite sheet, but i t  seems to the author to be only an ex
tension of the generally accepted theory of the origin of the 
contact deposits. In  both cases the material has come w ith  
the eruptive rock from below, although in one case the ore 
has been deposited in the walls of an intrusive rock, and 
in the second case at the surface or in the regions near the 
surface.»



H ügbom in 1898 compared the Lapland ores w ith  the iron 
ores of Urals, connected w ith  syenitic rocks, and suggested 
that both might have been formed by magmatic differentiation 
from the syenitic mother-magma. About the mise en place 
° f  the Kirnnavara ores nothing is said. — S t u t z e r  summarizes 
his results in the following words: »Die phosphorreichen
^lagnetitlagerstätten Nordschwedens sind alle an Eruptivge
steine der Syenitreihe gebunden. Sie sind auf magmatischem 
^ege entstanden und. zwar entweder als magmatische Ausschei
dungen in situ, oder als gewanderte magmatische Ausschei
dungen, als magmatische Gänge und Ergüsse. Die Pneuma
tolyse is t bei Bildung dieser Erze eine nicht unbedeutende 
■Nebenrolle zuzuschreiben.»

Gelter considers the main ore of Kiirunavaara-Luossa- 
vaara orig inally produced by magmatic differentiation from 
the same mother-magma as the syenite-porphyries and the 
finartz-porphyries. »The ore represents the last crystallizing 
Parts (i. e. the parts having the lowest temperature of cry
stallization) of the series, in which the differentiation of the 
°rig inal parent magma has resulted. In  this rest, the bulk of the 
Water and the mineralizers in a proper sense (e. g. compounds 
° f boron) must have gathered, as is always the case.» — The 
wise en place of the ore is believed by this w rite r to have been as 
follows: »After the solidification of the syenitic outflow, during 
the period of eruption of the syenite-porphyry dikes, there 
have taken place eruptions of magnetite, spreading out as some
what irregular lava beds.»

The question of genesis offers so much of theoretical in 
terest and the consequences of a righ t explanation are of such 
Practical importance, that i t  natura lly must induce every 
geologist, whether he visits the mountains or reads a descrip
tion, to t ry  a theory. In  this case like in many others con
cerning iron ores, there has, however, not yet been possible 
to find an explanation, which is fu lly  satisfactory. Ib is  is 
not due to lack of careful work, but we must, I  think, put off
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1. 2.

i

3 . 4 . D. 6. 7. 8 . 9 . 10.

S i0 .2 . . . 53 .31 59 .5 7 60 .7 8 59 .7 1 60 .97 6 1 .12 6 7 .79 67 .81 6 9 .0 0 63.«

A 1 20 3 . . . 1 4 .19 15 .1 4 1 4 .9 5 16 .1 8 15 .39 17 .06 1 5 .29 14 .93 14 .54 14.«

F e 20 3 . . . 10 .9 2 5  50 4 .04 4 .89 3 .2 9 3 .2 0 1 .05 1 .4 2 0 .8 6 1.«

F e O  . . . 4 .2 9 1.G2 2 .2 7 2 .6 4 1 .1 9 2 .9 6 0 .5 9 0 .8 0 0 .49 1.2

M n O  . . . 0.0G 0 .3 6 0 .0 7 0 .0 9 0  36 ■0.23 0.0G 0 .0 6 0 .0 3 0-°

M g O  . . . 1 .96 2 .4 6 2 .3 9 1 .54 3  39 1 .17 1 .70 1.71 0 .4 0 3.4

C aO  . . . 4 .3 8 3 .4 2 3 .2 2 3 .7 7 5 .0 4 2.91 3 .0 3 2 .8 3 2 .1 2 5.2

B a O  . . . 0 .0 4 n . d. — — n . d. n . d. 0 .0 6 n . d n . d. n- ^

N a 20  . . . 6 .2 7 6 .1 3 5 .81 5 .9 3 5 .6 5 7 .2 5 6 .8 9 6 .45 4  42 6 /

K 20  . . . 2 .1 9 3 .2 7 3 .5 3 3 .6 9 2 .88 2  04 2 .7 9 3  01 5 .8 3 3.7«

H 20  +  . . 0 .4 0 0 .5 7 0 .5 3 0 .2 2 0 .6 0 0 .7 4 0 .2 3 0 .3 0 0 .5 0 o :ii]

C O , . . . . — — — — — — — 0 .2 8 1 .40 0.25

T iO ,  . . . 1 80 1 .8 2 2 .1 4 0 .6 6 1 .6 5 1 .35 0 .6 3 0 .7 8 0  47 o « 8

P 20 5 . . . 0 .4 3 — 0.01 0 .4 4 0 .11 0 .0 2 0 .02 0 .0 2 0.01 0-oi

s ...................... 0 .01 n . d. ~ tra c e n  d n . d. 0  01 0  07 trn c e 0.0 !

iOO.25 9 9 .8 6 9 9 .7 4 9 9 .7 6 1 0 0 .5 2 1 0 0 .0 5 10 0 .14 10 0 .4 7 10 0 .0 7 100 3s

[ H 20 ] 1 . . 0 .1 5 i i .  d. 0 .1 8 0 .0 7 n . d n . d. 0 .0 8 0 .0 5 0 .1 2 o.«6

T h is  f ig u r e  g iv e s  th e  p e rc e n ta l lo s s  o f  w e ig h t  o f  a i r - d r ie d  m a te r ia l
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n .
12. 13. 14. 15. 16 . 17 . 18. 19. 20. 2 1 . 2 2 .

GI.2-1

13 95
ft ft.

45 .32 69 .0 8 7 1 .3 0 70 .81 66 .4 6 5 1 .6 9 7 5 .6 2 7 0 .0 8 5 0 .76 55 .04 5 0 .4 6

13.09 1 2 .7 5 1 3 .5 3 14.31 15 .08 14 .62 11 .75 13 .83 14 .57 13.83 20 .0 8
°-8 l

21 .74 5 .8 4 2 .3 3 2 .0 6 3 .0 9 9 .2 4 1 .95 2 .9 7 4 .1 1 2 .1 9 2 .0 0
1-45 7.12 2 .1 6 1 .75 0 .84 1 .33 5 .1 4 0 .8 3 1 .04 10 .59 7 .3 9 5 .5 6
°1 4

1-23
0 .04 0 .0 2 0 .0 7 0 .0 3 0 .0 4 0 .0 8 0 .0 4 ■0.02 0 .0 9 0 .2 0 0 .1 0

0.18 0 .5 0 0 .7 0 0 .6 7 0 .7 0 3 .7 4 0 .1 7 1.10 2 .8 6 4 .7 8 6 .27
3-69

0.05
2.19 0 .2 8 0 .6 7 0  85 1 .76 4 .4 9 0 .3 9 0 .8 3 7 .54 7 .08 10 .3 3

tra c e _ _ _ _ t ra c e __ — n . d . n . d. n . d
5.13

4-53

0.38

0.5 !

7.51 3 .9 7 5 .7 7 6 .2 2 6 .4 0 6 .7 7 3 .6 3 5 .3 3 5 .5 4 5 .9 0 3 .5 6

0.17 4 .3 9 3 .0 2 2 .1 5 2 .7 4 1 .08 4 .91 3 .8 4 1.04 0 .3 6 0 .6 8

0 .24 0 .7 8 0 .5 6 0 .5 5 0 .6 5 0 .4 3 0 .2 0 0 .4 7 0 .9 4 0 .7 7 0 .5 4

1 .26 — ‘ ---- 0 .8 8 1 .22 0 .3 8 0 .2 2 — — 1.28 —
0.82

1.15 0 .2 7 0 .51 0 .2 5 0 .4 9 1 .80 0 .1 0 0 .4 0 1 .60 1 .1 5 0 .6 0
O.0l

~̂ 002
0 .32 0 .0 2 0 .0 3 0.0G 0 .0 7 0 .4 6 0 .0 1 0 .0 2 0 .0 6 0 .0 8 0 .1 2
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the outforming of the theory un til more facts have been col
lected. In  order to produce not only a more or less probable 
theory, which is of very l i t t le  use, but a real explanation of 
the origin of these ore bodies, i t  requires, that we utilize  the 
excellent opportunities given by the proceeding mining, that 
we continue the geological explorations of the whole district, 
the very promising magnetic surveys, and fina lly  the study 
of the chemical properties of the different rocks. By such 
continued work, there seem to be great possibilities to arrive 
to a real knowledge of that interesting chapter of the earth’s 
history, when the great iron-ore deposit of Iviirunavaara- 
Luossavaara was formed.

[A pril 1910.
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n *
The Archaean geology of the coast-regions of Stockholm.

By

P. J. H olmquist.
(W ith the maps, Pis. 35—38 and table of analyses.)

Part I. General view.

The Sivedish Archaean consists of three petrographieally 
and. geologically different groups of rocks. These have long 
been named: The gneiss-group, the porphyry-halleflintgneiss 
group and the granite group. Recently an alteration was 
'Bade in this terminology by the exchange of the term »halle- 
flintgneiss»1 for leptite, the latter having been proposed already 
111 1875 as a collective name for the same rocks.

The porphyry-leptite group, as the new designation also 
r Bns, includes fine-grained gneisses, schists of many types, also 
green schists, dense rocks, called in Sweden long time ago 
»lihlleflinta», limestones, dolomite and also argillaceous schists, 
quartzite and conglomerates together w ith  porphyries and 
Porphyroid rocks to a large extent. Many of the rocks of 
this group bear evident traces of having once been formed as 
real surface-products of the earth: lavas, tuffs, tuffites or normal 
aediments, the latter, however, being only subordinately repre
sented in the Archaean. The leptites themselves, which form 
by far the greatest part of his group, are closely related to 
the other rocks and seem to be metamorphosed rocks of volcanic

1 T h e  te r m  c o r re s p o n d s  to  th e  d e s ig n a t io n s ,  s o m e tim e s  u s e d : d e nse  o r  f in e 

g r a in e d  g n e is s .

51—100170. G .F .F .I9 1 0 .
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origin: lavas, tuffs or tuffites. Consequently the »porphyry-lep- 
tite  group» corresponds very well to the designation supercru
stal rocks, which has newly been proposed by the eminent ex
plorer of the Eennoscandian Archsean, D r J. J. Sederholm .

Supercrustal rocks also form a great part of the gneiss 
group, but the high grade of metamorphism, which designates 
the gneisses, mostly conceals their primary petrographic char
acter and geological relations so as to make their origin in 
many cases doubtful. The gneiss group includes also gneiss- 
granites. By this term Swedish petrographers understand gra
nites of strongly regional metamorphic character, i. e. crushed, 
foliated or granulated granites, often w ith  a clearly marked 
secondary parallel structure.

The th ird  group is the granite group. This embraces a ll 
the numerous types of granites, of which the Swedish Archrean 
is so very rich. Great areas of Sweden consist of these rocks. 
Together w ith the gneiss-granites they certainly make up much 
more than 50 per cent of the whole Archaean system. The 
contacts show, that the granite-magmas have cut a ll the 
other rocks and they must, therefore, be considered younger 
than these rocks. Their properties are those of real plutonic 
eruptives. Together w ith  the said gneiss-granites and the 
gabbros and diorites, appearing in smaller quantities, the gra
nites may be said to form the infracrustal rocks of the A r 
chaean, in accordance w ith  the nomenclature of Sederholm.

In  the coast-regions, E. and S. of Stockholm, gneissose 
rocks are by far predominating. Yet the granites and the 
porphyry-leptite-group are also very well represented.

Of the gneisses there are found both supercrustal and 
infracrustal types. The origin of some gneisses can not yet, 
however, be stated w ith  sufficient certainty.

T h e  garnet-gneiss.

This gneisstype, which also has been called grey gneiss of 
Sodermanland or »Sormland-gneiss», was long regarded as a

[A pril 1910.



prototype of the paragneisses, a real sedimentary gneiss of the 
^rchtean. I t  has, however, been shown, that this gneiss is 
c°nrposed of many different rocks, partly  sedimentary gneisses, 
hut also, to a large extent of real »ortogneisses» or gneiss-grani- 
tes- The Sormland-gneiss may yet be regarded as a complex 
°f closely combined rocks on account of the fact, that a ll the 
members of this complex contain garnet and often also cordie- 
nte as important constituents. They have also been subjected 
to strong regional metamorphic processes, which have decom- 
1)0sed the coarser textures of the original granites and de- 
'  ê °ped a parallel arrangement of their minerals. The para- 
SUeisses are enclosed in the gneiss-granites and consist of dark- 
grey granulitic gneisses. More seldom do they show quart 
z*tic composition. In  some parts of the great gneiss field of 
Sodermanland occur limestones. They are also h ighly meta
morphosed and contain sometimes numerous minerals, such 
as chondrodite, serpentine, malacolite and spinel (at Aker). 
Iron-ores appear in some parts of the gneiss-region of Soder
manland, for instance at Kantorp, Nykoping and Jerna and 
are> as usual, accompanied by gneisses of the para-type.

Among the numerous varieties of gneisses, which occur 
in the garnet-gneiss te rrito ry there is one type more common 
^ a n  the others. This is a dark-grey gneiss, often w ith a dark- 
violet or brown scattering on fresh fractures, fine-grained to 
middle-coarse in  texture and rich ly intermingled w ith  small 
§rey pegmatitic veins in parallel, somewhat banded arrange
ment. Real bed-structure has not been observed in this gneiss- 
type. On weathered surfaces the structure seems coarse and 
Nearly massive. The microscopic examination gives felspars 
(0-toclase and plagioclase), quartz, biotite, cordierite and garnet 
as the most common constituents.

Together w ith  this garnet-gneiss variety occur other types, 
° f  which some show a distinctly bedded structure and are strong - 
ty  folded and enclosed in the first-named variety. In  such case» 
the boundaries are always very sharp, and the occurrence has

I!(l3 2 .  H. 4 .] ARCHiEAN OF THE COAST-REGIONS OF STOCKHOLM. 791
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the same character as the contacts between gneisses and the 
granites penetrating them. In  short the great gneiss district 
of Sodermanland seems to be a huge mass of gneiss-granites, 
filled up w ith enclosed parts and fragments of paragneisses 
and together w ith  them strongly metamorphosed. A  satis
factory scientific investigation of this gneiss te rrito ry  of Soder
manland would encounter great difficulties in consequence of 
the intensity of the alterations, which this metamorphism has 
afforded to the primary petrographic characters of the rocks- 
Such investigations have not yet been undertaken.

When crossing, in  the field, the boundaries of the garnet- 
gneiss d istrict in the 1ST., NE. or E., no distinct contacts can be 
detected. Only slow changes in the composition of the rock 
are perceptible at these boundaries. But some new rocks, 
pegmatites and fine-grained grey granites set in there, and 
granitic texture appears in some of the garnet-gneisses. The 
high, uniform (secondary) crysta llin ity  gives way to more in 
homogeneous structures. Besides these features i t  is to be 
observed, that banded grey gneiss seems more common and 
often predominates. Nearest to the garnet-gneiss massive 
there is thus a belt of very complicated geological architec
ture, composed of banded grey paragneisses, coarse granites, 
fine-grained granites, aplites and pegmatites. To the para- 
gneiss the la tte r rocks behave as penetrating eruptive masses, 
and the whole zone has the character of an intrusion belt 
surrounding the garnet-gneiss district. A ll the named intrusion 
rocks show metamorphic alterations, to a large extent crush- 
structures, but also recrystallization, and in this way many 
very interesting phenomena are observed (rockmixtures and 
pegmatite-formation (see pag. 802), but the primary characters 
of the different rocks are in this belt mostly so much pre
served, that the ir origin can be determined. Especially the 
granitic rocks of the belt have undergone varying alterations, 
by which a multitude of beautiful metamorphic types has 
been produced.
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T h e  gneiss-granites.

On the other side of this intrusion belt goes the margin 
°f the greatest granite massive of the coast-regions of Stockholm 
■^is massive has a very peculiar shape and consists of several 
U n ites  and gneiss-granites, of which, however, a grey coarse
grained quartzy type w ith  great, white ortoclase-felspars pre- 
cloi*unates. This is the same type, which A. E. T ornebohm has 
Called ».Arnogranit» and which also forms great massives in 
°ther parts of the Archaean territories E. and W. of Stockholm. 
^  is often gneissose in  structure, which comes from pressure 
Vlz- deformation of the original coarse-grained granite. The 
Afferent stages of this deformation can be studied in many 
Peaces of this extensive granite-gneiss-granite-field. A t  the 
little  town Waxholm, for instance, the granite shows so 
strong a deformation structure as to make the rock nearly 
llQpossible to recognize.

According to the regional metamorphism, which the gneiss- 
§ranite has undergone, and which especially has influenced the 
1’orders, its contact-relation to the grey gneiss is a rather diffi- 
('ul t  question to decide. I t  should, however, be observed, that 
B° signs of a stratigraphical discordance have been detected 
at this contact. Instead of this, evidences of e ruptiv ity  are seen 
ltl some places in the contact zones.' The Arno-granite is also 
0ri the geological map of Sweden placed in  the great division 
°1 Archaean granites, which are younger than the gneisses and

porphyry-leptite group. W ith  the granites are associated 
lJasic rocks, diorites and gabbro, the former being enclosed 
Masses and the latter forming, at Radmanso, a regular erup
tive massive, which is surrounded by hornblende-granite. In 
the southern part of the coast-territory, which the accompa
nying map, PI. 36 embraces, the granite massive is continued by 
°scurrences of granitic (and dioritic) rocks of rather diffe
rent character. The granites on Ingaron are partly rich in
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ferro-magnesian minerals. A t  Orno Hufvud (Orno head) occurs 
an eruptive mass of extraordinary composition, the famous 
ornoite, of which a special representative w il l be given to the 
members of the X I  Gfeol. Congr. and also some notes in part 
I I :  5 of this guide. This eruptive mass seems geologi
cally to form a part, possibly a differentiation product of the 
Arno-granite-magma, placed near its border. Otherwise the 
eruptive rocks, which in the southern coast-region accompany 
the Arno-granite consist of smaller intrusive massives and 
dikes of gneiss-granites, granites, pegmatite-granite, fine-grained 
grey granites, pegmatites and aplites. A ll these rocks are, 
however, not preserved in  their primary state of petrogra- 
phical condition but altered by the regional metamorphism and 
thus in many cases quite transformed.

A l l  the other rocks of the tract seem to be bounded by 
the great massive of gneiss-granites which, on the whole, ex
tends continuously along the seaside of the rock-region of the 
coast. Thus the gneiss-granites come in contact w ith both the 
paragneisses and w ith  the porphyry-leptite group, a fact, 
which strongly confirms the conclusion, that the former rocks 
have penetrated the la tte r as plutonic magma masses.

The named paragneisses can be divided into two petro- 
graphically different groups which, in most cases, also show 
different characters in the field. These are 1) the grey, usually 
banded or bedded gneisses and 2) the red or grey granitoid 
or granulitic gneisses. The la tter are only seldom bedded.

T h e  banded grey gneisses.

These gneisses have in part already been described (page 791)) 
but in the intrusion regions they are much altered by folding and 
intermixture of eruptive material and show accordingly mostly 
the characters of streaked gneiss and mixed gneiss (»migma- 
tite», as they are designated by Sederholm). The same is 
the case in a broad zone to the east of Stockholm, at Saltsjo-



baden, on the islands between this place and Dalaro and 
farther along the coast to Musko and Isynas. But often the 
Primary features of the grey paragneisses can be detected 
also in this zone of intense metamorphism. Farther eastward, 
°n Namdh, Orno and Uto, the grey gneisses often appear in 
greater, coherent masses w ithout interm ixture of intrusive 
material and more gently folded. A  beautiful bed-structure 
°an then be observed in many cases, which is caused by the 
regular alternation of schists of different composition, grey 
granulitic and darker, sometimes amphibolitic schists. The 
gradual transition between two such different schists in trans- 
verse direction shows clearly, that no intrusive process has 
Produced this bed-structure. Such gneiss-rocks have never 
been seen cutting others. As an argument in  favour of the 
°pinion, that this structure is a real sedimentary bed-structure, 

may fina lly  be adduced, that the primary character of the 
Rame always seems to be w ithout any connexion whatever 
With the eruptive and metamorphic processes, by which, else
where in the district, the structures in  so great a degree have 
been produced.

This bed-structure is, however, not preserved everywhere on 
file islands. On Uto i t  is partly  much influenced by the folding. 
Intense folding produces a curled structure and the development 
° f numerous veinlets of quartz fillin g  up the rock in the bed- 
planes. In  this manner the bed-structure has often been com
pletely destroied, as for instance, partly  on A lo and Bano. 
Hataro consists entirely of such grey, intensely folded and 
quartz-veined gneiss. Gneisses of this character are often 
designated as veined gneisses (»Adergneiss» in the German 
language). The thickness of the single beds of the grey gneis
ses varies very much. In  some cases i t  measures only a tew 
centimeters, usually i t  is more, and very often the beds 
appear as thick layers of different composition. (See figures 
l ~2).

The crystallinity of the banded gneisses is always com-
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plete and of a high grade. The original grain-structure of 
these rocks can, thus, not be stated. I t  is to he observed, 
that two different forms of c rysta llin ity  seem to occur in these 
gneisses. The one is independent of the folding and is pro
bably of contactmetamorphic origin, the other depends evi
dently on the intense folding processes. In  the first-named 
case the rocks show a grained texture; in  the other they have
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Fig. 1. Bedded, coarse leptite (grey, banded gneiss) on the east shore of Uto.

acquired the characters of mica-schists or mica-gneisses. I t  is, 
however, usual, that even in the grained, grey gneisses de
formation structures occur.

T h e  red dense or fine-grained  gneisses.

An important and very interesting component of the 
gneiss series in this region is the granulitic, red or grey gneiss. 
This designation comprehends rocks composed of alkali-



felspars and quartz w ith  some ferromagnesian minerals, 
mostly biotite. In  composition these gneisses agree thus very 
well w ith the granites, and they are also often nearly mas- 
SlVe in texture. Many times they have been mistaken for 

latter and i t  seems in many cases to be very difficult 
discriminate such gneisses from metamorphosed granites. 

TQrnebohm is the first, who has pointed out, that these'rocks

Bd 32. H. 4.] a r c iI jEa n  of t h e  coast-r e g io n s  of Sto ckh o lm ;. 797

2. Leptite, showing beds of very different thickness. The figure illustrates 
jUso the usual, nearly vertical position of the bedded, supercrustal rocks in 
me Archaean. View on the east side of the lit t le  island Angsholmen near Ut6.

^ust be separated from the granites and the gneiss-granites 
and has given the name granite-gneisses to this kind of gneisses. 
He observed, that the granite-gneisses in fact belong to the 
A-rchrean gneisses, but show a texture, which resembles that 
° f  the granites. This statement has been fu lly  confirmed by 
the investigations in  our district. The granulitic or granitoid 
dneisses — as they should properly be named — occur m 
great masses on Uto, Musko, Orno and the Grillinge-islands
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and appear here under different but geologically nearly re
lated conditions. The fast coherent belt of granitoid gneisses 
on Uto—Orno—Gillinge seems to offer very good opportuni
ties for the study of these relations. Thus we find along the 
east side of Orno the granitoidic gneiss as a fine-grained to 
dense, red rock, composed of a mixture of alkalifelspar and quartz 
w ith  some black micas, the whole rock being very even in 
structure, as the grains are of nearly equal dimensions. Gneiss- 
rocks of this type have also been designated even-grained gneisses.

The parallel structure is less common in the red gneisses 
than in the grey, but on the other side i t  is not either entirely 
absent in the latter. On Uto and the lit t le  rock-islands near 
Orno a regular bed-structure can sometimes be observed in 
these gneisses. Otherwise they seem to show parallel struc
tures only in connexion w ith  strong metamorphic development. 
In  this respect they vary so much that the different members 
of the red, granulitic or granitoidic gneisses only w ith diffi
cu lty  and — at the first sight of these problems in the field 
— w ith  great hesitation can be joined on the map. I t  seems, 
however, certain, that the least metamorphosed members of 
this series are those which occur on Uto. There they have 
leptitic characters. On the NE. part of Uto the petrological 
features are already more gneissic, and on the lit t le  rock 
Marbftling, — i. e. near the boundary of the great granite 
massive — the structure is fu lly  gneissic. In  some of the south
ern parts of Orno also occur dense or fine-grained, red gneisses, 
but in the NE. of this island the granulitic or gneissic struc
ture reappears.

On the numerous small islands and cliffs of G illinge the 
gneissic development of this rock seems to have attained its 
maximum. The red gneiss of this archipelago is namely of a 
homogenous, middle-coarse crystalline structure and composed of 
alkali-felspars (microcline and albite or oligoclase) and of quartz 
w ith some black mica. I t  thus resembles very much a granite, 
and many geologists w ill certainly not hesitate to give the



i'ock this designation. But i t  has no other characteristics of a real 
granite than the composition. The structure is certainly of a 
somewhat massive appearance, but a nearer study of this sub- 
Ject shows, that a ll traces of the features, which usually 
characterize massive granites of this composition, are absent. 
The granites, which build up the cliffs of V illinge and the 
Biskop-island in the neighbourhood, and which, from' a che
mical point of view, seem to agree rather closely w ith  the 
granulitic gneisses of Gillinge, have quite different structures. 
On the other side the red Gillinge-gneiss resembles those gneisses, 
"finch have been called red »jarngneis» (iron-gneisses, viz. 
magnetite-gneisses) and which often resemble granites very 
much, especially when seen in specimens or smaller masses, 
in  the field the masses of those rocks generally show a 
coarse, bed-like architecture and thus a resemblance w ith  stra
tified complexes. Bed, granite-like gneisses of very nearly the 
same characters as the Gillinge-gneisses occur in many other 
Parts of the supercrustal series of the Swedish Archman as, 

instance, at Striberg, Gfellivara, Grangesberg and Xorberg. 
In  these cases iron-ores occur in the neighbourhood. The Uto- 
U’on-ores in our d is tric t belong to another zone of rocks, that 
° i the halleflintas and leptites.
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T h e  porphyry-lep tite  group.

Fine-grainned to dense, mostly evidently bedded rocks of 
the same kind, which in Central Sweden are accompanied by 
Won-ores, also occur in  the coast-regions of Stockholm. They 
torm a nearly continuous belt, stretching along the coast to 
the islands Uto, Orno, Namd6 and Bunmaro.

The rocks of this belt are ■»halleflintas, leptites, mica-scliists, 
porphyry, epidot- or amphibol-bearing green schists, calcareous 
schists, limestones and iron-ores. They are a ll bedded, often 
very regularly and alternate in a manner, which closely re
sembles tha t of stratigraphical complexes. Their structures
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are, however, wholly crystalline and the bed-planes are now 
always nearly vertical. .Folding and deformation appear 
very often in this complex, which, nevertheless, represents the 
least metamorphosed part of the whole Archiean in this region. 
The original structures have namely been very well preserv
ed in the rocks of this group, and i t  can be clearly estab
lished, that such features are not owing to metamorphic or 
eruptive processes but are deformed and destroyed by them. 
Hence originate gneissic rocks, such as granulitic gneisses, 
mica-schists, mica-gneisses and veined gneisses. Gneisses of this 
character, often calcareous and sometimes accompanied by iron- 
ores, are spread in smaller masses over the whole d istrict of 
grey gneisses on the neighbouring mainland and seem to be in 
folded parts of the younger group af supercrustal rocks in 
subjacent gneisses.

A  nearer description of the geology of Uto is given in 
the part I I :  6 of this guide. Here may only be repeated, that 
the stratigraphical series of Uto comprehends sedimentary 
rocks (limestone, hallefiintas, banded leptites and coarse- 
banded, grey gneisses) and volcanic rocks (schistose porphyries 
and w ith them nearly connected, altered leptites, probably 
tuffs and tuffites). The iron-ore, banded ferrouginous quartzite, 
is found among the hallefiintas and limestones as a vertical 
bed-mass, 600—800 m in  length and up to 25 a 30 m in  width, 
depth unknown. The volcanic eruptives have penetrated the 
coarse, banded, grey gneisses and have been poured out over them 
as bedded lava-masses, whereafter tu flitic  sediments,iron-ores and 
at last calcareous sediments and limestone have been deposited. 
By crustal movements this series of strata has been turned 
over and attacked by the granitic masses of the interior of 
the earth. A fte r the consolidation of this complex of super
crustal and infracrustal rocks the regional metamorphism has 
begun its work. Relatively lit t le  damage was, however, caus
ed to the rocks in  the Uto zone from this process, but in the 
surrounding, uniform masses, as well as in most other parts

[A pril 1910.



°f this old. crust of the earth and especially in those masses, 
which now appear as garnet-gneisses and gneiss-granites, 
the original structures and petrographical characters were 
much changed. Thus the rocks in the present gneiss-regions 
show chiefly metamorphic development, caused by deformation 
and recrystallization. Their origin can then only with diffi
culty be stated. The nothern (NE.) half part of Uto may also 
he considered as a »relict»-region in the strongly metamor
phosed Archrean, where the original features of the Archsean 
eruptive-masses and sediments are relatively well preserved. 
To the E. and W., N. and S. of this district coarse-grained 
and veined gneisses predominate.
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The regional m etam orphism  and the younger eruptives.

The re g io n a l m etam orphism  of the Archeean in the coast- 
regions of Stockholm involves a multitude of interesting and 
peculiar facts. C atac lastic  structures are usually accompanied 
hy mineralogical changes in the composition of the rocks. Very 
°lten the deformation is seen only in the geological features 
of the rocks, or also by m acroscopic examination, whereas in 
the m icro -s tru c tu re  recrystallization features dominate. The 
garnet-gneisses and especially the gneiss-granites show this 
hind of metamorphic development. Some of the gneiss-grani
tes are only a little foliated, or rather quite massive, but 
still granulated. In  such cases the coarse granitic structure 
has an appearance as if it were veiled, owing to the fact, that 
all the coarse grains are composed of numerous smaller ones. 
The rock has been granulated, but no parallel structure has 
thereby been produced. The structure is therefore at the 
same time fine-grained and coarse, or the rock may be said 
to have a double structure, the original granite-structure having 
been pseudomorphosed by the metamorphic granulation.1

In this meaning the granulation is a process of another kind than
- -• ’ -tructure has beenMechanical crushing, by which the ca tac lastic  or mylo.nj^h

formed. /
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The hornblende-bearing granite-gneisses on Galo show 
this double structure. On that island some intermediate rocks, 
belonging to the metamorphic series hornblende-granite — gran
ulated, garnet-bearing granite — garnet-gneiss-granite and gar
net-gneiss, can be studied.

Of specially great interest are the metamorphic varia
tions of the acid (»salic») granites. I t  has namely been shown, 
that these rocks, under the influence of the regional forces, 
sometimes lose the ir foliation or secondary parallel structure 
and reappear in a massive shape as pegmatite-granites. Such 
granites have a somewhat coarser structure than the common 
granites and are composed of light-red or grey, pure felspar, 
grey or light-brown quartz and a lit t le  white or brown mica. 
The pureness of the felspar is a very characteristic feature 
of these rocks, which long have been observed in the gneiss 
territories of the Swedish Archtean and, because of this cha
racter and somewhat coarser structure than the granites in 
general, have been designated as pegmatite-granites. The rela
tions between these massive pegmatite-granites and the acid 
gneiss-granites show, that the former originate in the latter 
and have been formed out of them by the intense metamor
phism. The gneiss-granites, on the contrary, are derived, as 
pressure-metamorphosed products, from the massive granites. 
The formation of the pegmatite-granite has the character oi 
a pegmatization-process, which attacks a ll quartz-felspar- 
rocks in  a defined region, but especially the foliated acid gra
nites. This very remarkable phenomenon corresponds well to 
the description given by Sederholm of h ighly metamorphic 
transformations of the gneiss-granites at Tvarminne E. from 
Hango in  Finland. On the Swedish side of the Baltic Sea 
the gneiss-granites and the ir pegmatization products are well 
exposed and can be studied on the islands near Dalaro, espe
c ia lly  on Edeso and Krogholmen at Sma-Dalaro. The expo
sures belong to a belt containing pegmatite-mixed rocks, which
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extends from Saltsjobaden to Dalaro and to the islands in the 
bay of Mysingen.

To the named transformation of the nearly pure quartz- 
ielspar-granites and gneiss-granites corresjionds the development 
°b qnartz-felspar-veined structure in such granitic masses, 
ivMch have a more complex composition. In  the first place 

garnet-gneiss may be named, in this respect. The same 
m most cases d is tinc tly  streaked by grey middle-coarse peg

matite, which forms flat and short veinlets, spread out in the 
^ark, uniform, gneissose material.

Among the grey gneisses occur in many places, as for 
^stance, west of Baggensfjarden and on the small islands to 
the south of Ingaro, grey, veined gneisses of the common type, 
Ahich has been many times mentioned in the discussion of 
the Fennoscandian Archsean. On the southern and western 
Parts of IJto, and on the neighbouring islands Rano, A id and 
■^atard the veined gneisses are of another type, having the 
>>veins» composed mostly of quartz.

I t  is obvious, that the quartz-felspar-material in the re
gions of strongest metamorphism regularly occurs in the shape 
°t veins, nodules, bunches and greater masses. These pegma- 
titic  components never show piercing or cross-cutting in ter
sections to the gneisses in which they lie.

A  quite different kind of pegmatites is seen cutting the 
Archtean rocks in the coast-region. These have all the geo
logical features of eruptive dike-masses. They cross the other 
r ocks in a ll directions, and their contacts are always very 
sbarp. Not seldom do they enclose fragments of the wall- 
r °ck. Occuring in great masses, as on the rock Runmaren, 
aear Uto, the pegmatites of this kind show a very regular 
c°arse crystalline structure w ith  beautiful graphic intergrowth 
°I quartz and felspar. More seldom appear these minerals as 
Pure crystal masses, separated from each other. Such dikes are, 
however, to be found among the more common worthless ones, 
aud they have eagerly been sought for, because the feldspar
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(microcline), when pure, is a valuable material in the porce
lain manufactory. Such a pegmatite, traversing Archaean lime
stone, has been worked on the litt le  c liff »Vankobben». I t  is 
a dike of about 10 m in w idth, composed of pure masses of 
quartz, microcline and a lit t le  graphic felspar and some peg
matite-granite, which different masses appear in regular zones 
in the dike. The pegmatite-granite is found as a th in  layer or 
crust on both sides of the wall. A fte r this crust followed 
inward belts of graphic felspar of a somewhat irregular 
thickness. These passed into pure microcline, which form 
irregular crystals several decimeters in size. The middle of 
the dike consists of pure quartz, coarse crystalline and a litt le  
smoky in colour.

In  close geological relation to the common cross-cutting 
pegmatites of the district stand the lithia-pegmatites of Uto, 
which have long been well known by the mineralogists of the 
world. Besides the two petalite-, spodumene- and lepidolite- 
bearing dikes, which traverse the iron-ore, also some other 
pegmatitic dikes of nearly the same composition have been 
found on the northern part of the same island.

The cross-cutting pegmatites belong to the more outlying 
rock-region of the coast, which is marked by the islands Uto, 
Orno, Namdo and Runmaro. They follow also the supercrust- 
al belt, in which the metamorphic changes appear relatively 
feebly pronounced, while the pegmatite-granites,on the contrary? 
are bound to the regions of the most intense regional deve
lopment.

In  the northern part of the te rrito ry of the accompanying 
map, PI. 36 pegmatites occur in the gneiss-granites as dikes or 
shoots, sometimes in connexion w ith  dioritic masses. To this 
kind belongs the famous pegmatite mass at Ytterby, near the 
lit t le  town of Waxholin. I t  is a vertical standing, flat, linear 
formed mass, which has been followed by mining to a depth 
of 171 m and consisted of microcline, albite (oligoclase), black 
mica and quartz w ith  some graphic felspar and a great
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number of rare minerals, of which gadolinite, fergusonite, yttro- 
tcintalite, xenotime, orthite, beryl, apatite especially deserve 
t°  be mentioned.1

On the neighbouring island Skarpo some pegmatitic masses 
°ccur in the gneiss-granite. In  one of these a felspar mine 
has been worked, but is now abandoned.2 s
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kig. 3. Dikes of grey pegmatites, in  parallel direction penetrating the gneiss- 
granite on Hufvudskar.

On the rock islands of Hufvudskar, pegmatitic dikes in 
great numbers penetrate the gneiss-granite. The traversing cha
racter of the pegmatite is, at this occurrence, more evident 
than in  the cases at Y tte rby and on Skarpo. I t  deserves to 
he pointed out, that also the gneiss-granite is of a different 
raetamorphic development in  the two regions of the district.

Earlie r investigations have made very probable, that the 
pegmatites in  the neighbourhood of Stockholm, according to

1 A  lis t of the minerals of Ytterby together w ith  a description of the 
ru^e and the nature of the occurrence, has been published in Swedish by Dr 
f vAR Nordenskjôld. See further part I I :  3 of this guide.

2 More detailed descriptions of these mineralogically interesting felspar 
occurrences are given in part 11:3 of this guide.
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the ir re la tion. to .the Stockholm-granité, belong to two differ
ent ages. As we now hav.e seen, the one of these coincides 
w ith  the regional metamorphism of the old Archæan rocks, 
the other is, as we shall find, much younger. When the young
er pegmatites broke through the »zone of fracture» of the 
Archæan earth crust, the metamorphic movements of this zone 
had long ago ceased, and its structures and pegmatite-granites, 
which have a ll the exquisite traces of metamorphism into a 
great depth, had already got the ir present characters.

806 . P. J. HOLMQUIST. [A pril 1910.

Fig. 4. Grey, veined gneiss penetrated by small dikes of the Stockholm-granite.
Stockholm.

The eruption of the younger pegmatites seems to have 
been contemporaneous with, or taken place shortly after the 
outbreak of the StocLholm-grunite. This granite is evidently 
also younger than most of the regional metamorphism. I t  
crosses the structure-lines of the old, grey gneisses, and encloses 
numerous angular fragments of the same rocks. In  dikes the 
Stockholm-granite frequently passes into pegmatite, which thus
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Pig. 5. Stockholm-granite w ith  a fragment of veined, grey (Stockholm-)gneiss. 
The dark line is a crevice.

Fig Autotypie of a hand specimen of the Stockholm-granite in natural size.
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appears to have originated from the same eruptive magma- 
mass as this granite. On the other hand, the Stockholm- 
granite, as T ornebohm has shown, encloses pegmatitic mate
r ia l from the pegmatite-veined, grey gneisses (fig. 5).

The Stockholm-granite is usually a grey, but in the 
northern part of the massive a light-red granite of fine-grain
ed structure and is usually quite massive. According to its 
composition the Stockholm-granite must be called an acid bio- 
tite-granite. The chemical composition is well known, nine 
complete analyses from different parts of the massive having 
been made. These agree very well and show, that the Stoch- 
holm-granite contains six to seven and sometimes eight per cent 
of potash and only tivo or tivo and a ha lf per cent o f soda. 
No other granite in Sweden is known to contain so much 
potash as this one. Ca, Mg and Fe are present in only very 
small quantities.

I f  the analysis is calculated on per cents of metallic atoms 
and the elements 0  and A l, the quantities of which depend 
upon the other elements, are omitted, the’ composition of a 
Stockholm-granite from Danderyd, north of Stockholm, can be 
represented by the following simple formula.

Q u a r tz ........................... Si318
Felspar-components . . Si378 Caia Na42 K 7.7
Metasilicates...................Si0 6 Mg0 6
Iro n -o x id e s ...................  Fex 9

An interesting variety of the Stockholm-granite is the 
orbicular granite, which was discovered by H. B ackstrom 
in the quarries of »Vasastaden» (Yasa-town, a part of Stock
holm) and described by B rogger and B ackstrom together.1 
The »orbs» are often elongated or a lit t le  deformed and en
close a nucleus, which either is homogenous and resembles a 
grey, fine-grained granite, or, in  many cases, shows the macro
scopic characteristics of a fragment of pegmatite or grey gneisses

1 Geologiska Poreningens Forhandlingar 9 (1887): 307.



''Pick also can be seen in  great masses, penetrated by the 
Stockholm-granite, close by the occurrence. The nucleus mass 
ls surrounded by a spheroidal shell of very light-grey colour 
and granitic appearance. The boundary of this shell to the 
G rounding granite is a very sharp line, but towards the 
Nucleus mass — in  case this is homogenous — no shaifp de
marcation can be detected. (See fig. 13, page 829.)

The quantitative relation of these composing masses of 
the orbicular granite of Yasastaden can, according to the ana
lyses of B ackstrôm, be made clear in the following way (see 
Page 808):

The surrounding granite:

^ 20-6
5141.8 Ca0 9 Na4.5 K 9 8 
Si0i4 Ca0.4

Fe2.4

The light-grey outer shell-.

S îl4.6
5146.8 Ca2.6 Nag.g K 5,j
Si, ,5 Ca15

The homogenous granitic nucleus:

Si28-8
SÎ38.2 ^ a1.7 -̂ -4-7
Si, J Ca, .3

^ ei-o
Observe: 1) the reduced acidity of the Stockholm-granité 

near the »orbs», 2) the contrast in composition between the 
same and the outer shell, which were separated by a sharp 
ÜJie of demarcation and 3) the differing but related composi
tions of the parts of the orb itself, in  which thus — in the 
°ase of the orbicular granite of Stockholm — no sharp difter- 
onces seem to exist.

A  structure,' which somewhat resembles the now described 
orbicular one, is the »spotted» structure, which has been dis-
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Fig. 7. Spotted Stockholm-granité. Aut. of a handspecimen in natural size'



covered in some quarries at Ostermalm, another part of Stock
holm.1 The spots are small (0 .2 — 0.7 cm), round, light-grey, 
0r nearly white masses of felspar and quartz w ith  a darker 
ceRtrum of biotite or titan ite and some pyrite . (See’page 833.)

As already pointed out, the Stockholm-granite has a per
fectly massive structure. Thus, on macroscopic examination 
° f the rock, usually no signs of deformation can be seen. 
Nevertheless, the microscopic studies of the granite have shown, 
fhat deformation-structures are very abundant in  the mass of 
fhe rock. B rogger  pointed out, tha t the quartz-grains, when 
Seen between crossed niçois, exhibit undulatory extinction, and 
considered i t  to be the result of dynamometamorphic pressure. 
N  fact, such features are more usual in  this granite than in 
m°st other granites of the same age in the Archæan. But, 
ln consideration of the absence of macroscopic deformation- 
structures, i t  seems to be possible, that the disturbance of the 
Molecular structure of the quartz-grains is due to some other 
metamorphic influences than mass dynamic action.

The studies of the microstructure of the Stockholmgra 
nite have shown, tha t also chemical alterations, as for in 
stance changes in  the composition of the felspars, have oc
curred. The microscopic examination also shows, that this 
§ranite, in some respects, more agrees w ith the h igh ly  meta
morphosed quartz-felspar-gneisses than w ith  the main gra
nites. Shortly, in  spite of the primary and undisturbed cha
racter, which the Stockholm-granite shows, when seen in  the 
field or in handspecimens, its intimate petrographic features 
Prove, that the rock has undergone some metamorphism after 
tfie extrusion.

The Stockholm-granite is the representative of a great 
group of granites, occurring in  different parts of the Swedish 
Archæan. These granites are evidently always younger than 
ffie other Archæan rocks, except some of the pegmatites. On

1 See Per Ge ije r : Ein Vorkommen von »Fleckengranit» (»granite tacheté» 
Bacroix) in  Stockholm. Bull, of the Geol. Instit. of Upsala, Vol. V I I I  (1908).
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the other side i t  is a doubtful question how much young
er this granite may he considered. I t  is, however, certain 
that i t  is older than the Gambrium and those Algonkian 
schists-series (the Dalsland-series, Almesakra-series etc.), which 
s t il l cover some re la tive ly small spaces of the Swedish 
Arch man, and which have not been pierced by any granite.

Post-Archaean eruptives in the  environs of Stockholm .

The post-Archaean gabbro-granite series (the Algonkian 
eruptive rocks), which in  Finland, Aland and in the northern 
part of Sweden (Norrland) forms great massives, is not repre
sented in the environs of Stockholm. Instead of i t  there are 
found dikes of altered diabases. Such dikes occur rather 
often. In  Stockholm they have been observed in quarries, 
opened when making and regulating streets. A t  the corner 
of Linnegatan (Linne-street) and Fredrikshofgatan on Oster- 
malm in Stockholm some dikes of such diabases may be seen 
penetrating the grey gneiss. In  the southern coast-regions 
the diabase-dikes are more sparingly seen, but in  Sodertorn 
they occur very abundantly. Thus they are. observed in many 
of the places, where the railw ay Stockholm—Nynas cuts 
through the rocky h ills  of Sodertorn.

The structura l Geology of the Archaean in the coast- 
districts of Stockholm .

The Archaean of this te rrito ry  may be said to be bu ilt 
up of the following main parts:

1) The Arnd-granite and gneiss-granite masses.
2) The garnet-gneiss mass of Sodertorn.
3) The intrusive belts.
4) The belt of coherent supercrustal rocks.

. 5) The penetrating young- Archaean ( =  ser-Archsean accor
ding to H qgbom) eruptives: Stockholm-granite and pegmatite.
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The contact-planes between the 4 first-named of these main 
masses are, for the most part, nearly vertical and very much 
influenced by metamorphic forces. Yet i t  may be said, that 
nowhere conglomerates or discordances separate them.

1) The contacts of the gneiss-granites. Instead of this tfle 
contacts of the gneiss-granites w ith  the the gneisses and lep- 
tites are eruptive contacts. This can, however, only be stated 
111 some places. Often the contact runs parallel to the schi- 
st°sity of the granite and the bedded or foliated structure of

gneisses and leptites. B ut on Uto the gneiss-granite cuts 
Ide supercrustal rocks, and, on the rock-island Sadeloga, the 
same seems to be the case. On Orno the ornoite, which evi
dently is geologically nearly connected w ith  the gneiss-granite, 
ls younger than the surrounding gneisses. A t  Ljustero the 
gneiss-granite encloses the leptites. In  the intrusion belt nu
merous ridges of gneiss-granite, surrounded by grey, pegmatite- 
mixed gneisses, as for instance on Agno (to the southeast of 
Saltsjobaden), are seen cutting them obliquely. On the is
lands near Sma-Dalaro, as for instance on Edeso, the oblique 
truncation of the gneisses by the gneiss-granite is evident. 
Many 0f  the cliffs and islands in the intrusion belt »Saltsjb- 
oaden—Dalaro—Nynas» show sim ilar topographic feature and, 
according to this, a common peculiar structure. They consist 
namely of a ridge of gneiss-granite ly ing  on schistose grey 
gneiss. The la tte r is usually seen only nearest to the shores 
^-bove i t  ascend the naked cliff's of the gneiss-granite, which 
dips to the east and sometimes is overlaid by another 
z°ne of grey gneisses (see fig. 8). Agno, Herso, Edeso, Aspo, 
doklo, Haftornsudd, Kuggholmen, Balriken, Sandskar and 
many others are constructed in a sim ilar manner. On the is
lands E. and SE. of Dalaro the gneiss-granites are changed 
into pegmatite-granite.

The great granite—gneiss-granite mass, which takes up 
nearly the whole of Ingaro, great parts of Wermdo alnd, 
north of Waxholm, occupies a broad belt along the sea-shore
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of Upland, is, on the geological map of »Sveriges Geologiska 
Undersokning» (Geol. Surv. of Sweden), designated as younger 
than the gneisses , and lepti.tes, a conception, which very well 
agrees w ith  the geological relations in  the southern part of 
the coast-district.

2) The garnet-gneiss, mass also acts as a tectonic unit, but 
is composed of several different rocks. As far as can be dis
cerned, the main mass originates from a granite, rich in  »fe- 
mic» minerals, a »basic» or complex granite. I t  encloses nu
merous, mostly great flakes of the supercrustal gneisses and
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Fig. 8. View from SW. towards Herso, SE. from Saltsjobaden. The naked 
c liff consists of gneiss-granite, dipping to the east and underlaid by grey gneisses

on the. shore.

leptites, and the whole is thoroughly changed by the regional 
metamorphism. Especially the complex granite is quite recry
stallized. I t  carries always garnet, often very abundantly» 
and also the acid members of these metamorphosed granites 
are garnet-bearing rocks. I t  seems probable, that the granites 
in  this area derive their richness of calciumoxyd, magnesium- 
oxyd and alumina from the supercrustal rocks, which their 
magmas once so intimately have penetrated. The garnet-gneiss



^ass may, from this point of view, be regarded as; a complex 
° f magmatic resorption.

3) The intrusive belts. One of these belts, the most stu- 
^ied of them, separates the garnet-gneiss mass , or complex of 
Magmatic resorption from the more pure gneiss-granite mass, 
^Mch has a ll the characteristics of a rock, crystallized under 
Plutonic conditions and afterwards in parts strongly metamor
phosed. I t  is not quite certain, whether the intrusions in the 
Said belt have come from this complex of more pure plutonic 
Magmas, or from the magmatic resorption com])!ex (the gar- 
Uet-gneisses), hut the former conception is in accordance w ith  
Ibe fact, that the composition of the intrusions more agrees 
"^ith the dominating »acid» Arno-granite than w ith  the mostly 
»ieinic» granite-types in  the garnet-gneiss area. In  the intru-' 
Sl°n belt the supercrustal material is dominating. I t  forms 
coherent masses, in which the granite appears as eruptive 
bodies, while, on the contrary, the granites in the gneiss- 
granite and garnet-gneiss masses are coherent and enclose flakes 
°r  patches of the supercrustal formations.

The intrusion products of this belt were orig inally gra- 
nites, aplites and pegmatites. Through the later strong meta- 
uiorphic processes they have been to a large extent recrystal
lized.

4) The belt o f coherent supercrustal rochs. B y comparison 
this belt and the two plutonic masses mentioned, i t  is ob-

Vlous, tha t the former is composed of real strata, which 
°u the whole have been relatively l it t le  influenced by meta- 
'uorphic and magmatic processes. They s till show regular 
bed-structure, porphyritic structure and, in some places, con
glomerate-structure and discordant bedding. Especially in the 
Uorth-eastern halfpart of Uto the said relict-structures are very 
^e ll preserved. B ut in the peripheric zones of such relict-areas 
Ibe intense folding has often nearly quite destroyed all traces 

these original rock-features. The »deep-seated» magmas have 
also attacked these relict-areas from their borders, and the con-
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tactmetamorphic influences of such adjacent great deep mag" 
mas in the Archeean time have probably caused that the rocki 
textures in the relicted supercrustal belts are always quite 
crystalline. When no mechanic deformations have entered in 
the mass of the rocks, the texture has the character of the weli- 
known hornfelses (Fig. 9). In  general the crystalline struc
ture and mineralogic composition of the supercrustal rocks in 
such relict-areas seem to be independent of the dynamic pro
cesses, and they are probably also older than these and of

[April 1910.

cohtàctmetamorphic origin. No original features of the in t i
mate grain-textures of the leptites have been preserved. Only 
porphyritic structures are partly  preserved, but the ground- 
masses of these porphyries and the fine grains, which compose 
the banded leptites, have got their characters by secondary 
processes. No traces — besides in some cases porphyritic cryr

Fig. 9. The microstructnre ¡of bedded leptite from the east shore of Uto. 
Magnified 180 times'. Nic; crossed.



stals — have been found of the particles, which once made 
llP the fresh sediments, through which crystallization the 
banded leptites have been formed. I t  seems, however, prob- 
able, that those sediments had the character of tu f fîtes or vol- 
canic mud, accompanying the lavas and tuffs, of which the 
supercrustal formations in  a large measure were composed.

5) The penetrating younger Archaean eruptives, the Stock
holm-granite and the pegmatite. The structural geology, which 
characterizes the occurrence of these eruptives is independent 
° f the geologic features, which combine all the older Archæan 
r °cks to a tectonic unit. Yet i t  is to be observed, that peg
matites of apparent dike-shaped occurrence mainly are found 
111 the belt of coherent supercrustal rocks, while, on the con- 
t rary, the Stockholm-granite — the intimate structures of 
^hich indicate some metamorphic changes — penetrates rocks of 
mfracrustal characters. T ôrnebohm  also says, that the gra
nites of the Stockholm-granite group in the Swedish Archæan 
are characterized by their geological independence of the por- 
Phyry-leptite group.

There are thus two questions or groups of questions, 
^h ich concern the structural geology of the Archæan in our 
district. The former concerns the tectonic of the older A r- 
cbtean and the latter the mechanics of the eruption of the 
Stockholm-granite and the pegmatite. As for the manner, 
111 which the great masses of infracrustal rocks, mainly 
ncarse granites, have invaded the supercrustal Archæan, 
bhe opinions among the geologists are considerably differ- 
lng. The difficulties of this question arise from the fact, 
i'bat the granite-contacts in such strongly metamorphosed 
ai'eas are indistinct. Besides this, there has been a primary 
^^paralle lism  between the contact-lines and the stratification 
° i the supercrustal formations, and the fa r later dynamo- 
metamorphic deformations of the hardened crust of the earth 
bave also been directed parallel to the same lines. Because 
° f  these facts the gneiss-granite-contacts have been relatively
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l it t le  observed and studied. But in a ll such cases, where these 
contacts have been nearer examined, i t  has turned out, that 
they are of eruptive character and thus, in this respect, quite 
agree w ith  the corresponding granite-leptite-contacts in  less 
metamorphosed areas of the Archfean. In  other words, the 
relation between the supercrustal and the infracrustal rocks 
of the Swedish Archfean seems to be the same as that which 
A. C. L aw so n  found in Canada1, and which the geologists in 
North-America la te ly  have stated to be normal for the whole 
»basement complex». Thus the contacts between the super- 
crustal rocks, leptites and gneisses, on the one side, and the 
infracrustal viz. the gneiss-granites on the other side, are 
either apparently eruptive, or through subsequent regional 
metamorphism so much altered, tha t their real characters 
can be detected only after more detailed studies than those 
which hitherto have been made.

The secondary parallel structure of the rocks in the coast- 
regions of Stockholm is very developed. Especially the gneiss- 
granites and the garnet-gneisses are strongly deformed rocks. 
As already pointed out, the former originate from coarse gra
nites, occurring in the central parts of the great massive of 
the northern coast and neighbouring islands. Where the de
formation has been less vigorous, the original arrangement of 
the minerals in these granites can s till be discerned, and i t  is 
obvious, that the parallel structure is a result of »pressure on 
a hard rock mass» and cannot, in general, be of flu idal or proto 
clastic orig in.2

The parallel structure of the garnet-gneisses is also un
questionably of secondary origin, a consequence of the high 
pressure, to which those gneisses have been subjected by the 
folding of the Archfean crust.

In  the intrusion belt are seen parallel structures, partly  of

1 Compt. rend. IV  Congr. Geol. Intern. Londres 1888.
2 Protoclastic or flnidal structure occurs, however, in some places, as ft>r 

instance, in the ornoite mass on the Orno Hufvud» (Part I I :  5 of this guide)-
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secondary and partly of prim ary origin, and likewise occur 
these kinds of structures among the supercrustal rocks, 

^though, in the areas relatively untouched hy the regional 
^ctamorphism, the original bed-structures are by far predomi
nating*.

The secondary parallel structure of the gneiss-granites, 
garnet-gneisses and the mixed rocks of the intrusion belt is 
rather varying. Pure mylonitic (cataclastic) structures (the granu-
latiion of van H ise) occur only seldom and are probably, in 
Several, due to later dislocations in the region.1 The secon- 
cW y  parallel structure, which belongs to the Arch man rocks, and 
^bich is undoubtedly older than the eruption of the Stockholm- 
S^anite and the pegmatite, is a product of deformation com- 

with crystallization i. e. has the character of a regional 
nietaniorphism which has talcen place in  a great depth. Typi- 
Cal schistosity is only seen in the mica-schists and mica-gneis- 
Ses in the folded areas, which surnmnd the re latively untouch-
Cf]

1 supercrustal beds, and i t  belongs, in these cases, to meta
morphosed supercrustal rocks. In  the other regions the struc- 
1:,tre is of a more gneissose character, i. e. more granular and 

chiefly dependent on the strong development of the micas, 
'bhe arrangement of the quartz and the felspar is such as to 
c°utribute to the development of the parallel structure in the 
§neisses, and often this structure depends only hereupon. In  

streaky and veined gneisses i t  is the quartz-felspar-mate- 
which gives the rock its s trik ing  features. I t  is pro-

bable. that such veined gneisses (»Adergneisse», »Arterites») have
een formed by segregation processes during the metamorphism 

!u a great depth, through the greater m obility of the (pegma- 
lc) quartz-felspar-material under such conditions. But i t  

^ ay also be mentioned, tha t another, well known theory says, 
the veins of those gneisses are magmatic intrusions.

cataclastic zone runs E.—W. on the south side of Stockholm and can 
^  studied at the railway station Liljeholnien, where all the gneiss-types are 

erted into dense (felsitoidic) types (mylonite).
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Thence they have been called Arterites1 by J. J. SederholM- 
In  our district the garnet-gneiss and some parts of the gneiss- 
granite and of the intrusion belt are developed as true veined 
gneisses. As for the last case, intimate intrusions rich ly occur, 
but the veined structure of the gneiss seems to be younger 
than the eruption of these old granite masses and a product 
of the metamorphism. The streaky and veined structures 
of the gneiss-granites and the garnet-gneisses are not com
bined w ith  any eruptive processes, but bound to the areas of 
greatest regional metamorpliism.

In  the intrusion belt, where eruptive rocks and super- 
crustal material have been mixed in  a very intricate manner, 
followed by an intense metamorphism, peculiar structures are 
often seen. For instance, at the beautiful lit t le  summerhouse- 
place »Brevik» granitic and paragneiss-material appear in t i
mately mixed, rubbed to pieces and again crystallized. The 
whole rock mass thus resembles a breccia or conglomerate 
w ith  pieces of felspar and fragments of rocks, especially dark 
amphibolites, in a streaky-looking mass of gneissose character- 
A t  »Sma-Dalaro», another frequented summer-dwelling-place, 
pegmatitic granite enters as a matrix in the mixed and 
strongly deformed rock masses. In  the smooth glacial-wor» 
cliffs on the shores of the islands Gfenbote, Korsholmen etc- 
near Dalaro gneiss-granite, pegmatite-granite w ith  numerous 
inclusions of paragneisses and dikes of granite and pegmatite 
are found intimately mixed, forming a complex very difficult 
to explain.

As already pointed out, (pag. 802) the strongly deformed 
gneiss-granites pass into massive clear-grained granite and 
pegmatite-granite. Otherwise the secondary parallel structure 
is the most constant and obvious character of the metamor
phosed Archcean rocks, whether supercrustal, infracrustal or

1 They have, so to say, been filled w ith  new blood In  respect to tbelr 
being mixed w ith  eruptive and older material Sederholm uses the term ^ 9  
matites.
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toixed. The same is sometimes linear. This happens in  the 
gneiss-granites, for instance at Sandhamn (Fig- 10). Generally 
however the structure is a combined linear and plane schisto- 
®ity, and not seldom, especially in  the paragneisses, the ar- 
iangement of the rock-components may be designated as a plane . 
s°Mstosity. In  the streaky and veined gneisses this plane of 
hhe secondary parallel structure is often somewhat indistinct 
aild not seldom folded in a very complex manner.
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10. Linear schistose gneiss-granite from Sandhamn. The faces ah and ac 
are parallel to the strong schistosity, while the face be, which crosses the 

linear schistosity, has a nearly massive appearance.

But i t  is obvious — as shown by T orneboiim — that the 
Parallel structure of the gneisses, on the whole, is arranged after 
S^eat geological structure-lines. These appear on the map as 
large curves, sweeping through the areas of gneiss-granites, 
grey gneisses and garnet-gneiss. The direction-lines of the 
coherent, supercrustal rocks, viz. the leptite group, deviate 
aPparently a lit t le  from these curves and indicate a somewhat

•>3— 100170. G. F . F.1910.
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different structure, going in nearly the same direction as the 
coast. A  glance at the map further shows, tha t the sculp
ture of the land in a remarkable degree follows the named 
geological structure-lines. Thus the islands, sounds, firths, 
bays and the valleys and ridges often are arranged or elon
gated in the direction of the strike of the Archman rocks. 
Also in details this parallelism becomes visible as, for instance, 
on Orno Hufvud, where the two small creeks entering the island 
from E. and W . and the lit t le  lake Hemtrasket follow the 
strike of the leptites and gneisses and the southern borders 
of. the ornoite mass. The shores of the north-eastern halfpart 
of Uto — especially the long north-western shore — are ob
viously straight, and a ll this part of the island has, on the 
whole, a rectangular form, while the southern part and the 
neighbouring islands Alo, Rano, Nataro are more irregular in 
their shape. This coincides w ith  the fact, that strongly folded 
paragneisses build up the last-mentioned group of islands and 
the south-western front of Uto, while the bed-structure of the 
leptite-formation is preserved and followed by the shore-lines 
on the north-east part of the same island. (See map, PL 37.)

I t  is evident, that the said curved structure of the gneiss 
complex traverses the boundaries and is not exclusively con
fined to any of the different metamorphosed rocks, of which 
this complex is composed. In  the north-eastern part of the 
map we find the schistosity of the gneiss-granite striking NE-, 
N.—S. and NW . making thus a great curve towards the ~W- 
More southward, on the eastern side of Wermdo, another and 
sharper curve is turned towards E. Beyond this place the strike 
of the gneiss-granite is directed E. to W . through the is
land Ingaro and farther west, where the gneiss-granite mass 
thins out as a wedge among grey-veined gneisses. From the 
south-eastern corner of Ingaro another wedge or branch seems 
to go out and to proceed mainly between the intrusion belt 
and the red and grey paragneisses. This branch of gneiss- 
granite can be followed to Jarflotta, farthest southward on

[A pril 1910.



map. The gneiss-granite curve on Wermdo embraces the 
Very sharp curvature which the strike of the garnet-gneiss 
c°mplex, as T ornebohm  pointed out, makes on the same is- 
tand. From this inflexion the northern branch of the curve 
Can he followed towards NW . and N., while the other runs 
Westward, where i t  soon (in the environs of Stockholm) is 
tiuncated and broken to pieces by the Stockholm-granite.

A  sim ilar sharp curvature of the strike can, according to 
the observations of T ornebohm , be seen in the garnet-gneiss 
territory of Sodertorn to the south of Tyresô, and at some 
°ther places in the great garnet-gneiss d istrict of Sodermanland 
the same tectonic structure occurs. As has already been de
monstrated, this gneiss is a metamorphosed complex of super- 
°rustal rocks (gneissose leptites) and gneiss-granites, and the 
Parallel structure belongs to the whole as. a common feature, 
evidently of secondary origin.

The dip of the schistosity and bedding in the Archaean 
r°cks of our d istrict is — as usual in the Swedish Archaean, 
the magnetite-gneiss area excepted — very steep to nearly ver
tical. The coherent, supercrustal formation is mostly vertical 
°r nearly so, but among the strongly folded leptites the dip 
ls sometimes seen to vary rather much. In  the gneisses the angle 
°t inclination is also rather changing, as for instance, in the in 
trusion belt where inclinations of only 50 to 70 degrees not 
Seldom occur. The direction of the dip is, on the other hand, 
more constant. On the north and east side of the gneissgranite 
c°niplex of Sodertorn the dip is found to be directed steeply 
°ntward viz. to the N. and E. In  the intrusion belt the in 
truded gneisses and large ledges of gneiss-granite also dip N. 
°r E. conformable to the former, but at different angles. On 
the shores, along the steamer-route between Saltsjôbaden and 
Ilularo, as for instance near the west corner of Ingaro, the 
Sueisses of the intrusion belt are seen to plunge underneath 
the gneiss-granite mass. The double-folded and highly meta
morphosed garnet-gneiss complex of Wermdo has its veined
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and other parallel structures directed mainly almost verti
cally.

As to the stratigraphical relations, which, i t  may he con
cluded, result from the said facts, i t  is obvious that, since 
the parallel structures of the garnet-gneisses and the grey 
gneiss in general are of secondary viz. regional metamorphic 
origin, their inclination cannot give any reliable information 
concerning their relative age or stratigraphical sequence. A t 
a ll events, the gneiss-granite cannot be considered as a stra ti
graphical member of the Archaean in our district, but as a 
batholitic mass, or rather as a complex o f batholitic masses 
having, from below, attacked the supererustal rocks some time 
after their formation and long before the period of dislocation 
and regional metamorphism. The tectonic units, which here 
have been called the garnet-gneiss complex, the intrusion belt 
and the belt o f coherent supererustal róeles form, according to 
the opinion of L . P alm g ren  and T ornebohm , a stratigraphical 
series, in  which the garnet-gneiss is the oldest formation. 
This opinion was founded on their relation of dip in a section 
(Fig. 11) drawn from NW . to SE. across Sodertorn, Musko 
and Uto, and i t  seems, in some degree, s till to be maintainable. 
I t  is namely to be observed, that this section contains all 
those rocks of the district, which can be considered as of 
supererustal origin, namely leptites, limestone and red or grey 
banded gneiss. Of these the former are undoubtedly the 
younger and also the youngest of a ll rocks belonging to the 
stratified Arch sean in this area. But, as i t  has already seve
ra l times been said, the supposed basal rock in the section oí 
P alm g ren  and T orneboiim  is neither homogenous nor entirely 
of sedimentary origin but probably, in  the whole, a complex 
of infracrustal rocks (metamorphosed granites) and enclosed 
numerous great fragments of paragneisses or metamorphosed 
leptites. The next member of the series embraces red and 
grey paragneisses (but also shelves of gneiss-granite), mixed 
w ith  intrusive granites, aplites and, pegmatites and — as the
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gneiss-granite complex — intensely 
Metamorphosed. The uppermost mem
ber or the leptite group is upraised 
and metamorphosed, but its nieta- 
Morphism is, on the whole, weaker 
ilrid also of another character (con- 
taetmetamorphism and schistosity) 
than that of the deeper ly ing  rocks 
°f the section. I t  seems very pro
bable, that batholitic granite-magmas, 
by »stoping»1 and assimilation of the 
supercrustal rocks, have formed the 
garnet-gneiss complex, and that later 
°n new batolitic granite masses in- 
vaded the supercrustal rocks, pene
trating and partly  sp litting  them up 
mto pieces. These granites, the main 
Mass of which was the Arno-granite- 
Magma, have destroyed and replaced 
Mighty layers of the supercrustal 
formation. In  fact, these rocks now 
form only a minor quantity of the 
Archman. In  this respect there is 
aH obvious correspondence between 
the coast-region of Stockholm and 
also the Arch man of a ll Eastern 
Sweden.

I t  must be confessed, that our 
knowledge of the Archrean and espe
cially of the gneiss complexes is, in 
Many respects, very deficient. Seve- 
ral questions concerning these inter-

1 This term is used in accordance w ith 
theory of R. A. Daly . Am. Jouru. of Sc. 20. 
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esting formations must s t ill remain unexplained. As far as 
can be seen, the history of the Archæan in the coast-regions 
of Stockholm involves the following great geological events:

1) Formation of the supercrustal rochs, which were mainly 
volcanic or tu flitic  and only subordinately shows the cha
racteristics of normal sediments.

2) The invasion of the granite-magmas. I t  is le ft undecided, 
whether this invasion was a »stoping process» caused by the 
sinking of the early formed crusts in  the underlying mag
mas or whether another explanation is more probable. The 
rising of the granite batholites or the sinking of the crusts 
seems, however, to have happened several times. F irs t the 
garnet-gneiss complex was formed by désintégration and replace
ment of great masses of supercrustal rocks; thereafter the 
Arno-granite masses have found their way through the crustal 
formations.

3) A fte r this a long period must have commenced, during 
which the great granite masses — probably under thick mas
ses of young Archæan stratas — were completely solidified.

4) Through the next following mountain-malcing processes 
of the late Archæan time the rocks in our d istrict received 
the ir final characters. Thus, as the strong regional metamor- 
phic processes transformed the rocks, their primary features 
were more or less destroyed, the garnet-gneiss complex showing 
the greatest alterations and next the intrusion belts, the gneiss- 
granites, while the coherent supercrustal formation is partly 
much altered and partly well preserved. The granites were 
mostly much metamorphosed and became gneissose in  structure. 
The climax of the regional metamorphism was attained by the 
recrystallization of the alkalifelspar-quartz material, by which 
process the veined gneisses, and the pegmatite-granites were 
formed. F ina lly, the geological structure of the Archæan was 
h ighly transformed by the folding of the rig id  masses of super
crustal and infracrustal rocks.

5) Shortly after the climax of the regional metamorphism



followed the intrusion of the Stockholm-granite and the cross- 
cutting pegmatites. I t  is obvious, that these eruptives have 
broken out through a fractured crust of Archeean rocks. The 
bilge masses of the gneiss-granite on the other hand are scar
cely ever or but seldom found as dikes cutting the supercrustal 
r °cks of the older Arelnean.
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Part I I .  Excursions.

1. In Stockholm .

The rock-surface is visible at many places in Stockholm- 
The masonry of numerous buildings rests d irectly on the solid 
rock, and several of the streets — especially in the newer 
parts of the town — cut trough some of the numerous rocky hills 
of the surrounding country. The southern part of Stockholm, 
»Sôdermalm», as i t  is called, lies above the scarp o f a fault, which 
can be seen as an elevated ledge running E. to W . on the 
south side of the lake Malaren. The Archæan rock masses have 
been pierced by tunnels and long cuttings and are thus very 
well exposed to studies.

In  the north part of Stockholm, »Norrmalm», the Stock- 
holm-granite is predominating, while Sôdermalm is mainly 
composed of grey gneisses. The Stockholm-granite shows in 
this part of the massive a grey colour and a fine-grained 
structure and is composed essentially of felspar and quartz 
w ith only a lit t le  black mica. I t  encloses in  many places 
numerous fragments of the grey gneiss. These are angular 
and irregularly scattered through the granite. The schistosity 
of different larger blocks of gneiss, ly ing  apart from each 
other in the granite, runs often in  a surprising manner pa
rallel, as i f  such enclosures had been turned but very lit t le  
by the motion of the magma.

Dikes of Stockholm-granite, traversing the grey gneiss, are 
common. They show sometimes a flu idal arrangement of the 
granite constituents parallel to the walls (Fig. 12).

The Stockholm-granite is cut by dikes containing more 
acid granite-varieties or aplites. Several such dikes, indicating



different-ages of granitic intrusions, can be seen. Together 
With them also occur dikes of pegmatite.
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. *g- 12. Granite-dike in gneiss at Vegagatan (Vega-street). The granite area 
ls dotted and that of the gneiss lined The altitude of the whole rock-wall 

is 4 m. A fter G. De Geek.

®ig. 13. Quarry in the orbicular granite in Vasastaden near Helsingegatan.

These occurrences can be very well studied in the quarries 
° i »Vasastaden» (Vasatown, a part of Norrmalm). In  the same 
quarries »the orbicular granite of Vasastaden» was found by 
H B ac kstr o m . O rig ina lly  this interresting ro c k  was visible
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at 5 different occurrences near the corner of Vanadisvagen 
(the Yanadis-road) and Helsingegatan (the He] singe-street) but 
some of them have been destroyed by the quarry-works. A t  
present only two of the occurrences, ly ing  nearest to Hel
singegatan, are well visible. The one of them, situated on 
the north side of Helsingegatan, is shown by the autotype, fig- 
13. The orbs are about 15 cm in  size. Their matrix or ground-

[A pril 1910.

mass consists generally of a granite, nearly identic w ith the 
ordinary Stockholm-granite. They have an outer shell or 
mantle-zone, white or light-grey in colour and a central mass, 
which either resembles the Stockholm-granite or has a peg- 
matitic, more seldom a gneissose appearance (see fig. 14; com
pare pag. 808). A t  the occurrence north of Vanadisvagen a



section was formerly visible, in which, according to B rôgg er , 

the orbicular granite appeared as a rounded mass, enclosed in 
the Stockholm-granite as shown in fig. 15. I t  had in this 
section the shape of an upraised lense.

Iu  the occurrence of orbicular granite, which lies on the 
s°uth side of Vanadisvâgen, only about 30—40 m south of the 
first-named place, and which, through quarry-working for the 
Dew street »Sankt Eriksgatan», has been well exposed, the 
°r bs seem to form a fla t mass ly ing  nearly horizontally in 
the grey  Stockholm-granite. The occurrence has nearly the
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f ig . 15. Foto of a quarry-wall, showing the orbicular granite. Vanadisvâgen.
After Brôgger.

same character as already described, but the granite seems 
more homogenous, and also the orhs are of a more uniform 
•character.

The numerous quarries, which are to be seen in the im 
mediate v ic in ity  of the interesting occurrences of the orbicu- 
lar granite, give a good view of the relations of the Stock - 
holni-granite and the aplitic and pegmatitic dikes to each other 
and to the grey gneiss. The petrographical character of the 
latter is also at these places typical. I t  is a real veined 
gneiss (»Adergneiss», »Arterite») w ith  foliated structure and 
strongly folded. These structures are always sharply trun
cated by the Stockholm-granite and the aplitic and pegmati-
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tic  dikes. The gneiss itself is of doubtful origin, no certain 
primary features having been found in the same. In  other 
places indistinct traces of a coarse bedding can be seen, but 
some other varieties of this grey gneiss seem to be strongly 
altered granitic rocks. The gneiss belongs undoubtedly to the 
belt of rocks, which have been strongly altered by intrusion 
and regional metamorphism and which, to the N. and E. sur
rounds the garnet-gneiss massive of Sodertorn.

[A pril 1910.
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Fig. 16. Situation map, showing the occurrences of spotted g ra n ite  at Oster- 
malm. The names of the streets are inscribed, the lined areas mark remai
ning cliffs. Of them 1 and 2 are now removed. A t 3 a lit t le  and at 4 some 

more of the spotted granite is s t ill visible.

Having visited the quarries of Yasastaden, we take, at 
Odenplan, »the blue» tramway-car and are in  a few minutes 
at the East (railway-) Station. In  the hills, to the south of this 
station, new openings in the rocks have been worked. The 
fresh fractures show many interesting contacts between gi'a'



nite and gneiss. Their relation is the same as that visible 
ln the quarries of Vasastaden.

W ith  the tramway we soon reach along »Valhallavagen» 
(the Valhalla-road), the most eastern part of Stockholm. 
-Sere another interesting variety of the Stockholm-granite, a spot- 
i(,d type, can he observed in some s t ill remaining cliffs among 

houses on Ostermalmsgatan and Jungfrugatan. This occur- 
rence is described by P er  G-e ij e r . 1 A  situation map is given 
ln fig. 16. The spotted structure of this type is caused by 
'he occurrence in  the granite of small round masses, which 
c°nsist of only felspar and quartz w ith  the exclusion of the 
black mica, which is a common component of the grey gra
nite outside the white spots. Yet, the spots are not entirely 
v°id of dark minerals. Biotite, titan ite  and pyrite  occur in 
them regularly as small central aggregates. Interesting is 
the fact, that such small spots sometimes are seen gathering 
into greater complexes, which appear as white clouds in the 
grey granite mass. I t  can also be observed, that snch spots 
gather to flat masses, which are many times as long as they are 
thick and thus resemble real dikes. (See also pages 809—810.)

No explanation of these peculiar occurrences has yet been 
given. Together w ith  the granite occur at this locality, as 
Usual, gneiss and pegmatite. These are here seen penetrating 
the former in  a very distinct manner (Fig. 17).

To the geologists the part of Stockholm, called »Ostermalm», 
«as another interesting occurrence to show. Near Oscarskyr- 
kan (the Oscar-church), at the corner of Linnegatan and Fred- 
Nkshofsgatan, in a rock, composed of veined gneiss, granite 
and pegmatite, 5 black cross-cutting dikes of diabase can be 
observed. Their w idth is not more than 0.5 m, and several 
very th in  apophyses proceed from the dikes into the surrounding 
■ -̂rchaian rocks. Several dikes of such diabase have been observ
ed in the Stockholm territory. In  adjacent parts of Soderman- 
^and they are — as shown by T o r n e b o h m  — common. Then

1 Bull, of the Geol. Instit. of Upsala, Vol. V I I I  (1908).
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age is apparently post-Archieau 
but cannot w ith  certainty be 
accurately fixed, as they have 
never been seen in connexion 
w ith  younger rocks than the Ar- 
chtean granites. According to 
the altered state of the diabase 
in most of these dikes, i t  seems 
probable, that they belong to 
the older of the two epochs, 
during which diabase-eruptions 
have taken place in  the Swedish 
areas, namely the Algonkian and 
post-Silurian time. The Algon
kian diabases seem to have 
poured out in  a far larger 
scale than the post-Silurian.

A t Sodermalm (the part of 
Stockholm, which lies to the 
south of the lake Miilaren and its 
outlet) the grey gneiss predo
minates. Dikes of granite and 
pegmatite are, however, usual- 
One such granite-dike could 
formerly be seen in the high 
wall near the terminus of the 
railway »Saltsjobaden—Stock
holm», but is now hidden by 
coal dust and rusty or clayey 
covering.

The grey gneiss of Soder
malm embraces a number of 
somewhat different types. A- 
mong these are to be marked 
gneisses veined by red-coloured



Pegmatitic material. A belt of such rocks traverses the area 
°f Sodermalm and runs further eastward to the island Wermd- 
°n- In  the same direction strikes a zone of mylonitic rocks 
’̂hich can be studied especially at the tunnel of Liljeholmen. 

The mylonitic structure does evidently not belong to the Ar- 
chsean but is imposed to Archaean rocks of all kinds at an E. 
"'W . zone, which seems to follow the problably still younger 
S.—W.-dislocations along which the lakes Arstaviken, Jarla- 
sJdn and the sound of Lannersta are extended.

To the south of this line typical gneiss-granites appear in 
the grey gneiss. This can distinctly be seen at Hornstull, 

îckla, Nacka and Dufnas. The gneiss-granite appertains 
Namely to the gneiss-granites of the coast-region and forms 
^ere the uttermost branch of the great massive on the island 
n̂garon to the east of Saltsjobaden, which here runs out into 

the gneisses.
On the south side of this gneiss-granite there are again 

gray gneisses, but fine-grained granites and lenticular masses 
°t pegmatite are also very abundant, nearly dominating rocks. 
*n other words, we meet here the westward continuation of

intrusion belt of the coast.

Excursion into the garnet-gneiss territo ry  of Soder-
torn.

The garnet-gneiss of Sodermanland is one of the most im
portant types of gneisses in the Swedish Archaean. The ori- 
gln of this gneiss is a question of the greatest interest espe- 
dally in respect of its bearing on our knowledge of the regional 
rrratamorphism of the Archaean rocks. Also in consideration 
°1 the fact, that the garnet-gneiss mass is the greatest of the 
geological units, of which the Archaean in the vicinity of 
Stockholm is composed, a nearer acquaintance with this rock, 
0r rather complex of rocks, seems to be desirable.

The garnet-gneiss can very well be studied in the numer
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ous cuttings, which have been made for the ra ilw ay »Stock - 
holm—Nynas», as, for instance, between the stations Elfsjo and 

Fagersjo or Drefviken and Osterhaninge. Along the first 
named of these lines numerous dikes of diabases are seen cut
ting through the gneisses. Also near to the station Nynas the 
garnet-gneiss is very well exposed and the dikes numerous.

An excursion from Stockholm to Fagersjo and back again 
by tra in can be made in  about 3—4 hours. A  study of the

Fig. 18. Sketch-map of the environs of Waxholm w ith  Ytterby and Skarpo-

line Osterhaninge—Drefviken, together w ith  the railway- 
journey there and back again to Stockholm, may require half 
a day. (Further concerning the garnet-gneiss pages 790—792.)

3. Exkursion: S tockholm — W axho lm — Ytterby  and Skarpo-
This excursion requires ha lf a day and is made by steam' 

boat from Stockholm to Waxholm. From the last-named lit t le



town Ytterby and Skarpo may be reached by means of motor- 
^°ats. A t  Waxholm and on Skarpo the grey gneiss-granite 
can be studied. I t  is well exposed here and shows a very 
'-'haracteristie development, typical for a great part of the 
s°-called gneiss-granites of Sweden.

Ytterby felspar mine, in which so many interesting miner- 
have been found, is situated on the island Resaron, about 

3 hn north of Waxholm.1 (Fig. 18). I t  was worked already 
111 1794 for the Porcelain-manufactory of Stockholm and is,
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19. Approximate sections of Ytterby felspar mine. (According to I vak  
N obdenskjold .)

a depth of 171 ni, partly  s t i l l  workable (Fig. 19).1 The 
Pegmatite has formed a linear flat mass or shoot, standing 
Ver.y steep in the direction of the dip viz. about 80° W NW .

fact, the shoot was composed of several coherent lenses, 
^uch lenses are also to be found in the direction of the strike 
at different levels, and one of these has been reached by a

:) A description of tho felspar mine of Ytterby w ill be published by T^ab 
koBDENSKjOLD in  Bull. Geol. Inst, llpsala. Vol. X . - 

54— 100170. G .F .F .1910.
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tunnel going out horizontally to NNE. at a depth of 50 m, 
and seems to be rich in workable felspar (See the fig. 19).

The foot w a ll of the mine is composed of gneiss, and the 
hanging w a ll of diorite. The pegmatite mass lies consequently 
between these different rocks, a usual manner of occurrence of the 
pegmatites in this part of the district. I t  follows also the strike 
of the gneiss. Small lenticular masses of pegmatite are often 
seen in  the naked cliffs of the shores following each other 
along the strike as pearls on a string.

The pegmatite mass of the Y tte rby mine is com posed 

chiefly of red microcline and ortoclase, white albite and oligo- 
clase, quartz, muscovite and biotite. Graphic felspar occurs in 
some quantity near the walls of the mine.

The rare minerals, which have been observed in this fel
spar-mine, are the fo llow ing:1
G adolin te ............... ...........................3 (Fe, Be) 0  . Y 20 3.2 S i02
Fergusonite .......................................Y 20 3 . (Na, Ta)20.
Yttrotantalite (yellow and black) . 2 Y 20 3.3 Ta20 3
X eno tim e ................... .......................Y 20 3. P20 3
Anderbergite. Silicate and zirconiate chiefly of Y  and- Ce. 
Ortite (and Wasit). Silicate containing some U, Ce, D i, Ln, 

Y  and Er.
Arrhenite. Contains S i02, Z r0 2, Ta20 5, Nb20 3 w ith  Ca, Be, 

Y, Er, etc. and Tengerite, a carbonate of Y ttrium . 
Besides these the following minerals have also been observed: 

garnet, fluorspar, beryl, apatite molybdenite, magnetite, pyrr- 
hotite, titanomagnetite, galena, pyrite, epidote, cordierite, 
chlorite and calcite. W ith  the Yttrium  also the chemically 
related elements Terbium,' Erbium, Gadolinium, Samarium, 
Ytterbium, Scandium, Holmium, Thulium and subordinately the 
ceriummetals Cerium, Didym  and Lanthan are associated in 
the rare minerals of Ytterby.

These very interesting substances have been located only 
in the uppermost parts of the pegmatitic shoot. As denion-

[A pril 1910-

1 After I vab  H obdenskjold .



strated in  fig. 19, they were abundant to a depth of 25 m 
^Qder the surface and occurred in  diminishing quantities to 
'iO m level, where they at last entirely disappeared. On the 
Upper parts of the hanging w all some of the huge subparal- 
lel or divergent blades of black mica can s till he seen on
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Fig. 20. Light-red, coarsely crystallized microeline, penetrated by large (5—6 
“ #») blades of black mica, on which are crystals and rounded masses of Ferguso- 

nite and yttrotantalite. (After I var N ordenskjold.)

(After I var Nordenskjold.)

l^hich the rare minerals usually are fastened as crystals or 
founded masses surrounded by coarsely crystallized felspar
(Fig. 20).

Of the rare minerals there can at present only lit t le  be 
seen at Y tterby. Crystals and pieces of Gadolinite or i  ergu-
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sonite are, however, s t ill found in the masses of old dumps, 
which have been heaped by the side of the mine.

In  the felspar mine of the island Skarpo, which lies nearer 
to Waxholm, no rare minerals have been observed. The mine, 
a large open pit, is now abandoned and filled w ith water. 
W ith  the pegmatite of this occurrence is associated a very 
peculiar form of graphic felspar, in which the quartzes have, 
in some way or other, been removed, in consequence of which 
the felspar has become porous in texture. The holes of this 
porous felspar often show the same form and arrangement as the 
quartz inclusions of the common graphic felspar.1 I t  is a very

1 ig. 23. Felspar w ith graphic texture and the quartzes removed Section 
parallel (010). The vertical axis of the felspar stands in the fig. upright.

(After A. G. H ôgbom.)

curious circumstance, that in  the same mine also a porous 
quartz mass has been found. This consists of fla t quartz- 
grains, rather loosely cemented and partly  bounded by cry
stal-surfaces. In  part the quartz is more compact w ith  only 
a few branchy holes or pores. How this quartz-form occurred 
in the pegmatite of Skarpo, is not known,' as i t  is only ob
served in specimens from the felspar-attle after the mine

1 The porous pegmatite felspar of Skarpo has been described by A. G- 
H ôgbom in Bull, of the Geol. In s t i l of Upsala, Vol. I l l ,  Part 2, No. 6, 1897- 
See also A. B ïgdjîns paper in the same publication, Vol. V II, 1906.



lia,d been abandoned and filled w ith  water. The occurrence 
may, in the whole, be designated as a mineralogical riddle, 
^bich seems very difficult to solve.
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4. Excursion: Saltsjobaden— D alaro .

This excursion follows the intrusion belt, which — as we 
have seen — passes through Stockholm in an E.—W . direction 
and from Saltsjobaden extends further to the east, south-east 
an<l south over the islands of the Agnofjarden, Tyreso, Dalaro, 
Musko etc. and to Nynas and Landsort farthest to the south. 
I'fie rocks are here mostly exceedingly well exposed, which is 

great advantage as the ir structure and composition changes 
111 a a very intricate manner. Veined gneiss, banded gneiss, 
fine-grained, grey granite, pegmatite, some amphibolitic rocks, 
aaci> besides these, also sills of gneiss-granite and pegmatite- 
granite compose the intrusion belt which, towards SW., is 
bordered by the great garnet-gneiss mass of Sodertorn, towards 
bi- and NE. by the great gneiss-granite massive of the coast and 
Awards the E. by sills of gneiss-granite and pegmatite-gra* 
nVe and by a zone of coherent supercrustal rocks (Uto-Orno- 
M&mndo-Runmaro). (See map PI. 36.)

Most of the named rocks can be seen already at 
Saltsjobaden which, in  about 35 minutes, can be reached 
irom Stockholm by the railway Stockholm—Saltsjobaden. 
■t11 the cuttings, which have been made for this ra ilway 
through the h ills  near Saltsjobaden, the veined gneiss can 
be studied. Near to the sea, where the railway ends at a 
c°ast-steamer-bridge, a grey granulitic gneiss of a type, which 
ls very common in the coherent supercrustal belt, has been 
°ut by such a traverse.

In  the numerous small cliffs along the pretty, sinuous 
shores of Saltsjobaden fine-grained, grey granites and pegmatite 
^ ith  patches and flakes of grey (para-)gneiss are seen mixed 
111 a very complicated manner. To the north ot Saltsjobaden,
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at Neglinge and Moranas, occurs a typical gneiss-granite. This 
occurrence is the continuation of the great gneiss-granite mas
sive of the island Ingaro, on the other side of the Baggens- 
fjard, and i t  forms also the one end of a branch of such gra
nites, which seems to proceed from the named massive and can 
he followed eastward to the neighbourhood of Stockholm. 
Beautiful, grey veined gneiss occurs at the south side of Salt
sjobaden, especially on the narrow isthmus between the Bag- 
gensfjard and the bay Erstaviken.

Eor geologists i t  is very convenient to use a small stea
mer or motorboat for visits in  the archipelago, which extends 
between Saltsjobaden and Dalaro, where the geological cha
racter of the intrusion belt and its strong regional metamor
phism is very well exposed. Having thus le ft Saltsjobaden 
we observe a rusty zone of rocks, ly in g  near the surface of 
the water on the south shores of Ingaro. The rock is a 
dark-grey granulitic gneiss, containing a lit t le  pyrite. I t  
seems to be a strongly metamorphosed, supercrustal rock, which 
has probably once been a coal-bearing slate. Such are namely 
usually found to change into pyrite-bearing schists and finally 
to become rusty gneisses. The rusty gneiss on Ingaro dips 
steeply to NNE. and is overlaid by amphibole-bearing gneiss- 
granite, which has undergone strong regional pressure-meta
morphism.

The lit t le  island Elgo is in part composed of fine-grained 
grey metamorphosed granite (especially well exposed on Kors- 
holmen and Ekholmen), but the dominating rocks are grey 
gneisses, mostly veined and partly  beautifu lly banded. To
gether w ith  them also dikes and irregular masses, often 
sills of pegmatite and pegmatite-granite are seen. On the 
south shore of Elgo the la tte r occur abundantly. When we 
proceed along the south-west shores of Elgo, Gaso and Lang- 
holmen, the abundance of the pegmatitic and aplitic intrusions 
in the grey gneisses is very d istinctly seen.

On Brandholmen and on the western shores of Herso ban-



derl and veined, pegmatite-mixed grey gneisses are also seen. 
Eut the sharply marked ridges of Agno and Herso consist of 
gneiss-granite, which here forms a large dike or s ill running 
SE. (Fig. 8) and dipping 45° eastwards. The gneiss-granite 
has an interesting, flamy structure, which can be clearly seen 
111 the steep c liff at the southern point of Herso, where the 
Water is deep and thus allows a boat to come close up to 
the overhanging cliff. ‘

On the western shores of Herso the banded and veined, 
§rey gneisses appear dipping in the same direction as the 
gneiss-granite, namely to the east. They seem also to lie 
below this eruptive rock, a position which many times can be 
observed on other cliffs and islets of this district, and which 
is a consequence of the two facts, that the gneiss-granite occurs 
as large sills in the banded grey gneiss and has better resisted 
the erosion than the schistose cleaveable gneisses, by which 
B is surrounded.

On the side of Erstaviken, which is opposite to Herso, lies 
Brevik (Broad bay), a beautiful and favorite summer place. On 
Es shores very curious gneiss-structures are visible. Their 
dominating character is that of a breccia, gneiss-fragments of 
Very different composition and large rounded felspar-nodules 
tying together in a grey, streaky, fine-grained gneiss (Fig.

Heal cataclastic structure is however absent and the 
whole complex is cristalline, gneissose in structure. I t  
seenis probable, that this formation orig inally was a granite, 
tilled up w ith  fragments of paragneisses, thus forming an 
eruptive breccia, which afterward was deformed, brecciated 
and recrystallized by the regional metamorphic forces. The 
same character has the gneiss in  a narrow zone on the south 
side of Elgo, north-west of Brevik, in the direction of the 
strike of the Brevik -gneiss.

The numerous islets and cliffs, which are situated SE. of 
Brevik, between the Glranofjarden and the Jungfrufjarden 
(=  Maiden-firth) contain the same kind of rocks as those which
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we have now studied, namely chiefly banded and veined, grey 
gneiss, mixed w ith  pegmatite and w ith  sills of gneiss-granite 
or pegmatite-granite.

A t  Sma-Dalaro (=  L it t le  Dalaro) the relations between 
the last-named, the gneiss-granite and the pegmatite-granite 
are of very great interest. We find both rocks forming 
elongated massives in the veined and bedded gneisses. Such

Fig. 23. Block of amphibolite, ly ing in  the breccicated gneiss on the shore 
at the steamboat-bridge of Brevik.

is the case on the lit t le  peninsula, which extends towards the 
northeast from Sma-Dalaro and on Krogholmen, Munken, 
Edeso, the Dalaro peninsula and many of the islands, ly ing  
E. and S. of th is place. They contain either schistose gneiss- 
granite or massive pegmatite-granite and in  some cases, for 
instance at Sma-Dalaro and on Krogholmen and Edeso, gneiss- 
granite and pegmatite-granite occur together in the same mas
sive. I t  can then be stated, that the schistose and foliated, often



aiso veined, acid gneiss-granites pass into massive pegmatite- 
granite. As the former is strongly deformed and metamor
phosed, the latter, on the contrary, quite massive, and no 
difference of age between them can be stated, the conclusion, 
however very surprising, seems to be inevitable, that the peg
matite-granite is a recrystallization-product of the acid gneiss- 
granites. The interesting question can very easily be stu
died on many of the numerous small islands and cliffs ' which 
surround Dalaro. The south end of Edeso, for instance, offers 
favourable circumstances for observations concerning this quest- 
lon) but also the east part of Genbote, Aspo, Dalaro Skans 
(the old fort of Dalaro) and Toklo are very interesting and 
deserve a close examination.

I t  should be remembered that in the zones of strongest 
regional metamorphism of the Swedish Arch man pegmatitic 
material, occurring in the shape of veins, nodules, inmixed in 
the gneisses, or in bosses and sills, ly ing  parallel to the gneiss- 
structure, or also as great massives of pegmatite-granite, is 
always very abundant. I t  is quite obvious, that in  those 
z°ues the quartz-felspar material, whether belonging to the 
orto-gneisses (gneiss-granites) or to quartz-felspar-gneisses of 
supercrustal origin, has been recrystallized and has thus taken 
the shape of smaller and greater pegmatitic masses.

I t  should be carefully observed, that the cross-cuttingpeg- 
n%atitic dikes are not bound to the named regions of pegma- 
tization of the quartz-felspar material. When such pegma
tite-dikes occur in these regions, they are seen cutting across 
the structures of the pegmatite-veined gneisses, thus behaving 
as younger eruptive masses.

Such dikes do not occur — or are at least very rare 
~~ ia the region between Saltsjobaden and Sma-Dalaro, where 
the pegmatitic material is s till very abundant. But at Da- 
t'lro they begin to be frequent and farther to the east, on Orno, 
dto and the ir environs, they are very common. Their co- 
iour is red, while the inmixed pegmatites usually appear as
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light-grey masses. The difference is rather s trik ing  and can 
be distinctly seen on the island to the east of Dalaro, where 
both kinds of pegmatites occur together.

5. Excursion: D alaro -O rno  Hufvud. (By A. Gr. H ogbom).

General sketch.

A t the northern end of the island of Orno occurs a small 
igneous area, which deserves to be seen because of its highly 
differentiated and partly quite singular rocks, and because of 
the behaviour of these rocks at their contacts w ith the sur
rounding meta-sedimentary rocks.

The igneous mass has an elliptical shape and shows, on the 
whole, a concentric distribution of the different rocks. Leav
ing out of consideration some pegmatites which, although 
they predominantly are injected concordantly w ith the other 
rocks, nevertheless stand in no petrographical connection w ith 
them, the igneous body can be characterized as being chiefly 
of a dioritic composition. But a far going differentiation 
has taken place in the same by which salic and femic varieties 
have arisen, and along the boundaries of the igneous area, 
these varieties form exceedingly handed belts which could 
suggest a sedimentary layer-structure (Fig. 26, 27, and 29).

In  the interior of the northern part of the area occurs a 
granular hornblende-andesine-rock, which differs from the or
dinary diorites by the generally subordinate and very varying 
amount of hornblende. In  a sugar-like white, or grayish, 
sometimes even ligh t reddish, granular mass of calcic soda 
felspar, small and large subhedral hornblende prisms are scat
tered very irregularly. This rock has been called ornoite. 
By the increase of hornblende and the appearance of other 
basic minerals, as diopside and biotite, the rock grades to a 
more typical diorite, and this rock, in its turn, grades to 
gabbro, which partly is developed as a very coarse-grained 
hornblende-jncrite.



On the other hand the ornoite, by the decrease or disap
pearing of hornblende, becomes a pure felspar-rock, in which 
also microcline can appear as a noteworthy component. Quartz 
18 generally wanting or, when present, is only accessory. This 
l0ck is generally line-granular, sugar-like, and of a beautiful 
%ht-reddish colour; i t  may be conveniently called orndite-aplite.

The femic as well as the salic differentiation products 
^ave a tendency to a concentric distribution around the 
Oraoite. This rock consequently forms a nucleus in the igneous 
area, whereas ,the other rocks appear as belts running con- 
forniably to the boundary of the same (cfr map, PI. 35).

Besides the rocks just described, also granite takes part 
151 the composition of the area, forming two belts which, in 

southern part, attain a considerable breadth and, broadly 
c°nsidered, run concordantly w ith  the belts of salic and femic 
r °cks already described. The granite, which is generally foliated 
and gneissoid, is chemically characterized by its high per- 
ceiitagc of calcic soda felspar and the subordinate role of po- 
tassic felspar. The femic minerals are represented by biotite 
an<l hornblende, the latter occurring subordinately and as 
^ore isolated, irregu la rily  distributed prismatic grains. This 
gneiss-granite often contains strips and belts of a dioritic 
im position, and sometimes there are met w ith  transition forms 
to the ornoite as well. Although nearly connected w ith the 
other igneous rocks of the area, the granite appears at many 
Realities as younger and shows intrusive contacts w ith  them 
as well as w ith  the surrounding meta-sedimentary rocks. Be
etles the two granite belts jus t described, smaller bands of 

same rock often alternate w ith  the salic and basic belts 
°f the ornoite, thus contributing to the layer-like appearance, 
ft,hich the igneous rocks generally acquire in the v ic in ity  of 
the border of the massive.

W hile the igneous rocks in the interior of the area are 
middle- to coarse-granular and generally have a homogeneous 
8tructure, they acquire towards the boundaries a more or less
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pronounced parallel structure, and at the same time they gene
ra lly  become more fine-grained. The parallel structure is caused, 
partly  by the alternation of salic and femic bands, partly  by 
the arrangement of the grains w ith  their longer axes or ta
bular forms conformable to the boundary. Although i t  is 
many times d ifficu lt to decide, whether this structure is a p ri
mary flu idal one or is secondarily impressed on the rock, there 
are good evidences enough that both these factors have con
tributed to the structural features of the boundary zones. In 
some varieties of the diorite the plagioclase has a tabular 
developement, and the rock then often shows a very striking 
trachytoidal structure. The hornblende prisms have also some
times a subparallel, trachytoidal arrangement. Moi’e com
monly, however, the parallel structure has the characteristics 
of schists (»granoblastisch» and »krystallisationsschiefrig») 
Grubenmann). As a rule, these structures run conformable 
to the banding of the rocks. Exceptionally, in some granitic 
dikes, which cut the bands and are to be considered as a lit t le  
younger than the main igneous mass, there has been observ
ed a feeble schistosity crossing the dike and running in accor
dance w ith the schistosity of the banded rocks.

Inasmuch as the schistosity and the banding generally 
run conformably, the same designation for their dip and strike 
has been used on the map. From the map i t  w il l be seen 
that there is a very regular dip inwards to the massive, and 
that, at the same time, the dip generally becomes more gentle, 
when proceeding from the boundary towards the interior. From 
these facts i t  may be concluded, that the igneous body has 
an ellipsoidic shape and that the section which is represented 
by the now existing land-surface, lies somewhat underneath 
the median horizontal plane of this ellipsoide.

The meta-sedimentary rocks which enclose the igneous area, 
belong to the complex of leptitic  or fine-grained gneisses, with 
intercalated beds and bands of limestone, which stretch 
along the great islands TJto, Runnmaro, Namdo, and Orno (see

[April 1910-
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6 seo1- maP, PI- 36 of H o lm q u is t ). This complex is here repre- 
ented by d is tinc tly  banded, fine-grained gneisses or leptites 

aad subordinate layers of limestone. By the alternation of 
e latter w ith  the silicate rocks a fine banding often arises 

^hicl), however, often is destroyed by the silicate bands being 
Pushed, so as to form a sort of breccia or autoclastic conglo
merate, cemented by calcite. <

Mineralogically and structurally these gneiss rocks can 
°iten hardly be distinguished from the banded, igneous rocks 
a ieady described, w ith  which they come in contact. Gene- 

, however, they are more dense, and even when granular, 
ey do not process the distinct crysta llin ity, which already ma- 

m-oscopically is met w ith  in the meta-igneous rocks. Further, 
ley often can be recognized by their richness in garnet and 

Aphides, the la tter causing a rusty rock-surface. Their band- 
' 1Uê ure, which is more depending on an alternation between 

he and femic bands than of structural variations, is often 
thery well developed, but as to distinctness and regularity of 

e bands, i t  does not surpass the strongest banded igneous 
l0pbs w ith  which they come in contact. The best and most 
a,Slly  proved criterion to distinguish between the two groups

the field is afforded by the intercalations of limestone in 
be former.

The strike of the meta-sedimentary rocks generally runs 
c°uformably to the boundary of the igneous area, and the dip 
, 1,1 wards, likewise in  conformity w ith  the dip of the neigh- 
°uring banded igneous rocks. Intrusions of the latter, how- 

^ 61 ’ can occasionally be seen in the former, as has already 
-en mentioned, but generally the intrusive rocks follow the 
Ucture-plans so closely tha t they appear as layers, when 
re is no opportunity to observe the contact minutely on 

a mug stretch.

Although the strike and dip of the meta-sedimentary rocks 
^  generally very regular, there are, however, localities, where 

e rocks show strong subordinate foldings, as f. i. on the



islet Hufvudholmen and in the shore line, a lit t le  SW. from 
Norrviksudde (fig. 24).

Pegmatites play a significant part in the area here under 
consideration. The greatest occurrences form, as w il l be seen 
on the map, broad belts, which have a tendency to follow the 
general strike of the adjacent rocks. Many smaller dikes have 
also the same mode of occurrence. Sometimes they are divided 
up in a row of lenses (fig. 26) which have apparently turned 
the banded rock aside. Small veins of pegmatitic appearance 
which cross the schistosity, are often strongly folded and 
crumpled. There seems to be a connection between such 
pegmatitic veins and the isolated »eyes» of felspar which 
occasionally occur in the meta-sedimentary rocks, inasmuch as 
they often are met w ith  together and by gradations are allied 
w ith  each other. These veins ought rather to be segregations 
from the metamorphic rock than igneous intrusions. Tbe 
pegmatite dikes are composed mainly of quartz and microcline 
(w ith perth itic intergrowth of albite). Chemically they do 
not stand in connection w ith  the main igneous mass of Or no 
Hufvud, but represent younger intrusions derivating from 
some other magma type. Besides, there are evidences of the 
presence of pegmatitic intrusions of different ages, the youngest 
pegmatites being intruded after the rocks had already been 
metamorphosed in-to schists.

For further particulars about the rocks of Orno Hufvud and 
the ir interpretation reference may be made to another paper 
by the author1, of which the here given advice is a summary- 
I t  remains to give a short description of the localities which 
w il l be visited.

The excursion.

F is lc losa  Pay. On the h illy  plateau, south of this small 
bay, the ornoite occurs in typical developement, varying between

1 Z u r  P e tro g ra p h ie  unci G eo log ic  von  O rno  H u fv u d .  B u l l .  Geol. 
U p s a la .  V o l .  X .  1 9 1 0 ,
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Middle- and coarse-grained and also varying as to the amount
hornblende. This mineral occasionally forms prismatic 

grams of several centimeters in length, extended in  a ll d i
rections in the snow-white or light-gray plagioclase mass. 
Towards the mouth of the bay and westwards the ornoite 
becomes nearly free from hornblende and grades in an almost 
pure felspar rock of light-reddish colour, the ornoite-aplite. 
This rock has splintered the femic boundary rocks to an 
eruptive breccia, as is best seen in the shore-rock east of 
i  isklosa Bay and also in the shore-line between this locality 
and Timmerudd (Fig. 25).

Orn'o udde, the northernmost promontory on the west 
Slde of the Fisklosa Bay, affords a good opportunity of study- 
lng the banded and more or less schistose boundary-forms 
°f the igneous area. There is a repeated alternation between 
iemic belts of a d ioritic composition and salic belts consisting 
either of ornoite-aplite or of granite. Beneath each of these 
belts there is, besides, a very striking subordinate banding 
and striation, as w il l be seen from the fig. 26 and 27 as well 
as from the sketch-map of this promontory (fig. 28) w ith  the 
accompanying descriptive account (p. 852). An account of 
the microscopical characteristics of these banded rocks is given 
ln the memoir above qouted.

Keeping these rocks in mind we may continue to the 
Timmerudd. On the way the eruptive breccia (fig. 25) may be 
seen.

T im m erudd. The outermost part of this head which is 
extraordinarily well exposed consists of the same banded 
salic and femic igneous rocks as on the promontory just de
scribed, but here s t il l more distinctly banded (fig. 29). Further 
l uland the banding again becomes less pronounced and grades 
in more irregular »Schlieren», extended in the same direction 
as the banding. A  connection of the bands and band- 
c°naplexes of Timmerudd and the former locality cannot be 
established in detail.
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D escrip tive  account o f the banded rocks on fig. 28.

I. Even-granular ornoite-aplite with subordinate small prisms of 
epidote and aggregates of chlorite. By the distribution of the dark 
minerals a banding and striation arises which, however, is not much 
conspicuous.

2— 3. Quarz-dioritic schist or amphibolite with thin hands of 
granitic composition (fig. 26). The andesine-felspar appears as small 
porphyritic grains in the dark schist. Dikes and lenses of pegmatite 
occur in the left part of this belt.

4. Light-gray, distinctly banded, gneissose granite. The banding 
is caused by the distribution of the biotite (and the hornblende). The 
grains of felspar and quartz are elongated in the direction of the 
dike; some grains of the former are of a larger size.

5— 7. Alternating bands of the same character as the belts 2, 
3 and 4. The band-structure is very pronounced (fig. 27).

8. Gneissose granite of the same character as band 4, but the 
banding is less distinct.

9. Dark dioritic schist with strips and bands of granitic com- 
position.

10. Coarse, partly sheared, gneissose granite with pegmatitic 
intrusions (to the left).

I I .  D ioritic schist, with scattered porphyritic grains of andesine. 
on the whole looking like the belts 2— 3, but without granitic bands.

12. Reddish granitic_ rock, fine-granular, consisting essentially 
of microcline and quartz. Plagioclase is subordinate^, and biotite 
sparely present. By the distribution of the last-named mineral a fine 
striation or banding is produced.

13— 15. Dioritic schist, alternating to the right with gneissose 
hornblende-granite.

14. Mylonitic zone.
10. Feebly striated, light-reddish ornoite-aplite. The belt is 

cut by pegmatitic dikes.
17. Amphibolite alternating with bands and strips of red ornoite- 

aplite.
18— 19. Fine-striated ornoite-aplite like the band 1, but here 

the epidote is a manganese-epidote.
20— 22. Amphibolite with irregular bands and veins of red ornoite- 

aplite, and lumps of more massive dioritic rock. The rock has partly 
the character of an eruptive breccia. To the left two small intrusions 
of ornoite-aplite are met with.

23. Fine-grained dioritic rock with insignificant schistosity; 
there is no distinct boundary between this rock and the belt 22.
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A t Timmerudd the th in  belts of ornoite-aplite are wanting, and 
other dissimilarities are also met w ith ; but there can be no 
doubt as to the petrographical agreement of the granitic and 
dioritic members of the band-complexes at both localities.

Further inland the banded rocks are succeeded by a rather 
broad belt (about 30 meters) of foliated granite, belonging to 
the great granite belt which extends between Norrviken and 
Torn. East of this granite belt follows the same aplitic 
belt which we have already seen NE. of Timmerudd and at 
Fisklosa Bay. The rock contains here d ioritic strips and is 
rather gneissose. Inland the parallel structure ceases litt le  
by little , and the rock grades in the typical ornoite.

Torn. In  the surroundings of the small bay of Torn, on 
the east side of the island, the most femic rocks of the area 
can easily be seen. Here various forms of coarse-grained 
hornblende-picrite occur and on the north-western side of 
the bay, diorite w ith  flui dal arrangement of the felspar and 
hornblende is met w ith.

S dderv iken-H em trasket. An excursion from the inner
most part of the bay Soderviken over the southern end of the 
igneous area gives an opportunity of studying some interesting 
contact features. The meta-sedimentary schists and limestones 
which bound the area in the south, are here intruded by a 
sheet of the granite, as w il l  be seen on the map, and the 
contacts are partly well exposed. The granite changes here 
into porphyritoid diorite w ith  spots of scapolite.

The pegmatite belt, which runs between Soderviken and 
Hemtrasket, is bordered by a peculiar contact rock, separat
ing as a thin belt the pegmatite from the diorite. This con
tact rock has the appearance of a coarse mica-gneiss, which 
cannot be mistaken for the further inland occurring coarse 
gneissose variety of the granite already described.

The last-named rock may be visited in  walking the path 
leading from the landing stage of Soderviken. Although the 
granite in this broad belt becomes more coarse-grained than

[A p r il 1910.
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the granite on the localities already visited, i t  can easily be 
seen, that the rocks represent the same chemical and minera- 
logical type.

The basic rocks in the surroundings of Sodergarde consist 
partly of gabbro, partly of diorite, and they are by transition 
forms connected w ith  the granite. Tims a small granitic area, 
south of Sodergarde, is not sharply separated from the sur
rounding basic rocks, but is connected w ith them without 
any distinct boundaries.

32. H. 4 .]  ARCHAEAN OP THE COAST-REGIONS OF STOCKHOLM. 855

6. Excursions on Uto.

The Uto district encloses the youngest and best preserved 
supercrustal rocks of the coast region of Stockholm. These rocks 
exhibit the same petrographical characters and geological man- 
ner of occurrence as those in the iron-bearing d istrict of Central 
Sweden. In  the south part of Uto they are very much folded 
anh intruded by pegmatite and also in  the north part occur 
strong foldings and brecciated structures, and all rocks are 
quite crystalline, but the original features have here not been 
hestructed as is often the case in  the surrounding areas.

A ll the bedded rocks of the northern part of Uto dip nearly 
A ertically or 80°—90° towards north-west. (See map, PI. 38, the 
section.) On the whole they may be said to form an isoclinal 
system of strata w ith  the youngest members of the sedimen- 
t:iry  series occurring in the midst, i. e. in a synclinorium of 
elder strata.

The le p tite  and gneisses at the west side o f Uto.

Point I .  B y means of row-boats we first v is it point I  
(see PI. 38) on the lit t le  island Persholmen, which lies on the 
uorth-western side of Uto, near the steamboat bridge. Here the 
landed leptite is exceedingly well exposed (Pig- 30). The 
handed appearance is caused by the regular alternating of



schists of different composition and colour, the lig h t ones con
sisting chiefly of quartz and felspars and the darker contain
ing also considerable quantities of biotite and other dark- 
coloured or black mineral grains. The bed-structure is here 
undoubtedly a primary feature of the leptite. Secondary fea
tures are, however, also present, namely schistosity, which is 
traceable already on the east side of the lit t le  island, but 
becomes more and more visible towards west and is predomi
nating at the north-western shores. I t  is manifested by the
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Fig. 30. Banded gneissose leptite dipping steep to NW. Persholmen near Uto.

increasing cleavage and micaceous structure of the rock toge
ther w ith  intense foldings of the schists and the ir fillin g  up 
w ith  small nodules and veins of quartzy matter. Simulta
neously the pegmatite enters as dikes penetrating the folded schist 
mass in  a ll directions. This alternation of the schists is 
located in a rather narrow zone, and i t  has been supposed that 
the strongly folded and the re latively unfolded parts of the 
rocks on Persholmen were belonging to different ages and



should be separated on a map as quite different formations. 
A- close geological examination in the field shows, however, 
that the strongly folded and by pegmatite intruded schists on 
the western shores of Persholmen are identical w ith  the unfolded 
leptite in the eastern parts of the same island, and that their 
difference is caused by secondary influences, having, from west 
t°  east, w ith  rapidly diminishing power affected the banded 
h'ptite before the intrusion of the pegmatites. '

The north-western parts of Persholmen exhibit very inte
resting examples of the so-called veined structure (>Ader- 
gneiss»). ,

The pegmatites show a characteristic arrangement of the 
minerals, namely great crystals of graphic felspars, inbedded 
ln a coarse groundmass of quartz, plagioclase and mica (mus
covite). ; } j

The next member in the stratigraphical series of Uto — 
Avhen proceeding from Persholmen to the east — is a dense, 
bedded rock or schist, a type, which belongs to the number 

rocks, a ll dense in structure, to which since long time in 
fhe Swedish field-geology the designation »licilleflinta» has been 
given. On Persholmen no halleflinta is observed, but on the 
eastern shore of Tallholmen grey halleflinta and dark halleflinta 
can be seen concordantly bordering the banded leptite. Also fa r
mer to the N., on the island Langbaling and to the S., near Edes- 
nas> halleflintas are seen on the south-eastern side of the just des
cribed zone of leptite. However, the structural geology of the 
northern part of Uto seems to indicate some discontinuity of 
the sequence of the strata in  the sound between Persholmen 
and Uto, owing to the overturning of two large opposite
folds.

I t  is thus the limestone w ith  its embedded layers of halle
flinta, which we chiefly find here on the east side (apparently 
fflc foot-wall but probably the real hanging-wall side) of 
file leptites. This limestone is a calcareous or dolomitic rock 
°f the common crystalline type, which occurs in several areas
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of tlie Swedish Archæan and which usually is called grained 
limestone or Archæan limestone (»urkalbsten») hy the geolo
gists in our country. I t  contains mostly much quartz and 
silicates, usually light-green, amphibole minerals, chiefly tre- 
molite, and on Uto such intermixtures often occur very rich ly 
in the limestones. Not seldom the amphibole component pre
dominates, and the calcite becomes a subordinate or rather only 
traceable constituent in a greyish-green, tough amphibole- 
rock of fe lty  structure resembling the known »skarm rocks 
(»grôn-skarn») of the iron-ore districts in  Central Sweden. In  
some cases the limestone contains also other silicate minerals 
and has thus the characteristics of a real »silicate limestone» 
or a »Kalksilikathornfels» of the German petrologists. These 
silicate limestones are geologically very closely connected w ith  
the purer limestones, which pass into them in the direction 
of the strike and replace them in the stratigraphical series.

A  common feature of the limestones is the banded or 
bedded structure. Also the purer varieties of the rock show 
this structure which can be seen on the rock-surfaces at some 
places on the way from the landing-stage to the restaurant. But 
usually the bed-structure is due to the immixture of layers of 
halleflinta in the limestones. In  the slopes of Utô, which are 
turned towards NW . near the landing-stage and farther NE. 
of the lit t le  fisherman’s-hut Kroka curved and torn pieces of 
halleflinta are very often found enclosed in the limestone. 
These are apparently fragments of layers of halleflinta, which 
have got their deformation structure by the dynamic move
ments, by which the strata were overturned and folded and 
which, especially in the said direction — possibly an upraised 
overthrust zone — were very intense.

H a lle f l in ta  and lim estone to the west o f the mines.

On the h il l above the NW . slope, righ t before the landing- 
stage, the halleflinta is seen in rather broad coherent but often 
strongly folded layers, running in  the same direction as the
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extension of the island, namely NE., surrounded by limestone 
a°d followed by the iron-ore. The designation hâlleflinta on 
the map (PI. 38) embraces different rocks, of which several very 
tittle  agree w ith  a real halleilinta in  composition and struc
ture, but which a ll are closely related in geological respect. 
®°me of them stand the amphibole-bearing limestones rather 
near in composition and others are dense quartz-felspar-rocks,

f ig .  31. Microphotograph of halleilinta from Byle. Magnified 18 times.
Nic. cross.

rich in light-green amphibole minerals. In  many cases their 
structure is less dense and the ir petrographical appearance 
resembles thus more the leptites. Heal crystalline amphi- 
hole-rock occurs also among the rock masses, which on the 
^aps have been designated as halleflintas.

Typical halleflintas are however by no means wanting 
°n Utô. For instance, NE. of the iron-ores beautiful, dense, 
grey halleflintas predominate. A t  Byle, SSE. from Edesnâs,



(See map, PL 37) a quartz-stained massive variety occurs, which 
probably is a s ligh tly  altered (contactmetamorphosed) acid 
lava rock (meta-rhyolite) (Fig. 31 and 32).

In  the v ic in ity  of the iron-ore layer, a black halleflinta is 
often observed ly ing  as a th in  bed, always between the com
mon halleflinta and the limestone. This rock usually carries 
about 3 per cent of pyritic  minerals and 1.5 per cent of coal
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Fig. 32. Microphotograph of the groundmass of the quartz-stained halleflinta 
from Byle. Magnified 200 times. Nic. cross.

(amorphous coal dust) (See the table of analyses, number 6); 
thence its black colour and rusty surfaces. I t  is also usually 
fine-bedded, which can often very well be seen on weathered 
surfaces.

The iron-o re , The N yko p in g  mine.

The iron-ore of Uto consists of a layer-complex, standing 
nearly vertical, of about 25 m maximum thickness and w ith  a



'is ible extention of at least 700 m. The stretching of the 
°re ^ye r is now marked b y . a series of large water-filled pits 
ly ing chiefly one after another in the same direction. The 
thinner ends of the layer are probably sharply inflexed. A  
>ery sharp inflexion has been formed near the midst of the layer
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33. Folded iron-ore-bearing leptitic  halleflinta at the south side of the 
rSe p it of the Nykoping mine on Uto. Observe also the deviation of the 

strike in this place.

Producing an S-shaped fold at that place, where the great 
Pnt of the Nykoping mine now can be seen. Here the width 
° f the ore seems very much increased, to 70 m, but there has 
been a great quantity of wall-rock material in  the masses taken 
°Ut from the great p it during the mining. This rock, grey
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leptitic banded and folded hälleflinta, can petrographically be 
very well studied in tbe large heaps of attle and ore, which 
surround the mines. On the southern side of the Nyköping mine 
these rocks and the character of the folding are well exposed 
for studies in some cliffs, which have formed a part of the 
wall of the great mine. The banded rock is intensely folded 
and the strike deviates also on the whole from the general 
NE. direction. On the SW. and W . walls two ju tties were 
formerly seen, well noted in the history of the working of 
this mine. These are »Kammern (the crest) and »Rundelm (the 
round), the former sharp and the latter of a gently bent 
form, which extend nearly vertically from the surface and 

have shown the same aspect at a ll the levels of the mine 
i. e. to 214 m. Both these ju tties are edgeways placed folds 
i. e. the ir axes are dipping, as the layers, very steeply to N"W- 
The interior structure of »Kämmen», of which a part s till 
remains, can be seen at the W . border of the pit. (Fig. 34>

The uppermost part of Bündeln is destroyed, but accor
ding to the description of the mine i t  had a bent structure, 
as is indicated on the fig. 34. An exact reconstruction of the 
folding of the ore in  the Nyköping mine cannot be made, the 
published accounts from the time of working in  this mine 
being on this point insufficient. The structure of the sur
rounding walls, as well as the folded and brecciated character 
of the ore seen as blocks in the old dumps beside the mines 
now prove, that the dynamic deformation in this part of the 
ore mass has been exceedingly strong.1

The iron-ore is petrographically of that in  Sweden well- 
known type, which is called »randig blödstem i. e. quartz- 
banded hematite, a quartzy iron-ore which is composed of very 
regularly alternating thin (usually about 5 mm thick) layers 
of usually grey, very fine-grained quarzite and crystalline

1 See the following descriptions published in Swedish: A. Erdmann: Ut° 
Jernmalmsfält. K. Yet. Akad. Handl. 1854. — N ils H edberg : Om gru fdrii' 
ten vid Utö järnmalmfält. Jernkontorets Annaler 1895

[A pril 1910-
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c a  i

»11

(specular) hematite. I t  is also a »hard 
ore», on the whole very similar to the 
ferruginous cherts of the Lake Superior 
districts of North-America. The quartz- 
bands in most cases (as at Striberg and 
Norberg in Central Sweden) show a 
grey or brownish-grey colour, but the 
Uto iron-ore differs in this respect, the' 
quartz-bands being usually red in colour. 
This is due to the fact, that the quartz- 
grains include numerous minute parti
cles of blood-red hematite. The Uto 
ore is however in  part banded by the 
grey quartzite. In  this case magnetite 
is often the predominating ore mineral. 
Magnetite partakes also more or less 
in the composition of the common banded 
hematite. Green amphibole, malacolite 
and calcite also occur mingled w ith  the 
ore minerals. Especially the first named 
mineral is a characteristic mineral- 
component of the Uto ore.1 Beds of 
amphibolitic rocks accompany the ore 
and thin green layers alternate w ith  the 
iron-bearing beds. This can very well 
be seen at the west corner of Lâng- 
grufvan, where some slopes of poor ore 
raise over the water-level in  the pit. 
Fig. 35 illustrates these relations nearer. 
An analysis has been made of the green 
schist from this locality (See number 17 
in the table of analyses of this guide).

1 The chemical composition of the ore is shown 
in the table of analyses which is adjoined to this 
guide.



I t  shows tha t the rock contains considerable masses(25—30 /)  
of calcite or dolomite. The microscopical examination gives

864 p . J. ho lm q u is t . [A p r i l  1910-
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for the rest green amphibole, biotite, garnet, magnetite and 
tourmaline. Silicated, green schists, free or nearly free from 
carbonates and resembling the amphibole-bearing »halleflintas»,



^le a Ŝ0 seen as th in layers, alternating w ith  the ore layers. 
n the north-east part of the iron ore belt at the mine »Byk- 

STufvan» amphibole-bearing rocks, rather coarse in structure, 
sOrround the iron-ore, which also here seems to have been 
folded and dislocated. Hornblendic rocks of such kinds as 
^ 'e named — they are on the whole much varying — were 
°ften observed in or about the ore during the working of the 
^  mines. Their occurrence has induced the opinion that the 
°re lies in »hornblendic schists». This is not, however, the 
ease, as the hornblendic rocks are not very abundantly pre- 
Sent in the ore region. The nearest surrounding rocks are 
limestone and halleflintas, and of these the last-named predo
minate. The iron-ore region seems to stand in close connexion 
'Vlth the halleflintas and to form a special zone or stratigra- 
Phical horizon in  them, characterised by a series of rapidly 
a^ernating sediments, namely limestone, coal-bearing halle- 
flinta, green schists, coarser leptitic  sediments and quartzitic 
°r calcareous iron-ores.

The mines of Uto were worked already at the beginning 
° f the 17th century and their exploitation was continued w ith 
changing, but on the whole, good success un til 1879. During 
^he period 1711—1878 2,070,900 tons of iron-ore were taken 

of the mines. The total ore-production has been esti
mated to 2Va m illion tons. The percentage of iron in  the ore 
Varies considerably and has been found to lie between 38 and 
^  % for the workable ore masses. A fte r 1879 no mining has 
^een carried on.

The ore has been followed vertica lly 214 m in the Ny- 
k°ping mine and in Finn mine 150 m (see Fig. 36).

The relative poorness of the ore together w ith  its per
centage of phosphorus (0.08—0.17 %) and its hardness have, in 

later times, impeded the exploitation of the remaining, 
mot unimportant iron ore masses of Uto.

I t  has already been demonstrated that two large dikes of 
Pegmatite cut across the strongly folded iron-ore of Nykoping

32. H. 4. ]  ARCHiEAN OF THE COAST-REGIONS OF STOCKHOLM. 865
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ttune. These are the famous lithia-pegmatite-dikes of Uto, in 
minerals of which the element of Lithium  was first detected, 

Namely by A u g . A r v e d s o n , 1 a disciple of B e r z e l iu s . The 
"Rcurrence has been described by W . a f  H is in g e r , A. E r d - 

Ji a n n  and A. E . N o r d e n s k io l d . 2 The dikes consist mainly 
Petalite, quartz, lepidolite and green ortoclase of very coarse- 

Crystalline or more fine-grained structure and flu idal arrange
ment- Besides these minerals the dikes have been found to 
CoRtain spodumene, blue and red tourmaline (indigolite and 
I'ubellite), microlite (a tantalate of lime, related to pyrrhite 
a»d pyrochlore), mangantantalite, adelfolite.2 3

The lithia-occurrences of Uto constitute one of the great- 
esf known natural resources of lith ia  of the world. Some 
other pegmatitic dikes containing lith ia  minerals have been 
detected on the island. A l l  these lithia-bearing pegmatites 
are geologically nearly related to the common quartz-felspar 
Pegmatite, which as innumerable dikes penetrates the leptites 
and gneisses in  the surrounding areas of Uto. The lithia-peg- 
ftiatite may thus be considered as originated from a modifica- 
^°n  of the (potash-)pegmatite magma, which, at the close of 

Archaean time (ser-Archsean time, H ogbom) was intruded 
111 the upraised and strongly folded Archaean rocks.
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The regularly bedded series on the eastern side of the iron ore.

To the E. of the ore-bearing halleflinta zone of Uto a 
e ighty, regularly stratified series of limestone and »halleflin-

1
1818.

Afhandlingar i  Fysik, Kemi och Mineralogi V I: 145. Stockholm

2 H isinger: Versuch einer mineralogischen Geographie von Schweden, 
reiberg 1819. — Handbok för mineraloger under resor i  Sverige. Stockholm

1843. .
A. E rdmann, cited pag. 862.
A. E. N o rdenskiöld : Geologiska Föreningens Förhandl. I I I  (1877): 282.
3 Some years ago also a find of a mineral resembling am blygon ite , F A1 L i 0 4 

^as been made in the lithia-pegmatite.
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tas» can be seen. Stratigraphically this series is probably 
underlying the ore-horizon and corresponds partly to the halle
flinta-limestone complex on the west side of the same horizon.

Nearest to the iron-ores the halleflinta runs as a thick 
layer followed by a broad zone of rather pure limestone. To 
the east of those beds halleflintas and lime-stone alternate 
forming layers of some meters to only a few decimeters in 
thickness. The map, PI. 38, shows this regular alternating only 
in  a feeble degree, the beds being much thinner and more nu
merous than i t  would be possible to express on geological maps 
even in the large scales used. Many of these layers can be 
followed very far. Not seldom they are seen to th in  awayi 
thus, for instance, the ridge of halleflinta, which runs 150 m 
to the east of the Nykoping mine, is split up in five or six 
th in  layers w ith  intercalated limestone-beds, which become 
thicker at the same time the halleflinta layers become thinner 
in  their continuation towards NE. The whole complex of thin 
layers is going out in the opposite direction (SW.), the lime
stone beds diminishing here in  thickness un til they entirely 
disappear and only a thick bed of halleflinta remains.

Folds are often seen in th is complex of th in  layers and 
the crysta llin ity  is very complete. Especially the halleflintas 
show in  many cases a degree of c rysta llin ity  and a composi
tion, which make them very different from typical halleflin- 
tas and more resembling amphibolitic rocks. The bedded com
plex is to the east bordered by a thick layer of a green am
phibolitic rock, containing subordinately very th in layers of 
impure limestone. This amphibole-bearing rock resembles some 
of those rocks, which usually accompany the magnetitic iron- 
ores of Central Sweden and are called »gronskarn» (a greenish 
gangue-rock, composed of amphibole and pyroxene).

Having crossed this component of the bedded series we 
meet to the east another zone of regular development which 
is made up of a greenish grey bedded leptitic halleflinta, contain
ing some few th in  beds of impure limestone.

[A pril 1910-



The bed-structure of this halleflinta or leptite is mostly 
very regular, except in the midst of the zone where the ma- 
t “ria l j s more homogeneous and the bedded structure conse- 
fluently less prominent.

The halleflinta-limestone complex terminates w ith  the 
greenish leptitic halleflinta, the next layers eastwards being 
Very different in character.

The architecture of the described, bedded series is, as we 
have seen, very regular and seems to be so also in other 
Parts of its extension (see PI. 38). From geological points of 
Vlew there can scarcely be any doubt that this series repre- 
s;er'ts an assemblage of real strata which, in  a regular manner, 
have been heaped on the bottom of a water-basin.

32. H. 4 .] ARCH2EAN OP THE COAST-REGIONS OF STOCKHOLM. 869

The le p tite  series to the west o f L i l i a  S illv ilc .

Not less regular is the bed-structure of the next following, 
the leptite series. But this series encloses thick layers, con
sisting of flat, bed-like masses of more or less schistose rocks. 
S°me of these layers consist of nearly massive porphyritic 
r°cks, which undoubtedly are altered lava-beds and tuffs. In  
the area, represented by the map, PI. 38, three such beds can be 
8een- Between them are found regularly bedded rocks of lep
titic  composition (quartz-felspar-leptites) and occasionally some 
fluartzite or leptite-quartzite.

The westernmost of these porphyritic beds can be follow- 
e,t from the NE. shores of Uto, SE. from Kroka, through the 
)vh°le northern part of the island. To the E. of Edesnas i t  
J°ins the other beds which, nearer the eastern shores of Uto, are 
seen running in the same direction as the first-named of these 
Porphyritic layers. A fte r this junction the porphyritic layers 
Pass over into a massive of the same composition, which ex- 
^eads to the NE., E. and S. of Edesnas, and from this area 
a part also projects towards NE., along the lit t le  bay K yrk- 
viken at the NW . side of Uto.

56—100170. G .F .F .1 9 1 0 .
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The composition and structure of these porphyritic rock 
masses varies rather much. Near Kroka the ir petrographical 
character is that of a quartz-porphyry rock strongly d e f o r m e d  

hy pressure. I t  contains numerous, regularly scattered, bluish- 
grey grains of quartz in a schistose grey ground-mass of gneis- 
sose or leptitic  composition. SE. of the iron mines, where 
the porphyritic layers can very well he observed, varieties 
also occur, in which the porphyritic quartz-grains are absent

L' " "  ------- - i ------- 1 t 1,5. m nr

Fig 37. Microstructure of the quartz-porphyry-schist near L ilia  S illv ik , near 
the eastern shore of Uto. Magnified 8 times. Nic. cross.

or only lit t le  visible. Some of these varieties carry instead 
of the quartzes small gatherings of black mica which are 
scattered as regularly as those in the rock mass. On the 
weathered surfaces of such varieties also small porphyritic 
crystals of white felspar sometimes appear. In  the massive 
of schistose porphyry to the S. and E. of Edesnas i t  is the 
quartz-porphyry rock which dominates. A t  the SE. side of



Kyrkvikert the porphyritic structure is usually not visible,
rock being fine-grained to nearly dense, massive and of a 

Sreenish-grey colour. On the ME. promontory of Uto a red- 
*tish variety of the porphyritic rock has been observed. Near 
the eastern shore of Uto, where the pathway from the mines is 
teading down to »Lilia  Sillvik» a rather dense, only a lit t le  
schistose variety of the porphyritic rock can be seen. I t  has 
suffered only lit t le  from the pressure-metamorphism and thus 
Very  much resembles a quartz-porphyry rock, especially the 
porphyritic halleflintas in other parts of Sweden, for instance 
at Dannemora or Hallefors (in Westmanland). The micro- 
structure of the quartz-porphyry schist near L ilia  S illv ik  is 
shown in fig. 37. For the chemical composition of the same 
l 0ck, see in  the adjoined table the analysis number 9, which 
^as been made by It. M auzelius. An analysis of the quartz- 
P°rphyry schist, which belongs to the westernmost bed (near 
tfie point marked w ith  the cipher I I  on the map, PI. 38) is the 
aualysi s number 11 on the same table. Also this analysis is 
111 ade by ft. M auzelius. 34 is medium of two analyses made 
%  Sir. T. J ansson in  the Techn. H igh School of Stockholm) of 

e quartz-porphyry schist from the massive to the S. of Edes- 
nas- Of these three analyses only the last-named seems to 
agree w ith  the normal composition of a quartz-porphyry rock.

the two analyses w ith  the numbers 9 and 11 indicate that 
the corresponding rocks are too poor in  alkalies to be considered 
as unaltered acid lava-rocks.

There are, however, other circumstances, which speak in 
favour of the opinion that also the porphyrite beds orig inally 

at least in part — were outflows of acid (rhyolitic) lavas. 
Such is, among others, the occurrence of small fragments of 
ieptitic  rocks, which are spread out in the mass of the thick- 
est porphyry-bed and can be seen at many points near the 
shores of L ilia  S illv ik . The appearance of these fragments 
111 ake i t  very probable, that they derive from older layers of
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leptite, which partly  were broken up by the lava streams 
(Fig. 38).

The same conclusion may be drawn from the very in- 
teresting geological relations, which can be studied in detail 
on the small naked cliffs, which separate the lit t le  rounded 
bay, 1,500 m to the E. of Edesnas from the firth, which ex
tends between Langskar and Lojskar. The porphyry-schist, 
which is very well developed, meets here the thick-bedded lep
tite  in  a sharp contact, along which also well defined fragments 
of the la tte r are scattered in the mass of the former. But 
in other cases i t  is very difficult to find the contact-line be
tween the porphyry-leptite and the banded leptite. A t the

1 Metres

Pig. 38. Fragment of lep titic  rocks enclosed in the quartz-porphyry schist of 
the great layer near L ilia  S illv ik  on the south-eastern shore of Uto.

westernmost of the beds the contact can always be pointed 
out i f  only the rock-surface is visible, but at L ilia  S illv ik  
and at the easternmost porphyry-bed these contacts can some
times only w ith  uncertainty be observed. This seems to be 
a consequence of the fine grain of the original porphyry, but 
also of the fact, tha t schistosity is a more dominating form 
of structure in the rocks at the eastern shores than in those 
of the more central zones of Utô.

The handed le p tite  at L i l ia  S il lv ik .  (Point I I I ,  PI. 38.)

A t  L ilia  S illv ik  the handed leptite is extraordinarily well 
exposed. The rock resembles the leptite of Persholmen, which 
we first visited, but seems to be in part only very litt le



altered by dynamometamorpbic pressure. I t  is there nearly 
üense in structure, but not as much as the hâlleflintas and 
®bows an excellent bedded structure, caused by the regular 
alternating of dark-grey and light-grey layers of leptitic ma- 
terfal of somewhat different composition. Two such th in  
l&yers are always, through continuous transition, connected, 
f°rming together one layer, which at both sides abruptly 
bounds on sim ilar complexes. The same arrangement charac
terizes also the quaternary glacial clay (the banded clay) which, 
according to the opinion of Prof. Gr. D e Geer , is caused 
by the yearly alternating of seasons. The hâlleflintas and 
loptites are always banded in  this manner, but i t  does not 
seem necessary to conclude, that influences of seasons are the 
real  causes also of the bed-structure of the named Archæan 
sediments.

The analyses 7 and 8 (on the tab.), made by R. M auze- 
IjIcs, represent the chemical composition of the light-grey (7) 
and the dark-grey (8) part of a layer, both analyses being 
Carried out on material taken from a single sample of the 
banded leptite near point I I I  (PI. 38). They show, that the 
fight-grey part of a layer is richer i  silica and potash but 
Poorer in soda, lime, magnesia and oxydes o f iron than the 
¿ark-grey part of the same layer. The relation F e 0 :F e 30 3 
bas twice as great a value for the darker schist-mass than 
f° r the other, MnO being present in  the analysis w ith only 
fl-05 per cent.

Calculated on mineralogical composition the two analyses 
give the following relations between the main constituents:

A  layer of banded leptite.
The l ig h t -g re y , the d a rk -g re y  part.
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Q u a rtz ....................... =  44 % 36 %
O rtoclase................... =  18 »1 7 »|

A lb ite ........................... =  11 >\ 29 % 24 »)

Metasilicates of Fe,
Mg and Ca . . . . —• 5 » 13
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A  layer o f banded leptite.
The l ig l i t - g re y , the d a rk -g re y  part.

A120 3. 2Si02 ............... =  20 % 19 %
Fe:!0 4 ........................... =  0,5 » 0.5 »
H 20 .......................... ...  =  1.5 » 0.5 »

According to microscopical examination quartz, felspars, 
biotite and muscovite appear as the main constituents. The 
darker colour is connected w ith  an abundance of biotite. 
Muscovite seems to be present in both parts of the layer in 
nearly equal quantities. The microscopical structure of this 
banded leptite is tha t of an »hornfels»-rock. (See fig. 9, pag. 816). 
A l l  the grains, also the biotite, have simple polygonal forms. 
No traces of pressure are visible. The minerals show the 
characteristics of recrystallized grains. As no undoubtedly 
primary, micromorphologic features can be detected in this 
very well crystallized fine-grained rock-mass, the question, 
of what material i t  originally was composed, cannot be solved 
directly. I t  seemŝ  however possible, that i t  was mainly formed 
of ash-material from the great centre of volcanic activity, 
from which the beds of leptites and quartz-porphyry-schists 
on the map are seen to issue. As to the contactmetamorphic 
microscopic structure of the leptites i t  deserves to be remem
bered, that the Uto territo ry to the E. is bordered by a great 
massive of granite of later age than the bedded rocks (See 
page 813 in this guide).

The bed-structure of the leptites, which occur in near rela
tions to the porphyry-schists, has often a very beautiful deve
lopment. Especially point I I  on PI. 38 deserves in this 
respect to be visited. (Eig. 39).

The rocks, which we meet to the E. of L ilia  S illv ik  or 
between this place and »Stora Sillvik» (Great S illv ik), are in 
a ll respects nearly related to those now described. But they 
seem generally to change in structure and composition in a 
more complicated manner than those. This fact has probably 
a primary cause, namely the original inhomogeneity of the



named complex, but is also apparently a consequence of the 
■-•’chistosity, which is common to a ll rocks on this side of 

They have often, in fresh fractures, the characteristics 
mica-schists or soft gneisses, although their aspect in greater 

Masses, namely in the naked clilfs, s t ill is that of the banded 
°r schistose leptites. Among these rocks some conglomerates 
ar*d pseudoconglomerates have been observed. Such conglome- 
la tic structures can be seen in the innermost part of L ilia  S ill- 
Vlb and at Stora S illv ik . Also near the point, marked out

Bd 32. H. 4.J ARCHAEAN OF THE COAST-REGIONS OF STOCKHOLM. 875

Fig. 39. Bedded and folded leptite at point I I  map, P I. 38. Uto.

011 map, PI. 38 w ith  the cipher I I I ,  a conglomeratic structure 
°CcUrs. This belongs however probably to the pseudoconglo- 
1cerates and has been formed by shearing movements in the 
bedded, leptitic rocks during their metamorphism. But real 
conglomerates probably also occur in  these belts. They are, 
however, only lit t le  conspicuous and seem generally to be 
e°mposed of small irregular fragment? of grey leptites ly ing  
closely in a schistose, somewhat darker ground-mass. In  this
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connexion i t  may be mentioned, that discordant bedding not 
seldom can be observed in tbe bedded leptites, especially in the 
quartzitic leptite near the western shore of L ilia  S illv ik  and 
at the NE. shores of Uto near Kroka.

The composition of some of the rocks which here form 
the eastern shores of Utô, w il l be seen from the analyses 10, 14 
and 15 on adjoined table. They have been made by E. M au- 
zelids of rock specimens from the v ic in ity  of L ilia  S illvik- 
Their mineralogical composition can be approximately calcu
lated in the following manner:

10. 14. 15.
Q u a rtz ........................................... =  18 49 81
Ortoclase....................................... =  29 7 9
A lb i t e ........................................... =  30 24 1
Metasilicates of Ee, Mg and Ca =  8 9 3
A L 0 3 . 2 S i0 „ ............................... =  13 9 5
Fe30 4 ........................................... =  1.5 0.5 0.5
H 20 ............................................... =  0.5 0.5 0,5

Number 10 is an arenaceous, grey leptite, 14 a dark-colour
ed leptite. No 15, which has a light-grey colour and encloses 
fragments of rusty schist, is apparently a quartzitic rock. 
14 resembles in composition the dark layer-parts of the bed
ded leptite (pag. 874), while the composition of number 10, 
which is seen as thick layers, alternating w ith  14 on the 
south side of the lit t le  bay L il ia  S illv ik , very well agrees 
w ith  a somewhat decomposed acid lava-rock or a tuffite.

The sea-sliores bettveen L i l i a  and S to ra  S il lv ik .

On the sea-shores at the east side of L ilia  S illv ik  appear 
some new features in  the geology of Uto. F irs t is to be men
tioned the coarse-banded leptite, which forms an important- 
part of the supercrustal series of this te rrito ry  and surely is 
older than the pyroclastic and effusive formation which now 
ha3 been described. Traces of conglomerates, ly ing  between



this formation and the coarse-banded leptite, can be seen on 
l Qe lit t le  peninsula to the east of Restavik, and in Vans- 
vikarne (See PL 37), the schistose porphyry — as already 
Mentioned — encloses fragments of this leptite. The coarse- 
banded leptite shows a very beautiful development on the 
eastern seashores of Uto (See fig. 49, page 879). I t  is extended 
°Ver the islands in  east and south and can be followed 
1° the southernmost part of Uto, where i t  is penetrated by 
§ranite (See PL 37). The bed-structure is d istinctly visible 
111 the naked cliffs of the sea-coast and the islands. On the 
peninsulas to the east of Restavik and S illv ik  the coarse-banded 
leptite is strongly folded, but on Lojskar and in the archipe- 
lago to the SW. of this island (See Pl. 3) the bed-structure 
runs very regularly, dipping as usual steeply towards west.

the outly ing small islands Valboskar and Herrskar the 
bed-structure is partly  very coarse, and the rock can be said 
1° be composed of alternating layers of somewhat different 
c°niposition and a meter or more in thickness.

By strong folding the bed-structure is not quite destroyed, 
bnt jn gucj1 cases the rock is seen passing over in  (quartz-) 
Veilied gneiss. This can be observed on the lit t le  peninsula 

Bie east of Restavik. Through shearing, on the other hand, 
Ibe bed-structure is rapidly obliterated, which is very distinct
ly  seen on the shore to the NE. of point IV . Generally the 
l exture of the coarse-banded leptite is tha t of a mica-schist 
°r gneiss and may thus, upon the whole, be designated as 

coarse-grained and schistose than the structure of the 
P°rphyry-leptite-sehists. Muscovite, biotite, garnet and stauro- 
llfe are often visible and this secondary crystallization, com- 
'bfted w ith  schistosity, does not seldom hide the primary features 
° f the rocks. On the shore cliffs of Lojskar the bed-structure 
ls exceedingly well exposed, but the texture, as seen in  hand 
specimens, has the characteristics of a coarse mica-schist, 
fu r th e r eastward, on Valboskar, Herrskar, Skogsskar and 
between Soderviken and K a llv ik  (See Pl. 37) the texture of
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the rock has changed its character, the rock becoming less 
schistose and more hard and tough. The same s t r u c t u r a l  

feature enters in  the banded leptite on Marbaling and on the 
rocks near Sadeloga (NE. of Uto) and seems thus connected 
w ith the boundaries of the great granite-massive, i. e. to he 
of contactmetamorphic origin.

The is la n ds  L d js k d r, V a lboskdr and S hallen.
(Points V, V I  and V I I ,  PI. 38)

On the east side of the island Valboskar some apophy
ses of the granite have been observed. They form sills in  a 
coarse-bedded, hard, gneissose leptite. The granite is porphy- 
ritic , grey, rather fine-grained and schistose in structure.

The lit t le  rock-island »Skallen» is composed of porphyritio 
gneiss, quite different from a ll other rocks which occur on 
Uto and its environs. I t  is a grey, schistose, rather dense 
ground-mass, in which numerous large (2—3 cm), greyish or 
light-red, rounded crystals of ortoclase felspars are scattered- 
I t  evidently represents an altered granite-porphyry and be
longs probably to the contact-belt of the named great gra
nite-massive. The same rock has been observed under similar 
geological circumstances, namely near the borders of a gra
nite-massive, on the north-east shores of Orno (see PI- 3<5):

Pegmatitic dikes occur on Valboskar and Skallen. On 
Valboskar can also be seen a bed or sill(?) of altered green
stone running across this lit t le  island parallel to the bed- 
structure of the lep titic  gneiss. I t  has the microscopical fea
tures of an amphibolite. A  chemical analysis (See the table» 
number 18, made by E,. M a u z e l iu s  of a sample from this rock) 
shows a good coincidence w ith  the composition of a normal 
diabase. A  similar rock occurs on the north-east shore of 
Lojskar (point V). Also on this place the occurrence re 
sembles a layer or sill, and the petrographical character 
garees w ith  that of the greenstone of Valboskar. The rock

878 p. j .  h o lm q u is t . [A pril 1910-



Iid 32. h . 4 . ] ARCHÆAN OF THE COAST-REGIONS OF STOCKHOLM. 879

Efface of Lojskar is hidden by the vegetation, and thus the 
c°ntinuation of the greenstone can be followed only a short 
space, but as a similar lit t le  occurrence has been found on

opposite (SW.) shore of this island, i t  seems possible that 
^ is  s ill or layer continues across the island, following the 
ted-structure of the schistose leptite.

Near (to the north of) point IV  some other interesting 
§reenstones have been found. /The folded coarse-banded lep- 
^te is namely penetrated by th in dikes of a dark rock, which 
Mostly has the petrographical character of a loose biotite- 
SCW  (Fig. 40).

40. C o a rs e -b e d d e d  le p t i t e  s t r o n g ly  fo ld e d  a n d  c u t  b y  d a r k  d ik e s  of a lte r e d  
g re e n s to n e . To NE. o f  p o in t  IV , PI. 3 8 , e a s t s h o re  o f  U to .

Between point IV  and Stora S illv ik  there are also two 
 ̂lPes or plugs of greenstone which penetrate the schistose leptite 

very curiously, have nearly the same polygonal shape and, 
tensions. They consist of an altered diabase-rock, sim ilardi:

to
tut

the greenstones of Valboskar and Lojskar, jus t described
more massive in structure.
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The composite d ike  on the eastern sea-shore.
(Points V I I I —IX , map, PL 38).

Between the points V I I I —IX  a composite dike of schistose 
granite-porphyry and altered greenstone is seen running pa
ralle l or nearly parallel w ith  the bed-structure of the leptite. 
The dike seems to be exposed along its whole length, and the 
very clean and fresh surfaces of the rocks make i t  possible to 
study this interesting dike in its finest details. I t  shows a

r ig . 41. Porphyritic quartz-grain showing »corrosion-forms>. MicrophotograP*1 
of the schistose porphyry from the composite dike on the east shore of Ut° 

(Point V I I I ,  IX ; Pi. 38).

thickness, which varies from some metres to only a few deci
metres and also somtimes becomes nearly imperceptible. T^e 
boundaries are softly curved, and the swelling and diminishing 
of the dike make i t  resemble a system of irregular lenses 
ly in g  one after another. The midst of the dike-mass is alway8 
composed of the schistose granite-porphyry. This rock varie8 
very much in structure, being in the thicker lenses massive
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and evidently porphyritic, but in  
the smaller lenses or at the ir bor
ders or ends strongly schistose, 
resembling a biotite-gneiss or a dark 
mica-schist. Two chemical analyses 
(number 12 and 13, on the table) 
have been made by R. M au zeliu s  

of this schistose porphyry. The 
sample corresponding to analysis 
12 was of a very schistose variety. 
The material for analysis 13 was 
taken from the better preserved 
granite porphyry. In  both ana
lyses, however, the percentage of the 
alkalies is too low for a granitic 
rock, and the relatively high a- 
mount of alumina also shows, that 
the original composition of the rock 
has been much altered. Whether 
this is caused by weathering, or has 
happened during the mechanical de
formation of the dike, seems d iffi
cult to decide.

By microscopical investigation 
the texture is found to be nearly 
corresponding to a gneiss rock or 
schist. Some features of the por
phyry are however preserved. The 
porphyritic quartzes s t ill show 
the characteristic i corrosion-forms», 
which are common to the quartz- 
phenocrysts of the most acid por
phyries (Fig. 41). The porphyry of 
the composite dike encloses also 
fragments of other rocks. Especially
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at the place farthest towards NE. where the dike reaches the 
shore (point IX ), i t  contains numerous such fragments.

On both sides of the composite dike, between the dike-mass 
and the wall-rock, flat masses of schistose greenstone are in
tercalated. As shown in Fig. 40 these masses have the shape 
of lenses which follow one after another w ith  short inter
vals. In  the thicker parts of such a lense the greenstone is 
a massive amphibolite, but in the thinner parts its petrogra- 
phical character is that of a dark loose biotite-schist.

Unmetamorphosed (or relatively lit t le  metamorphosed) 
composite dikes, containing granite porphyries and diabase, have 
been observed in several parts of Sweden. In  Smaland (SE.- 
Sweden) they are in tim ate ly connected w ith  the Archman 
halleflintas and granites, and seem to be not much younger 
than these. Also the composite dike of Uto stands in near rela
tion to the surrounding Archrean rocks. I t  has also taken 
part in the pressure-metamorphism, by which all rocks of this 
Archaean te rrito ry  were more or less affected.

S andvik—K ro k a —H ote ls  o f ZJto.

From the north-eastern end of the mixed dike we proceed 
on the cliffs along the shore a lit t le  farther to NE. and then 
pass over the wood-covered ridge down to Sandvik, the litt le  
protected bay south-east from Kroka, on the north-eastern 
shore of Uto.

A long these shores we again meet the series of rocks, 
which we crossed between the Nykoping mine and S illv ik. 
Thus in Sandvik porphyry-schists, banded leptite, and quart- 
z itic  leptite follow in the same order as already observed. 
The banded leptite is also to be seen along the north-west 
shore of Sandvik. A  lit t le  farther north-west, at only a short 
distance from this bay. the westernmost bed of schistose por
phyry is seen running NE.—SW. I t  shows also here sharp 
contacts to the surrounding beds. Its  petrographical features



are very characteristic, the porphyritica l quartz-grains being 
always abundantly present and very distinctly visible, although 
'the rock is much affected by pressure.

A ll  the beds, which follow to the north-west of this por- 
Phyry, are here much affected by dynamic disturbances', the 
hard rocks are brecciated and the plastic limestone masses 
show folding and even dynamic flow-structures. Thus we find 
the halleflinta, which runs parallel to the porphyry on its 
ûorth-western side near the shore, strongly brecciated (Fig. 43).
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Fig. 43. Brecciated halleflinta on the shore SE. of Kroka.

The limestone carries enclosed fragments of halleflinta- 
layers. The bending of the layers towards north-west near 
this point seems to indicate, that a double-folding of the whole 
sedimentary series has taken place here, a conclusion, which 
well agrees also w ith  other observations of the interesting 
structure of the north-eastern part of Uto.

On the shores of Krokaviken (litt le  bay at Kroka) the 
limestone is always seen carrying numerous fragments of



hâlleflinta (Fig. 44, 45). These originate evidently in layers, 
which have been torn to pieces. Observations made in  the 
environs of Kroka also fu lly  confirm this opinion. The dyna
mic movements have here in  most cases destroyed the regu
la r ity  which — as we have seen — designate the halleflinta- 
limestone complex east of the iron mines, to which the brec- 
ciated complex at Kroka undoubtedly corresponds. To the 
north of Kroka the folding and brecciation of the strata are
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Fig. 44. Fragments of halleflinta-layers, enclosed in limestone showing dyna
mic flow-structure. To the east of Kroka on Uto. The fig. also illustrates the 

usnal surface-sculpture of the cliffs in these tracts.

always very intense but towards south-west these run more 
continuously, un til nearer to the iron-ore mass, they, again 
are double folded and at the same time become in  a high 
degree disturbed in structure.

In  the northern and north-eastern parts of Uto, where these 
dynamic features appear, also pegmatitic dikes occur. They 
are seen penetrating the brecciated and folded strata but have



emdently partaken in some part of these crustal movements, 
since they have often been gently folded and sometimes also 
drawn or broken in pieces. Some of these pegmatites carry 
tithia-minerals.

As seen on map, PL 38 the complex of limestone and 
halleflinta between the iron-ore mines and the north-western 
scores is much more irregular in structure than the series 

halleflinta and limestone which follow along the eastern 
side of the ore. The irregu larity  consist partly  in the
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45. Fragments of hâlleflinta-layers, enclosed in limestone showing dyna- 
flow-structnre. L itt le  rock near the boat-bridge landing-stage of Kroka

on Utô.

occurring of the halleflinta as isolated layers, fragments and 
Patches in  the limestone, partly  in the existence in  this 
region of two directions of strike, both differing from the 
main strike of the upraised strata which run NE.—SW.

the h ill, on which the w indm ill stands, this differing 
strike goes N .—S. and on the shore opposite to Tall- 
holraen another strike is directed W SW .—ENE. In  the great 
tiinestone mass, righ t before the restaurant houses, a ll these 

57—100170. G .F .F .1 9 1 0 .
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variations in  the strike can he observed. The irregu la rity  of 
the structure of the named region depends partly  upon the 
occurrence of reverse-foldings of the upraised strata. These 
folds have their axes standing nearly vertica lly instead of hori
zontally as in the case of normal folds, the axes of which run 
horizontally or only lit t le  inclined. Several such places, where 
the strike is seen turning round, occur on the north-eastern part 
of Uto. Their position is best seen on map, PI. 37. The path
way, named »Lurgatam (map, PI. 38) goes over the double folded 
strata, which, coming from NE., on this place are turned 
back again in nearly the same direction. In  the curvature the 
rocks show very strong mechanical deformation-structures and 
mineralogical changes. Especially the halleflinta, which has 
been transformed in a felty, amphibolitic schist, is thus mostly 
quite unrecognizable, but also the limestone, which is filled 
up w ith  a green amphibole-mineral has, in many cases, been 
altered into a calcareous amphibolite. The amphiboltic »halle
flinta» and the calcareous amphibolite, thus formed, resemble 
each other rather much, as can be seen in  the h ills on both 
sides of Lurgatan. A  thin dike of lithia-pegmatite traverses 
these rocks.

The S ilve r-m ines  o f TJto.
(Points X —X I, PI. 38).

As in  many of the other iron-ore districts of Sweden also 
on Uto an epigenetic formation of sulphide minerals occurs in 
connexion w ith the ore. This formation is chiefly located in 
the north-eastern parts of the iron-bearing zone but is not to
ta lly  absent in its south-western parts. The sulphides observed 
are mainly chalcopyrite, pyrite, galena, blende and pyrrhotite, 
but besides these ores there have been found in small quan
tities also copper-glance, misspickel and bornite. Exceptionally 
native silver (in the Nykoping mine), apophyllite and datho- 
Ute have been found. The sulphides are usually followed by 
quartz and calcite and form mostly small cementing mas-



Ses in the iron-ore and the surrounding rocks, especially in the 
^ard, dense halleflintas. These masses thus appear as veinlets, 
crossing the bed-structure or going parallel to the same and 
also fillin g  the cavities of brecciated ore and halleflinta. 
Sometimes the sulphides seem to be mixed w ith  the ore but 
triay  also in such cases be epigenetic and caused by an in t i
mate penetration through very fine openings of sulphide
bearing solutions in  the older rocks and the iron-ore.

As already mentioned the sulphides appear mainly in the 
florth-eastern part of the iron-ore belt. In  the v ic in ity  of Byk- 
ffmfvan (the »wash mine») several prospecting cuts have newly 
been made in which the sulphides can be seen. The main 
Part of these new cuts is situated between the points X  and X I. 
^mong the northernmost of these also the old »silver-mines» 
can be seen. They consist of some small pits, of which one, 
the biggest, is filled w ith  water. According to an old saying 
these pits were the firs t worked on Uto, namely at the be- 
PPnning of the 17th century in  order to exploit the percen
tage of silver which is contained in the galena. But the occur
rence of this mineral proved to be small and the mining there- 
t°re soon ceased in this part of the metallic zone of Uto. The 
mode of occurrence of the galena, seen in these old mine-pits, 
18 that of veinlets in a dense, hard, usually dark halleflinta. 
bt is accompanied by some pyrrhotite and blende. The pro
je c tin g  works, made during the year 1907 in  order to find 
°ccurrences of greater value, were not w ithout success, in as 
much as i t  was found that the whole belt of halleflinta 
between the Byk mine and the old Silvermine is impregnated 
'Vith sulphides and that also compact sulphide ores of a type 
n°t previously observed on Uto occur in the same region. I t  
ls a brecciated ore of sim ilar character as many of the com- 
Pact sulphide ores occurring at other mines in Sweden, for in 
stance, the copper pyrites of Bersbo.

The compact brecciated sulphide ore of Uto is by micro- 
Scopic examination seen to contain m a i n l y  pyrrhotite, blende and
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galena as cementing masses in a micro-breccia consisting of 
quartz-grains and small grains of the wall rock (halleflinta). 
I t  forms th in beds, layers or sills, which follow the regular 
bed-structure of the halleflinta and consequently are coherent 
ore-masses and not only irregularly gathered small veins as 
those worked in  the old Silver-mine. Unfortunately also 
these new ores have proved too poor in galena to be wor
kable. The dense, hard and very homogeneous halleflinta, 
to which the epigenetic sulphide-ore chiefly is bound shows 
in the areas to NE. of the Byk mine also an impreg
nation of fine graines of sulphide minerals disseminated in 
the rocks own mass. The brecciated structure is certainly 
of a much later date than the formation of the halleflinta and 
possibly also later than the crustal movements, through which 
the strata have become upraised. As already pointed out, brec
ciated structures commonly occur in the region which extends 
between Kroka—Sandvik and the iron mines. This region, on 
the other hand, nearly coincides w ith  the underlying or 
middle-branch (»MittelschenkeU) of the great Z-formed fold, 
which dominates the tectonics of the north-western part of Uto.

E x c u rs io n : Uto hote l to H am nudden and K d llv ilc .
(See map, PL 37.)

On the rocky peninsulas which extend towards the sea 
from the southernmost parts of the mainland of Uto the in- 
fracrustal granite is seen in contact w ith  some of the super- 
crustal rocks which we have now studied. The granite is 
very well exposed at Hamnudden, but the contacts are best 
seen along the w ild  sea-shores between Langviken and 
K a llv ik .

Two ways can be followed in  order to reach the last 
named place. I f  the weather is favourable, a sea-voyage from  
L ilia  S illv ik  to Hamnudden, Langvik and K a llv ik  gives the 
best opportunities to study the interesting localities. In  the



c°Rtrary case i t  is necessary to choose the carriage road to 
■Norrbyn and — as the roads going further are hardly practi
cable for the transport of persons in carriages — proceed 
ta lk in g  to the granite region on the coast.

On the way to Norrbyn we have an opportunity to v is it 
Oie porphyry-hills north-west of Stentappan, to the south 
of Edesnas. These are beautifully rounded by the gla- 
cial erosion and striated, sometimes distincly showing two 
different systems of glacial striation. (See fig. 47, page 899.) 
The rock in these h ills  is a schistose quartz-porphyry or gra- 
nite-porpJiyry, which encloses fragments of leptite-rocks. The 
structure is more homogeneous and coarser than that of the 
Porphyry beds already described. Proceeding towards Byle we 
aieet the quartz-porphyritic halleflinta, a dense massive rock 
with  small porphyritic crystals of quartz and evidently only 
tittle influenced by the regional metamorphism. On the south
western side of this halleflinta there are large occurrences of lime
stone, alternating w ith  layers of halleflinta and the structure 
° f this area, although smaller, very much resembles the great 
daliefiinta-limstone complex of northern Uto.

Prom Byle the environs of Stentappan, Lagtappan and 
Eamnudden can easily be reached, but the relative abundance of 
marshes and quaternary gravels makes the rock-surface in 
these tracts less accessible than usual. Interesting observa
tions of the granite contacts along the western borders of the 
granite massive can be made on the woody ridges between 
kyle and Langvik.

To Langvik also the sea-route, which intends to reach 
the granite massive across the open gulfs on the east side of 
Tto out from L ilia  S illv ik  may be directed.

This excursion-route may be chosen only in  fa ir  and calm 
Weather or when the w ind blows from the west or the north. 
The swelling of the sea w i l l  else make i t  impossible to go 
ashore at some of the interesting places. I t  is necessary to
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use small boats, rowing or motor-boats, because there are many 
shallows in the firths, especially nearer the shores.1

Parting from L ilia  S illv ik  we can at first v is it the loca
lities described on pages 879—880, and study the leptites on 
Herrskar, which are more gneissose and thick-bedded than those 
on Lojskar and Valboskar. Then, turning towards Vansvikarne 
in south-west, we w il l soon get a magnificent view of the 
structure of the coarse-bedded leptite. We go ashore at their 
inner part (PI. 37) to see the contact between the quartz- 
porphyry-schists and the leptite. The former encloses here 
numerous fragments of the latter, but the contact itse lf is 
much affected by pressure-metamorphism. On Skogsskaren 
granite and grey gneiss are. seen, the former being much 
foliated and folded, the la tter a grey gneiss, most resembling 
some of the coarser types on Herrskar and at Lagtappan.

Hamnudden is the name of the great rocky peninsula to 
the south of Skogsskaren and also of the l it t le  fishermans- 
harbour, which lies on the southern side of the same. Two huts 
and some warehouses are bu ilt between the granite-cliffs at 
only a lit t le  distance from the open sea. The place is remote 
and much exposed to storms, but on beautiful summerdays 
the magnificent scenery of the wild, rocky shores and the 
bright open sea is very attractive.

The peninsula Hamnudden is entirely composed of grey 
granite. This is partly  fine-grained but mostly middle-coarse 
and more or less schistose in structure. I t  has chiefly the 
composition of an acid granite, but near the western bounda
ries of the massive in part also »basic» modifications occur. I 11 
a ll respects the granite of Hamnudden and Langvik well agrees 
w ith  the granite-type of Sadeloga and Hufvudskar (see map- 
PI. 37), and they seem to form different parts of one great mas
sive which bounds the Uto-series of bedded rocks towards east. 
Nowhere in the Uto district the granite comes in contact w ith

‘ .The journey should not he undertaken without the guidance of soffi6 
person acquianted w ith the Uto coasts.



the halleflinta-limestone series or w ith  the porphyry-schists 
hut only w ith  the gneisses of the coarse-bedded leptite-series. 
-A-t K a llv ik , however, the granite-contact runs very near to the 
h&llefiinta. The coarse-bedded leptitic rocks occurring to the 
least and west of Norrviken show partly  the characteristics of 
eoarse, banded gneisses, most I’esembling those seen on Herr- 
skkr, partly they are transformed into folded and veined gneis
ses such as those on Persholmen, which we have already stu
died in detail and which, as seen on PI. 37, are the dominat
ing rock types in  the strongly metamorphosed western regions 
° f the Uto islands. Only exceptionally the regular coarse- 
hedded structure reappears in  these h igh ly  metamorphosed 
gneisses.

Along the shores to the east and south of Langviken the 
gneisses are of the veined type and the granite is in most 
Places also much affected by pressure and metamorphosed. 
Consequently the contacts between a sedimentary complex and 
a younger eruptive mass, which never fa il to exist in the 
case of unmetamorphosed or lit t le  metamorphosed formations, 
can not be expected here. In  fact these contacts, like so many 
°ther »gneiss-granite-contacts» in Sweden offer difficult problems 
to the field geologist. The authors investigations have given 
the result, that the granite in its geological relation to the 
veined and banded gneisses undoubtedly behaves as a younger 
ei’uptive. In  fact cross-cutting contact lines are not seldom 
SeeQ along the shore, especially to the south of Langvik. 
■hiear to K a llv ik , where the gneissic series contains amphibolites 
the granite is a »basic» hornblende-granite. The contacts of 
the granite, seen to the west of Langvik, are of a singular, very 
complicated type. The granite alternates here in the shape 
°t layers or sills w ith  the banded gneiss and is mostly am- 
phibole-bearing and schistose.1 This area deserves to have been

1 A sim ilar strnctur occurs near the ■western shores of Orno, which di- 
8b ic t belongs to the intrusion belt and has numerous greater masses of injected 
granite (See the map, PL 36).
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mapped in greater detail than I  have had occasion to do, the 
alternating of the granite and the gneisses being much more 
complicated than i t  has been possible to express in  the scale 
1 : 20,000 (PI. 37). The hornblende-bearing granite near 
K a llv ik  is mostly much altered by pressure. In  part i t  has 
been transformed into a dark-grey biotitic or chloritic, schistose 
or crushed rock, which shows none of the petrographical cha
racteristics of a real granite. Its  geological relation, however, 
clearly proves that i t  is a mainly mechanical transformation 
product of the hornblende-granite.

On Drumbudd a beautiful type of the veined gneiss can 
be seen. Similar rocks, much intruded by pegmatites, domi
nate on Alo, Hand and Nataro. The fine structure and bedd
ing of the leptites have in these rocks almost entirely dis
appeared and they usually show the petrographical features 
of coarse, crumpled (»flasrig») mica-schists or gneisses. The 
same strong metamorphic development designates most o f the 
gneisses in  the environs of Uto. The abundance of primary rock- 
structures, which designates especially the northern part of this 
island, is evidently to be considered as exeptional. That part 
is consequently a »relict-area» of primary structures in  a 
region, where else dynamic disturbances prevail.

The tecton ics o f the Uto area.

W ith  some important excejrtions i t  is a general rule that 
the bed-structures of the supercrustal rocks now are standing 
nearly vertical in the Archæan. As illustrated in  the profil 
on map, PL 38 the rule is valid also for the Utd area. In  gene
ral the tectonics of such upraised stratas seem to involve but 
few questions of greater interest compared w ith the geolo
gical structures of folded regions. The Utd area, however, has 
proved, that several facts of great bearing upon the problems 
of the Archæan geology present themselves on nearer exami
nation of the tectonic relations of the rocks.



Oi these facts the following are worth special atten
tion:

1) The occurrence of great reversed folds. Such are seen 
^  *n the rock-masses between the mines and the northern 
shores, 2) in the limestone-halleflinta complex to the south- 
'vest of the mines (see map, PI. 37) and especially beautiful, 
°) farther south-west in the green halleflinta and in the lep- 
titic  halleflinta. Also 4) near Byle such reversed foldings 
occur and probably, 5) the complicated structure in the lim e
stone-halleflinta series on A lo is due to the same cause. 
G) R ight in front of Angsholmen, south-west of the iron
mines near the shore, another great double folding undoubt- 
edly occurs.

The last-mentioned and the first-named of these great
t°lds form together the dominating structural features of
^ e  whole northern part of Uto. On PI. 37 i t  can p la in ly
he seen, that these folds are directed towards each other like
the jaws of a vice. The much deformed large limestone mass
htls the space between these mighty jaws and the iron-ore
tayer w ith  the adjacent th ick halleflinta bed is s ligh tly  bent
towards the same space. The north-eastern jaw  —- which
°ccurrence also is visible on the map of the Geol. Survey of
Sweden made by N. 0. H olst in the scale 1:50,000 — has 
thoe appearance of a large fold which has moved towards 
,s°uth-west along a vertical'trust-plane. A  sim ilar but smal- 
'er fold, directed in the same manner, is also seen nearest to 
the northern shore.

Regarding these structural features the question arises, 
whether they were formed before or after the upraising of 
the strata. In  the la tte r case the character of the movement 
Was that of a g lid ing in a horizontal (or nearly horizontal) 
direction along vertical planes. The other case implies that 
the strata have been overturned after having been strongly 
t°lded. In  this case the maps represent vertical sections of 
the series when folded but not yet overturned. The folds were
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under this assumption recumbent anticlines. The great north
ern fold has also the character of an overtrusted fold. The map 
of the north-west part of Uto, regarded as a section through 
horizontal strata shows, that the structure very much resem
bles that well-known of the »Glarner-Doppelfalte» in  Switzer
land — as the same orig inally was interpreted by A. H biM-

I t  cannot now be determined, which of the two explana
tions in reality best corresponds to the formation of the in 
teresting tectonics of the north-western part of Uto. Two cir
cumstances, however, speak in favour of the opinion that the 
great folds are older than the upraising of the supercrustal 
series on Uto, namely firs t that the repetition of sim ilar struc
tures near each other going in  opposite directions, as seen 
also at Byle, is difficult to reconciliate w ith  the assumption 
of horizontal movements along vertical planes. Secondly the 
uniform cristallinity  of the whole folded complex and of the 
brecciated rocks seems to indicate, that the regional (in part 
contact-)metamorphism has acted upon these strata after their 
having been folded and brecciated.

The regularity, which designates the steep dipping series 
of strata in the northern part of Uto, makes i t  in  fact, possible 
to use the maps as sections through the supercrustal forma
tions. I t  cannot he doubted, that the coarse-bedded leptites 
on the east coast and the adjacent smaller islands represen! 
the oldest rocks of the series. They were once penetrated 
and pa rtly  uplifted (see map, PI. 37, the region between EdesnSS 
and Stentappan) by masses of acid magmas. These were also 
poured out in streams over the surface of these old bedded 
sediments. The extrusion must have taken place under 
the water, since the accompanying tuffites are often very 
regularly stratified. Evidently periods of sudden outbursts 
of volcanic material (lava and tuff) alternated w ith  periodes 
of repose, during which ash-material or volcanic mud was 
regularly deposited upon the porphyritic beds. PL 37, re
garded as a section, clearly shows that three or four such



'mds emanate from the volcanic centre, represented by the 
Passive of schistose porphyry at Sôderviken. Upon the lavas 
“ lid pyroclastic rocks thus formed, limestone-bearing sedi
ments immediately followed. The northern part of Uto is 
mainly b u ilt up of limestones regularly alternating w ith  
hàlleflinta, calcareous halleflinta and their metamorphic pro
je ts .

Also coal-bearing halleflinta, as we have seen, occurs in 
these series. The halleflinta is a quartz-felspar-rock i. e. has 
d composition, which does not agree w ith  the composition of a 
n°rmal sediment. In  respect to a ll known circumstances i t  
Seems very probable, that the halleflinta-beds represent dépo
s ions of mud from the same volcanic centre, which deliver- 
e<t the original material of the leptites and porphyry beds, 
an'l that the whole limestone-hâlleflinta complex is formed by 

interm ingling of such material and sedimentary lime- 
st°ne depositions. The iron-ore bedmass is placed near the 
midst of this complex, i. e. in the uppermost horizons of the 
Ratified series. I t  is followed by leptites and hâlleflintas 

bearing calcareous rocks. The coal-bearing 
Ongs to the same horizon. I t  is to be noted 

the stratification here is at least as regular as in  the 
°^her horizons, but the deposited material is more varying 
'T' Namely coal-bearing, quartzitic, calcareous, amphibolitic or 
l l °hly iron-oxyd-bearing — and partly coarser in the ore hori- 
Ztm than usually in the hâlleflinta-limestone series. On ac- 
(°unt of this i t  seems probable, that special influences and 
possibly such of pneumatolytic origin acted during the sedimen- 
tati°n of the ore, but the investigations have hitherto not 
^1Ven a definite answer concerning this interesting question.
11 any case i t  is evident that the iron-ore must have been 

^°i’med as a sediment in  close connexion w ith  the stratified 
lePtites, balleflintas and limestones on Uto.

As now demonstrated, the stratified complex of the north- 
1111 part of Uto may be considered as bu ilt up of a continuous
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series of sediments, which have filled upp the inner part of 
a marine or lacustrine basin. On the other side of the vol
canic central mass seen at Soderviken (PL 37) a similar 
series of strata occurs, but on a smaller scale, which seems to 
indicate that the named centre was on two sides, and very 
probably on a ll sides, surrounded by tuffitic  and calcareous 
sediments. The lava flows, on the contrary, seem to have 
been directed only to one side, and towards the same the 
sediments increase in thickness, while the thickness of the 
intercalated lava beds is more constant.

The interesting arrangement of the banded rocks on 
Uto can also very well be explained by supposing that the 
whole complex orig inally formed a part of a volcanic centre w ith 
surrounding lavas and sediments, which by later movements 
namely great folding or other dislocation processes has been 
overturned. The now visible section of these formations is 
naturally only occasional. Great masses of the same have 
been torn away by the erosion during post-Archaean times. 
These have surely had a less vertical position than the, now 
visible parts, which evidently form the deepest towards the 
earth’s in terior infolded and of this cause also preserved re
mains ox the old supercrustal formations.

As already has been pointed out the movements, which 
affected the supercrustal rocks after their formation, may 
have taken place during more than one period. I t  is possible 
and also probable, that the upraising of the strata was per
formed earlier than the great dynamic processes began, which 
have given the whole Archaean in these tracts its strong meta- 
morphic features. I t  is sure, that the destruction from un
derneath, to which the supercrustal rocks were exposed 
through the attack of the great granite magmas had fulfilled 
its work and that also these masses had become quite rig id 
prior to the beginning of the strong regional processes, 
which gave the Archaean rocks their final petrographical cha
racters.



Of special interest in this respect are the geological rela
tions of the greenstones which, as we have seen, occur as 
tlikes and »plugs» in the leptites near the eastern shore of Uto. 
^hey have apparently penetrated hardened and already up
raised strata in the surface-regions of the Archæan crust and 
afterwards become schistose contemporaneously w ith  the 
surrounding rocks. Also the composite dike may have had a 
similar geological history.

Iu  other parts of the Fenno-Scandian Archæan i t  has also 
been found, that the strong regional metamorphiô processes 
""ere much later in age than not only the supercrustal rocks 

also later than the solidifications of the enormous masses 
° i abyssal granites, by which they were penetrated and in 
8r eat part destroyed. Younger than the regional metamorphism 
or at least than most part of the same are in the Archæan 
0nly  the cross-cutting pegmatites and some acid granites, for 
^stance the Stockholm-granite. The relations of the cross- 
cutting pegmatites to the folded and metamorphosed leptites 
Cau easily be studied in the western regions of the Utô 
^'rritorium  and are, as we have seen, very well exposed on 

small islands Persholmen, Tallholmen and Finnholmen at 
^ 2  harbour.
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In  later time also some movements have occurred in the 
Part of the earth’s crust, represented by the Uto area. The 
topographical features indicate that faults may exist, for in 
stance between Vansvikarne on the eastern side of the island 
aud Edesnas and surely also along the north-western shore of 

harbour to Edesnas and farther towards south-west. A  
' ery  peculiar and interesting dislocation feature was detected 
during the working of the Nykoping and the Finn mine, namely 
a nearly horizontal, s ligh tly  (8°—10°) towards south dipping 
breccia (see fig. 36, page 866). I t  had a thickness of 1—2 m and 
consisted of fragments of the ore and its gangue-rocks cement



ed by a greenish-grey chloritic »clay» w ith  calcite, quartz 
and a lit t le  »stone-cork». In  the midst of the mass constantly 
a layer of yellowish white or reddish, granular limestone or 
instead of that sometimes light-grey opaque quartz was ob
served. The breccia was on the whole very porous. The cavi
ties were pa rtly  filled w ith  aggregated crystals of smoky 
quartz together w ith  colourless quartz, amethyst and 
and sometimes also apophyllite was found. The inner 
faces of the smaller cavities were covered w ith  aggregates 
quartz, calcite or iron-pyrites. This nearly horizontal
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Fig. 46. Horizontal fissure, jo int, probably enlarged by freezing water, near 
the observation point I I ,  see the map, PI, 38.

cia mass cuts the steeply dipping layers at the levels 142 0* 
in the F inn mine and 178 m in the Nykoping mine as see» 
in the fig. 36 page 866. The breccia carried much water and 
was of this cause called the »water-skoh, the word skol being 
an old Swedish designation mainly for th in  schistose breccias- 
The occurrence of this peculiar breccia became fatal for the 
mines, pa rtly  through the affluence of subterranean water, 
partly through the weakness in the construction of the mine, 
which appeared as soon as the overlaying iron-ores were re-



^oved and the porous breccia became the main support of 
Ihe walls of the large open pits.
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Cleavage is naturally a prominent feature in  most of the 
Schistose rocks of Ut8. The rocks show, however, regularly 
smooth surfaces, rounded by the glacial erosion. But in  the 
cliffs exposed to the open sea at the eastern side of Uto the

47. H ill showing glaciated rock surface and two directions of striae. 
From a point in  the porphyry-schist-area to the south of Edesnas.

Ravage of the schists has come to sight and owing to the 
w°rk of the waves and the frost very rough surface sculp- 
I^res have been formed. I t  is very common to find also 
Mntpianes which cross the schists nearly horizontally. A t 
s°tne places where the cliffs consist of such jointed rocks the 
StePs occasion a hollow sound. Fig. 46 shows an example 

such a parting or jo in t in a schistose leptite, seen to the 
east of the observation point I I  on the map, PI. 38.
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Appendix.

The glacial sculpture and quaternary deposits of Utô.

As already mentioned, the rock-surface in the Uto area 
shows glacial sculpture and striation. This feature is com
mon to a ll the areas in Uenno-Scandia and surrounding 
countries once covered by the ice during the glaciation of the 
quaternary time. In  the coast d istrict of Stockholm the glacial 
sculpture and the striation are often exceedingly well seen

Tig. 48. Glacio-fluvially excavated rocks at the eastern shores of the northern
part of Uto.

owing to the lack of covering vegetation on many places, 
especially nearest to the shore and on smaller cliffs and also 
to the fact that, in consequence of the upheaval of the coast, 
which now is rated to 0.47 m in  a century, the sea-cliff3 
have re latively late been exposed to the influences of the at
mospheric agents and have thus their glacial sculpture well 
preserved. We see thus also the schistose and fissile rock oi



turn well rounded and smooth surfaces (the stoss-sides) 
towards the northern and north-western directions from which 
~~ as is well known — the great ice-sheet moved in this 
part of Sweden.1 Such a glaciated rock h ill is represented 
m the fig. 47, seen from the stoss-side. The striae are here 
seen following two differing directions. A l l  the cliffs along 
the north and north-western shores of Uto, whatever their 
( opposition may be, have such glaciated surface-forms. On
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Pi1e. 49. Small flat glacio-fluvial excavations in banded leptite at the shore 
L ilia  Sillvik. (Point I I I ) .

e contrary the south and south-eastern shores are charac- 
terised by rough cliff-forms, the lee-sides of the glaciated 
‘■-olpture form. Regularly also the small h ills  on the island 
show the common »roches moutonnees»-forms w ith smooth, 
r<̂ oded stoss-sides and rough lee-sides.

1 The glacial striae have on Uto been found to run in two different direc- 
tl0ns- namely N.13UV. and N.25°W.

100170. G. F . F . 1910.
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A t  many places on the south-eastern shores, especially where 
the cliffs consist of the coarse-banded leptite, but naturally 
also in other regions, surface forms resembling pot-holes ex
cavated by rapids are often seen. Some of them are undoubt
edly such formations, but also in this case they are less deep 
than real pot-holes formed in rapids use to be. Most com
monly they are very flat, as is seen in the fig. 48 and 49- 
V ery often they have an elongated shape (Fig. 48) or are 
tortuous (Fig. 50). The shore-line on the east side of Uto

[April 1910.

Pig. 50. Glacio-fluvial excavation in coarse-banded leptite to the east of Resta- 
v ik  at the eastern shore of Uto.

and of the neighbouring islands is often from this cause very 
rich in small bays and capes. The sketch-map, fig 52, shows 
such a case which can be seen in  the lit t le  bay to the south
east of Restavik (PL 38) and is a very interesting exam
ple of this surface-sculpture. Sim ilar sculpture forms commonly 
occur in a ll parts of Uto, also on its  highest cliffs and ridges- 
A  very beautiful example was seen in the woody h ills  to



south of Edesnas and is reproduced in fig. 53. This ex- 
cavation has the shape of a long flat trough, some metres 
'u "width and its sides are straight. I t  is grooved by the 
glacier ice.

Glacial scratches (striae) can very often be seen in these 
excavations and, in consequence of this fact, they must have 
l)een formed prior to the termination of the glacial period 
an(l  cannot belong to the erosion results of recent times. 
T^ y  have also been considered due to streams running
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51. Tortuous glacio-fluvial excavation to the east of Restavik at the east
ern shore of UtS.

between the glacier ice and the subjacent ground, forming 
lr regular channels, which occasionally were filled w ith  the 
lce-mass and in this manner excavated partly  by glacial 
erosion and partly  by the erosion of strong subglacial 
currents. Glacio-fluvial formations of quite the same cha
p t e r  are common in many places of Sweden, but they are 
°ften covered by the vegetation and also by t i l l.  On granite- 
Giffs j n Stockholm, from which the d rift has been removed 
ôr house-bilding purposes, also such glacio-fluvial sculptures 

have been found. The fact that moraine-material ( t i l l)  is
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seen covering them proves that they cannot be later in age 
than the glaciation.

On Uto the t i l l or ancient moraine masses have no longer 
the ir original characteristics. They have been repeatedly af
fected by the waves of the sea during the changes of level 
which in Eenno-Scandia followed after the glaciation. The 
wave-erosion has thus during several periods of the postglacial 
time acted upon the t i l l  and has removed its clayey material- 
The rest has now the characteristics of more or less water- 
worn gravel or sandy drift. In  some places i t  shows the

arrangement of shore drift, as for instance between the mines 
and the eastern shores of Uto.

The other quaternary deposits, which occur on Uto, are 
the following:
1) glacial clay, glacial sand,
2) postglacial calcareous clay w ith  fragments of shells (of My- 

tilus edulis), and
3) recent deposits: bituminous mud, clay and peat.

In  the cultivated areas of the island the soil consists of 
a mixture of some of these formations. The fertile field, which 
from Kyrkviken (the Church-bay, also named Norrviken, the



^oi'th-bay) extends towards Norrbyn, has a soil composed 
mainly  of the bituminous mud, partly  mixed w ith  sand.

Marshes are very common in a ll parts of the island and 
smaller closed depressions in the ground are regularly 

occupied by peat-bogs in which, however, the peat seems to 
e °f no considerable thickness (about 2/3 metre).
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^*8- 53. Glacio-fluvial excavation of elongated shape, striated in the sides and 
the bottom. The hills to the south of Edesnas.

Sand is the most abundant of the deposits of the southern 
ports of the Utô territory. Farthest to the south-west in the 
ferrito ry  lies the island Nâtarô, which is s t i l l  more rich in 
Sand deposits than Uto. A t  the sea-shore to the east of K all- 
v*k on south-Utô a lit t le  field of dune-sand occurs, which 
af though on a small scale, shows the characteristics of a wind-
d rift area.
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Akad. Handl. 3, n:r 2 (1875): 40. Also in  S. G. U-, 
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The table of analyses.

Of the 34 analyses presented in this table 16 have not 
previously been published. The numbers of these are printed 
in  the table w ith  coarser types. The older analyses are found, 
p a rtly  in the publications of the Geological Survey of Sweden 
and partly in the author’s review of the granites of Sweden.1 
O f the new analyses 5 have been paid for by the Geological 
Survey of Sweden, 5 by means of an allowance, accepted from 
the Institute »Lars Hiertas Minne» and 3 by means of an 
allowance from the Royal Swedish Academy of Science. A ll 
these analyses were made by the known analyst R. M auze- 
lius . Besides these I  have had two new analyses of gneis
ses of the district made. These were made by M ining En
gineer Mr. Gustaf N yblom. The analysis number 34 in the 
table is medium of two analyses made by one of the students 
at the Techn. High-School of Stockholm.

1 »Studien fiber die Granite von Schweden». B u l l ,  o f  the G-eol. In s t i l* ,  
o f  U psa la , V o l. V I I  (1906).
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Na20  . . = 0 .4 3 1.36 ,2 .86 0 .3 8 3 .5 5 3 .9 8 0 .4 3 2 .7 9 2 .8 3 0 .1 4 3 .2 4 1 .0 9 0 .4 3 2 .11 3 .9 8 1 .21 2 .59 3 .4 2 2 .9 8 1 .53 1 .20 1 .09 0.81 2.51 4 .0 8 4 .8 8 2 .2 7 2 .2 5 2 .3 8 1.81 3 .5 8
K 20  . . = 3 .7 6 3 .0 2 1.15 3 .6 5 4 .9 4 1 .62 4 .3 4 1 .7 9 1 .23 1 .5 8 5 .1 0 0 .8 7 2 .02 3 .8 2 3 .3 8 4 .3 6 1.61 0 .6 3 3 .2 2 5 .2 8 6 .4 2 6 .7 7 7 .9 6 8 .26 3 .9 0 4 .2 9 6 .3 9 6 .1 0 6.21 6 .4 0 4 .7 6
H 2Ol . . = (1 .0 0 ) (2 .0 0 ) 1 .76 1 .27 0 .51 1 .37 0 .4 5 0 .5 2 1 .43 0 .9 0 0 .5 0 0 .4 3 0 .5 2 1.21 0 .38 0 .9 0 0 .3 3 0 .6 0 0 .3 2 1 .99 (1 .0 6 ) (1 .4 1 ) (1 .1 6 ) 0 .7 5 0 .8 4 0 .7 9 0 .81 0 .3 5
co2 . . = 13 .16

P2Os . . = 0 .2 1 6 0 .2 4 2 0 .1 3 7 0 .0 9 0 .0 3 0 .0 4 0 .0 3 0 .0 7 0 .1 6 0 .0 7 0 .0 8 0 .1 3 0 .0 4 0 .0 7 0 .4 1 0 .1 4 0.11 0 .0 6 0 .47 0 .0 8 0 .0 8 0 .0 5 0 .1 5
BaO . . = (C u  =  0 .0 0 5 ) 0 .0 4 0 .0 8 T ra c e 0 .0 6 0 .2 2 0 .0 1 ? 0 .0 5 0 .0 3 T r a c e 0 .0 2 0 .0 3 0 .01 0.01 0 .0 4 0 .0 9
S .  . . . = 0 .0 3 0 .0 2 3 0 .0 1 4 (F e S 2 =  2 -95) T ra c e (F e S 2 = .  0 .0 3 ) 0 .0 1 0.01 0 .2 5 0 .0 2 0.01 0 .0 3 0 .4 0 0 .0 2 0 .0 5 0 ,0 3 (F e S 2 =  0 .2 0 )

c. . . . = 1 46 1 .36

S u m = 9 9 .0 3 6 1 0 0 .3 5 5 9 9 .4 5 6 9 9 .7 9 10 0 .16 10 0 .1 7 9 9 .9 2 9 9 .9 2 9 9 .9 5 9 9 .7 9 9 9 .8 2 1 0 0 .1 8 9 9 .9 1 100.10 9 9 .8 9 9 9 .80 9 9 .75 10 0 .2 7 9 9 .9 3 99 .4 1 9 9 .1 0 1 0 0 .0 5 9 9 .1 2 1 0 0 .7 8 99 .2 6 9 9 .11 100 .64 9 8 .3 3 9 8 .7 9 1 0 0 .3 6 1 0 0 .2 8 10 0 .2 7 9 9 .6 3 99 .81

1 D i r e c t l y  d e te r m in a te d  o n  m a te r ia l  d r ie d  a t  '105°— 110’  C . F ig u r e s  f o r  t h e  a m o u n t  o f  w a te r ,  p la c e d  b e tw e e n  h o o k s , in d ic a te  » loss  on  ig n i t ia n » .  —  2 U n d is s o lv e d .

1. Quartz-banded iron-ore, Uto.
Analyst C. J. A. Silfverling  1874.

2. Quartz-banded iron-ore, the Nykoping mine, Uto.
Analyst A. Tamm 1876.

3. Quartz-banded iron-ore. the Nykoping mine, Uto.
Analyst A. Tamm 1890.

4. Limestone, from the v ic in ity  of the w ind-m ill on Uto, to the
west of the mines. Analyst H. Santesson.

5. Dolomite, from a locality to the east of the mines on Uto.
Analyst H. Santesson.

6. B lack halleflinta, at the Spens mine, Uto.
Analyst R. Mauzelius.

7. Leptite, the ligh t part of a layer from the east shore of Uto
(Point I I I ) .  Analyst R. Mauzelius.

8. Leptite, the darker part of same layer as nr. 7.
Analyst R. Mauzelius.

9. Quartz-stained leptite, schistose porphyry or tuff, near L ilia
S illv ik  on the western side, Uto. Analyst R. Mauzelius.

10. Grained, grey leptite, near L ilia  S illv ik  on the eastern side,
Uto. Analyst R. Mauzelius.

11. Schistose porphyry, rich in phenocrysts of quartz. The western

m o s t b e d  o f  s c h is to s e  p o r p h y r y  to  th e  N 1 V . o f  p o in t  I I ,  U to .  
A n a l y s t  R .  Mauzelius.

12. Schistose granite-porphyry. T h e  c o m p o s ite  d ik e  a t  th e  e a s te rn
sh o re , U to .  A n a ly s t  R . Mauzelius.

13. Schistose granite-porphyry. T h e  c o m p o s ite  d ik e  a t  t h e  e a s te rn
shore, U to .  A n a ly s t  R . Mauzelius.

14. Dark leptite, t o  th e  e a s t o f  R e s ta v ik ,  o n  th e  e a s te rn  s h o re  o f
U to .  A n a ly s t  R .  Mauzelius.

15. Light-grey quartzitic leptite, o n ly  l i t t l e  b e d d e d , c o n ta in in g  s m a ll
flakes of grey schist. From a locality near the observation- 
point II, to the N. of Lilia Sillvik, Uto. Analyst R. Mauze
lius.

16. Grey granite-like rock f r o m  M y s in g h o lm e n  (a n  is la n d  in  th e
g r e a t  b a y  M y s in g e n  to  th e  N . f r o m  U to ) .  A n a ly s t  R . M auze
lius .

17. Amphibolite, a la y e r  o r  s i l l ( ? )  i n  t h e  co a rs e , b e d d e d  le p t i t e  on
th e  is la n d  V a lb o s k a r  to  th e  e a s t o f  U to .  A n a ly s t  R . Mauze
lius.

18. Amphibolitic limestone (C a lc a re o u s  a m p h ib o l i t e ) ,  L o n g  m in e ,
U to .  A n a ly s t  R. Mauzelius.

19. Garnet-gneiss f r o m  th e  r a i lw a y - l in e  n e a r  th e  in n e r m o s t  p a r t  o f
the bay of N y n a s  ( N y n a s v ik e n ) .  A n a ly s t  Gustaf Nyblom.

20. Red granite-gneiss f r o m  th e  l i t t l e  is la n d  F a ls k a r  a m o n g  th e
ro c k s  o f  G i l l in g e  to  th e  E .  o f  D a la r o .  A n a l y s t  Gustaf Ny
blom.

21. Garnet-gneiss, to  th e  n o r th  o f  S k y lv a l la ,  p a r is h  G â s in g e , S o d e r-
m a n la n d .  (O u ts id e  o f  th e  a re a  o f  t h e  m a p s ). A n a ly s t  R . 
Mauzelius.

22. Garnet-gneiss, f r o m  E r ik s lu n d ,  p a r is h  G â s in g e  S o d e rm a n la n d .
(O u ts id e  of the m a p s ). A n a ly s t  R .  Mauzelius.

23. Gabbro-diorite, f r o m  th e  o rn o ite - m a s s iv e  o n  O rn o  H u fv u d .  A n a 
lyst R . Mauzelius.

24. Granite-gneiss ( g r e y ,  f in e -g ra in e d  b io t i t e - g r a n i te - g n e is s )  to  th e
s o u th  o f  S o d e rv ik e n  a t  th e  n o r th e r n  p a r t  o f  O rn o . A n a ly s t  0 .  
Baeckstrôm.

25. Stockholni-granite f r o m  N â l je ,  P a r is h  K a t tn â s ,  re c ta n g le -m a p
H o r n in g s h o lm .  A n a l y s t  M. Stolpe.

26. Stoc.kholm-granite f r o m  H â l l t o r p ,  P a r is h  V â r d in g e ,  re c ta n g le -
in a p  H o r n in g s h o lm .  A n a ly s t  M. Stolpe.

27. Stockholni-granite f r o m  R â c k s ta d ,  U p la n d ,  re c ta n g le -m a p  R y d b o -
holm. Analyst E . Erdmann.

28. Stockholm-granite f r o m  E n s ta ,  r e c ta n g le -m a p  R y d b o h o lm .  A n a 
lyst E. E rdmann.

29. Orbicular granite f r o m  V a s a s ta d e n  in  S to c k h o lm .  A n a ly s t  H .
Bàckstrôm.

a) Granite (Stockholm-) surrounding the orbs.
b) The inner mass of an »orb».
c) The light-grey, outer shell of an »orb».

30. Stockholm-granite from Svalnas, rectangle-map Rydboholm. Ana
lyst R . Mauzelius.

31. Stockliolm-granitc from A lby, rectangle-map Rydboholm. Ana
lyst R . Mauzelius.

32. Stockholms-granite from Edeby, rectangle-map Stockholm. Ana
lyst R. Mauzelius.

33. Stockholm-granite from Vasastaden in Stockholm. Analyst R
Mauzelius.

34. Schistose porphyry, rich in phenocrysts of quartz from the por-
phyryarea south of Edesnas. Analyzed by Mr T. Jansson at the
Techn. Iligh-School of Stockholm.

Remarks.
Besides these analyses of Stockholm-granite, 4 partial are to be 

found in the description to the geological rectangle-map Hor
ningsholm.

Several analyses of rocks and rock-forming minerals from 
the gabbro massive of Râdmansô (north-east corner of map 
PI. 2) have been carried out (in 1872) by P. Ôberg. See Sve- 
riges Geologiska Undersokning, Ser. C, N:o 78 (1885).

100170. G. F . F. 1910.
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Remarks to the maps.

The following maps are subjoined to the guide for the 
Archaan geology of the coast-regions of Stockholm:

35. Geological map o f Orno head (the northern part of the 
island Orno at Dalaro, situated south-east from Stock
holm). Scale 1:15,000.

iT  36. Geol. map of the coast-regions of Stockholm. Scale
1 : 200,000.

37. Geological map o f Uto and the surrounding islands. 
Scale 1: 20,000.

38. Geological map o f the iron-ore-hearing zone of Uto. Scale 
1 : 4,000.

PI. 3 6 .

The geological map of the coast-regions of Stockholm 
ls founded mainly on investigations in connection w ith  the 
geological mappings of this territo ry, which have been made 
by Sveriges Geologiska Undersokning (the Geological Sur- 
Vey  of Sweden) and b y  A. E. T ornebohm.

Especially the geological map, published by T ornebohm 
ln bis great work: »Geologisk ofversiktskarta ofver Metiersta 
Sveriges Bergslag, Stockholm 1880—1882», is most important 
*0r the study of the complicated Archaean geology in the 
aiea, which map, PI. 36 embraces. More detailed investigations 
have however proved necessary, especially for elucidating tbe 
Mature of tbe gneisses and their relations to the evidently 
supercrustal and infracrustal rocks.

The field-studies, made by the author during several sum
mers, have chiefly embraced the southern parts of the mapped
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area. For these works the author has had the benefit of allow
ances from Kungl. Svensha Vetenslcapsakademien (the Royal 
Swedish Academy of Science) and the institute »Lars Hiertas 
Minne* (»The memory of Lars Hierta»). Besides these sub
sidies the author is also much indebted to Professor H j . Sjo

g r e n  and Med. Doctor T age Sjogren for having been per
mitted to use their motorboats for geological field-works in 
the coast-regions.

PI. 37.

The author’s studies of the Uto te rrito ry  commenced in 
the summer 1897 and was, w ith  several interruptions, conti
nued u n til the last years. Also for these field-works I  have 
enjoyed subsidies form K. Svensha Vetenskapsakademien.

The field-researches were orig inally based on an older 
topographic map in  the same scale (1: 20,000) as the one now 
published. This map was, however, partly  deficient. Since 
the geological investigations had been made, a newer, more 
correct topographic map was placed at the author’s disposal 
by the Bureau of Economic maps of Sweden (EkonomisTca 
Tcartverket). The map used in  the geological field-works is 
thus not quite the same as that, on which the geological de
tails have been printed. Owing to these circumstances and 
the difficulties which arose by transfering the geological field- 
map on the new topographic underlay, tbe relations between 
the geological and topographical features w ill, in same places, 
be found to be a lit t le  incorrect. These incorrectnesses are, 
however, geologically insignificant.

Although this map is intended to illustrate only the A r- 
chiean geology of the area i t  has been considered convenient 
to maintain the agricultural denominations (fields, meadows 
and marshes) which were given on the topographic original. 
These make up only a lit t le  part of the map and facilitate 
its use by geological field-studies.



PI. 38.

This map contains the results of a close examination of 
a section-belt across the schist series, in which the iron-ores 
°ccur. I t  is intended to be a map of the rock-ground. Quater- 
ary deposits cover only small spaces of the area and i t  has 
therefore mostly been possible to combine the observations of 
the rocks w ithout making many constructions. Where greater 
areas of the rock-ground are hidden, they have been left white. 
Unfortunately huge masses of old dumps cover the ground 
barest to the mines. The mapping has been performed in  
the scale 1:1,000 and partly in  1: 2,000. I t  is based upon 
the old mine-maps hut mostly new measurements have been 
made. The geological observations have been collected by a 
series of investigations undertaken during several summers. 
In  part these investigations have been combined w ith  geolo
gical demonstrations for students of the Technical High-school 
° f Stockholm. Thus parts of the map, namely the details on 
the islands Persholmen, Tallholmen and Finnholmen and the 
area between the mines and the western shores have been 
Worked out under my supervision by students of the named 
high-school. The following Mining Engineers have, while stu
dents, vo luntarily  taken part in  this geological field-work: O. A. 
H e d i n , B r . O r t o n , B r . A n d e r s s o n , H j a l m a r  D a h l , N. J. E n q v i s t  , 

K. E. M o s s b e r g , L o r e n z  C a r l s o n , Gr. O b e r g , C. W i d ^ n , P. A.
H. C a r l b e r g  and N. K. S t a h r e . 1 1 am sure they w il l al
ways remember these summer-weeks, devoted to geological 
field-work on the interesting and magnificent island.

1 T o  M r  H edin a n d  M r  Orton t h e  h o n o u r  is  d u e  o f  h a y in g  be en  th e  f i r s t  

f °  a t t e m p t  th e  m a k in g  a  d e ta i le d  g e o lo g ic a l m a p  o f  th e  i r o n - o r e - b e a r in g  z o n e

o f  U to .
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Hochgebirgsbildungen am Torne Träsk in Lappland.

Von

P. J. H o l m q u i s t .

(Hierzu Taf. 39.) ,

I .  Einleitung.

Der skandinavische Teil der caledonischen Gebirgskette, 
deren Faltung bekanntlich in postsilurischem, wahrscheinlich 
devonischem Zeitalter eingetroffen ist, ist von der Denudation 
Sßnr stark abgetragen und teilweise vollständig zerstört wor
den. In  einigen Teilen sind nur zwischen Grundgebirgs- 
üiassen eingeklemmte Partien der gefalteten Komplexe noch 
übrig. Am Torne Träsk sind die Hochgebirgsbildungen von 
breiten Tälern durchzogen, die auch sehr tief, teilweise bis 
zUm unterliegenden Urgebirge eingeschnitten sind. In  dem 
grossen Quertal Torne Träsk—Yassijaure ist sogar die ganze 
Gebirgskette beinahe vollständig durchgegraben. Die ganze 
Breite des noch zusammenhängenden Teils der Kette kann 
hier nicht viel mehr als den Abstand zwischen Abisko und 
Pieskenjarka, d. h. zwei Meilen betragen, und da die am Boden 
des Sees vorhandenen Hochgebirgsbildungen möglicherweise 
Sehr unbedeutend sind, so mag die wahre Breite der verbin
denden Zone noch viel geringer sein.

Unter den weggeführten Hochgebirgsbildungen findet man 
jetzt die ausgedehnten Flächen des Grundgebirges, das meistens 
keine bedeutenden Spuren' irgend einer postarchäischen Defor-
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mation aufweist.1 Nur an gewissen Stellen scheint es sich 
anders zu verhalten, so z. B. am Björnfjeld auf der norwe
gischen Seite unweit der Eisenbahnstation Riksgränsen und 
weiter nach Osten an einigen Stellen besonders im Kupfer- 
erzfeld Kuokula. H ier sieht man nämlich die archäischen Ge
steine in engen Zonen stark gequetscht und dabei die tiefsten 
kambrisch-silurischen Bildungen (Konglomerate) in den ge- 
schieferten Gebirgsmässen des Untergrundes eingeklemmt 
liegen. N ur in  solchen Vorkommen sind hier überhaupt die 
silurischen Sedimente erhalten.

Im  grossen und ganzen sind also die Gebirgsmassen 
zwischen dem Torne Träsk und der norwegischen Küste aus 
Überresten der Ealtungskette und blossgelegtem archäischem 
Untergründe zusammengesetzt. Diese grossen zusammen
setzenden Komponenten verhalten sich auf den beiden Seiten 
der Reichsgrenze in mehreren Hinsichten verschieden zu einan
der. In  Norwegen findet man nämlich die Überreste der Kette 
hauptsächlich nur als eingesunkene und eingeklemmte Schie
ferzonen, während die Hochgebirgsbildungen auf der schwe
dischen Seite dieser Grenze flachliegende geschichtete und 
geschieferte Komplexe bilden. Die Strukturen der Hochge- 
birgsgesteine zeigen eine dementsprechende Verteilung in der 
Weise, dass die hocKkristallinischen Schiefer in den Küsten
gebieten Norwegens zu Hause sind und die schieferigen und 
katahlastischen Strukturformen in den schwedischen Gebieten 
weitaus vorherrschen. Hier, dem östlichen Rande des post- 
silurischen Kettengebirges entlang, findet man die hlastisch 
struierten, d. h. unmetamorphosierten oder nur wenig mecha
nisch beeinflussten Reliktmassen der Kambro-Silurformation,

1 Die entblösste, dem Hochgebirge einst unterliegende Fläche des Urge- 
birges hat in den Gegenden des jetzigen Torne Träsk-Gebietes eine sehr ebene 
Form. Im ganzen, fä llt  diese Fläche von Luopahta bis Stordalen 591 Meter 
auf 24,000 (=  1:40) nach Westen. Yon Tornehamn ab steigt sie wieder lang
sam von dem Torne Träsk-Niveau auf und erreicht an der Grenze gegen Norwegen 
ungefähr dieselbe Höhe wie bei Luopahta. An der norwegischen Küste liege0 
die Überreste dieses alten »Peneplain» sehr hoch, sind aber teilweise gefaltet 
und von tiefen kanonartigen Tälern durchschnitten.

[April 1910-



Welche, wie gesagt, ih r  Dasein der schützenden Bedeckung 
^ rc h  übergeschobene härtere Gesteine verdanken. In  einem 
Querschnitt, von Osten nach Westen gezogen durch die Hoch- 
Sebirgsbildungen zwischen dem Torne Träsk und Narvik, wür- 
den w ir also zuerst (im Osten) flachliegende klastische, kata- 
^ustische und geschieferte Gesteine antrefFen und danach (in 
Norwegen) gefaltete, oft mehr aufgerichtete, hochkristalline 
Glimmerschiefer und Gneisse finden. In  den schwedischen 
Gebieten kommen keine die Gesteine der Gebirgskette durch
setzenden (»jüngeren») Eruptivgesteine vor. In  den hochkri- 
sta llinen Schieferkomplexen an der Küste scheinen dagegen 
s°lche Eruptivmassen (grösstenteils hellgraue Aplitgranite) 
v°rhanden zu sein.

Der schwedische Teil eines solchen Querschnittes enthält 
uUsserdem die Überschiebungen. Diese geben sogar dem gan- 
Zeü schwedischen Hochgebirgsgebiet sein dominierendes tek
tonisches Gepräge. Sie scheinen auf der norwegischen Seite 
lllcht vorhanden zu sein. Die nofwegischen Teile der Kette 
scheinen die Faltungszonen der Gebirgskette zu umfassen, die 
schwedischen dagegen die zugehörigen Überschiebungsrand- 
Sebiete. Das Ganze ist, wie gesagt, von der Erosion durch- 
§!'aben, so dass der Untergrund, das Urgebirge, in weiten 
Realen entblösst worden ist.

W ie weit nach Westen hin Faltungszonen, die der caledo- 
ülschen Kette angehören, hier auftreten, scheint nicht völlig 
aufgeklärt zu sein. Wenigstens soweit nach Westen wie in 
(Gu archäischen Terrains der östlichen Lofoten-Insel kommen 
aber solche vor. In  gleicher Weise finden w ir weiter nach 
khden, der westlichen Seite der Gebirgskette entlang, zahl- 
leiche solche im Grundgebirge eingesunkene und eingeklemmte 
^°uen der Hochgebirgsformationen. Das Trondhjemer Gebiet 
ist von diesen das grösste. Die Küstenbögen des norwegischen 
Festlandes sind auch hierher zu rechnen. Gegen Osten bildet 
die Gebirgskette eine von dem zentralen Skandinavien bis 
üach dem Arktischen Meer beinahe ganz zusammenhängende
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Formationslinie. Dieselbe hat in  Schweden, besonders in  Lapp' 
land, auch den Charakter einer topographischen Scheideliniß 
zwischen dem ziemlich niedrigen Flachlande des Urgebirges 
und dem Hochgebirge. An der Westseite der Kette steiget 
dagegen die archäischen Gebirgsmassen zu bedeutenden Höhen 
auf, und in vielen Gebieten sind hier die caledonischen Fab 
tungszonen von dem älteren Gebirge topographisch nicht ver
schieden.1 Die Ursache dieses in mehreren Hinsichten deut
lich hervortretenden unsymmetrischen Baues der skandina
vischen Gebirgskette is t wahrscheinlich grösstenteils in der 
Bildungsweise zu suchen. Hinsichtlich dieser treten drei ver
schiedene, m it einander aber eng verbundene Vorgänge hervor 
nämlich: 1) Einsinkungen von grösseren oder kleineren Masse» 
der jüngeren Ablagerungen in  das unterliegende Urgebirge- 
2) Zusammenfaltungen dieser eingesunkenen Sedimente, 3) Über
schiebungen der benachbarten flachliegenden Bildungen, wobei 
auch die älteren Bildungen durch und über die jüngeren ge
füh rt worden sind. Die treibende K ra ft der horizontalen Be
wegungen dürfte in den Zusammenschiebungen durch Areal- 
Verminderung in den Einfaltungszonen zu suchen sein. Be
treffs der Grösse dieser Bewegung haben die Untersuchungen 
am Torne Träsk dargetan, dass sie — unter Voraussetzung 
einer west-östlichen Bewegung — möglicherweise ein Maximum 
von etwa 14 Kilometer erreicht haben.

Es ist aber wahrscheinlich und in einigen Fällen bewiesen, 
dass die Überschiebungen — oder vielleicht richtiger Unterschiß' 
bungen — nicht nur in der zur Kette transversalen Bichtung, 
sondern auch parallel zu dieser vor sich gegangen sind, und 
dieses Verhalten vermindert die Wahrscheinlichkeit von sehr 
langen Gleitungen in den Fällen, wo solche sonst anzunehmen 
sein könnten.

1 Im  Gegensatz zu dem Verhalten an mehr nach Süden gelegenen lapp1' 
schen Hochgebirgsprofilen, z. B. bei K vikk jokk oder Stor-Uman, liegt bei»1 
Torne Träsk die topographische Grenze fü r das, was Hochgebirge genannt wer 
den kann, weiter östlich als die geologische Grenze zwischen der Hochge 
birgsformation und dem Grundgebirge.
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Das Studium des Torne Träsk-Gebiets hat ferner gelehrt, 
dass Überschiebungen in mehreren über einander gelegenen 

enen vorgekommen sind. Wahrscheinlich sind solche recht 
Zahlreich gewesen, können aber im Felde nicht sicher erkannt 
Werden, da Fossilien nicht zu finden sind und in höheren 
Niveaus der ursprüngliche Unterschied der S truktur nicht 
^ßhr erhalten, sondern alles gleiehmässig geschiefert worden 
lsB In  den Gebieten der kataklastischen Gesteine, wo also 
Se<lUetschte Granite und Syenite über und unter blauquarz- 

kohlenreichen Tonschieferlagern Vorkommen, giebt die Zu- 
Satamensetzung gute Anhaltspunkte beim Aufsuchen solcher 
höher gelegenen Überschiebungen. Im  westlichen Teil (Nuolja- 
Üa.ssitjäkko) dagegen kann die Methode nicht angewendet 
Werden. E in detailliertes Kartieren solcher scheinbar mehr 
homogenen Komplexe ergiebt aber das Resultat, dass auch 
hier nebst Überfaltungen Gleitbewegungen nach mehreren 
Ebenen stattgefunden haben.

Das Grundgebirge des Torne Träsk-Gebiets.

Das Grundgebirge ist hier aus archäischen Gesteinen, 
Graniten, Syeniten, Grünsteinen, Gncissen und archäischen 
Schiefern zusammengesetzt. W ie gewöhnlich in manchen 
ai>chäischen Arealen machen die eruptiven Tiefengesteine hier 
lBe Hauptmenge aus.

Im  östlichen  T e il des Gebietes herrscht Syenit. Dies ist 
('lri grauer oder blassroter mittelkörniger Ilornblcndesycnit von 
’ürselhen Beschaffenheit wie die in den eisenerzreichen Ge
linden von K iruna und Gellivare recht gewöhnlichen Syenit- 
typen. Nebst massigem Syenit kommen auch schiefrige, gneiss- 
(' lnliche Syenitgesteine vor, und in dem Gebiet am östlichen 
Torne Träsk, das als von Gneiss aufgebaut auf der Karte be
le h n e t worden ist, sind solche Gesteine nebst Ilornblende- 
Schiefern  und granulitartigen Gneissen, oft m it Pegmatit ge
e n g t, die herrschenden.

100170. G. F . F. 1910.



D iorit ist als linsenförmige Massen im Syenit besonders 
auf dem Vorevardo m it diesem innig verknüpft.

Sonst sind Granite die weitaus verbreitetsten der Urge
steine. Mehrere Typen kommen vor. Im  östlichen Teil der 
Karte haben die Granite so gut wie stets rote Farbe. Das 
westliche Gebiet der Urformation zeigt dagegen fast nur grau- 
gefärbte Granite. Unter den östlichen Graniten sind z ffel 
Typen die weitaus herrschenden: der Kaisaniemitypus und der 
Pessinentypus, beides »acide» Granite, d. h. Quarz Feldspat- 
Granite, von den entsprechenden archäischen Typen Süd- 
Schwedens petrographisch nicht sehr verschieden.

Der Kaisaniemigranit is t ein klein- bis m ittelkörniger 
Granit m it blassroten M ikroklinkristallen, von einem ziemlich 
kleinkörnigen Gemenge der anderen Minerale, Quarz, Pla
gioklas und Glimmer, umgeben. Das Gestein hat also ein 
porphyrartiges Aussehen. Der Kaisaniemigranit ist oft durch 
Pressung deformiert. Seine Hauptverbreitung im Torne Träsk- 
Gebiet ist die Halbinsel Kaisaniemi. E r bildet auch den 
Sockel des grossen Gebirgsmassivs Kaisepakte, dessen höhere 
Partien aus Hochgebirgsbildungen bestehen, und ist in den 
Sprengungen zwischen den Eisenbahnstationen Kaisaniemi 
und Stenbacken leicht zugänglich.

Der Pessinengranit ist ein reiner Quarz-Feldspat-Granit, 
reich an A lkalien (9 / )  und verhältnismässig arm an Quarz. 
Eine Analyse (Nr. 9) dieses Granits findet sich auf der bei
gefügten Tabelle. Makroskopisch zeichnet sich dieser Granit 
durch die ‘hellrote Farbe seiner Feldspate, die weisse Farbe 
des Quarzes, seine mittelkörnige und massige S truktur nebst 
der A rm ut an dunklen Mineralien aus. Die Körner von 
Feldspat und Quarz sind gebrochen, wodurch die G ranitstruk
tu r etwas verschleiert hervortritt.

Der Pessinengranit ist zwischen Kaisepakte und, den 
Hochgebirgsbildungen, d. h. bis in die Nähe der Station Stor- 
dalen verbreitet und an vielen Punkten sehr gut entblösst.

918 P. J. IIOLMQUIST. [A p r i l  19 l0 -



Das dominierende archäische Gestein des w estlichen Ge
bietes ist der sog. Wassijauregranit. E r erstreckt sich bei- 
öahe ununterbrochen von dem nordwestlichen Ende des Tor- 
ne Träsk bis zur norwegischen Meeresküste und hat immer 
e'n sehr gleichförmiges Aussehen. E r ist makroskopisch ein 
grober, grauer, biotitreicher Augengranit. Seine äusseren Kenn
zeichen stimmen sehr gut m it denen des bekannten Refsunds-

IW. 32. H. 4 .] IIOCHGEBIRGSBILD. AM TORNE TRÄSK. 919

Fig. l .  B ild  von dem Wassijaurcgranit m it Einschlüssen und aplitischen 
Gängen. Yon einem Eisenbahndurchschnitt auf der norwegischen Seite der

Reichsgrenze.

granittypus, welcher in Jämtland und im südlicheren Lapp
land eine ausserordentlich grosse Verbreitung hat, überein. 
Er ist oft reich an Einschlüssen dunkler schiefriger Gesteine 
(Eig. 1) und enthält ausserdem lange Züge von archäischen 
Schiefermassen, zum Te il erzführenden Schieferfeldern (Sjan- 
geli und Kuokola). Bei Wassijaure kommen auch kleine 
Massive eines gabbroiden Gesteins, von dem Granit umge
ben, vor.



Eine chemische Analyse (Nr. 10) des typischen Wassijaure- 
granits ist in der Tabelle (Seite 981) zu finden.

Nebst diesem Granit kommt auf der westlichen Seite des 
Ivuokula-Schieferfeldes ein feinkörniger, an dunklen Mineralien 
ziemlich reicher Granit vor, der auch bisweilen sehr schieferige 
S truktur besitzt, sonst aber dem normalen Granit petrogra- 
phisch wie auch geologisch nahe steht. Auch diese Varietät des 
Wassijauregranits ist analysiert worden (s. Nr. 11, Seite 981).

Ausser den genannten Graniten giebt es Aplitgranite. 
Diese treten im Gebiet des Wassijauregranits auf und sind 
als Gänge in  den archäischen Schiefern an der Reicbsgrenze 
und weiter nach Westen ganz allgemein.

Die archäischen Schiefer. W ie in den meisten grösseren 
Gebieten des schwedischen Urgebirges giebt es unter den 
archäischen Gesteinen des Torne Träsk auch Schiefergesteine, 
die aller Wahrscheinlichkeit nach metamorphosierte, uralte 
Oberflächenbildungen unserer Erde darstellen, von denen aber 
je tz t nur beschränkte Massen, die in dem archäischen Granit als 
Schieferzüge eingeschlossen liegen, übrig sind. Das Wassijaure- 
Schieferfeld und die erzführenden Schieferfelder bei KuoTcula und 
Sjangeli sind solche metamorphosierte, superkrustale1 Bildungen 
der Urformation. A u f der norwegischen Seite der Grenze sind 
mehrere solche Schieferfelder im Granit eingeschlossen.

Die Schieferfelder in  Sjangeli und bei Kuokula bestehen 
hauptsächlich aus Grünsteinschiefern, d. h. Amphiboliten von 
mehreren Typen. Der sog. Sjangeliscliiefer ist ein sehr fein
körniger Am phibolit von schwarzgrüner Farbe. E r füh rt 
lentikuläre Einlagerungen oder Imprägnationen von Kupfer
erzen, die hauptsächlich aus Bornit und Kupferglanz beste
hen. Die Erze sind sehr verbreitet in diesen Schiefern.2

1 Diese sehr zutreffende Bezeichnung rüh rt von J. J. Sederholm her. In 
analoger Weise nennt dieser Forscher solche archäische Bildungen in f r a -  
k ru s ta l, welche entweder eruptive Tiefengesteine oder regionalmetamorphische 
Derivate solcher sind.

8 Das K u p fe re rz fe ld  von S ja n g e li liegt 25 Kilometer südlich von Wassi- 
jaure und 40 Kilometer von dem nächsten Punkte der norwegischen Küste.
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-̂ •ie Kupfererzformation streicht in Sjangeli nach NNO, und 
Spuren derselben sind entdeckt in dem hochgelegenen Fluss- 
tal des Häikamajokk, wo die Hochgebirgsformation stellen
weise durcherodiert zu sein scheint. Das Ivuokolafeld lieg t in 
der Streichungsrichtung weiter nach Nordwesten und enthält 
ähnliche Schiefergesteine und Kupfererze wie Sjangeli, jedoch 
letztere wahrscheinlich nur in  geringer Menge.

Ausser den Amphibolitarten enthalten die archäischen 
Schieferzonen Granulite, Glimmerschiefer und Gneisse nebst 
Dolomit; letzteren bisweilen als ziemlich grosse Massen. Das 
Wassijaurefeld enthält hauptsächlich nur braune quarzreiche 
Glimmerschiefer, die von zahlreichen Gängen eines hellgrauen 
aplitischen Granits durchzogen sind. In  solchen Gebieten 
zeigen gewöhnlich die Glimmerschieferfelsen rostfarbene Ober
flächen.

Die Parallelstruktur (Schiefrigkeit und Keliktschichtung) 
lsh wie im Urgebirge gewöhnlich, meistens steil aufgerichtet 
und steht daher in  schroffem Gegensatz zu der schwebenden 
Gagerstellung der in der Nähe vorhandenen Hochgebirgsfor
mation.

An einigen Punkten sind die archäischen Schiefer in 
mitten der Hochgebirgsbildungen beobachtet worden, nämlich 
an zwei verschiedenen Stellen im Ivärsätal (Kärsävagge) und 
ln der Umgebung des Sees Abiskojaure. Sie kommen hier also 
m sog. Fenstern der überlagernden jüngeren Formation zum 
Vorschein. Ausserdem is t zu bemerken, dass im Torne Träsk- 
Gebiet — wie w ir sehen werden — archäische Bildungen 
durch die Überschiebungen auch als die Hochgebirgsbildungen 
überlagernde Massen sich vorfinden. Solche sind angetroffen 
teils in den östlichen Gebieten, z. B. im Luopahta, Kaisepakte 
Und Wuoskovara, teils in den westlichen hohen Gipfeln Käp-

Das Vorkommen ist seit mehr als 200 Jahren bekannt, aber noch nicht fü r 
Grubenbetrieb in Anspruch genommen. Die Erze treten als zahlreiche kleinere 
Massen über ein weites Gebiet hin verteilt auf. (Siehe hierüber näher die 
Darstellungen von 0. Gum-k u u s  und AVal.fr. Peterssor).
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pasäive, Käbbletjäkko und im Wuottasreita u. a. In  dem 
erstgenannten Falle bestehen die übergeschobenen Massen aus 
kataklastisehen Gesteinen von syenitischer oder granitischer 
Zusammensetzung, d. h. sie stimmen in dieser Hinsicht m it 
den in der Nähe anstehenden archäischen Graniten und Sye
niten gut überein. Die übergeschobenen Massen in den west
lichen Gipfeln sind meistens nur grobfaserige braune Glimmer
schiefer, die den braunen Glimmerschiefern des Urgebirges 
petrographisch nahe verwandt sind und bisweilen m it diesen 
auch geologisch in nahe Verbindung treten. Dies scheint in 
den westlichen Gebieten, wo die Massen des Urgebirges zu 
beinahe gleichen Höhen wie die jüngeren Bildungen empor
steigen, vorzukommen. So sieht man in den zentralen Teilen 
des Wuottasreita die grobstruierten archäischen Glimmer
schiefer in grossen Falten hinaufsteigen und sich in den höch
sten Gipfeln dieses Alpenmassivs über den schwarzen Phylliten 
der Hochgebirgsformation ausbreiten. (Siehe Fig. 21, S. 961.)

Die Hochgebirgsbildungen.

Die Untersuchungen im Torne Träsk-Gebiet haben ergeben, 
dass die grosse postsilurische Faltungszone hier hauptsächlich 
in analoger Weise und von gleichartigem Material wie in 
südlicheren Teilen derselben aufgebaut worden ist. In  der 
Tat is t die geologische Struktur der Kette das ganze lappische 
Hochgebirge hindurch in hohem Grade gleichförmig entwickelt. 
Ganz im Osten, am Kande selbst des Alpengebiets, findet man 
die Edikten  der nicht metamorphosierten1 Silurformation, dann 
kommen nach Westen zu die durch Überschiebung den S ilur 
überlagernden kataklastischen Gesteinsmassen; höher und noch 
weiter nach Westen folgen dann flachliegende harte Schiefer
gesteine, die überall im Gebiet der Überschiebungen den k r i
stallinischen Hochgebirgsbildungen unterzulagern scheinen und 
sehr grosse Areale der östlichen Alpenzonen einnehmen. In

[A p r il 1910.
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diesen und m it den harten Glimmerschiefern eng verbunden 
kommen gewaltige Amphibolitmcissen vor, die in  den süd
licheren Gebieten auch Gabbrogesteine enthalten, am Torne 
Träsk aber nur aus Hornblendeschiefergesteinen zusammen
gesetzt zu sein scheinen. In  den breiten Tälern, von denen 
die Gebirgskette durchquert ist, finden w ir, dass inm itten des 
jetzigen Hochgebirges ein mächtiger Komplex von meistens 
Reichen kristallinischen Schiefern den harten Schiefer über- 
Ingert. Dieser Komplex besteht am Torne Träsk zu unterst 
aüs Kalksteinen, dann folgen iveiche, glänzende Glimmerschiefer, 
eiters Granatglimmerschiefer, Hornblendeschiefer, phyllitartige 
Glimmerschiefer und kohlenführende Phyllite  nebst dünnen 
Lagen von Kalkstein und Quarzit. In  den höchsten westlichen 
Gipfeln des Gebiets begegnen w ir schliesslich den obersten 
Schichtmassen dieses flachliegenden, aber dennoch stark ge
falteten Komplexes, nämlich dem schon erwähnten grobstruier- 
Gn braunen Glimmerschiefer, dessen Verband m it dem unter
liegenden Grundgebirge schon angedeutet worden ist. In  
dieser Serie kommen keine jüngeren Eruptivgesteine vor, ein 
Verhalten, wodurch sich der Bau dieses Teiles der Kette 
v°n den südlichen Hochgehirgsgebieten Lapplands zu unter- 
8cheiden scheint. W ie schon angedeutet, ist die Hochgebirgs- 
fürmation am Torne Träsk nur als ein durch die tiefgehende 
Lrosion von der übrigen Kette abgetrennter Teil, dessen 
-Hauptgebiet wahrscheinlich weiter nach Westen lag, anzuse- 
l 'en. Gleichwie in  den südlicheren Küstengebieten der Kette, 
z- B. in den besonders von J. H. L. V ogt untersuchten Salten
fjord- und Kanenfjordgebieten, findet man nämlich auch an 
der norwegischen Küste westlich vom Torne Träsk die der Ge- 
birgsZone zugehörigen Schiefermassen mehr oder weniger auf
gerichtet und gefaltet, sehr hochkristallin entwickelt und auch 
v°ü den charakteristischen hellen (postsilurischen?) Graniten 
durchkreuzt. Hierzu ist zu bemerken, dass die K ris ta llin itä t 
der flachliegenden Schiefermassen am Torne Träsk und weiter 
nach Westen big zur Keichsgrenze stetig zunimmt und am
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höchsten is t in den westlichen Alpenmassiven, eben wo der 
Zusammenhang m it den westlicheren, gefalteten Schiefern 
durch die Erosion abgebrochen erscheint.

Aus diesen Tatsachen geht hervor, dass eine vollständig6 
Kenntnis des fraglichen Teiles der caledonischen Faltung 
nicht auf der schwedischen Seite der Reichsgrenze in diesen 
Gegenden allein gewonnen werden kann. Das schwedisch6 
Hochgebirgsgebiet am Torneträsk enthält nur die flachli6' 
gende Zone der Kette, wo die Bewegungen hauptsächlich 
horizontal oder fast horizontal gerichtet worden sind, d. h. es 
fä llt  m it dem tektonischen Gebiet der flachen Überschiebung e>1 
zusammen.

Von den Schwierigkeiten, die sich einer Enträtselung der 
Hoekgebirgsprobleme in diesen Gegenden in den Weg stellen, 
sind diejenigen die grössten, welche von dem Fehlen an Fos
silien herrühren. Fossilien sind nämlich in den eigentlichen 
Hochgebirgsbildungen am Torneträsk trotz sehr eifrigen Nach- 
forschens bisher nicht gefunden worden. Nur in den erwähn
ten silurischen Relikten, die am Rande des Alpengebiets, 
zwischen diesem und dem unterliegenden Urgebirge, einge
klemmt liegen, sind einige äusserst spärliche Fragmente von 
untersilurischen Fossilien entdeckt worden (siehe weiter S. 929 
—934). Fossilien sind auch überhaupt nur äusserst selten gefun
den in den eigentlichen Faltungs- und Überschiebungszonen 
der skandinavischen Gebirgskette.1 Es is t infolgedessen bei 
Untersuchungen in diesen Hochgebirgsregionen notwendig ge
wesen, sich auf petrographische und feldgeologische Verhält
nisse zu stützen. Wenn dazu kommt, dass wegen der k l i
matischen Verhältnisse nur einige Wochen des Jahres sich 
fü r geologische Arbeiten in diesen nördlichen Gegenden eig
nen, so dürfte es verständlich sein, dass noch keine endgül-

1 An ein paar Stellen inne rh a lb  der Faltungszone  der schwed. Hoch
gebirge, nämlich im nördlichen Jämtland und östlich vom Sulitälma, sind aber 
regionalmetamorphosierte Kalksteine m it noch erkennbaren fossilen C rinoiden- 
stie len  entdeckt worden.

[April 1910.
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tigen Resultate bezüglich der grossen tektonischen Probleme, 
die am Torne Träsk studiert werden können, vorliegen.

Beschreibung der Hochgebirgsbildungen der Torne- 
träsk-Gegend.

Die Überschiebung und der S ilur im  Luopahta und  
Kaisepakte.

Für eine Exkursion nach dem Luopahta braucht man, aus
gehend von Abisko, ungefähr 7—8 Stunden. Man fährt m it der 
Bahn nach der Station Stenbaclcen und wandert hier über die

Fig. 2. Aussicht von Norden über den östlichen Teil des Luopahta.

im Süden der Eisenbahn nächstliegenden, m it kleinwüchsigen 
Birken und Gebüsch bekleideten Berghöhen hinauf bis zu der 
waldlosen Hochgebirgsebene. H ier geht die Wanderung sehr 
leicht von statten, und man erreicht bald den Luopahta, dessen 
eigentümliches Profil im Süden die Aufmerksamkeit schon aus 
der Ferne auf sich zieht. Die Wanderung von Stenbacken 
bis zum Luopahta erfordert 1V2—2 Stunden. Beim Aufstieg 
zu der Hochebene von der Station aus muss man sich nicht
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7A\ weit nach rechts halten, sondern in südlicher Richtung 
von Stenbacken gehen und sich in der Nähe der westlichen 
Seite eines kleinen, von der Hochebene kommenden trockenen 
Flusstales halten.

Von der Umgebung aus hat der Luopahta ein Aussehen, 
wie es aus den Figuren 2, 3, 4 hervorgeht. Fig. 2 zeigt 
seine nach Norden gewandte Seite, Fig. 3 giebt das Aussehen

Fig. 3. Der Luopahta, von NO gesehen. Im Vordergründe platte Felsen aus 
Syenit. Darüber liegen die Silurschichten bis zu der steilen Wand, die aus 

einem kataklastischen Gestein, sog. K ak irit, besteht.

von Osten, und Fig. 4 stellt eine Partie der übergeschobenen 
Frontmasse des Luopahta weiter nach Südosten vor, wo mäch
tige Talusbildungen den unterliegenden S ilur überdecken.

Die NO-Seite des Luopahta ist zweifelsohne eine der 
schönsten und bezeichnendsten Lokalitäten des schwedischen 
Hochgebirges. In  einem verhältnismässig kleinen Gebiete 
überblickt man hier sehr deutlich alle die fü r den östlichen 
Rand dieses Hochgebirges charakteristischen, wichtigen geo
logischen Verhältnisse.



Am Fusse des Luopahta findet man die sehr ebenen, gut 
entblössten Flächen des Urgebirges (siehe Fig. 3). Sie be
stehen ans dem in der Gegend gemeinen Hornblendesyenit.

ebenen (in Fig. 3 sichtbaren) Flächen stellen einen Teil 
^er atten präsilurischen Denudationsfläche dar. Jüngere 
■Erosion hat sie offenbar nur wenig beeinflusst, seitdem sie 
'  °n der überlagernden klastischen Silurdecke befreit wurde.

^  32- H- 4 .] HOCIIGEBIRGSBILD. AM TORNE TRÄSK. 927

l S- 4. Hohe Felsenwand, aus übergeschohenen kataklastischcn Gesteinsmassen 
l ’ Kakirit») bestehend. Mächtige Talusbildungen überdecken den Silur. Partie 

des östlichen Teiles des Luopahta.

dieselbe treffen w ir  zuerst in Gestalt eines groben, wenig 
mächtigen Konglomerates an, über dem die anderen Sedimente 
111 lebhaftem Wechsel folgen. Die ganze hier zu beobachtende 
Sibirische Schichtenserie hat eine Mächtigkeit von über 150 
M ete r. J o h . C i i r . M oberg , der dieselbe eingehend stratigra- 
Phisch und paläontologisch untersucht hat, giebt fü r ein Profil 
(siehe Fig. 2 und 5) von der nördlichen Seite des Luopahta 
die folgende Zusammensetzung an:
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oberst
»K ah irih  (nach Aneroidmessung 18 Meter mächtig)1 
m it sehr scharfer unterer Grenze.
Tonschiefer, schwarz m it dunklem, glänzen
dem Strich. W ird  durch Brennen weiss.
H ierin spärliche grössere Klumpen von 
P yrit, aber keine von Stinkkaikkonkretio-

^8. 6. Die (obere) Grenze des schwarzen Tonschiefers gegen den K ak irit. Von dem 
erwähnten Profil im nördlichen Luopahta. Nach Joh. Ci ir . Moberg.

nen. Dieser Schiefer is t in so hohem 
Grade von glänzenden Gleitflächen durch
setzt, dass von der ursprünglichen Schich
tung keine Spur mehr zu sehen ist; statt 
dessen zeigt er eine sekundäre Parallel-

1 Der ganze obere Teil des Luopahta, der eine Mächtigkeit von wenig- 
stens G00 Meter besitzt, besteht aus kataklastischen Gesteinen und K ak ir it 
lon granitischer und syenitisehcr Zusammensetzung. In der Nähe der Über
z ie h u n g  treten K a k ir it und Silurgesteine m it einander vermengt in densel- 
i>on Niveaus auf.



S t r u k t u r  oder besser S p littr igke it m it stark 
gebogeuen, im ganzen jedoch ungeiähr 40 
Grade nach West fallenden Blätter flächen.
Vollständig zu feinem Bergmehl zermalmt 
war der Tonschiefer in ein paar ungefähr 
zwei M illimeter dicken, m it den unterliegen
den horizontalen Kalksteinschichten paral-

930 i>. J- IloLMQüisT. [April 1910-

F i° \ 7. Die Grenze zwischen den Schichten m it A r io n e llu s  nnd dem uberliegenj ^ 
schwarzen Tonschiefer. Von dem erwähnten Profil im  nördlichen Luopahta. I * 11

Jo h . Ci ir . M o b e r s .

leien Lagen (Überschiebungsebenen). Eine 
von diesen lag in ungefähr V2, eine andere 
in 21/2 Meter Höhe über dem untersten Teil 
der Schicht. (F ig . 6 zeigt die obere und 
Fig. 7 die untere Grenze dieses Tonschie
fers.) Die ganze Mächtigkeit (m it Aneroid 
gemessen) wurde befunden................... =  72,00 Metel.
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Tonschiefer, grau, dickbänkig, meistenteils 
schwach kalkig, oft reich an P yrit. Hierin 
schalenlose Fossilien, Arionellusprimaevus 
B rögger, Ellipsocephalus Nordenskiöldi 
L inrs. und Obolus. Nach oben w ird  das 
Gestein mehr kalkhaltig, so dass der ober
ste Teil (ungefähr 15 cm) vielleicht ein 
unreiner Kalkstein genannt werden dürfte; 
in diesem sind die Fossilfragmente beson
ders reichlich vorhanden, die Schalenreste 
sind indessen ganz durchgewittert. Bei 
der Verwitterung haben die oberflächlichen 
Teile des Gesteins eine poröse Beschaffen
heit und rostige Farbe erhalten. Wenn 
bestimmbare Fossilien herauspräpariert 
werden können, sind sie von derselben A r t
wie diejenigen des unteren Teiles des
Schichtenkomplexes...................................1,72 Meter
Tonschiefer, grün, an verwitterten Flächen
oft d u n k e lro t.............................................. 15,48 »

Sandstein, dünnschiefrig (stark verw ittert) 0,1C 
Kalkstein, unrein, dickbänkig, in der bei
nahe dichten Grundmasse zerstreute K a l
zitkörner, aber besonders in den oberen 
Bänken ausserdem recht reichlich dunkle, 
glänzende, gerundete Quarzkörner nebst 
spärlichen grösseren Körnern von Urge
steinen. Braune Verwitterungshaut . . 0,54
Sandstein, dunkelgrair, feinkörnig, dickbän
kig. Steht z. T. dem sog. Blauquarze 
sehr nahe. Hier und da Tonklumpen. Der 
unterste Teil (ungefähr 25 cm) is t etwas
heller an F a rbe .......................................... 5,42
Sandstein, gelbgrau, dünnschiefrig durch 
eingelagerte schwarze Tonhäutchen, von
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denen einige ganz überdeckt von gewun
denen, sich kreuzenden »Kriechspuren». 
Eine von diesen, ungefähr 1 cm breit, 
zeigte sich an der Oberseite der Schicht 
als eine tiefere Kinne, auf beiden Seiten 
von flach geneigten Seitenpartien begrenzt. 
Tonklumpen hierin gewöhnlich. Im  obe
ren Teil einige dickere B änke................... 6,20 Meter-

X Y I I  Sandstein, graugelb, ziemlich dickbänkig
m it Tonklum pen.......................................... 0,69 »

X V I Sandstein, feinkörnig, gelblich bis grau 
m it grossen, braunen Eiecken oder K lum 
pen, die bei Verwitterung dem Gestein eine 
sehr grubige Oberfläche geben. Geteilt in
zwei dicke B änke ............................................... 0,49 »

X V  Sandstein von ungefähr derselben A r t  wie 
der vorige, braunpunktiert, aber ohne die 
grossen braunen Flecke. Zu unterst mehr 
weissgrau, zu oberst mehr gelbgrau m it 
grossen, plattigen, grauen Tonklumpen . 15,03 »

X IV  Sandstein, grünlich, dünnschieferig m it
spärlichen, dünnen T o n s tre ife n ...................... 0,95 »

X I I I  Sandstein, gelbgrau (bisweilen etwas braun
fleckig), dickbänkig, locker, m it spärlichen 
Phosphoritkörnern; im untersten Teil mit 
Tonklumpen und kleineren Steinen . . . 11,58 »

X I I  Sandstein, grün, in dünnen Bänken, hier 
und da m it dünnen Tonschichten nebst 
einigen dickeren, rein grauen, kalkigen
B ä n k e n ...............................................................8,30 »

X I  Tonschiefer, grün, öfters m it dunkelroter 
Kinde und innerhalb derselben einer in 
gleicher Weise pigmentierten Zone. Mach 
oben in Sandstein übergehend........................1,50 »



B(1 32. H.4.] IIOCHGEBIRGSBILD. AM TORNE TRÄSK. 933

JX

V I I I

V I I

V I
V

IV

Tonschiefer, rot, in einigen Schichten m it 
etwas sandigen oder griesgemischten Partien. 
Bisweilen sieht man auch grünflammige 
Schichten. H ier kommen Fossilien vor, 
die jedoch sehr selten sind. Das am besten 
erhaltene, in 3,5 Meter Höhe gefunden, is t 
T la tyso len ites  an tiqu iss im us  Etcitw. Auch 
ein H y ö lith u s  sp., gefunden 4,89 Meter über 
der Basis des Schiefers, scheint vorzu
liegen. Von der unterliegenden Schicht
nicht scharf getrennt...................................
Tonschiefer, grün, zu unterst m it eingemisch
ten Sandkörnern und in einigen Schichten 
sogar sandsteinartig. In  solchem Gestein 
wurden nicht selten konisch geformte K ör
perchen von derselben A r t  wie das Mono- 

crc itcrion  T o r e l l s  oder die von J o i i n s t r u p  

erwähnten Kegel in dem Nexö-Sandstein
gefunden ..........................................................
Sandstein, grünlich, feinkörnig, etwas kalkig, 
durch Verwitterung bisweilen etwas braun- 
fleckig, dickbänkig. In  der untersten Bank 
sind Bruchstücke von Tonschiefer gewöhn
lich, so dass das Gestein dadurch ein bei
nahe konglomeratartiges Aussehen bekom
men k a n n ................... ..................................
Tonschiefer, grün oder grüngrau m it dün
nen Sandsteinbändern und nach oben ganz 
in grünlichen Sandstein übergehend . . . 
Sandste in , grünlich, dünnschieferig. . . . 
Sandste in , graugelb. z. T. braunpunktiert, 
nur hier und da zugänglich (siehe weiter
folgende Schicht)..........................................
Sandstein, m it grossen braunen Flecken 
(T ig e r Sandstein), in dicken Bänken verteilt.

60— 100170. G .F .F .1 9 1 0 .

16,00 Meter

1,15 »

1,67 »

1,00 »

0,60 »

4,00
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I I I

I I

I

(Die Grenze zwischen diesem und dem über
liegenden Sandstein verläuft nahe an der 
M itte einer 0,5 Meter dicken Sandsteinbank) 
Sandstein, graugrün, brannpunktiert, dick- 
geschichtet; in einigen Schichten ist dieser 
Sandstein oft braunfleckig wie der T iger
sandstein ..........................................................
Sandstein, grünlich, dünnschichtig; ohne 
scharfe Grenze gegen die Unterlage. 
Tonschiefer, grauwackenartig m it dünnen 
Bändern von Sandstein und z. T. recht 
bedeutenden Linsen von Kalkstein. In  dem 
Schiefer findet man mehr oder weniger 
allgemein 0,3 M illim eter breite glänzende 
Striemen (Fossilien?), die an die nicht 
thecatragenden Äste von Graptolithen er
innern.
Die ganze Sedimentserie bis zum unteren 
Teil des K ak irits  hat also eine Mächtigkeit

0,85

0,50

1,90

von wenigstens 167,73

Metei'

An der Stelle, wo dieses Profil aufgenommen wurde, 
konnte das Liegende der Silurserie gegen das Urgebirge nicht 
beobachtet werden. An der nordöstlichen Ecke des Luopaht» 
sind diese Teile der Serie besser entblösst. H ier sieht maß) 
dass ein schönes, grobes Konglomerat den untersten Teil der 
Silurserie bildet und direkt den Syenit überlagert. 
hat nur unbedeutende Mächtigkeit, und der Syenit scheint an 
der Oberfläche nur sehr unbedeutende Veränderungen in seine1 
normalen Beschaffenheit erlitten zu haben.

Die klastischen Bildungen der Silurformation können auch 
an ein paar mehr nach Westen gelegenen Stellen im Luopaht9 
beobachtet werden. Sie werden aber auch in dieser Richtung 
bald von Schutt (Talusbildungen oder Moränenmaterial) übel' 
deckt. Zwischen dem Luopahta und dem im Nordwesten ge



Mgenen Kaisepakte sind die Silurbildungen nur als zahlreiche,
l'1 ^er -Fortsetzung der fest anstehenden Massen vorkomtuende
^  0cke zu finden. In  den steilen Gehängen des Kaisepakte
°öimen sie aber wieder zum Vorschein. Sie befinden sich

^ er in ähnlicher Lage wie im Luopahta, d. h. sie liegen
einahe horizontal zwischen Urgebirge (Kaisaniemigranit) und

' ‘bergeschobenen kataklastischen Gesteinen. Das Vorkommen
ann in Einzelheiten — aber nicht ohne Gefahr — der ganzen

n°rdöstlichen Seite des Kaisepakte entlang studiert werden.
^-uf  der nordwestlichen Seite des Bergmassivs findet man in
einer tiefen Schlucht die Silurschichten und die sie über- 1 *
agernden kataklastischen Gesteine sehr gut entblösst, ein 

Vorkommen, das besonders interessant ist, weil es beweist, 
dass die Silurschichten in der Tat unter den kataklastischen 
fassen des oberen Luopahta sich fortsetzen.

Die weitere Fortsetzung der Silurbildungen fo lgt in der 
M'tte des Pessistales, wo der Pessisjokk seinen Lauf z. T. 
111 die silurischen Gesteine eingeschnitten hat. W eiter nach 
Mordwesten finden w ir  dieselben Gesteine im Wuoskowara, 
v°n dessen niederen nördlichen Absätzen sie unter der Schutt- 
edeckung wahrscheinlich nach dem Mjelleniemi fortstreichen.

Im  niedrigen Lande zwischen der Station Stordalen und 
Torne Träsk werden die Silurschichten m it reduzierter Mäch
tigkeit wieder sichtbar. Auch hier sind sie im Westen von 
kataklastischen Gesteinen überlagert. Es scheint nicht be
zweifelt werden zu können, dass die weitere Fortsetzung an 
dem nächstgegenüberliegenden anderen Ufer des Torne Träsk 
Z'1 Sachen is t .1 Am Ortojokk und Maivatjäkko an der nörd
lichen Seite des Torne Träsk begegnet man nämlich — wie von 
Mehreren Beobachtern festgestellt worden ist — denselben 
geologischen Verhältnissen wie den eben beschriebenen, die für 
die Silurzone an der Südseite des Sees charakteristisch sind.

1,tl 32> H. 4 .] HOCIIGEBIRGSBILD. AM TORNE TRÄSK. 935

1 D ie  T a ts a c h e , d a ss  —  w ie  es s ic h  e rw ie s e n  h a t  —  e in e  s c h a r f  a u s g e p rä g te , 

H o c h g e b irg s z o n e  t r a n s v e r s a le  ( N N W - l ic h e )  F lo x u r  d e r L ä n g s r ic h tu n g  des 

J o rn e  T r ä s k -B e c k e n s  f o lg t ,  b i e ih t  f ü r  d ie se  F r a g e  o f fe n b a r  o h n e  B e d e u tu n g .
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Im  Westen des Luopahta, an der Ostseite des Kuoble
tjäkko, kommen klastische Bildungen von derselben Beschaffen
heit wie in jenem Gebirge vor. Der unterste Teil dieser 
Schichten is t nicht sichtbar, liegt aber ungefähr 100 Meter 
höher als das Liegende der Silurformation im Luopahta und 
besteht demgemäss wahrscheinlich aus den kataklastischen 
Gesteinen (siehe die Karte). Die sichtbare Mächtigkeit der 
klastischen Serie im Kuobletjäkko ist ungefähr 120 Meter und 
ihre Zusammensetzung die folgende:

Zu oberst: Blauquarz (=  blaugrauer Quarzit)
Kohlige P hyllite  
Tonschiefer
(Kataklastische Gesteine)
Tonschiefer
Quarzit
Tonschiefer
Dolomit

Zu unterst: Glasiger Blauquarz.

Wie im Luopahta ruhen übergeschobene kataklastische 
Gesteine auf diesen Schichten. Die Überschiebungsebene liegt 
aber ungefähr 150 Meter höher als im östlichen Luopahta 
und hat eine grössere Neigung nach Südwesten, nämlich 15 
—20’ . Das Ballen der Schichten bat auch dasselbe Mass, 
und überhaupt haben die klastischen Bildungen des Kuoble
tjäkko eine vie l mehr gestörte Lage und zeigen grössere E in 
wirkungen von Druck als diejenigen des Luopahta. Keine 
Fossilien sind im Kuobletjäkko gefunden worden.

Im  Westen von dem Pessistale und im WuosTcovara ist 
das Verhalten der Silurlagen zu den kataklastischen Gesteinen 
ein sehr eigentümliches. Wenn man nämlich von der Nord
westseite des Pessistales die südöstliche Böschung des Wuosko- 
vara hinaufwandert, sieht man, dass rückenförmige Massen 
von M ylonit sich über die Umgebung etwas erheben und m 
südlicher oder südwestlicher Richtung fortstreichen. I m
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^uoskovara kommen, in den Einsenkungen^  - -  ----- „m „v .m uU6vi. zwischen diesen
'ücken, Silurschiefer eingelagert vor. An 5 Stellen längs dem 

Nordöstlichen Rande des oberen Teiles des Wuoskovara findet 
Nian, dass die Silurgesteine das Wuoskowaramassiv in  süd
westlicher Richtung durchstreichen und sich nach den steilen 

ilndcn des Suoraäive fortsetzen, um dort von kristallinischen 
^  esteinen überlagert zu werden (vergl. die Karte und das 

r°®I)- Aber auch längs den gegen Nordosten gewandten Ab- 
angen des Wuoskovara findet man eine Überschiebung, wodurch 

die ganze Masse des Wuoskovara gleichwie die kataklastischen 
esteine im Kaisepakte und Luopahta über die flachliegenden 
* ürschichten am Russe des Gebirges geführt worden sind. 
Ur an den 5 genannten Stellen drängen sich die Silurschich- 

ten steil aufgerichtet durch die überlagernden Mylonite. An 
dor nördlichen Ecke des Wuoskovara ist die Überschiebung 
nicht mehr deutlich, obwohl der S ilur (»Blauquarz») hier in 
* 6111 niedrigen Gelände am Eusse des Gebirges sich ausbrei- 

Es ist m. E. wahrscheinlich, dass die Überschiebung im 
noskowara im ganzen nur sehr unbedeutend und möglicher

weise von sekundärer Natur gewesen ist. Jedenfalls scheinen 
le Mylonite des Wuoskovara m it den archäischen Graniten 

^erwandt zu sein. Man beachte besonders das Vorkommen 
' e*ner Massive eines dioritartigen Gesteins sowohl in dem 
archäischen Granit am Eusse des Wuoskovara wie auch in 
der übergeschobenen Mylonitmasse dieses Gebirges (vergl. die 

aite). I n dem dem M ylonit zugehörigen D io rit wurde auch 
eiQ kleiner Gang von gequetschtem Pegmatit beobachtet.

Gestützt auf seine oben erwähnten Untersuchungen über 
en üossilgehalt der Luopahtaschichten, verglichen m it strati- 

Sraphischen Studien im Kaisepakte und im Pessistal,1 rechnet 
ü- Chr. M oberg a lle  die fra g lic h e n  ungestörten klastischen  

■Bildungen zu den O lenelluslagern. Die Hauptmasse dieser

1 A u s s e r  im  L u o p a h ta  i s t  n u r  e in  F o s s i l f u n d  (P la ty s o le n ite s  a n t iq u is -  
im  P e s s is ta l  g e m a c h t w o rd e n .
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Bildungen dürfte daher silurischen Alters sein und als huni- 
irische Sedimente bezeichnet werden können.

D ie kataklastischen Gesteine.

Kataldastische Gesteine und harte Schiefer nehmen die 
höchsten Teile des Luopahta, Kaisepakte, Kuolkotjäkko etc* 
sowie Wuoskovara und den westlichen Teil des Flachlandes 
am Torne Träsk zwischen Stordalen und Abisko ein. Überall? 
wo man die geologischen Verhältnisse hat näher untersuchen 
können, trennt eine scharf ausgeprägte flachliegende Dislolcu
tionsfläche die klastischen Silurbildungen von den dieselben 
überlagernden kataklastischen Gesteinen.1 Die Mächtigkeit 
der letzteren beträgt im Luopahta ungefähr 200 m, wozu 
noch beinahe 100 m fü r  die Dicke der die höchsten Gipfel 
dieses Gebirges einnehmenden sog. Hartschiefer kommen* 
Die ganze übergeschobene Masse hat also je tzt im Luopahta 
eine Mächtigkeit von ungefähr 300 m.

Die kataklastischen Gesteine können im Felde petrogra- 
phisch nicht bestimmt werden. Sie ähneln oft Quarziten oder 
Hälleflinten. In  der unmittelbaren Nähe der Überschiebungs- 
fläche sind sie so dicht von kleinen mattglänzenden Kluftflächen 
in allen Richtungen durchzogen, dass reine Brüche im Gestein 
m it dem Hammer nicht hervorgebracht werden können. Sonst 
sind sie ziemlich harte, dichte Gesteine von grauer Farbe, 
oft m it einer hellen, ziemlich dicken Verwitterungshaut. Durch 
letzteres Verhalten können sie von den Quarziten leicht un
terschieden werden. Gesteine von dieser Beschaffenheit, die 
in den östlichen Hochgebirgsgebieten Schwedens mehrmals 
angetroffen worden sind, nannte F. S v e n o n iu s  Kahirite  nach 
ihrem Vorkommen am See K a k ir unweit des Stora Sjöfallef 
in Lappland.

1 M e h rm a ls  s in d  a b e r  —  b e s o n d e rs  i n  d e r N ä h e  d e r  Ü b e rs c h ie b u n g s f lä c h e  

—  k le in e r e  in  d e n  k a ta k la s t is c h e n  B i ld u n g e n  e in g e la g e r te  S i lu r g e s te in e  be o b 

a c h te t  w o rd e n .
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Unter dem Mikroskop findet man, dass die K ak irite  der 
°rne Träsk-Gegenden — wo sie sehr reichlich auftreten — 

^ß ier eine Mikrobreccienstruktur besitzen. Sie sind also als 
Plastische Gesteine nach der von K j e r u l f  eingeführten Be

lehnung  oder als Mylonite, wie L a p w o r t i i  Gesteine dersel- 
A r t  nannte, zu bezeichnen (vergl. Big. 8, 9, 10). Im  

Agenden w ird neben der Bezeichnung Jcataklastische Gesteine 
â ch die kürzere M ylonit verwendet werden.

Pi
8- 8. Mikrophotographie von einem >Kakirit> aus den nordöstlichen Ge

hängen des Luopahta. Vergr. 16 x . Gewöhnliches Licht.

Die kataklastischen Gesteine der östlichen Gebirgsmassen 
^ ’ü'pahta, Kaisepakte und Kuobletjäkko enthalten immer 
Dlkalifeblspate als überwiegende Gemengteile. Im  östlichen 
^ Uopahta enthalten sie nur solche Feldspate und braune 
®°mblende nebst sekundären Mineralen, Epidot, Chlorit und 
Flimmer. Letztere treten als eine die scharfeckigen Feld- 
sPatfragmente, aus denen das Gestein hauptsächlich zusam- 
meügesetzt ist, zementierende Ausfüllungsmasse auf (siehe 

8). Diese Tatsachen scheinen nicht anders gedeutet

s
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werden zu können, als dass ein gequetschter Syenit v o r l ie g t -  

Dafür spricht auch die chemische Zusammensetzung, wie anS 
der Analyse 1, S. 981, ersichtlich ist.

ln  dem westlichen Teile des Luopahta finden w ir ka la' 
klastische Gesteine, die ausser den dominierenden A lkah' 
feldspaten auch gequetschte Quarzkörner enthalten. Dies*'!' 
ben scheinen aus Quarzsyeniten oder Graniten durch Zer- 
malmen entstanden zu sein. A ls zementierenden Gemengt^ 
enthalten sie hauptsächlich Muskovit. Makroskopisch sin^

[A pril 191°-

Fig. 9. Mikrophotographie eines Quarz-Syenit-Mylonits von dem westlichen 
Luopahta. Vergr. 18 x . Nie. gekr.

sie dichte Gesteine und ziemlich hart. Im  Kuobletjäkko ÜB' 
den w ir ähnliche Typen. A u f dem Itücken dieses Berges 
liegen grosse, von Schmelzwasser ausgewaschene Schuttmas
sen, in denen kataklastische Gesteinstypen als Blöcke reich
lich vertreten sind. Man findet unter denselben auch solche, 
deren kataklastische S truktur auch makroskopisch sichtbar 
ist, und die als Zwischenformen der dichten Mylonite und 
der gewöhnlichen primärstruierten Granite und Syenite be
zeichnet werden können.

Solche unvollständig zermalmte massige Gesteine sind



auch mehrmals fest anstehend an den Seiten des Luopahta, 
Knobletjäkko nnd Wuoskovara gefunden worden.

Kataklastische Gresteine von derselben A r t  wie der eben 
beschriebenen sind gefunden im ganzen Proiilgebiet zwischen 
dem Torne Träsk und der norwegischen Grenze. Sie scheinen 
stets den kristallinischen Hochgebirgsbildungen unterzulagern 
11 nd liegen entweder direkt auf dem Grundgebirge oder sind

32. H. 4 ]  IIOCHGEBIRGSBILD. AM TORNE TRÄSK. 941

Hg. 10. Mikrophotographie eines Quarz-Syenit-Myionits vom Atjaktjäkko. 
Vergr. 18 x . Nie. gokr.

von diesem nur durch flachliegende rein klastische Gesteine 
— meistens »Blairquarz» oder Tonschiefer — geschieden. Es 
öiiigen hier einige Lokalitäten, wo die kataklastischen Ge
steine besonders gut studiert werden können, etwas näher be
schrieben werden.

Bas Icataläastische Gestein an der Eisenbahnstation Abislco. 
Die Eisenbahn durchquert zwischen der Station Abisko und 
der Touristen-Haltestelle Abiskojokk einige Berghügel, in
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denen ein sehr interessantes kataklastisches Gestein entblösst 
worden ist. Dasselbe hat makroskopisch ein eigenartiges, 
aber ziemlich schwerbestimmbares Aussehen, nämlich dichte 
Struktur und graue Darbe. Teilweise t r i t t  Schiefrigkeit deut
lich hervor, zum Teil aber is t das Gestein beinahe massig, 
und dann w ird  auch eine gleichsam gebrochene Körnigkeit 
makroskopisch sichtbar. Bisweilen können in der grauen 
Masse graue Quarzkörner und gebrochene grössere Feldspat
tafeln nebst Andeutungen einer grobgranitischen Struktur 
wahrgenommen werden. Die Gesteinsmasse dieser Hügel 
zeigt auch im Ganzen eben die fü r Granite, auch metamor- 
phosierte, so kennzeichnende Homogenität hinsichtlich Zii-

Fig. 11. Kataklastisclie Gesteinsmassen, gangförmige Durchdringungen zeigend. 
Eisenbahndurchschnitt 2 km  östlich von der Station Abisko.

sammensetzung und Struktur. Es scheint auch keinem Zwei
fel unterliegen zu können, dass in diesem Abisko-Gestein ein 
gequetschter Granit, wahrscheinlich ein grobkristalliner Gra
n it von dem Wassijauretypus, vorliegt.

2 Kilometer östlich von der Station Abisko gibt es 
einen anderen Durchschnitt im kataklastischen Gestein, das 
eine ähnliche Beschaffenheit wie der beschriebene Typus auf
weist. H ier t r i t t  aber auch ein mehr hellgefärbter M ylonit 
auf, dessen matte Verwitterungsflächen einen Gehalt an Feld
spat angeben. Dieser scheint den dunkleren Typus gang
förmig zu durchsetzen (Fig. 11), und es zeigt sich, dass das 
Durchqueren älter is t als die kataklastische Quetschung der 
beiden Gesteine. Wahrscheinlich sind es archäische Granite 
verschiedenen Alters, die auf einmal dynamometamorph umge-
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wandelt worden sind. In  den Myloniten des Wuoskovara 
UnI  Kaisepakte sind einige Mal gequetschte Pegmatite und 
^iorite angetroffen worden, die den ähnlichen Gesteinen des 
aaheliegenqen Urgebirges zu entsprechen scheinen, gleich- 
v' 1(' im Ganzen die übergeschobenen Mylonite hinsichtlich ihrer 
^ usainmensetzung m it den archäischen Gesteinen der benach
barten Gegenden übereinstimmen.

^  32. H. 4 .] II0CHGEB1RGSBILD. AM TORNE TRÄSK.

12. Kataklastischer Granit nördlich von Sjangeli. Die Feldspate sind 
m ein scricitischcs Glimmergewebe verwandelt, und der Quarz ist granuliert. 

Yergr. 18 x .  Nie. gekr.

Am Fusse des Hochgebirgsmassivs Nuolja können mehr- 
0rts kataklastische Typen beobachtet werden. So am Tome- 
hanm, wo geschieferter Granit in  den kataklastischen B il
dungen gefunden worden ist. An der Ostseite des Nuolja beob
achtet man nur kleinere Massen von Gesteinen, die den ty 
pischen Myloniten zuzurechnen sind. H ier ist nämlich der 
sog. Hartschiefer der allgemein herrschende Gesteinstypus. 
Im Südwesten des Sees Abiskojaure an den beiden Seiten des



Gebirgsflusses Häikamajokk sind die massig-kataklastischefl 
Gesteine sehr weit verbreitet. Sie bauen auch zum grossen 
Teil die Gneissareale nördlich vom Sjangeli-Erzfeld auf. M i' 
kroskopisch zeigen die Sjangeli-Mylonite oft sehr interessante 
Strnkturformen, die vermuten lassen, dass in diesen Gegenden 
eine Rekristallisation des kataklastischen Materials begonnen 
hatte (Fig. 12).
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Fig. 13. Kataklastisches Gestein, ans einem älteren Schiefer durch Quet
schung und Faltung entstanden. Läktatjäkko. Vergr. 8 x . Nie. gekr.

In  dem südwestlichen Teil des hier behandelten Hoch- 
gebirgsgebietes is t kataklastischer Granit auch beobachtet 
worden, z. B. in  den südlichen Abhängen des Wuottasreita, wo 
er schiefrig entwickelt und dem Tornebamntypus sehr ähnlich 
ist. Die kataklastischen Gesteine der Hochgebirgsgebiete ini 
Südwesten des Torne Träsk sind aber oft eines ganz anderen 
Ursprungs als die eben behandelten massig-kataklastischen 
Typen. Zwischen Tornehamn nnd dem Wassitjäkko wie auch 
im Süden am See Abiskojaure und von dort bis nach Sjangeli
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)f °bachtet man nämlich oft bataklastische Typen, die geolo
gisch wie petrographisch offenbar aus den Grundgebirgsschie-J- o - r  ----------  ----  -------- o---- o--------
 ̂ 1,1 durch mechanische Deformation, Quetschung und Faltung 
i'rvorgegangen sind. Fig. 13 zeigt die mikroskopische Struk- 

dlU' eines solchen aus archäischem Schiefer entstandenen kata- 
Flastischen Gesteins. Tn den westlichen Bergmassiven des 
^artengehietes, Läktatjäkko, Kedjetjärro, Wassitjäkko und 
^  uottasreita, sind solche kataklastische Typen ganz allgemein, 
Was von grosser Bedeutung fü r die tektonischen Fragen, na
mentlich fü r das Überschiebungsproblem, ist. Das Grund
gebirge enthält nämlich eben in denselben Gegenden neben 
^etn Granit mächtige Komplexe archäischer Schiefergesteine, 
dieses Verhalten entspricht ganz dem Vorkommen syenitisch 
zusammengesetzter Mylonite in den östlichen Hochgebirgs- 
■'Uassiven, wo Syenite einen bedeutenden Teil des benach
barten Grundgebirges ausmachen, und die Tatsachen sprechen 
also dafür, dass diese dem S ilur überschobenen Icataldastischcn
M,osscn den angrenzenden archäischen Gebieten entstammen.

D ie  sog. H artsch iefer.

Der Name Hartschiefer ist eine bei den geologischen 
Forschungsreisen in den nordskandinavischen Hochgebirgs- 
Sebieten seit lange gebrauchte Bezeichnung fü r schiefrige und 
geschichtete, meistens dichte Gesteine von hälleflintartigem, 
bisweilen quarzitähnlichem Aussehen. Dass sie aber m it den 
°bt in der Nähe vorhandenen viel gestalteten Quarziten nicht 
identisch sein können, lehren schon ihre oft deutlichen Ver- 
Witterungshäute. Unter dem Mikroskope erweisen sie sich 

als feldspatreiche Gesteine, oder sie führen Glimmermine- 
la le, Granat u. s. w. als wesentliche Gemengteile. Sehr oft 
bestehen sie aus einem äusserst feinkristallinischen Gemenge 
v°n Quarz und Feldspat m it dünnen, feindasrigon Häutchen 
von Glimmer. Grössere, jedoch mikroskopische, gerundete 
Stücke von Feldspat liegen hie und da in der schiefrigen 
ÜFasse eingestreut.
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Die makroskopische Struktur der dichten oder sehr fei11' 
körnigen Hartschiefer ist entweder beinahe massig oder aus
geprägt schieferig, oft aber in  sehr regelmässiger Weise 
anscheinend schichtartig entwickelt.

Schwach geschicferte Hartschiefer findet man besonders in 
den höheren Teilen des Luopahta, Kaisepakte und Wuosko- 
vara sowie bisweilen in dem weiten Abiskotal. In  den nie' 
deren östlichen Teilen des Nuolja kommen eigentümliche 
dunkelfarbige Hartschiefer von nur wenig schiefriger Struktur 
vor. Mikroskopisch zeichnet sich dieser Typus durch seine 
verworren körnige S truktur aus. Es is t in den einzelnen 
Fällen nicht leicht zu entscheiden, ob dieselbe nur eine kata- 
klastische Form ausmacht und das Gestein folglich als ein 
Granit-M ylonit zu betrachten ist, oder ob eine wirkliche sedi
ment klastische S truktur vo rlieg t.1

Ausgeprägt schiefrige Hartschiefer bauen die höchsten 
Teile der östlichen Bergmassive Puonjetjäkko, Kuolkotjäkko 
und Kaisepakte sowie Suoraäive auf. Der Gesteinsgrund des- 
weiten Abiskotals besteht zum grössten Teil aus solchem 
schiefrigen Hartschiefer. Die meist dichte Masse dieser Ge
steine hat ungefähr dieselbe Zusammensetzung wie der eben 
besprochene Hartschiefertypus, ist jedoch ausgeprägt schieferig 
und mehr kristallinisch entwickelt. Besonders reichlich ist 
der Glimmer in der mikroskopischen Zusammensetzung dieses 
Hartschiefers vorhanden. E in mikroklastisches Gepräge kann 
u. d. M. auch in diesem Falle beobachtet werden, dasselbe 
t r i t t  aber durch die Schiefrigkeit und grössere K ris ta llin itä t 
mehr zurück als bei dem vorher erwähnten Hartschiefer- 

typus.

[A pril 1910.

1 Der Verfasser hat in seinem vorigen Bericht über das Torne Träsk-Gebie 
(Geol. Foren. Förh. 25 (1903): 27 und 373) die ersterwähnte Auffassung ver
fochten, später aber petrographische Gründe dafür gefunden, dass die frag
lichen rätselhaften Gesteine möglicherweise z. T. klastische Sedimentgesteine 
(Sparagmite) sein können. Vcrgl. auch A. E. T örneboiims Darlegung 1 
G. F. F. 25 : 83 und 427.



Sehr interessant ist unter den Hartschiefern der dritte m
ypus, nämlich der geschichtete. Derselbe ist in einigen Ge

benden der östlichen Hochgebirgsmassive, z. B. an den West
seiten des Luopahta und Kaisepakte, beobachtet worden. Be
sonders schön entwickelt findet man diesen Typus in den 

’ngebungen des Abiskojokk und an den südlichen und west
lichen Ufern des Torne Träsk. Dem Abiskotal entlang kann 
Iüan den geschichteten Hartschiefertypus verfolgen bis zum 
^biskojaure und von diesem See weiter nach Westen in  das 

des Häikamajokk. M it reduzierter Mächtigkeit scheint 
er hier mehrorts vorhanden zu sein und ist auch in den er
mähnten »Fenstern» im Kärsävaggetal beobachtet worden.'
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PiS- 14. Geschichteter Hartschiefer vom Abiskojokk, Torneträsk. Autotypie 
von einem grösseren Stücke des Gesteins.

Die Schichtstruktur ist meistens sehr schön und regel- 
lässig  entwickelt und besteht in einem Wechsel von hell
grauen und dunklen Lagen von sehr feinkörniger bis dichter 
Struktur (Fig. 14). ln  einigen Fällen sind die Schichten 
äüsserst dünn, gewöhnlich haben sie eine Dicke von ein bis 
zWei Zentimeter. Immer folgen die Schichten sehr regelmässig 
ailf  einander, zeigen aber durch Zerreissungen und Fältelun
gen nicht selten Störungen des regelmässigen Schichtenbaues. 
Dängs dem Torne Träsk am Mjelleniemi, Abiskosuolo und auf 
dem Pieskenjarka, wo, wie oben erwähnt, eine gegen die 
Gebirgskette transversal fortstreichende Faltung sich geltend 
macht, findet man den gebänderten Hartschiefer oft sehr stark



gefaltet und die Schichtstruktur gestört oder bisweilen sogar 
ve rtilg t (Fig. 15).

Im  Abisko-Kaiion beobachtet man oft rotgefärbte Adern 
und Nieren, die in dem geschichteten Hartschiefer eingelagert
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Fig. 15. Gefältelter Hartschiefer von Abiskosuolo im Torneträsk. Autotypie 
von einem grösseren Stücke.

Fig. 16. Hartschiefer vom Abiskojokk m it blassrotcn Adern von Quarz-Feld" 
spat-Masse. Autotypie eines Handstücks in natürlicher Grösse.

sind. Stellenweise ist derselbe so reich an Einlagerungen 
dieser A rt, dass er ganz wie ein roter Adergneiss aussieht 
(Fig. 16). Es giebt auch sehr feinschiefrige Varietäten, in 
denen die Aderstruktur nur mikroskopisch hervortritt (Fig. 17)- 

Diese Aderstruktur wurde von m ir anfänglich als eine 
ße lik ts truk tu r eines ursprünglich vorhandenen, nun zerquetsch
ten granitischen Gesteins aufgefasst. Ich ging eidab von der



d'^ h  mehrere Umstände gestützten Auffassung aus, dass die 
Kartschiefer geschieferte Mylonite seien. F ü r diese Auffassung 
sprach das Zusammenauftreten der beiden Gesteine im Felde 
'Vle auch die Schwierigkeit, bestimmte Grenzen zwischen den- 
Selben zu finden; ferner die Tatsache, dass nach chemischen 
Analysen keine wesentliche Verschiedenheit in  der Zusammen
setzung solcher Gesteine und derjenigen gewöhnlicher Granite
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y 1»- 17. Mikroskopische Aderstruktur im Hartschiefer von dem Abisko-Kanon 
j  erpöss. 19 x . Ohne den Analysator des Mikroskopes photographiert. Die 
Unkle Grundmasse hat ein äusserst feines Korn und ist sehr reich an Glimmer

bestehen schien (s. Analysen 6 u. 7, Seite 981). Auch in 
(̂ er S truktur zeigen die Hartschiefer, der gebänderte Typus 
öl°ht ausgenommen, starke mechanische Deformationen, die es 

wahrscheinlich machten, dass die Hartschiefer Endpro
dukte der dynamischen Metamorphose seien. In  Überein
stimmung hierm it wurde die sehr regelmässige Schichtstruktur 
der Hartschiefer am Abisko und in anderen Gebieten, wenn 
aüch m it einigem Bedenken, als eine metamorphische Druck- 
Struktur aufgefasst. Die L itte ra tu r der regionalmetamorphi-

61—100170. G. F . F . 1910.
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sehen Gebiete der W elt enthält mehrere Beispiele dafür, dass 
Schichtstrukturen, gleich regelmässig wie diejenige des Abisko- 
Hartschiefers entwickelt, als durch Druck entstanden gedeu
tet worden sind.

Indessen g ibt es einige Tatsachen, die der Auffassung 
des Hartschiefers, besonders des gebänderten, als druckmeta- 
morphosierter massiger Gesteine entgegenstehen. Unter diesen 
ist die grosse horizontale Ausbreitung der Hartschiefer (siehe 
die Karte) und der Umstand, dass sie regelmässig von Kalk ' 
stein überlagert werden, zuerst zu erwähnen. Der Abisko- 
Hartschiefer enthält Einlagerungen von Dolomit und wech- 
sellagert oft in sehr regelmässiger Weise m it dünnen Lage» 
desselben Gesteins. A u f der kleinen Insel Abiskosuolo hat 
der Hartschiefer teilweise die Beschaffenheit eines hellen ge
bänderten Quarzits, und ebenso war auf Mjelleniemi der 
Hartschiefer sehr eng m it Quarzit geognostisch verbunden, 
während die hier auch vorkommenden Mylonitmassen ohne 
sichtbare Übergänge zu den Hartschiefern sind.1

W ie diese geologischen Tatsachen, so sprechen in der Tat 
auch die strukturellen Züge der geschichteten Hartschiefer gegen 
die Auffassung, dass sie dynamo-metamorphische Endprodukte 
vorheriger massiger Gesteine seien. Ihre erwähnte Schicht- 
Struktur ist von einer solchen Kegelmässigkeit, dass sie kaum 
durch irgend einen anderen Vorgang als durch sedimentäre 
Wechsellagerung hat entstehen können, um so mehr als die
ser schichtige Hartschiefer nur verhältnismässig schwache 
Einwirkungen von unzweideutigen Druckprozessen darbietet. 
Im  Vergleich z. B. m it den gefältelten Hartschiefern auf 
Abiskosuolo und Pieskenjarka oder m it anderen in jeder meta- 
morphischen Begion gewöhnlichen, krä ftig  druckmetamorpho- 
sierten Schiefertypen erscheint der Abiskoschiefer nur wenig 
beeinflusst. Die Streckung ist sehr schwach entwickelt. Wenn

1 U n m i t t e lb a r e  K o n t a k t e  z w is c h e n  d e n  M y lo n i te n  u n d  d e n  H a r t s c h ie fe r 11

s in d  n u r  s e h r  s e lte n  b e o b a c h te t  w o rd e n ,  u n d  s ie  h a b e n  d e r  D ru c k m e ta m o rp h o s e  

z u fo lg e  k e in e  A u f k lä r u n g  ü b e r  da s  g e o lo g is c h e  V e r h a l te n  ge ge b e n .



111 an a^er annimmt, dass der Schi chtenwech sei dieses bei- 
^ahe horizontalen Schiefers eine Folge von Ausquetschung z. B.

U(' 1 Gleitbewegungen wäre, dann muss offenbar auch eine 
^  dieser Bewegung parallele, sehr kräftige S truktur in  dem 
^ände rten  ScPiefgp vorhanden sein. Nun findet man zwar, 
|''le allen der Hochgebirgsformation zugehörigen Schiefer- 
°ttiplexen, auch in dem Abiskoschiefer eine nach Nordwesten 

^richtete lineare S truktur, dieselbe ist aber sehr schwach 
'^W icke lt und entspricht keineswegs den Forderungen der 
genannten Theorie.

Angesichts dieser geologischen und petrographischen Tat
schen scheint es nicht angenommen werden zu können, dass 
er schichtige Hartschiefer durch Dynamometamorphose aus 

Massigen Gresteinen entstanden ist. Andererseits erscheinen 
iß erwähnten blassroten Quarz-Feldspat-Einlagerungen von 

(*ern Gesichtspunkte einer sedimentären Entstehung auch 
®eWerverständlich, und fü r das Fehlen deutlicher klastischer 

b k tu ren  — die in der benachbarten Silurformation an den 
eiden Seiten der Hochgebirgskette so schön vorhanden sind 

kann in solchem Falle gegenwärtig auch keine durch un
zweideutige Tatsachen begründete Erklärung gegeben werden.

an darf hier zweckmässigerweise darauf aufmerksam machen, 
dass Hartschiefergesteine derselben A r t  wie die hier beschrie
ben i n ganz Lappland die östlichen Zonen der Gebirgskette 

aufbauen. Immer sind es makroskopisch dichte, graue Gesteine, 
aus scharfeckigen Fragmenten hauptsächlich von Feldspat und 

lxarz zusammengesetzt. Im  Felde sind sie meistens als »graue 
Paragmite» bezeichnet. Obwohl sie sehr oft und von vielen 
eologen bei Forschungsreisen in diesen nördlichen Gegen - 
11 beobachtet worden sind, kennt man nur die allgemeinen 

b ge  ihres geologischen und petrographischen Verhaltens. Ihre 
dichte Struktur und komplizierte Tektonik machen eingehen
dere Untersuchungen als die bisher ausgeführten unbedingt 
notig, um ihre immerhin rätselvolle geologische Bedeutung 
aUfzuklären.

n ^
( u j G E O L O G 1'  ^

V p , . ^

I,fl 32' H . 4 .] HOCHGEBIRGSBILD. AM TORNE TRÄSK. 951
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Die A m p h ib o lite .

Dieselben gehören geologisch zu den Hartschiefern. I 1*  
Torne Träsk-Gebiet lagern die Amphibolitmassen unmittelbar 
auf den Hartschiefern. Fig. 18 giebt die Lagerungsverhält' 
nisse, wie sie an der dem Abiskojaure zugewandten West' 
Seite des Kierona beobachtet wurden, wieder. Das grossartig6 
Alpengebiet, welches die mächtigen Massive Kierona, Somas- 
laki, Pallim tjäkko, Nissontjäkko, Tjuonatjäkko und Wäimaäiv6

Fig. 18. Profil durch den Amphibolit und die demselben unterliegenden ge" 
schichteten Hartschiefer an der Westseite des Kierona, östlich von dem See

Abiskojaure.

umfasst, besteht aus Amphibolit. Das Gestein is t kleinkörnig 
und ziemlich stark geschiefert. Die Schiefrigkeit zeigt nicht 
selten eine deutlich lineare Anordnung. Daneben ist aber auch 
eine ebenflächige Parallelstruktur, die bisweilen einer Schich
tung ähnelt, sichtbar. Die Zusammensetzung scheint nicht 
sehr zu wechseln. Der Hauptgemengteil ist eine dunkelgrüne 
Hornblende. Gewöhnlich sind nur untergeordnete Mengen 
von den hellen Mineralen vorhanden. Der Ursprung dieser 
Amphibolite kann nicht bestimmt angegeben werden. I 10 
Torne Träsk-Gebiet sind nämlich keine eruptiven Kontakte 
zwischen den Amphiboliten und den Schiefern zu sehen. Da
gegen hat man derartige Kontakte in anderen Teilen der Ge
birgskette beobachtet. Mächtige Komplexe von Amphiboliten,
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te i le n  m it G-abbros oder Gabbrodiabasen verknüpft, kom- 
eB nämlich in der Nähe der östlichen Grenze der skandi

navischen Kette regelmässig vor. An der nördlichen Seite 
^es Torne Träsk nehmen gewaltige Amphibolitmassen in der 

0(:hgebirgsformation eine ähnliche Lage wie in den süd- 
j, Abiskoalpen ein. Weiter nach Süden finden w ir als 
^ 0rtsetzung der Abiskoalpen die grossen Grünsteinmassive 
es Pärsotjäkko und Kebnekaisse.1 Dann fo lgt das weit aus- 

?f^ehnte Amphibolitgebiet zwischen Stora Sjöfallet und 
^ Vlkkjokk, welches die Sarekmassive enthält. Im  Süden von 

151 Westende des Sees Hornafvan befindet sich etwas west- 
| Von der Hochgebirgsgrenze ein kleineres langgestrecktes* 

assiv von einer Grünsteinart. W eiter nach Süden sehen w ir 
^  der K a rte 1 westlich von dem See Stör Uman grosse 
assive von Grünsteinen und O liv in it. Ebenso sind die Ge- 

lete der flachliegenden Schiefergesteine in Jemtland reich an 
§eschieferten und metamorphosierten Grünsteinen, wenn auch 
, eine grossen Massive hier auftreten. Endlich sehen w ir ganz 
ln dem Südwestende der skandinavischen Ealtungszone ge
waltige Massen von Gabbro und Amphibolit im zentralen 

°rwegen. Auch hier gehören die Grünsteine dem Gebiete 
er flachliegenden Hochgebirgsgesteine an.2

In  den westlicheren Zonen des skandinavischen Ketten- 
bßbirggg treten seijr  regelmässig grosse Eruptivmassen von 

a’bbro und Granit auf. Dieselben sind aller Wahrscheinlich- 
' eit  nach postsilurischen A lters. Sie durchsetzen die Hoch- 
cAbirgsschiefer aller Arten, sind aber oft sehr k rä ftig  regional- 
^ta inorphosiert. Demgemäss muss angenommen werden, dass 

r  Hervordringen vor dem Abschluss der grossen Ealtungen 
Ŝ attgefunden hat.

' Siehe die dem Guide 1 beigefügte Übersichtskarte von A. E. T örne-
bOHji.

2 Die Grünsteine von Jotunheimen in Norwegen sind jedoch verschieden 
gedeutet. T ö r nebo hm  ist der Ansicht, dass sie dem Grundgebirge angehören. 
^E R ulf und B j ö k l y k k e  führen sie als postsilurische Eruptivmassen auf.
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Die Verhältnisse liegen sehr v ie l verwickelter in der 
Grünsteinzone längs der östlichen Hochgebirgsgrenze. Die 
Verschieferung der Eruptivgesteine ist vie l kräftiger, und die 
geologischen Verhältnisse geben auch meistens keinen Auf" 
Schluss über die Herkunft dieser Gesteine. N ur so vie l scheint 
unzweifelhaft, dass nämlich die Amphibolite und die Hart- 
schiefer (resp. die Seveschiefer der südlicheren Gegenden) 
geognostisch eng verknüpft sind.

Am wahrscheinlichsten ist es wohl, dass die Amphibolite 
einmal als eruptive Massen den Muttergesteinen der jetzigen 
Hartschiefer angehörten, und dass die beiden Gruppen von 
Gesteinen durch die Differentialgleitungen in den horizontal 
bewegten Massen der östlichen Hochgebirgszonen gleichzeitig 
geschiefert und um krista llisiert worden sind. Es muss betont 
werden, dass diese Annahme in keiner Weise eine Anwendung 
der bekannten Theorie von Eernüberschiebungen fordert.

D er K alkstein-G ranatg lim m erschiefer-K om plex.

Das Nuolja-Massiv. Über den Hartschiefern fo lgt in den 
westlichen Bergmassiven regelmässig kristallinischer Kalkstein- 
Es sind meistens blaugraue, kleinkörnige, bald ebenschie
ferige und dünngeschichtete, bald dickbänkige, mehr oder we
niger unreine Kalksteine. Trotzdem sie den Kalksteinen des 
östlichen Sulitelma sehr ähnlich und auch wie jene von 
schwarzen Schiefern begleitet sind, hat man bisher in den
selben keine Fossilreste finden können. Ih r  A lte r gleichwie 
das A lte r des ganzen westlichen, hauptsächlich von milden 
Glimmerschiefern aufgebauten Komplexes bleibt daher un
entschieden, wenn es auch durch die Analogien der südliche
ren Hochgebirgsgebiete sehr wahrscheinlich ist, dass die offen
bar sedimentären Lagen dieses Komplexes metamorphisehe 
Silurgesteine darstellen. Es kommen mehrere, von milden 
Glimmerschiefern getrennte, mächtige Lagen von Kalkstein 
übereinander vor. Die gesamte Mächtigkeit ist nicht gemes-
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ên worden, scheint aber meistens 50 Meter nicht zu erreichen. 
111 Nuolja haben die Kalksteinmassen besonders an der nörd

l ic h e n  Seite wahrscheinlich eine viel grössere Mächtigkeit.
Wie aus der Karte ersichtlich, kommt im Westen von 

 ̂ isko bis nach Wuottasreita zwischen dem Hartschiefer und 
111 Granatglimmerschiefer stets Kalkstein eingelagert vor. 

Zitier liegt derselbe sehr flach und fä llt  bergeinwärts. Die 
nächsten liegende Auffassung scheint daher beim ersten 

®kanntwerden m it dieser Tatsache diejenige zu sein, dass 
er Kalkstein ein kontinuierliches Lager unter dem Granat- 

idittirnerschiefer bildet. Eine nähere Untersuchung der Ver- 
la Güsse zeigt aber, dass die Anordnung keine so einfache 

Sfcln kann. Verfolgt man dieses Kalksteinlager, so findet man, 
ass es nicht ganz kontinuierlich verläuft. Es ist an zwei 
11 der ost-westlichen Mittelachse des gi’ossen Komplexes 

Symmetrisch gelegenen Stellen unterbrochen, nämlich südwest- 
lou von Tornehamn und westlich von dem See Abiskojaure.

diesen Stellen befindet sich ein absperrender Kücken, der 
aus dem Untergründe auftaucht und aus einer besonderen A r t  
’utaklastischen Gesteins besteht. W eiter nach Westen imd 

111 höherem Niveau findet man wieder einen Kalkstein, der 
aber weniger mächtig is t und nach dem Fallen einer höheren 
^°ne anzugehören scheint. Derselbe is t sehr konstant in der 
^Ueichungsriehtung nach Westen bis zum Wassitjäkko und 

outtasreita, aber doch an mehreren Stellen unterbrochen. 
n solchen Fällen beobachtet man, dass seine Fortsetzung 

fiach Westen in einem scheinbar höheren Niveau erfolgt. Im- 
liler liegt er zwischen dem Hartschiefer und dem Granat- 
§liiQrner schiefer.

An der Südseite des Häikamatjäkko und Wuottasreita 
Wll’d der Kalkstein mehr und mehr grobkristallinisch und 
v°ü neugebildeten Mineralen erfü llt. Am weitesten entwickelt 
ist dieses Verhältnis im Wuottasreita. Es hat ganz den An- 
Scliein, als hätten von Westen her besonders kräftige meta- 
^orphische Einflüsse sich geltend gemacht. In  der Jetztzeit

^  32. H. 4 .] HOCHGEBIRGSBILD. AM TORNE TRÄSK.
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gibt es aber zu den Hochgebirgsbildungen im W u o t ta s r e r t a  

keine unmittelbaren westlichen Fortsetzungen. Die Erosion 
hat dieselben ganz durchgraben, und man t r i f f t  sie daher erst 
an den inneren Teilen des Ofotenfjords, wo sie anscheinend 
eine tie f eingesenkte Mulde bilden.

[A pril 1910-

D ie G ranatg lim m ersch iefer-Phyllit-A bteilung.

Wie schon hervorgehoben, w ird der Kalkstein überall 
von Granatglimmerschiefer überlagert. Dieser Schiefer ist 
meistens ein sehr mildes Glimmerschiefergestein, oft sehr 
schön krista llis iert. E r enthält regelmässig Granat teils als 
pfeffergrosse Körner (auf dem Nuolja), teils aber in grossen 
Krista llen (wie im Läktatjäkko). Neben dem Granat kommt 
bisweilen Hornblende oder Staurolith vor. Auch der B io tit 
erscheint nicht selten als gerundete Körner in  der dichten bis 
feinflaserigen Schiefermasse. Neben Muskovit, der sehr reich
lich vorhanden ist, spielt oft der B io tit eine wichtige Kollo 
in  der Zusammensetzung der Granatglimmerschiefer. Im  Ver
gleich zu anderen fü r das schwedische Hochgebirge charakte
ristischen Glimmerschiefern, nämlich den sog. Seveglimmer- 
schiefern, die meistens hart, bisweilen gneissartig sind, gehört 
der fragliche Granatglimmerschiefer einem weichen oder m il
den Typus an.

Zu den makroskopischen Charakteren des weichen Gra
natglimmerschiefers gehört auch eine nicht selten sehr re
gelmässig entwickelte, schöne Schichtstruktur (Fig. 19). Die
selbe ist derjenigen eines gewöhnlichen Ton- oder Mergel
schiefers sehr ähnlich. Sehr oft kommen liegende Falten 
in dem Granatglimmerschiefer vor. Es ist aber eine be
merkenswerte Tatsache, dass die primäre Lagerstruktur in 
diesem Gestein sehr oft m it voller Deutlichkeit hervortritt.

Der Ursprung des Granatglimmerschiefers muss als un
bekannt bezeichnet werden. Es scheint dem Verfasser wohl 
möglich, dass derselbe im Grundgebirge zu suchen ist, näm-



^Ck in den Sjangelischiefern, die z. T. eine ähnliche Zusam
mensetzung haben. Andererseits besteht ein naher geologi- 
Scher Verband zwischen dem Granatglimmerschiefer und dem 
ScWarzen Phyllit, was dafür spricht, dass ersterer zu den 
IJ0starchäischen Bildungen gehört.

Sehr charakteristisch für den Granatglimmerschiefer sind 
le Einlagerungen von schwarzen (kohligen) Phylliten. Zu-
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19. Schichtstruktur im  Granatglimmerschiefer. Im  oberen T e il des 
Häikamatales.

Satnrnen m it diesen findet man an einigen Stellen dünne La- 
¿en von Kalkstein oder sandsteinähnlichem Quarzit. Die 
kohligen Phyliite  treten in einer sehr regelmässigen und ei
gentümlichen Weise auf. Im  Kärsänjounje, Tsasinnjaska- 
Pjälvko und Nuolja beobachtet man über dem Kalkstein un- 
§efähr 14 Phyllitlagen, durch zwischengelagerte Granatglim- 
’Oerschiefer geschieden. Die Phyllitlager haben eine Mächtig
keit von nur einigen bis vielen Metern. Wenn man an der 
®hdostseite des Kärsänjuonje die Querprofile über der Phyl-
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litserie untersucht, findet man, dass die Anzahl der im Gra
natglimmerschiefer eingelagerten Phyllitlagen mehr und mehr 
abnimmt, je weiter man nach Südwesten hin die Untersuchung 
fortsetzt. Oberhalb des Punktes, wo der mächtige Kalkstein 
ausläuft, sind auch die meisten Phyllitlagen aus der Serie 
verschwunden. Wahrscheinlich laufen sie hier alle aus. Der 
nach Westen bis zu den südlichen Gehängen des Wuottasreita 
fortgehenden Schicht von schwarzem P h y llit schliesst sich die 
neue am Pätsojaure auftauchende Kalksteinschicht eng an.

In  den höheren Teilen des Tsasinnjaskatjäkko begegnen 
w ir zwei neuen Lagern von schwarzem P hy llit. Diese haben 
eine grössere Mächtigkeit nnd weitere Erstreckung als die 
vorher erwähnten. Im  Tsasinnjaskatjäkko und Ladnatjärro 
sind sie von dünnen Kalksteinschichten und einzelnen Quarzit
bänken begleitet. In  den südlichen Abhängen des Ladnatjärro 
und Kärsävaggepakte streichen diese schwarzen Phyllite  sehr 
regelmässig nach Westen. A u f der Nordseite desselben Kom
plexes liegen sie in den Höhenzügen flach ausgebreitet und neh
men daher ziemlich grosse Areale ein. Ih r  Verhalten zwischen 
dem Läktatjäkko und Nuolja hat leider nicht endgültig er
forscht werden können, und daher ist es gegenwärtig unent
schieden, in welchem Verhältnis die in höheren Teilen des 
Gebietes auftretenden schwarzen Phyllite  zu den erstbeschrie
benen Phylliten stehen. Nach Südwesten senken sich auch 
die oberen Phyllitlager langsam. Das oberste derselben w ird 
von einem neuen Gliede der Hochgebirgsformation, einem 
grobfaserigen Glimmerschiefer, überdeckt.

D e r g robflaserige  G lim m erschiefer.

Dies is t ein grobstruierter, quarzgeäderter Glimmerschiefer 
von braungrauer Farbe und stark gefalteter Struktur. Bis
weilen kommen gneissähnliche Strukturen, »Augen» und »Nie
ren», in denen etwas umgewandelter Feldspat vorhanden zu 
sein scheint, hinzu. E in  Gehalt an Granat kann auch in



diesem Glimmerschiefer bisweilen beobachtet werden. Meistens 
j*-her fehlt dieser Bestandteil. Von dem vorher beschrie- 

rien Granatglimmerschiefer is t übrigens der grobflaserige 
^ütnmerschiefer durch seinen ganzen Habitus, seine mehr 

Zusammensetzung und buckelige oder feingefaltete 
meistens leicht zu unterscheiden. E r ähnelt da- 

^®§en in auffallender Weise dem zum Grundgebirge gehö- 
*!gen Wassijaureschiefer. Dieser is t ein brauner Glimmer-
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I^arzige
Struktur

20. W enig gefalteter, grober, geschichteter Glimmerschiefer in  den süd
westlichen Abhängen des W uottasreita.

Schiefer oder gneissartiger Glimmerschiefer m it einer meistens 
sehr regelmässigen grobgeschichteten Struktur.

Bisweilen ist auch der grobe Glimmerschiefer der west
lichen Gipfelmassen nur wenig gefältelt. Dies kommt an den 
südwestlichen Gehängen des westlichen Wuottasreita vor 

ig. 20). In  solchen Fällen is t die petrographische Ähnlich
keit zwischen diesem Schiefer und dem archäischen Schiefer 
des Wassijaure noch grösser.

Der grobflaserige Glimmerschiefer der Hochgebirgsforma- 
tion bildet die höchsten Teile des Ladnatjärro, Iväppasäive
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und Kärsävaggepakte.1 Auch in dem Tale zwischen dem 
letztgenannten Massiv und dem Käbbletjäkko is t der Glim
merschiefer das herrschende Gestein. Weiter nach Westen 
treffen w ir  denselben in  den Felsen am Kärsä-Gletscher, also 
in den Sockelmassen des Käbbletjäkko und Wassitjäkko, an-

Auch die niedrigen Teile des Häikamatjäkko in der Nähe 
des Gletschers und die steilen mächtigen Gehänge des Wuot- 
tasreita auf der Südseite desselben bestehen aus grobem Glim
merschiefer.

Auch die höchsten Teile des Wuottasreita enthalten das
selbe Gestein. Seine Lagerstellung ist hier eine sehr wech
selnde. Bald stehen die kräuselig gefalteten Schichten bei
nahe senkrecht, bald liegen sie horizontal, und oft sieht man 
gewaltige Umbiegungen, an denen oft etwas Granatglimmer- 
schiefer und sogar ein wenig Kalkstein teilzunehmen scheinen- 
In  dem östlichen Gipfelrücken des Wuottasreita scheint der 
Schiefer eine fast horizontale Lage einzunehmen, was in A n 
betracht der S truktur seiner dem Kärsä-Gletscher zugewandten 
Absätze schwierig zu verstehen ist. Wenn man aber die kleine 
Einsenkung, die die beiden Hälften des Wuottasreita von 
Nord nach Süd scheidet, passiert hat, erblickt man auf ein
mal einen grossartigen Querschnitt durch die östliche Hälfte 
des Gebirges, welcher das eigentümliche Verhältnis der Lager
stellung erklärt. W ie aus den Figuren 21 und 22 hervor
geht, beobachtet man an dieser Stelle in  der gewaltigen, 
über dem Gletscher aufragenden steilen Felswand eine gross
artige Z-förmige Falte, die die Tektonik des ganzen Gebirges 
beherrscht. Die Hauptmasse der Falte besteht aus dem gro
ben Glimmerschiefer, der von unten auftauchend m it gewal
tigen Umbiegungen nach Norden und Süden bis an den Höhen
rücken des Wuottasreita fortgeht und dort die schon erwähnte

[A pril 1910-

1 Nach einer Beobachtung von Dr. Otto Sjögeen sollen auf dem Käbble- 
tjäkko schwarzer Phyllit und Granatglimmerschiefer in grosser Ausdehnung 
vorhanden sein.
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S S' 21' Photographische ■ Abbildung einer hohen Felsenwand im mittleren  
Qottasreita. Man sieht die grosse Z-förmige, aus grobem Glimmerschiefer 

und schwarzem P h y llit  (nach rechts) zusammengesetzte Falte. 22

22. Schematisierte Zeichnung der in der vorigen F igur dargestellten photo
graphischen Abbildung der Z-Falte  im AVuottasreita. a  ist der grobe Glim m er
schiefer, b der schwarze P h y llit  und C  der Granatglimmerschiefer. T  T  ist 

die Einfaltungsfläche.
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scheinbar horizontale Lagerstellung einnimmt. Bei der nach 
Süden gerichteten Umbiegung legt sich der Glimmerschiefer 
über eine liegende Falte von schwarzem P hyllit, wodurch eine 
scheinbare Überschiebung, in  der Tat aber eine Einfaltung 
entstanden ist. Die liegende Falte von schwarzem P hy llit 
streicht von dieser Stelle, wo die Tektonik k la r überblickt wer
den kann, längs der Ostseite des östlichen Wuottasreita und 
hängt daher aller Wahrscheinlichkeit nach m it dem Vorkom
men von schwarzem P h y llit  zusammen, das an dem südöst
lichen Abfalle desselben hohen Gipfelrückens beobachtet wor
den ist. Zum grossen Teil sind die Böschungen dieses Flickens 
von mächtigen Schneemassen bedeckt. Eine ähnliche Lage 
wie im Wuottasreita scheint die höchste Schichtmasse von 
schwarzem P h y llit im Kärsävaggepakte, Käppasäive und 
Ladnatjärro einzunehmen.

An der nördlichen Seite der Z-förmigen Falte im W uot
tasreita steht etwas Granatglimmerschiefer an. E r ist gleich
falls aufgerichtet und gefaltet wie der grobe Glimmerschiefer. 
Sein tektonisches Verhalten hat aber nicht näher erforscht 
werden können.

Die Z-Falte im Wuottasreita nimmt, wie ersichtlich, die 
höchsten Teile des Hochgebirges dieser Gegenden ein. Der 
Gipfel des Wuottasreita erreicht nach der topographischen 
Harte eine Höhe von 1576 m über dem Meere. Die Höhe 
der in Fig. 21, 22 abgebildeten Falte beträgt etwas weniger 
als 200 in. Die Massen von grobem Glimmerschiefer, welche 
man an dieser Stelle beobachtet, stehen m it dem Glimmer
schiefer des unterliegenden Grundgebirges auch nicht in un
mittelbar zu beobachtender Verbindung. Dass aber eine solche 
in der Tat vorhanden ist, ist sehr wahrscheinlich. W ir  erin
nern uns nämlich, dass der grobe Glimmerschiefer an den 
nördlichen Abhängen des Wuottasreita, wo er sehr wechselnde 
Lagerstellungen einnimmt, vorhanden ist und hier auch bis 
in die Nähe des am weitesten nach Westen im Kärsätal ge' 
geienen Sees, d. h. in einer Höhe von ungefähr 750 m ii. d. M->



beobachtet werden kann. Die Oberfläche des Grundgebirges 
egt indessen in diesem Teile des Gebietes viel höher als in 
6111 Torne Träsk-Tal, nämlich nach den barometrischen Mes- 
llngen von W a l e r . P e t e r s s o n  1 nördlich vom Sjangeli 1113 m 

a' d. M., und an dem nordöstlichen Abhang von Jerbele — 
^ni südwestlich von der Z-Falte im Wuottasreita — liegt 
e Oberfläche des Grundgebirges in einer Höhe von 1058 m 

‘ d. M. Die unteren gefalteten Massen im Wuottasreita 
neW n  also eine niedrigere Lage als die Oberfläche des nicht 

davon anstehenden Grundgebirges ein. Es is t daher 
^°h l gehr wahrscheinlich, dass ein geologischer Zusammen- 
ang zwischen dem groben, in der Hochgebirgsformatiop 

höchstliegenden Glimmerschiefer und dem demselben petro- 
braphisch sehr ähnlichen, zum Grundgebirge gehörigen G lim 
merschiefer in der Tat vorhanden ist.
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Die T e k to n ik  des Kärsätales.

Das Kärsävagge (Kärsätal), ein Nebental des weiten 
^biskotales, b ildet einen ungefähr 13 km langen, tiefen Ein- 
Schnitt inmitten des Granatglimmerschiefergebiets zwischen 
^bisko und der Reichsgrenze im Westen. Es hat einen sehr 
regelmässigen, muldenförmigen Verlauf und ein nach Osten 
fügsam abfallendes Bodenprofil (Fig. 27). Seine geologischen 
Verhältnisse geben einen interessanten E inblick in  die Tek- 
t°n ik  des Granatglimmerschiefergebietes.

An der Mündung des Kärsätales begegnen w ir den dem 
Därtsehiefer aufgelagerten mächtigen Kalksteinbänken nebst 
Sehr bedeutenden Lagen von schwarzem P hyllit. Nachdem 
U’lr einige Kilometer hinein in  das Tal und damit ein Stück 
la das Hangende der flach nach Westen fallenden Schichten
serie gekommen sind, begegnen w ir dem milden Granatglim- 
mrerschiefer und seinen Einlagerungen von schwarzem P hy llit.

1 Geol. Fören:s Förhandl. 19 (1897) 302.





^  enn w ir an der Südseite des Seen- 
stems taleinwärts weitergehen, ha- ~ 

en w ir reichlich Gelegenheit, die- 
Sen 'Wechsel von P h y llit und Schie- 
“̂r  Und die Tektonik des Tales zu 

studieren. W ir  sehen da, dass das 
Streichen der Schieferschichten unter <5
"lDertl sehr schiefen W inkel von der 

aßiuüde überquert ist. Bisweilen 
^  es den Anschein, als gehe das 

i ganz parallel zur Streichrichtung.
Gan sieht nämlich auf der Südseite 

Tales die ebenen Flächen der 
Schiefer wie eine Bekleidung aus- 
Scbreitet, während in der nördlichen 
^ülwand die abgeschnittenen Schich- 
^ ‘n parallel zur Talrichtung fortzu- 
streichen scheinen. Indessen bemerkt 
01 an an vielen Stellen, dass diese 
Dichtung schief über die Schichten 
Uü(i  in höhere Niveaus der Schich
tenserie führt. Es erweist sich bei 
näherer Untersuchung, dass das Fal- 
êtl durchschnittlich nach N W  ge

achtet ist. Das Kärsätal erstreckt 
Slch dagegen bogenförmig in west- 
südwestlicher, westlicher und west- 
nordwestlicher Richtung. Es ist 
also weder ein A n tik lina l- noch ein 
®ynklinaltal, sondern von der Ero- 
Sl°n schräg in  die fiachfallende 
Schicht enserie eingegraben (vgl E in 
23).

Eine Folge der Parallelität, 
aie streckenweise zwischen der

62— 100170. G .F .F .1 9 1 0 .
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südlichen Talseite und den Schichten besteht, is t der 
eigentümliche Verlauf der Schichtgrenzen in der östlichen 
Hälfte des Tales. Der schwarze P h y llit  und der hellgraue 
Granatglimmerschiefer treten nämlich in diesem Gebiet wie 
in den östlichen Absätzen des Nuolja wiederholt wechsellagernt 
auf. 14 solche Wechselungen der beiden Schiefertypen habe 
ich hier gezählt; im östlichen Nuolja ergab die Zählung ebenso 
viele, und in den nordöstlichen Absätzen desselben Massivs

Kilom eter

Mo- 25 Marienbild von dem Wechsel des schwarzen P hy llits  und des G ‘ 
natglimmerschiefers in dem östlichen Teile des K&rs&tals. Zeigt auch 
Dolomit-Vorkommen und eines der sog. Fenster dieses Tales. U  bedeutet 
chäische Schiefer, 8  schwarzer P hy llit, IC Kalkstein, TI Hartschiefer, J )  D°‘ 

mit, weiss Granatglimmerschiefer, H  Grubenhütte an dem Dolomitbrucn.

waren wenigstens 12, wahrscheinlich aber auch 14 vorhanden- 
F ig . 25 illu s trie rt das Verhalten der beiden Schieferarten zU 
einander in den äusseren Teilen des Tales.

Der Dolomit' und das »Fenster» im mittleren K ä r s ä t a l  

Gerade in der M itte  des Kärsätales, von der Mündung ^ lS 
zum Gletscher gerechnet, ist ein bekanntes Vorkommen von 
Dolomit, das man technisch auszunutzen versucht hat, belegen 
Eine geräumige, solid aufgeführte Grubenhütte ist hier auc 
erbaut worden. Der Dolomit ist von einem sehr dichten T) 
pns und von grosser Feinheit. Leider kommen zahlreiche Dn



Blasen vor, so dass nur kleinere Stücke, dieses schönen Ge- 
steing e r h a l t  werden konnten, und deswegen waren die Ver- 
Suche, hier ein fü r Bauzwecke wertvolles Material zu gewin- 

nicht erfolgreich.
Der Dolomitbruch liegt ungefähr 50 m über dem Talboden 
Busse der südlichen Talseite. H ier hat der Dolomit eine 

ä(B tigke it von ungefähr 25 m und is t in einer ostwestlichen 
änge von 40 m entblösst. Da die Lagerstellung eine flach 

' uPpelförmige ist m it Fallen 9°—14° nach Süd, Mord oder 
est, so ist es sehr wahrscheinlich, dass das Gestein eine 

Del grössere Ausbreitung unter den Schuttmassen des Tales,

l!d ' 32’ H. 4 .] HOCHGEBIRffSBILD. AM TORNE TRÄSK. 967

K W * 6; Profil durch den Hochgebirgsschiefer an dem Dolomitvorkommen im 
rsatale. H  bedeutet hier Hartschiefer, D  Dolomit, K  Kalkstein, G r  Granat- 

glimmersehiefer und Qu Quarzit.

esonders nach Westen zu, hat. Das Vorkommen von ange- 
äüften Dolomitblöcken in der Nähe bestätigt diese Auffas- 

&Ung. Fig. 26 veranschaulicht die geologischen Verhältnisse 
ei diesem Dolomitvorkommen, und Fig. 27 giebt ein B ild 

^°n dem Tale, von Osten gesehen.
Der beschriebene Dolomit ist hier wie am Äbiskojokk von 

Verändertem Hartschiefer begleitet, und ganz ivie am letstge- 
annten Vorkommen wird im Kärsätal der Hartschiefer seiner- 

von Kalkstein und flachliegendem Granatglimmerschiefer 
Verlagert. Der Kärsädolomit liegt aber ungefähr 400 m höher 

das Dolomitvorkommen im unteren Teile des Äbiskojokk 
ünd gehört offenbar zu einer Aufwölbung oder einer von dem 
nüterliegenden Grundgebirge auftauchenden rückenförmigen
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Masse. Im  Osten von dem Dolomitvorkommen sieht man einen 
Rücken von dunkelfarbigen Schiefergesteinen, die m it deut
lich westlichem Fallen das Tal überqueren und beinahe ab
sperren. Diese Schiefer bestehen z. T. aus bleigrauen, dichten, 
phyllitähnlichen, granat- und biotitführenden Glimmerschie
fern, z. T. aus mehr kataklastischen oder grobflaserigen, gneiss- 
artigen Gesteinen. Auch amphibolitartige, dichte Gesteine 
kommen vor. A lle r Wahrscheinlichkeit nach gehören diese 
Schiefer zu einer Zone archäischer Schiefergesteine, die von

Fi«- 27 Das Kârsâtal an dem Dolomitvorkommen, in westlicher Richtung 
gesehen, nach einer Photographie. Im  Vordergründe sieht man die Gruben 
hutte. Die weisse Masse des Kârsâgletschers im Inneren des Tales ist auc

sichtbar.

ähnlicher A r t  wie die Sjangeli- und Kuokula-Schiefervorkom- 
men, aber von kataklastischen Vorgängen mehr als diese beein

flusst sind.
jEin anderes »Fenster» scheint in dem innersten Teile des 

Kärsotales unweit des Gletschers, an der nördlichen Seite des 
Gletscherflusses, vorzukommen. H ier ist der Kallestein i fl 
einer kanonartigen Schlucht, die von dem Gletscherfluss ge 
bildet worden ist, entblösst. An einer Stelle ist eine durch 
unterirdische Flusserosion entstandene Brücke von Kalkstein
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v°rhanden. Zusammen m it dem Kalkstein findet sich an 
fieser Stelle Hartschieier und ein grünes Schiefergestein.

er Komplex zeigt sehr starke Faltungen m it grossen Z- 
ftirmigen Umbiegungen. Über demselben folgt im Norden der 
Tranatglimmerschiefer. Südlich von diesem Kalksteinvorkom- 
lnen, d. h. am nördlichen Fus.se des Wuottasreita, begegnen 

dem groben Glimmerschiefer, der, wie w ir gesehen haben, 
Wahrscheinlich dem Grundgebirge angehört, aber in grossen 
®cWebenden Falten sich über die Hochgebirgsschiefer aus- 
^ieitet. Das Vorkommen von Kalkstein und Hartschiefer 

dem Gletscherfluss zwischen Granatglimmerschiefer im 
’°rden und dem groben Glimmerschiefer des Wuottasreita be

tä t ig t  also die aus anderen Verhältnissen schon gezogene Folge- 
llri§! dass jener Glimmerschiefer dem Grundgebirge angehört. 

In  der Umgebung des landschaftlich so prachtvollen Sees 
isleojaure hat der Gebirgsgrund auch die Charakter eines 

entblössten Urgebirges. Man findet hier nämlich einen Wech- 
1 von Schiefergesteinen und massigen Gesteinsarten, die von 

öderer Beschaffenheit sind als die in einiger Entfernung von 
®ttl See liegenden Hochgebirgsschiefer. Zwar zeigen diese 
msteinsmassen Mylonit-Charaktere und könnten folglich den 
yloniten zugerechnet werden. Im  grossen und ganzen sind 

°ei ihre Strukturen nicht zerstört, itnd sie haben eine eigene, 
^en Hochgebirgsgesteinen ganz abweichende einheitliche 

Herstellung, was sie entschieden von der Mylonitgesteins- 
Uüation abtrennt. W ie aus der Karte ersichtlich, zeigen 

^ le Schieferarten am Abiskojaure ein nord-südliches Streichen, 
as Fallen ist meistens sehr steil. Eine intensive Faltung 

steilstehenden Gesteine is t aber oft vorhanden, und da- 
llrch erhalten sie eine Verschieferungs- oder »Cleavage»-Struk- 

j j. r’ ĉ e ziemlich flach nach Westen oder Südwesten abfällt.
lßse S truktur hat denselben Charakter wie die Umbiegung 

ün Wuottasreita, d. h. sie besteht in dem Vorhandensein von 
■^'idrmigen Falten, durch die der ursprünglich steilstehende 
^ohiefer in einem System von liegenden Falten eine flache
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Lagerstellung erhält. Die Umgebungen des Abiskojaure bie
ten sehr zahlreiche Beispiele fü r diese A r t  von Transforma
tionen, wodurch die vertikale Schichtenstellung des Grund
gebirges in  eine flachliegende Schiefrigkeit übergeführt wird. 
Oft hat es den Anschein, als wäre die ganze steilstehende 
Schichtenmasse zuerst nach W- oder SW. geneigt worden, wor
auf dann die Entstehung zahlreicher kleiner, übergekippter

IV  o.

Fig. 28. Schematische Darstellung des Übergangs der steilstehenden Lag 
Stellung in eine flachliegende durch Überkippen und Z-Faltung. In der ober8 
Figur bedeutet a  Granatglimmerschiefer, b Kalkstein, d  schwarzen bchie c 

und c dichten Schiefer.

Balten erfolgt wäre (vgl. die Fig. 28). Man kann sich nicht 
des Gedankens entschlagen, ob nicht diese Verhältnisse i '11 
kleinen die Hauptprinzipien der Tektonik dieser Gegenden 
abspiegeln. In  der Tat sind die Z -Strukturen sehr gewöhn
liche Züge in den Hochgebirgskomplexen und besonders in den 
Grundgebirgsmassen, die eine ähnliche Stellung einnehme n 
wie diejenigen am Abiskojaure, und — was besonders wich
tig  is t — in dem groben höchstliegenden Glimmerschiefer.



Sehr oft sind sie auch in den Hartschieferkomplexen 
eobachtet worden, z. B. an der südöstlichen Seite des Kärsä- 

nJüonje westlich vom Abiskojaure. In  den höheren (west- 
chen) Teilen des Haikamatals sind die ^-Strukturen beson- 

ders allgemein, und die Schiefergesteine tragen bald die Cha
r t e r e  der G-rundgebirgsgesteine, zu denen sie auch zweifels- 
°hne gehören, bald sind sie als kataklastisch umgeformte Ge- 
stftine zu bezeichnen und also der Mylonitformation zuzurech- 
r .  Das 0bere Häikamatal hat also teilweise den Charakter 
lllfcs Fensters in  der flachliegenden Hochgebirgsformation.

D ‘e W estgrenzen  der H ochgebirgsform ation am  T o m e
T rä s k .

W ie in der E in le itung hervorgehoben wurde, ist die Hoch 
gebirgsformation im Torne Träsk-Gebiet im Westen durch die 

r°sion abgeschnitten und dadurch von ihrer Fortsetzung, 
Namentlich den eingefalteten Komplexen, die je tz t an der 
Norwegischen Küste zu finden sind, abgetrennt worden. An 

Westlichen Grenzen des schwedischen Hochgebirgsgebiets 
findet man also das Grundgebirge in  grosser Ausdehnung 
v°Uständig entblösst. H ier kann also der einstmalige Un- 
ergrund der Hochgebirgsformation Gegenstand eingehender 
.Versuchungen werden. Bisher sind solche nur in sehr ge- 

Ningem Masse ausgeführt worden. Es hat sich ergeben, dass der 
Fassijauregranit sehr grosse Teile dieser entblössten Grund- 

gebirgsareale einnimmt. Im  Westen vom Wuottasreita besteht 
as Giundgebirge indessen aus einem Gemenge grauer Granite 

ljnd grober gneissartiger Schiefergesteine. Diesem Gebiet wen- 
ef  der Wuottasreita einen sehr steilen und schroffen Abhang 
N (siehe Eig. 29), in dem die Schiefermassen w ir r  zusam- 

Nißngeschoben zu sein scheinen. In  der hochgelegenen Enge 
am Eusse dieses Abhangs, die man bei der Wanderung vom 
Wassijaure bis Sjangeli oder umgekehrt passiert, sieht man 
Vehr steilstehende Schichten aus dem Vordergründe liinauf- 
lagen, als ob sie ursprünglich m it den Schiefermassen zu-
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sammengehört hätten und nur durch die K lu ftb ildung  von 
diesen abgetrennt worden seien. Es ist daher sehr wahrschein
lich, dass in gleicher Weise wie im mittleren Wuottasreita 
eine Verbindung zwischen dem Grundgebirgsschiefer und dem 
groben Glimmerschiefer dieses Gebirges auch an den Stellen, 
wo die jetzige westliche G lin tlin ie  verläuft, existiert haben 
könnte. Es scheint m ir ausserdem annehmbar, wenn auch 
die Frage gegenwärtig nicht näher erörtert werden kann,

dass die mächtigen Massen von grobem Glimmerschiefer, 
die besonders die westlichen der Hochgebirgsmassive im Torne- 
Träsk-Gebiet aufbauen, ein System von Z-Falten darstellen, 
die, von dem Grundgebirge hinaufragend, über die jüngeren, 
wahrscheinlich zum Te il sibirischen Schiefer und Kalksteine 
übergeschoben sind.

Indessen findet man auch längs den westlichen Glintlinien 
auf ganz analoge Weise wie in  den östlichen Randgebieten rein 
hlastische Gesteine, vorwiegend Sparagmite (Arhose), Ton
schiefer und schwarze Schiefer zwischen den Hochgebirgsbil
dungen und dem Grundgebirge eingelagert. Ich habe sie an

Fig. 29. Der nordwestliche Abhang des Wuottasreita.



^er südwestlichen Seite des Wuottasreita und in südlicher 
Achtung bis zu dem oberen Häikamatal, über welches sie 

p ^streichen, beobachtet. H ier bestehen sie grösstenteils aus sog. 
' atlquarz. Im  Jerbele und Sadnatjäkko wurde dieselbe Zone 

V ° ü  Plastischen Gesteinen früher von V a l f r . P e t e r s s o n  beobacfa-
ta-f.
 ̂ und genau kartiert. Nach seinen Beobachtungen setzt sich 
ese Zone längs der östlichen und südlichen Seite des Sadna- 

Wkko, immer von gneissähnlichen, stark gepressten Gesteinen 
Verlagert, fort und kann bis in das obere Kamajokk-Tal 
jU'folgt werden. Von diesem Tale ist sie nach demselben 

e°hachter noch weiter nach Süden verfolgbar, nämlich über 
11 ^tuor A llakats und Snarpapakte, also im ganzen ungefähr 
fon weit. A u f dieser Strecke is t die Kontinu itä t nur einige- 

H Unterbrochen. H ier t r i t t  aber ein ganz neues Verhältnis 
uzu. Man beobachtet nämlich, dass das Ausgehen der klas

tischen Zone nicht an die horizontalen Linien der Topographie 
Sßhunden erscheint, sondern an vielen Stellen quer über die 
Höhenkurven verläuft. Die tektonische Bedeutung dieses, ge
genüber den rein klastischen Bildungen des östlichen Gebietes 
''Weichenden Verhaltens, ist nicht näher erforscht worden.
^ Hach einigen Beobachtungen kommen dünne Lagen von 

^tischen Gesteinen auch an den westlichen und nördlichen 
S te ile n  des Wuottasreita und Wassitjäkko vor. Mehrmals 

bei den geologischen Untersuchungen diese Strecken über- 
"''undert worden, ohne dass solche Vorkommnisse beobachtet wor- 
den siud. Es scheint daher, als ob die klastischen Bildungen 
nUr streckenweise und sehr untergeordnet in  diesen Gebieten 
auftreten.

Hon allergrösstem Interesse sind die Vorkommen rein 
'Wischer Komplexe in den ausgedehnten Urgebirgsarealen 

Westlich vom Torne Träsk. Die klastischen Gesteine, haupt
sächlich feldspathaltiger, blaugrauer Sandstein (sog. Blauquarz), 
kommen hier in dem Urgebirge gleichsam eingeschoben oder 
eiUgeklemmt vor. Sie sind also teilweise von Urgesteins- 
Fassen (Granit oder Schiefer) überdeckt und lagern an eben-

r> n
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solchen Gresteinen. Bisweilen is t eine meist nur schwache 
Verschieferung, die sowohl durch das ältere Gestein als durcl 
den Sandstein hindurchgeht (F ig. 30, 31 und 32), beobachtet 
worden. E in  solches Vorkommen is t inmitten des Schiefer
feldes Kuokula zu sehen, ein anderes befindet sich an der 
Nordseite des Sees Wassijaure, und ein drittes liegt beim

974 P. J. HOLMQUIST. ' [A p r il 1910-

Fi«- 30 Klastischer Sandstein, durch eine kleine Überschiebung, d ie von Os> 
nach W est ve rlau fe n  is t, in  archäischem Schiefer eingeschaltet. Kuokula 

zwischen Torneträsk und Wassijaure.

Fig. 31. Klastischer Sandstein, durch eine kleine Überschiebung, die von Ost 
nach W est ve rlau fe n  is t, in  archäischem Granit eingeschaltet. An der buQ- 
westseite des Björnfjeldes ein paar Kilometer westlich von der Reichsgrenze.

w

1 Meter

Fi«'. 32. Sandstein, in  archäischem Granit eingeklemmt. Südwestseite des
Björnfjeldes.

Björnfjeld (Bärenberg), ein paar Kilometer westlich von der 
Reichsgrenze unweit der Eisenbahn. Diese Vorkommen sind 
dadurch von sehr grossem Interesse, dass die Überschiebung 
dort von Osten nach Westen vor sich gegangen ist (vergt 

F ig . 30, 31, 32).
Noch ein sehr interessantes Vorkommen von klastischem 

Sandstein finden w ir in diesen Gegenden. Es lieg t ein wenig
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oberhalb der Eisenbahnstrecke an der nördlichen Seite des 
k°Ch emporragenden Gebirges Läktatjäkko. Das hier vor- 
v°ttimende klastische Gestein besteht aus einem blauquarz- 
ftigen Sandstein, der eine flach nach Süden einfallende Bank 
1 det. Das Hangende und das Liegende dieser Sandstein- 

^ank sind nicht direkt sichtbar, es zeigt sich aber, dass sie von 
Oft kataklastischen Massen und von dem Grundgebirge ge- 

üet werden. Der Sandstein w ird  also von den mächtigen 
°hieferkomplexen im Läktatjäkko wahrscheinlich überlagert. 
ahrend aber die kataklastischen Gesteine in ihrem Han- 

ket-den äusserst stark mechanisch beeinflusste Gesteine sind, 
üat er selbst eine Struktur, die von derartigen Einflüssen völlig  
uttberührt erscheint. Das Verhältnis w ird dadurch noch be
merkenswerter, dass w ir  in einem nahegelegenen Eisenbahn- 
ttrchschnitt ein Vorkommen beobachten können, wo der

» "D i 7

attquarz» inmitten steilstehender archäischer Schiefer sich 
'erfindet und in einen stark schieferigen Quarzit umgewan- 
elt worden ist.

Rückblick auf die tektonischen Verhältn isse im  T o m e  
Träsk-G ebiet.

k bfle durch die Erosion stark abgetragenen Hochgebirgs- 
0lüplexe im Torne Träsk-Gebiet enthalten nur den einen Teil 

m ^ r  normalen Querschnittszone der Gebirgskette, nämlich 
enjenigen der flachliegenden Schieferkomplexe. Derselbe ist 
11 den skandinavischen Gebieten immer die östliche Zone, 
vährend die eigentliche Faltungszone die westlichen Legionen 
J  Gebirgskette einnimmt. Durch das sehr deutliche Her- 

^°rtreten der Überschiebungen könnte erstere auch als die 
erschiebungszone bezeichnet werden.

Eine Reihe von Umständen macht es sehr wahrscheinlich, 
bass die übergeschobenen Massen, d. h. in erster L inie die My- 
loriite und Hartschiefer der östlichen Teile des Torne Träsk- 
Gebietes und der grobflaserige Glimmerschiefer des westlichen
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Hochgebirges, von den in der Nähe anstehenden archäischen 
Gesteinen herstammen. Diese Umstände sind hauptsächlich 
die folgenden:

Die Mylonite haben dieselbe chemische und mineralogische 
Zusammensetzung ivie die in  der Nähe anstehenden Granite 
Syenite und archäischen Schiefergesteine. So besteht der Luo- 
pahta aus einem syenitischen Mylonit, der Kaisepakte, Kuoble-

Fig. 33. Mikrophotographie eines klastischen Sandsteins vom Björnfjeld (vgl- 
Fig. 28). Vergr. 18 x . Nie. gekr.

tjäkko und Wuoskovara enthalten granitische Mylonite, und 
in den westlichen Bergmassiven kommen mylonitisierte, den 
archäischen Schiefern ähnliche Gesteine vor.

Die petrographischen Charaktere des die westlichen Hoch- 
gebirgskomplexe überlagernden Glimmerschiefers stimmen mit 
dem archäischen Glimmerschiefer, der in  der Nähe des Wässi- 
jaure vorkommt, sehr gut überein, und aus den geologischen 
Verhältnissen geht hervor, dass diese Glimmerschiefer wahr
scheinlich noch in  direkter Verbindung stehen.



Auch die Gesteine der Kambrosilurformation, die, tvenn 
1 e'm lilastisch ausgebildet, immer zwischen dem Grundgebirge 
Un<l den Myloniten eingeschaltet liegen, werden. in  den über- 
9 Gehobenen Massen wieder gefunden. H ier sind sie von meta- 
’norphisehen, kataklastischen oder schieferigen Gesteinen nm- 
^üiit und daher selbst mehr oder weniger metamorphisch ent-
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34. Mikrophotographie eines kristallinischen Glimmersandsteinschiefers 
ans dem Tsasinnjaskatjäkko. Vergr. 18 x . Nie. gekr.

Wickelt. Solche Yorkommen sind nicht selten in  den dichten 
Myloniten des Luopahta und Kaisepakte zu sehen. Her 
^Buoskovara ist, wie w ir  gesehen haben (Seite 937), zum 
gossen Teil von derartigen Massen zusammengesetzt. Das 
westliche Hochgebirgsgebiet enthält ähnliche Einlagerungen, 
z- B. im Kärsanjuonje, Tsasinnjaskatjäkko und Kedjetjärro, 
Und ausserdem sind die schwarzen P hy llite  und die Kalksteine 
dieser Gegenden wahrscheinlich silurische Sedimentgesteine. 
Big. 33 zeig t die M ikrostruktur eines klastischen Sandsteins
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vom Björnfjeld (vgl. auch F ig . 31) und Fig. 34 diejenige eines 
kristallinischen Glimmersandsteinschiefers aus dem Tsasiii- 
njaskatjäkko.

Die Überschiebungsfläche im Luopahta und Kaisepakte 
sinkt regelmässig von Osten nach Westen, zuerst sehr lang
sam (6:1000),. im westlichen Kaisepakte aber schneller 
(25 :1 000), und in dem inneren Teile des Pessistales fä llt  der 
S ilur 45° nach W . unter die Mylonite hinein. An dein 
Kuobletjäkko südwestlich vom Luopahta geht das Fallen der 
Überschiebungsfläche 15—20° nach Südwesten. Der grobe Glim
merschiefer des westlichen Gebietes hat gleichfalls ein deut
liches Abfallen nach Westen. An der Ostseite des grossen 
westlichen Massives is t möglicherweise der Kalkstein von 
übergeschobenen Schiefermassen bedeckt. Die in solchem Falle 
anzunehmende Überschiebungsfläche fä llt  flach nach Westen 
ab. Wahrscheinlich enthält auch der Granatglimmerschiefer 
zahlreiche nach Westen oder Südwesten einfallende Gleit- 
flächen, die aber durch die regionalmetamorphe K rista llisa
tion dieses Gebietes nicht mehr als solche hervortreten. Dage
gen fallen die klastischen Gesteine, die an der Kordseite des 
westlichen Komplexes zwischen dem Grundgebirge und den 
Myloniten liegen, nach Süden ein, und bei den entsprechenden 
Bildungen an der Westseite des Komplexes is t das Fallen 
gegen Kordost, Ost oder Südost gerichtet. A ls allgemeines 
Resultat ergiebt sich also, dass die Überschiebungen mehreren 
von Ost nach West übereinander gelegenen Ebenen gefolgt sind, 
und dass sie im allgemeinen flach nach Westen o d e r  Süd' 
tvesten, bisweilen aber auch in  anderen Richtungen abfallen- 
Die Tektonik w ird  in hohem Grade durch die Z-Faltungeo 
und die Streckungsstrukturen bestimmt. Die Z-Falten kom
men in  allen Horizonten des Schieferkomplexes vor, und sie 
scheinen in der- Tat die beinahe einzige Faltungsform im 
Torne Träsk-Gebiet zu sein. Die Z-Falten streichen in verschie
denen Richtungen. Im  Granatschiefergebiet sind dieselben O 
—W  oder W K W —OSO. In  dem »Fenster»-Gebiet am Abisko-

[April 1910-



'aure geht das Streichen dagegen N—S. A u f dem Pieskenjarka 
auf Ahiskosuolo herrscht die Streichungsrichtung N W —SO. 

le Streckungstrukturen der Gesteine zeigen sehr konstant 
Richtung N W —SO. Im  Granatglimmerschiefer sind sie 

â er mehr nach 0 —W  gerichtet. Längs dem Tome Träsk 
tl'it t  eine kräftige transversale Faltungs- und Streckungszone 

die besonders im Pieskenjarka, auf Ahiskosuolo und 
‘Xjelleniemi deutlich beobachtet werden kann.

Man könnte wohl behaupten, dass der Hochgebirgskom- 
am Torneträsk »Deckenstruktur» besitzt. A u f dem Grund- 

gebirge scheinen nämlich öfters die rein klastischen (Silur-) 
^Mimente horizontal aufgelagert vorzukommen. Darüber 
f°lgen deckenförmige Massen von M ylonit und Hartschiefer.

Amphibolite gehören als mächtige Massive den Hgrt- 
Schiefern an oder überlagern dieselben, haben aber keine Deck- 
enform. Dagegen könnte behauptet werden, dass der K a lk 
e n  im grossen und ganzen Deckenform besitzt, wie auch 
der schwarze P hy llit, der Granatglimmerschiefer und der 
böchstliegende grobe Glimmerschiefer. Meiner Auffassung 
nach ist diese Deckenstruktur, streng genommen, eine nur 
Scheinbare. Eingehende Kartierungen dürften die Beweise 
dafür liefern können, dass die deckenförmigen Massen in der 
Tat von schief gelegenen Gleitebenen durchzogen sind, gleich
em es sich erwiesen hat, dass die östlichen Teile dieses Ge
bietes tatsächlich so aufgebaut sind.

Es sei zugegeben, dass, wenn man die Verbreitung und 
die tektonische Lage der klastischen, aller Wahrscheinlich
keit nach äquivalenten, d. h. kambrosiluriscben Bildungen des 
dorne Träsk-Gebietes ins Auge fasst, es aus der Karte unm ittel
bar hervorzugehen scheint, dass diese Bildungen eine zusam
menhängende Decke ausmachen, die von allen anderen Hochge
birgsbildungen überlagert ist. Da aber die Überlagerung von 
■^dyloniten und Hochgebirgsschiefern auf den Silurgesteinen 
°fienbar durch Überschiebung entstanden ist, scheint man sich 
der Folgerung nicht entziehen zu können, dass das ganze
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Hochgebirgsgebiet zwischen der norwegischen Grenze und dem 
Grundgebirge weitest im  Osten überscboben worden ist. -PieS 
wäre gleichbedeutend m it einer Überschiebung von wenigstens 
60 hm von West nach Ost. Über die am nördlichen Fusse 
des Läktatjäkko beinahe horizontal ruhende Sandsteinbank 
(vgl. Seite 974) sollte dieser Auffassung gemäss ein mehr als 
1000 m mächtiger Gesteinskomplex wenigstens 50 hm sich 
bewegt haben! Gegen diese Folgerung! spricht die anschei
nend vö llig  ungestörte Lage und petrographische Beschaffen
heit dieses Sandsteins und ausserdem, wie w ir  gesehen haben, 
die Tektonik des Wouttasreita, KärsaDjuonje, Nuolja und Wnß 
skovara, sowie auch die unverkennbare Übereinstimmung, die 
zwischen den Gesteinen der Hochgebirgsformation und den
jenigen des angrenzenden Grundgebirges besteht. Die i »1 
Torne Träsk-Gebiet vorkommenden Faltungsformen und das 
Vorhandensein von Überschiebungen, die von Bewegungen vow 
Ost nach West in  den Grundgebirgsmassen zeugen, scheinen 
m ir andere Möglichkeiten als die eben angedeutete fü r eine 
endgültige Erklärung der Überschiebungstektonik zu eröffnen-
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r̂ í 5̂
V  -s
r* •■$
2 -feQ. r¿í ^  55 tí rié
> a
53 rS

a z<v $
.2 “3
Z 2̂
" i 2 ^  íe
|  § .2 Ap tlj nJ ui»-s 1 . ̂  CD
í  s ®

c¿

S o

0

o

' ^  
(D

p o o 2• eG> •— cw ^

= l F so  s  ^5 f-i M
> £  S 2  2 

® § -

<D
^  tíT-H pq

tí rd Wtí tí •
ryj  ̂ O
B tí tí
t í  « tí p_ipq «2 hrtS tí wtí :tí
^ t n Ob/D >xn

M
S
tío

g  ^
05

^  10O rrj C? ^  ?H tíPh

tí, . O (D tí-
rtítí

m
a ^.¡tí tí

.¡H

tí  ̂4-3 Cl]JI3 — —I !>■ c-ri

*  I  a ^  1  -§ §
a^  o  53

tí tí ^
M S  C0^  br tí tí

rtíO

o
K
tí

rtítítí
EH
títí

&Dor-HOtí
rtítítí
EH03.ao

tí 1 (-Jtí g W tí
_>5 <1
oá cd

- § 3

H?H r¿
a  Oc4—I •tí rq b£ ̂xn •tí atí

‘Hh
a
.3
o4-3c3fHOP&

8 W 
■ S h í5 03 « ce n¿

t -  a

tí

c3 co

W 2 2tí 52 ^tí S 2

n3tío
fe

c5Ph d tí O W  ̂tí ^
t í  CO O<! í>-
^  co" í

¿ 3 h  I  aa o . s o> a a a •■*> a 
W "*3 ’3

ao

■<S> .0a§2 k¡
2  ̂t í  ^  co

rtítí
tí

¿2

cütíoptí

á
g  «

h a
52 5

w

ffi a M

Ü5títítí
P

D
U1



982 1>. J. HOLMQUIST. [A p r il 1910-

Litteraturverzeichnis.

1. D. Hummel. Officiell reseberättelse. Sveriges Geol. Unders-,
Ser. C, N:r 23, 1877.

2. 0. Gumelius. Officiell reseberättelse. Ibidem. 1877.
3. Karl Pettersen. De geologisko bygningsforholde längs den

nordlige side af Torneträsk. Geol. Foren. Förbandl-, 
Bd. 9, 1887.

4. F. Svenonius. Om berggrunden i Norrbottens län. Sveriges
Geol. Unders., Ser. C, N:r 126, 1892.

5. A. E. T öRNEBOHM. Försök t i l i  en tolkning af det nordligaste
Skandinaviens fjällgeologi. Geol. Foren. Förliandl., Bd. 1 ö, 
1893.

6. F. Svenonius. Nägra bidrag tili belysning af eruptivens bety-
delse för fjällbildningarne. Ibidem, Bd. 18, 1896.

7. V. Petersson. Om de geologiska förhällandena i trakten om-
kring Sjangeli kopparmalmsfält i Norrbottens län. Ibidem, 
Bd. 19, 1897.

8. P. J. Holmquist. En geologisk profil öfver fjellomrädena emel-
lan Kvikkjokk och norska kusten. Ibidem, Bd. 22, 1900-

9. Hj . Sjögren. Enkrinitfynd i fjellskiffrarna vid Sulitelma.
Ibidem, Bd. 22, 1900.

10. F. Svenonius. Öfversikt af Stora Sjöfallets och angränsande
fjälltrakters geologi. Ibidem, Bd. 22, 1900.

11. P. J. I Iolmquist. Bidrag tili diskussionen om den skandina-
viska ijällkedjans tektonik. Ibidem, Bd. 29, 1901.

12. Axel Hamberg. Sarjekfjällen, en geografisk undersökning. Ymer.
1901.

13. A. E. TÖRNEBOHM. Om formationsgrupperna i  det nordligaste
Skandinavien. Geol. Foren. Förbandl., Bd. 23, 1901.

14. P. J. Holmquist. En geologisk profil öfver den skandinaviska
fjällkedjan vid Torneträsk. Ibidem, Bd. 25, 1903.

15. A. E. TÖRNEBOHM. Om Torneträsk-profilens tydning. Ibidem,
Bd. 25, 1903.

10. P. J. I Iolmquist. Högfjällsbildningarne utmed profillinieu Stor 
Uman—Ranenfjord. Resume eines Vortrages. Ibidem, 
Bd. 25, 1903.

17. P. J. Holmquist. Bihang t i l i  Torneträsk-profilen. Ibidem, 
Bd. 25, 1903.



ls - A. E. Törnebohm. Nägra erinringar i anledning af P. J.
HOLMQüISTS »Biliang t i l i  Torneträsk-profilen». Ibidem, 
Bd. 25, 1903.

• A. E. Törnebohm. Kurze Übersicht über die präquartäre Geo
logie Schwedens. Guide 2 des XI:ten Internationalen Geo- 
logenkongresses in Stockholm, 1910.

Axel Hamberg. Gesteine und Tektonik des Sarckgebirges. 
Guide 9 des XLteu Internationalen Geologenkongresses 
in Stockholm, 1910.

ßtl 32. H. 4 .] HOCHGEBIRGSBILD. AM TORNE TRÄSK. 983





GEOL. FOREN. FORHANDL. I3d 32. H. 4. A p r il 1910. 985

Excursions in the Archaean of Southern Sweden.

By

A .  Gi. H ogbom , A x e l  G-a v e l in  a n d  H . H ed str o m .

By

l x e l  G a v e l i n  a  

(W ith  PL 40 -41 .)

Contents.
Page.

Introductory re m a rk s ...........................  986
® y A. G. I I ogbom.)

The rocks of the coast regions of Loftahammar and Vdstervik.
(By A. Gavelin .)

I. General v ie w ..................................................................................... 988
The Vastervik—Loftahammar d i s t r i c t .................................................. 388
The K&ro—Asko d is t r ic t ...................................................................... 1008
The relations of the Archaean r o c k s .................................................... 1015
Post-Archaean r o c k s ..............................................................................1017

II.  E x cu rs io n s ..............................................................................................1019

Vdstervik— Jonkoping— Trol/hattan.

(By A. G. H ogbom and H. Hedstrom.)

Introductory (A. G. H ogbom) ................................................................1030
Lonneberga (A. G. H ogbom) . .  ........................................................ 1331
Brevik (H. H edsthom) ..................................................................................1031
Malmbdck (H. Hedstrom) ..........................................................................1035
Jonkoping and Taberg (A. G. H ogbom) ................................................ 1038
Mosseberg (A. G. H ogbom) .................................................................... 1045
Trollhdttan  (A. G. H ogbom) ......................................................................1046



986 A. G. HOGBOM, A. GAVELIN a. H. HEDSTROM. [A p r il 191°-

Introductory remarks.

When selecting the route for the excursions that might be 
suitable, in order to give our foreign colleagues an idea of the 
character of the Swedish Arch man in the shortest possible 
time, several interesting districts were out of question on 
account of the difficult communications. Several otherwise 
interesting districts had to be excluded for the reason that, in 
consequence of the general covering by Quaternary deposits, 
they are not suitable for a demonstration, as of necessity the 
time is so lim ited for excursions of this sort. Among the districts 
excluded for one or other of these reasons, there may be 
mentioned: the Westana complex, described in detail by H- 
B ac kstr o m , the supercrustal igneous rocks of the interior of 
Smaland, monographically treated by 0. N o k d e n s k jOl d , the  

granite-leptite areas of Central Sweden, mapped and described 
already th ir ty  years ago by A. E. T o r n e b o h m , the Saxd-Gryt- 
hyttan complex, the porphyries o f Dalecarlia, the Skelleftea com
plex. The Amal complex and the »Dal-formation», both situated 
on the western side of Lake Vanern, were intended to form part 
of the excursion plan, as being in many respects of a special 
interest, but as the time in that case would have had to 
be prolonged with at least 3 days, and as the Amal complex 
in many respects could be considered as a repetition of such 
features tha t the members of the excursion w il l become 
acquainted w ith  in  the Vastervik area, these districts were, 
after careful consideration, excluded,

The route for the excursions, such as i t  was fina lly  f ix e d ,  

may however be said to give a fa ir ly  representative* view of 
the Swedish Archtean.

Section a comprises the archipelago of Stockholm, fh e 
most easterly offshoot of the large gneiss district in  Soder-



in la n d , and which has already been visited by the mem- 
*3ers of the excursion, led by H o lm q u is t . I t  is followed by the 
first part of section b, the Loftahammar—Yastervik di strict. 
Here Ave are at the southern end of the same gneiss district 
and enter the so-called Yastervik complex, which, broadly 
speaking, forms a boundary zone between the gneiss district 
to NE. and the great granite d istrict of Smaland to SW. 
Hfl account of the extremely variable character of the rocks, 
a®d because of the different degree and kind of meta- 
^orphism, shown by them, the archipelago of Loftaham- 
mar-—Yastervik forms an interesting field for studies, so 
^uch the more, as the ground is particu larly well exposed. 
Tfie following part of the excursion, from Yastervik to T ro ll- 
fi&ttan, is intended firs t of a ll to give an idea of the chafac- 
tor of the remarkable boundary line between the great mono
tonous gneiss area of Western Sweden and the more varying 
and in general less metamorphosed rock-complex of Eastern 
Sweden. The character of this boundary, which is better 
entitled to the name of a transition belt than to that of a 
separating boundary line, should merit a closer study than 
Hie time w ill permit. The stay at Jbnkoping which is situa
ted w ith in  this boundary belt, is, however, to a certain extent 
^tended for this purpose. Eor the second purpose of this 
part of the excursion, Ariz a demonstration of the petrography 
°t the large gneiss d istrict of Western Sweden, Trollhattan 
fias been selected, as most of the rocks, characteristic for this 
Sneiss territory, are well exposed here.

The short stays which w il l be made on the journey at 
Lonneberga, Brevik, Malmbaclc, and Mosselcrg w il l be devoted 
to the demonstration of some more special phenomena which, 
111 one respect or another, may be of petrographical interest.
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The rocks of the coast regions of Loftaham m ar 
and Vastervik.

By

A x e l  G-a v e l in .

I. General view of the geology of the district.

W ith  regard to the development of the rocks w ith in  the 
area covered by the map, PL 40, there is a considerable con
trast between its S. larger part (the »Vastervik—Loftaham- 
mar district») and its NE. corner (the »Karo—A.sko district»)- 
W ith in  the former the different types of Archaean rocks 
usually occur clearly separated from each other and in  such 
a manner that their respective ages (although often w ith 
great d ifficulty) can be ascertained. W ith in  the Karo—Asko 
district (as also several miles to the N. of the mapped area) 
a ll the Archaean rocks are intim ately interwoven to a geolo
gical unit, the individual petrographical components of which 
can be separately shown on the maps only to a very small 
extent and in a rather schematic way.

This regional contrast between the Karo— Asko district 
and the Loftahammar—Vastervik area holds true, however, 
only broadly speaking. Also in  the latter occur locally 
heterogeneous, mixed rocks which, on the whole, present a 
perfect analogy w ith  those composing the Karo—Asko district.

i  /

The V asterv ik— Loftaham m ar district.

The Vcistervik—Loftahammar district is composed in part 
of clearly infracrustal igneous rocks, in part of a supercrustal



Series, consisting principally of quartzites and leptites, which 
}SeUes- by its sometimes preserved primary features, proves to 
j. ’ at least to a very large extent, of sedimentary origin. 

ls doubtful i f  Arch man rocks of effusive character occur 
all w ith in  the area covered by the map, but such rocks 

ai'e found not far S. and SW. of it. The igneous rocks as 
'Vê  as the quartzite-leptite series have in old pre-Cambrian 
, 016 been subjected to intense, metamorphic processes which 
lcter alia ]iave locally given rise to migmatitic rocks (accor- 

to the terminology of S e d e r iio l m ).
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In fracrustal igneous rocks.

The bulk of igneous rocks consists of granites; also 
V'dilros and diorites occur scattered over the whole area but 
0llby as smaller masses or as more or less destroyed dykes.

The granitic rocks show great variation w ith regard to 
ttieir mineralogical and chemical composition, structures and 
ĉegree of metamorphism. In  rea lity  most of the granite, 
gneiss-granite and granite-gneiss types which occupy essential 
Parts of the Archaean in southern Sweden are represented in 
this area. To a certain extent these variations are of a p ri
o r y  nature and depend on the different composition of the 
Magmas from which the granites have originated or on physical 
E d itio n s  during the cooling and consolidation of the magmas 

different localities, but mostly they depend upon metamor- 
Phic processes of different nature or of varying intensity which 
have acted upon the rocks in the different districts.

When typ ica lly  developed, most of the granites in the 
area around Vastervik (the Vastervik district) are petrologi- 
cally ci ose]y  related to the granites w ith in  the larger part 

the interior of Smáland, to which, no doubt, they belong 
also genetically. Apart from the variations and the abnormal 
Phases developed in the neighbourhood of the quartzite-leptite 
Series, they may be said to show two fundamental types: a 
basic granite of a grey to reddish colour and rich in



femio. minerals (biotite as well as hornblende), and a re(̂  
qnartz-alkalifelspar-granite in  which the dark minerals occur 
very subordinately. Both types show considerable variations 
w ith  regard to structure, and they are connected by pet1'0' 
graphically intermediate forms. Near to the boundaries of the 
quartzite-leptite series they have often absorbed plenty of its 
material and pass into strongly acid and quartzose varieties- 
As another independent type there sometimes appears a reA 
fine-grained granite (usually poor in femic components) gene' 
ra lly  forming small bodies in the quartzite-leptite series or in the 
gabbros and diorites, sometimes also in the other granite types-

The named granites show in general considerable meta- 
morphic features, such as cataclastic structures and recrystnl- 
libation-phenomena and are locally somewhat gneissose. They 
are, however, mostly massive and show not seldom primary 
igneous structures (also micrographic) which otherwise are 
not common in  the Archsean granites of Southern and Central 
Sweden.

NE. and N. of Vastervik the granites become more 
gneissose, and w ith in  the area between Malmoarne in  the 
S. and Karo in the N. (the Loftahammar d istrict) a group 
of strongly metamorphosed, gneissose granites, geologically 
closely connected and passing into each other, predominates 
which have been grouped together under one geological name- 
the Loftahammar-granites. Leaving aside local, abnormally 
composed varieties and intermediate forms, also the Loftaham' 
mar-granites show two mineralogically and chemically diffe
rent types. One is red, w ith  the femic minerals (biotite, 
hornblende, magnetite and titanite) far subordinate to the 
salic ones and w ith  the chemical composition expressed by 
the formula: 1

Si29.5
Si38 A l14 Caj K 6.4 Na3 6

1 Calculated and grouped from an analysis (made by R. Mauzelius) aC 
cording to the method, used by P. J. H olmquist in his »Studien iiber die Grant'0
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Si,-6 Ca0 g Mg0.,

■̂ e2.3
S =  0.43.

This type, which is principally met w ith  in the southern 
Part of the Loftahammar district, belongs therefore to »the 
'4lllple normal granites» in H olmquist’s scheme. Near to the 
°Utidaries between the granite and the quartzite-leptite series 

femic minerals disappear at several places almost entirely

felg
01X1 the rock, which then exclusively consists of quartz and

par.
The other type occurs particularly in the area NE. of 

^ le inlet to Loftahammar and is distinguished by its greater 
illllount of femic components and plagioclase, whereas that of 
T^artz has considerably diminished, as is proved by the 
^ lo w in g  formula, calculated from an analysis, 1 made by 

M auzelius:

i"011 Schweden». ( B u l l .k:0 4)_
O riginal analysis:

SiO,
T io ,;
Aia

A oie0 . 
ilnO . 
%0

Geol. Inst, of the University of Upsala, Yol. Y II

7 2 .9 4  B a O .............................................................  0 .0 8

0 .4 3  C a O .............................................................  1 .8 9

1 2 .6 7  K 20 ............................................................. 5 .1 8

1 .4 4  N a , 0 ............................................................. 3 .0 4

1 .4 8  P 26 s ............................................................  0 .11

0 .0 2  S ..................................................................  0 .01

0 .4 6  H , 0 ............................................................  0 .2 7

100.02

1 Original analysis:
SiO,
Ti0; '
Aho,
»*> .............. : :
ke0 ............
«go ;
MnO

66.03 B a O ........................... ........................... 0 .0 9

0 .7 2 C a O ........................... ........................... 2 .2 8

14 .41 K , 0 ...................... ........................... 4 .9 9

2 .1 7 Na.20 ........................... ...........................  3 .1 5

3 .7 0 P»o5 ........................... . . . . . . .  0 .2 1

0 .9 8 s ........................... ........................... 0 .0 5

0 .0 7 H j O ....................... ........................... 0 .7 7

99,62
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Si21,
Sho.3 ^ 16.3 Ca21 K 6a Na3-9 

,6 Ca0.2Mg,.4

Fe4.6
S =  0.34.

Between the two principal types just mentioned petrogr®' 
phically intermediate forms occur, and they seem mostly 1° 
pass gradually into each other in the field. No essentia 
difference in age between them is therefore existing.

W ith in  the ir whole area the Loftahammar-granites show 
a decided parallel structure, and form a series of ortogneisses 
(gneiss-granites), which is very representative and characterise0 
of the Swedish Archaean.

SW. of the in le t to Loftahammar the rock is generally 
a granulated gneiss-granite, characterized by the larger felspal 
and quartz individuals having been broken up, generally 
under recrystallization, into fine-grained mineral aggregates, 
the arrangement of which, however, d istinctly shows the ori
ginal coarse-grained structure of the rock. NE. of the inlet 
to Loftahammar the rock is again predominatingly developed 
as a characteristic, coarsely porphyritic gneiss w ith  round 
»eyes» of microcline (in intergrowth w ith  oligoclase, quart# 
and some femic minerals), genei'ally 2—4 cm in size, embedded 
in a fine-grained ground-mass flu ida lly  w inding around the 
»eyes» (fig. 1).

In  several long but mostly comparatively narrow zones 
the Loftahammar-granite has been transformed into more 01 
less dense, »halleflinta»-like, mylonitic rocks, not seldom show
ing great resemblance to volcanic rocks w ith  fluxion-struc 
ture (fig. 2). Certain extreme varieties of these rocks loo', 
microscopically, like clastic rocks (fig. 3), but in' the field 
they prove nevertheless quite unmistakably to be metamorph10 
facies of the same rock to which also the coarse porphyrA10 
gneiss may be traced back. In  such mylonitic zones a consider
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silicification of the Loftahammar-granites has often taken 
^ a°e and, in consequence of in filtra tion  of much quartz,they have

locally been transformed into »Pi'ahl»-rocks. This process of sili- 
°ification is probably (at least in part) caused by later disloca

a .



tions, which have obviously occurred along the older lines o 
fracture and i t  has taken place in a more superficial zone of 
metamorphism than was the case of the process of mylonitis® 
tion mentioned above.

In  the greater part of the district F W . of Loftaha®  
mar church the porphyritic gneiss is replaced by red, gran® 
lated gneiss varieties, and in the southern part o f Bjorko, ® 
also on some islets in the v ic in ity , there occurs a strongly 
crumpled, magnetite-bearing, red gneiss w ith  essentially tbe 
same hornfels-like structure, tha t usually characterizes siniil® 
rocks in the so-called »jarn-gneiss» (iron-gneiss) region 
Western Sweden.

Although the parallel structure of the Loftabammar- 
granites may appear to some geologists to be a maginat® 
fluxion-structure, i t  must nevertheless, in  my opinion, without 
hesitation be interpreted as an effect of pressure metamorphisu1 
on rocks which, before the metamorphism, at least at one 
time have been perfectly consolidated. In  favour of this speak* 
already, inter alia, the uniform , regional appearance of the 
named structure over the whole Loftahammar district. The best 
evidence is, however, furnished by the relations of the green
stones to the parallel structure of the Loftahammar-graniteS- 
As w il l be seen by the following, these granites are abun
dantly penetrated by gabbros and diorites, which have evi
dently in many cases filled fissures in the preexisting rocks, 
which latter, hence, must have been consolidated before the 
intrusion of the greenstone dykes. These dykes generally run 
parallel to the cleavage and appear then as schistose »layers» 
or »bands» of amphibolite, conformable to the parallel structure 
of the gneiss-granite. Where the dykes run in an direction 
oblique to the cleavage, they are more or less strongly deformed 
and a schistosity is developed conformable to that of the 
gneiss-granite. A t  such places, where the greenstone d yk is 
run amost at righ t angles to the parallel structure of the gl£l 
nite, they are very often strongly compressed in a zigzag

994 A. G. II0GB0M, A. GAVELIN a. H. HEDSTROM. [April 191°'







â ’ as seen in  fig. 4 .1 A t  several places i t  Has finally been 
served that a fine-grained granite, which penetrates the 

° la m in a r-g ra n ite  as well as the gabbro and diorite, shows 
fiia lly  strong pressure-phenomena and an equally pronounced 

S®eissose structure as the Loftahammar-granite in its imme- 
laie vicin ity. These facts, to which others might be added, 
66111 to me, when taken together, to prove that the parallel 

Juncture, at least that w ith in  the Loftahammar-district, must 
6 ascribed for the most part to pressure metamorphism im 

posed on previously solid and much fissured roclcs.

B(j Do r j  , o
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Loftahammar-
granite. Greenstone.

'£• 4. Compressed dyke of greenstone in  schistose Loftahammar-granite. Kalfo.

As mentioned before, the schistosity becomes more and 
conspicuous when proceeding from the Vastervik district 

n°ithwards towards Loftahammar. As already pointed out, 
j^ ls schistosity of the Loftahammar rocks is, at least for the 
' rger part, younger or simultaneous w ith  the intrusion and 

c°iisolidation of the gabbro. As now the gabbros and diorites 
Within the more southern Vastervik d is tric t no doubt are geo- 1

1 Analogous facts have long time ago been described from some other 
Parts of Sweden. They were regarded already in 1882 by Tornebohm (Be- 

r ifning t i l l  geologisk ofversiktsknrta ofver mellersta Sveriges bergslag, bla- 
1 en 6 och 9) and 1887 by G. de Geer (Geol. For. Forh. Bd 9, pg. 1C—17) 
as evidences that the parallel structure in some Archaean rocks is produced
by Pressure metamorphosis of rocks, previously solid.



logically equivalent to the Archaean greenstones in the Loft®' 
hammar district and, as among the massive granites in 
districts W. and SW. of Vastervik the same chemical typeS 
occur as in the h ighly metamorphosed granites of the Loft*1' 
hammar district, the conclusion is undeniably very near 1° 
hand that the gneissose rocks of the Loftahammar district 
are only a facies of the rocks of the southern Vastervik d1" 
strict, metamorphosed by pressure, and the Loftaham ® a1' 

granites were to be regarded only as strongly metan®r' 
phosed phases of the massive granites further S.

Against such a conception speaks however the circa®' 
stance, that the same gabbros and diorites, which in the 
Loftahammar district cut the granitic rocks under develop' 
ment of extensive endogene and exogene contactmetamorph® 
phenomena, are found in the Vastervik d istrict penetrated ah 
ready by the.basic granite types, which, in the Archaean 
Southern Sweden, as a general rule prove to have crystallizet  ̂
somewhat earlier than the more acid granites of the same epoch 
of intrusion. A  distinct difference in age seems therefore to 
exist between the older, gneissose Loftahammar-granites and 
the younger, mostly massive granites of the Vastervik district- 
In  favour hereof speaks also the occurrence in the Vaster
v ik  d istrict of bodies of a gneissose, red granite which petro- 
graphically perfectly resembles the more acid gneiss-granite 
types of the southern part of the Loftahammar district. ^  
the contact between such bodies and the basic Vastervik' 
granite the la tte r has sometimes been found to contain frag
ments, in part obviously remelted, of the red, acid Lofta- 
hammar-granite type. Different phenomena along the contact 
zone between the Loftahammar-granites and the granites of 
the Vaxjo-Filipstad type, occurring farther to the N W-, see® 

to me also to speak in  favour of a similar difference in age
Tl 0

between these granites. The contacts now exposed between *• 
named rocks have, however, evidently been buried to a great 
depth, and on account of this and because of the considerable
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 ̂ê amorphism, which have affected them after their original 
eV('lopment, they are less elucidative of the circumstances 

prevailing before and at the intrusion and consolidation of the 
àstervik-granites.

If, therefore, the strongly schistose Loftahammar-granites 
are distinctly older than the mostly massive or only locally 
®cIistose Vastervik-granites, a special examination is required 
0 determine, whether the greater part of the pressure meta- 

^rphosis of the Loftahammar-granites has taken place before, 
llring or af ter the consolidation of the younger granites, 

k lere is evidence enough, that also the younger granites have 
j 6etl subjected to a considerable pressure metamorphism, which 
“ca%  has rendered them schistose, but this does not prove 
af the thorough schistosity and recrystallization of the di- 

Strict in general are altogether younger than the consolidation 
the younger granites. On the contrary, i t  seems to me 

Aery probable that the metamorphosis and development of 
Sebistosity had taken place to a certain extent already before 

final consolidation of the younger granites, although i t  
be admitted that no decisive evidence has as yet been 

r°ught about for this opinion.
A t the researches made hitherto the granite groups of 

b'fie rent aSes have not been thoroughly separated from 
tach other, and the map cannot therefore pretend to show 
ieir distribution correctly in detail. I  wish particularly to 

ac°entuate, that in the Vastervik district there are areas 
VLich should properly be called Loftahammar-granite, although, 
r  the present, they must be classed among the younger gra- 

aites. Moreover, i t  is, obvious that contacts at great depths 
etween granites differing in age but not at a ll or only 

sllghtly as to mineralogical and chemical composition, must 
so litt le  conspicuous and elucidative i f  later atlered by 

rnetamorphism that they are easily overlooked. Hence i t  seems 
I)°f improbable that rocks of different ages may in some cases 
bave been grouped together on the map.
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The Arclicean greenstones of the Vastervik—LoftahaHimar 
district, especially those of the larger masses, where their 
primary characters are best preserved, should mainly be cha 
racterized as norite or hypersthene-gabbro, although they aie 
often developed also as common gabbro, hornblende-gabbr°
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.Loft ah animar- Fine-grained _ 7T 
•' . . J Gabbro.granite. granite.

Fig. 5. Map of the northern promontory on the SE. part of Kálmálso.

and diorite which locally grade into peridotitic and hornblen- 
ditic rocks. The rocks are mostly of typ ica lly  gabbroid struc
tures but assume at several places an intersertale or ophit10 
structure, thus passing into gabbro-diabase, which evidently 
is only a structural modification of the gabbro.
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By a considerable assimilation of quartzite, leptite and 
^ranite quartz-gdbbros and diorites are developed, especially 
I'ear d̂ e contacts of the gabbro masses. They are often very 
rich in quartz and much penetrated by dykes of granite, 
Pegrnatite, intermediate rocks and quartz, which evidently are 
0 be considered as a surplus o f fused, older acid rocks that 
°l'ld not entirely be incorporated w ith  the gabbro magma, 

was separated at its consolidation as dykes of secondary 
§ranite, quartz etc.

Loftahammar-  Fine-grained Quartz-
granite. granite. diorite.

6. Relations between acid Loftahammar-granite and quartz-diorite (strongly 
acidified gabbro). NE. of Storgol.

The quartzite-leptite series as well as the Loftahammar- 
o!anites are penetrated by the gabbro. Very common and 
Hiaguigcent remelting and assimilation phenomena often com
plicate the contact relations of the gabbro, especially at 
'Is borders to the Loftahammar-granites. The intrusive na
ture of the gabbro is, however, proved by the contacts repre- 
sented in figs. 5 and 6, which were observed at two of the



largest gabbro masses of the Loftahammar district. A t both 
places, as in general at a ll contacts between the Loftahanunai 
granites and the gabbro that have been closer examined, the 
gabbro is (by endogene contactmetamorphism) strongly 
fied, while the only chemical and mineralogical changes to 
be seen in the adjoining Loftahammar-granite is the almost 
invariable appearance of scapolite, which mineral is not fe«111 
farther away from the contact, as well as the not unfrequent 
appearance, close to the contact, of a fine-grained (regenerated) 
granite w ith  locally preserved micrographic intergrowths 
between the quartz and the felspars (fig. 8).
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Gabbro. Granite. Pegmatite.

Fig. 7. Penetrating granite body in  gabbro. SE. part of K&lm&lso.

Although the gabbro has thus undoubtedly penetrated 
the older Loftahammar-granite, i t  is nevertheless, espe
cia lly at its borders to the latter, very often rich ly  inter
woven w ith  granite in such a fashion as to, on a hasty exa
mination, easily impress the erroneous idea of the granite being 
younger than the gabbro. The penetrating granite bodies 
are generally entirely surrounded by the gabbro but f° rtn 
nevertheless often a net-work of veins, enclosing innumerable



Fig. 8. Graphic granite. Svardsholmen. Nic. + .  Ap

Fig. 9. Graphic structure. Granite body, iig. 7. Nic. +■ - p
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fragments of the gabbro. (Fig. 7 shows a granite body pene
trating the gabbro only a few metres from the place, where the 
§reat gabbro apophysis represented in fig. 5 runs into the 
t Joftahammar-granite.) The granite of the penetrating veins is 
°ften fine-grained, while that in  the centres of the larger 
bodies is coarser and macroscopically more or less like  the

Diorile. Loftahammar-granite.

Fig. 10. Diorite penetrating Loftahammar-granite. Svârdsholmen.

adjacent Loftahammar-granite; microscopically, i t  is sometimes 
characterized by fine micrographie structures (fig. 9), which 
'n the Loftahammar d istric t occur exclusively in such contact 
r°cks, but otherwise are entirely missing. I t  seems obvious 
fbat the micrographie structure in  question is of a contact-/^' " A c

/  < j za k la d  y, i 
^  g e o l o g r  2 J  

c, /



metamorphic orig in , conformable to that which is often met 
w ith  in  Southern Sweden in the contact metamorphosed rocks 
connected w ith  some post-Archaean diabases. A t  certain places 
there may be seen smaller, very clearly intrusive masses of 
gabbro enclosing numerous bodies of Loftahammar-granite (fig- 
10), which in their peripheric parts have been remelted and 
recrystallized to a fine-grained granite. This granite encloses 
numerous fragments of gabbro, while such fragments are 
missing in the centres of the bodies, where the rock resembles 
the adjoining Loftahammar-granite (fig. 11). Fine-grained 
granite is also particularly often found penetrating both the
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Loftahammar- 
granite. ■

Fine-grained
granite. Diorite.

Fig. 10. Relations between granites and diorite. Detail of the part B in fig- &
S v â rd s h o lm e n .

gabbro and the adjoining Loftahammar-granite, but it  lS 
evidently confined to the occurrences of gabbro and is missing 
at a larger distance from them. Such a fine-grained granite, 
penetrating gabbro and diorite, has sometimes no distinct 
contacts and seems to pass over into the older Loftahammar- 
granite.

In  many occurrences of gabbro (chiefly, though not e x c lu s i 

vely in the parts of the Loftahammar-granite area, where the
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Porphyritic gneiss types predominate) the mixture between 
granitic and gabbroidic material is s till more intimate. The 
gabbro is then interwoven (fig. 12) by a net-work of red gra- 
Dlte, usually of its coarse-grained, porphyritic structure and, 
except for its  less metamorphosed, more »youthful» appearance 
and the micrographic structures present, considerably resemb- 
l ’ng the Loftahammar-granite, which i t  often comes very near 
also in chemical respects (cfr. the analyses, pages 981 and
1023).

The above mentioned granite, which penetrates the gabbro, 
l:h however, also observed successively passing into a gabbro 
"*'th scattered porphyritic »eyes» consisting of microcline in 
intergrowth w ith  oligoclase and quartz (fig. 13). In  addition 
Iaore or less dark-cloured, intermediate, hybride rocks occur 
Which are in tim ately associated w ith  the above-named 
granite, usually penetrating, but sometimes passing into the 
gabbro and themselves penetrated by the s t ill more acid gra
nites.

Contact-phenomena analogous to those already described 
also occur at the contacts of the galbros and clioritcs with the 
r°chs of the quartsite-leptite series. The gabbro and diorite 
clearly penetrate the la tte r rocks, sending out numerous dykes 
and apophyses which are often found to cut the bedding of 
Ihe older rocks and sometimes even to enclose fragments of 
finartzite and leptite. Especially w ith in  the smaller green- 
stones occurring in  the quartzite-leptite series at several 
Places, there may be seen partia lly  resorbed fragments of the 
latter rocks embedded in an acid, d ioritic groundmass, rich 
xn quartz and often also orthoclase-bearing. Such acid gabbro 
°r diorite varieties are generally more or less interpenetrated 
With granitic and pegmatitic veins, which, by a gradual de
crease in the amount of felspars, not seldom pass into quartz 
Veins. The dioritic component of such assimilation rocks usu
a lly shows a very variable character as to structure as well 
as chemical and mineralogical composition. The rock may



often be characterized as a breccia composed of dark-colored, 
basic diorite types, intermediate, hybride types, pegmatite and, 
as a phase o f the latter, pure quartz, a ll welded together in a 
very complicated way. As a rule, the intermediate, bybride 
types occur interwoven w ith  the most basic types, while the 
most acid members (the pegmatite and the quartz) penetrate 
them all, thus indicating that the consolidation of the different 
types, also here, broadly speaking, has taken place after in
creasing acidity. D istinct fragments of quartzite and leptite 
are usually absent or only rarely seen in such heterogeneous 
rocks, no doubt depending upon the almost complete assimila
tion of the acid material by the basic magma.

Also the larger gabbro masses show- at the contacts 
w ith  the quartzite-leptite series marked endogene contact 
changes, manifesting themselves especially in a strong acidi
fy ing  of the gabbro, which w ith in  the contact-zones sometimes 
holds as much as 25—30 per cent of its volume free quartz. Here, 
too, the gabbro is found penetrated by acid pegmatite, which 
often passes into reddish or blue glassy quartzite of iden
tica lly  the same composition and appearance as the dense and 
glassy quartzites w'hich constitute important members of the 
quartzite-leptite series in the southern parts of its area. 
In  the neighbourhood of Hula sim ilar quartzitic dykes are 
met w ith  in a strongly acidified gabbro, which stand in  ob
vious connection w ith  fragments of quartzite, enclosed in  the 
gabbro.

Contact-phenomena sim ilar to those discribed above from 
the contacts between the gabbros and diorites and on the 
other side the Loftahammar-granites and the quartzite-leptite 
series are not unfrequently met with in the Swedish Archman, 
and very often cause difficulties in determining the relations 
in age between the granites and the green-stones.

According to my opinion, contact-phenomena of this kind 
are in the firs t place caused by the assimilation of the gab
bro-magma, which, at its intrusion, has more or less com-
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P^etely fused and partia lly  assimilated the older acid rocks. 
^  the final cooling and consolidation a part of the ab- 
s°i'hed foreign material remained incorporated in the gabbro- 
rriagma giving rise to quartzose, dioritic modifications of the 
Same, but to a great extent the earlier more or less co mpletely 
assinfilated material was separated from the syntectic magma1 
Arming intermediate (hybride), granitic or quartzitic rocks, 
^hich consolidated in a definite order after increasing acidity. 
■‘ -Us refusion of the older rocks has evidently in  many cases 

incomplete and, for inst., confined to the onter parts 
the larger fragments, leaving their central parts more un

touched, or i t  has touched only a very narrow zone, close to 
gabbro contact. I t  is quite evident, that in  many cases 

Processes of magmatic differentiation during the cooling and 
c°nsolidation have contributed to the origin of the described 
e°ntact-phenomena, but in my opinion such differentiation 
Processes have exerted only a comparatively secondary and 
j^odifying influence on the phenomena which have principally 

eia caused by magmatic assimilation of older rocks.2 
Sv e n o n iu s  has pointed out [ 6 ]  that the gahhros and the dio- 

l l ^es ° f the southern Vastervik d istrict are younger,or perhaps 
^Dietimeg contemporaneous w ith  the granites. In  the same 

^  rict, at the contact between a »basic» granite, belonging to 
8 Vaxjo—Filipstad series, and a mass of gabbro, petro- 

Sraphically identical and certainly also geologically contem-
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iil term is used in accordance w ith F. L oewinson-Lessing (Studien
er ^ ie  Eruptivgesteine. Compte-rendu de la V il.  sess. du Congr. Géol. Intern.

Russie 
Jou

1897) a n d  R . A .  D a l y  ( T h e  m e c h a n ic s  o f  ig n e o u s  in t r u s io n s .  A m . 
r n - S c . 1903, 1908). ■

2 A more detailed account of the mutual relations between the gab]Jro 
ma S' ° ranRes ant* the duartzite-leptite series of the Vastervik—Loftaham- 

ar district w ill be found in a paper by the author: Om relationerna mellan 
tUonstenarna, graniterna och kvartsit-leptit-serien inom Loftahammar-omrâdet 
'  n the relations between the greenstones, granites and the quartzitc-leptite 
series in the Loftahammar district). S. G. U. Ârsbok 3 (1909), N:o 7.



poraneous with the gabhros in the Loftahammar district, 1 
have found the granite penetrating the gabbro. Since the basic 
granites of the Yaxjo—Eilipstad types, as far as hitherto 
known, elsewhere in Southern and Central Sweden seem 
to be somewhat older than the acid granites belonging to the 
same series, i t  seems to exist a real,, distinct difference 311 
age between these and the Loftahammar-granites, the fo rm e r  

being younger than the latter. (Cfr. pp. 096—997.)

The quartzite-leptite series.

The quartzite-leptite series occupies a somewhat larger 
zone, strik ing  NW . to SE., in the middle of the area covered 
by the map. Outside this zone rocks, referable to the same 
series, occur as numerous smaller bodies or islands, especially 
in the granites of the Yastervik district.

The most important component of the series is quartzite’ 
in the southern part of the district mostly dense and glassy 
w ith a colour varying from more or less dark bluish-gray 
to white or reddish. Particularly in the NE. parts of the 
area occur macrocrystalline, light-gray to reddish types- 
Besides felspars in varying quantities, the quartzite contains 
at several places some biotite, muscovite and magnetite, some- 
times also andalusite, sillimanite and tourmaline. A t  the 
boundary to the Loftahammar-granite, and also in the smaller 
bodies w ith in  the latter, the quartzite contains much felspar 
and at the same time the »granoblastic» structure of the normal 
quartzite is replaced by a more granitic one.

The leptite is closely connected w ith  the qiiartzite by means 
of transition forms and alternate bedding and predominates 
quantitatively over the latter, especially w ith in  the Loftaham
mar district. Typ ica lly developed the leptites of the district 
are gray to brownish, fine-grained and distinctly bedded rocks, 
principally composed of felspars, quartz, biotite and magnetite, 
to which w ith in  numerous districts, characterized by stronger 
metamorphism, are added in larger or smaller quantities (and
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°iten replacing one or several of the minerals mentioned) 
S|Himanite, andalusite and cordierite.

In  spite of the strong metamorphism that has alfected 
^ le quartzite-leptite series, there nevertheless remains several 
features indicating its origin, among which the most common 
ls an unmistakable bed-structure, showing a regular alter
a tion of layers of different composition. A t  several places 
Cr°ss-bedding can be observed and sometimes (however outside 

mapped area) layers of conglomerate have been found in 
quartzite. These circumstances show that the quartzite- 

lePtite series, at least to a large extent, is a 'sedimentary 
formation and was orig inally deposited at a small depth.

The metamorphism of the quartzite-leptite series may 
cfeiefly be characterized as an intense contact metamorphism, 
'uduced from the considerable intrusive magma masses, which 
J3ve penetrated it, and exaggerated by its subsidence down 
fe a very great depth below the surface during the most 
luiportant periods of metamorphism. Especially the lepti- 
fes have, by this metamorphism, been converted into a series 
°I petrographically very varying rocks, such as red, fine- 
drained, granite-lilce gneisses, sillimanite- and andalusite-gneisses, 
s°metimes coarse-grained and massive, and peculiar, hetero
geneous, often brecciated or veined gneisses (»migmatites»). 
^■bove a ll the last-named brecciated and veined gneisses show 
a great capacity of variation. A  certain regularity exists 
however in the manner, in which their individual petrographic 
Members are associated w ith each other. Thus, the femic 
types occur as enclosures in the more intermediate gneiss 
types. These, in their turn, sometimes pass gradually into 
§ranite or pegmatite, of varying composition and structure. 
^  many other cases, however, the femic and intermediate 
hypes are brecciatedly penetrated by the last-named rocks, 
'which evidently are the last crystallized parts of the mixed 
gneiss. Sometimes also fragments of typical leptites and 
quartzites are found in coarser gneiss types, or in granitic and

32. H. 4 .] ARCHiEAN OP SOUTHERN SWEDEN. 1007



pegmatitic types, and not seldom in a heterogeneous m atrix 
which itself may he characterized as a breccia. Often ligh t' 
colowred pegmatitic types are found in connection with the 
most femic rocks.

A l l  these and other invariably present features of the 
heterogeneous, h ighly contactmetamorphosed varieties of the 
quartzite-leptite series show important analogies w ith  the pheno
mena, which have developed where the gabbros have partially 
remelted and assimilated the Loftahammar-granites, and which, 
on a much larger scale, are met w ith  in the mixed gneisses of the 
Karo—Asko district (pages 1010 — 1014), W ith in  the Loftaham- 
mar district the h ighly metamorphosed rocks mentioned above 
(coarse-grained and partia lly  massive sillimanite-andalusite- 
gneisses and brecciated gneisses) are lim ited chiefly to the 
contact zone between the quartzite-leptite series and the largest 
gabbro mass of the district. Hence, i t  seems obvious, that 
their present peculiar structures and architecture are produced 
mainly by the influence of the gabbro-magma. Also in the 
Vastervik district the same relation seems to exist between 
sim ilar metamorphosed members of the quartzite-leptite series 
and the intrusive igneous rocks.

Especially many of the brecciated gneisses, lim ited to the 
contacts between the gabbro and the quartzite-leptite series, 
seem to me to prove that they have received their charac
teristic present appearance during a state of semi-fluidity, caused 
by the gabbro-magma. This condition may have approached 
but generally not passed into complete remelting of the rocks 
of the older quartzite-leptite series nearest to the contact. The 
granitic and pegmatitic components of the brecciated gneisses 
mentioned above however seem to have been brought into a 
completely molten state.

The granite and gabbro have evidently, as mentioned 
above, assimilated considerable quantities of the quartzite- 
leptite series, producing w ith in  the contact area more or less 
abnormal granites, gabbros and diorites, which in certain
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Cases may be said to constitute intermediate forms between 
the sedimentary series and the intrusive igneous rocks.

T h e  K h r o —Asko district.

The gneiss formation of the Karo—Asko district forms in
details a very variegated mixture of a great number 

different rocks which, as a rule, do not appear well sepa- 
rated from each other but are intim ately interwoven as to form a 
geological unit, the different elements of which cannot consi
stently be kept apart from each other on a map of a large area.

Regarding the rock types and especially the manner in
1vhich these are associated w ith each other, the district ob-
Vl°Usly offers great similarities w ith the so-called Lewisian 
O • . *
Tneiss in the NW . of Scotland, such as i t  is described in the

Memoirs of the Geological Survey of Great B rita in  »The geo-
^°gical structure of the North-West highlands of Scotland»,
London 1907.

Predominating components of the gneiss territory in question 
aie gray, fine-grained to medium-grained biotitc-hornblendc- 
Qneisses, showing transitions to or otherwise closely connected 
wTh amphibolites, locally also with hornblenditic rocks, and 
enelosing smaller bodies of cclogitic, pyroxenitic and peridotitic 
l0cks. Tim amphibolitic gneisses are sometimes replaced, 
specially in the ir continuation north of the map, by 
Pyroxene-gneisses and by plagi-pyroxenites, which through 
lntermediate forms (pyroxene gneisses w ith amphibole etc.) 
are closely connected w ith the biotite-hornblende-gneisses and 
R16 amphibolites. Garnet occurs often, although only along 
narrow zones as an essential component (garnet-gneiss). In  
many places w ith in  this gneiss area rocks occur, which are closely 
connected w ith  the gneisses mentioned above, and petrographi- 
callymuch resemble common femic members of the »leptite-forma- 
G°n» in Southern and Central Sweden. Less common are acid 
R ptitic  gneiss types. Sometimes (but only locally) such leptitic 
gneisses contain much sillimanite.
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Besides the above mentioned, mostly dark-coloured rocks 
there are present also red or reddish, fine-grained to medium- 
grained granite-gneisses and gneiss-granites, which occupy a zone 
between the Vastervik—Loftahammar districts previously &e' 
scribed and the heterogeneous gneiss territory, and also occur 
as smaller bodies w ith in the latter. In  the first-named boun- 
dary zone is found a very strongly, often lineary schistose, red 
granite-gneiss. Further to the north, w ith in  the Asko district 
and north of the map-boundary, we often find less strongly 
schistose, sometimes fu lly  massive, granitic rocks. Not seldom 
these granites are pegmatitic or pass into pegmatite. A t 
numerous places w ith in  the Karo—Asko distinct occurs a coar
sely porphyritic gneiss, often very similar to the »eyed» gneissose 
types of the Loftahammar-granite NE. of the in le t to Lofta
hammar (cfr. pages 992—993). In  the central parts of the la r
ger occurrences of this porphyritic gneiss, a lit t le  outside 
of the map, i t  assumes the character of a coarse-grained 
granite, which then seems closely connected w ith  the gneiss- 
granite. A t  the borders towards the other, dark-coloured gneiss 
types the porphyritic gneiss passes into veined, pegmatitic gneis
ses w ith bands of amphibolites or femic gneisses. In  the SW- 
part of the Karo—Asko district this gneiss mostly occurs as 
narrow zones in the femic gneisses and the amphibolites, 
into which i t  gradually passes by decreasing amount of fel
spars. A t  the same time pegmatite appears as veins or 
nodules in the rock.

As a rule, the enumerated types of rocks occur closely- 
associated w ith  each other, intim ately connected by brecciated 
or veined gneisses (migmatites). In  spite of the exceedingly 
rapid variation in detail and the, at first sight, chaotic con
fusion shown by the ground in this district, there exists 
nevertheless an unmistakable regularity in the manner 
in which the different petrographic members are associated 
w ith  each other. Thus the most basic types (peridotitic and 
pyroxenitic rocks, hornblenditic rocks, biotite-rocks and basic



Auth. phot. 1906.
Fig. 14. Granite-amphibolite breccia. E. shore of Brandholmen.

Auth. phot. 1906.
Fig. 15. Granite-amphibolite breccia. E. shore of Brandholmen.



Fig. 16. Veined gneiss („A rte rit” ).
Auth. phot. lW o- 

Islet E. of Norrnâla.

Fig. 17. Body of hornblenditic rock in grey gneiss.
(The hornblenditic rock surrounded and penetrated by pegmatite not 

occurring in the gneiss farther off.) E. shore of 0. Olson.
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amphibolites or plagi-pyroxenites) are found as enclosures, usu- 
â y  rounded, in less basic amphibolites or hornblende-gneisses 
(resp. pyroxene-gneisses), while the latter occur as fragments 
111 more intermediate gneisses, which, in their turn, are enclosed 
aml interwoven by reddish, red, or light-gray granitic gneisses, 
apparently as a last sprinkling in the mixed gneisses there 
°ccur finally ligh t pegmatitic or aplitic  rocks, sometimes as 
1)et-works of cross-cutting bodies (fig. 15), sometimes w ithout di- 
sia»ct contacts joined w ith other granite-gneisses or intermediate 
Reisses, but always w ith  indications of having crystallized 
®°ttiewhat later than these. Where leptitic rocks are observed 

the mixed gneisses of this district, they occur as enclosures 
the coarser, gneissic types.

The veined gneisses and brecciated gneisses, especially cha
racteristic of the district in  question, show a groundmass of 
'lark-coloured gneiss or amphibolite, abundantly interwoven w ith  
Vems or dykes of red, reddish or light-gray granitic rocks, in 
most cases obviously connected w ith  somewhat larger granite bo
dies. (Figs. 14, 16 and 18.) The granite often contains fragments 
°f the dark rocks and, owing to assimilation processes, becomes 
Very varying in composition, w ith patches of a simple quartz- 
lalgpar-composition intermingled withothers rich in hornblende, 
kiotite or other femic minerals, and w ith  patches of various 
lI1termediate types. In  close connection w ith  veined gneisses 
°ccur often typical breccias w ith  now sharp-edged, now 
r°unded fragments of amphibolites or dark gneisses, embedded 
111 a matrix of granite or pegmatite (figs. 14—15). I t  is a 
Particularly often returning feature that the penetrating rock in 
sUch typical breccias consists of pegmatitic or aplitic granite; 
Very  often the pegmatite is obviously closely associated with 
tile breccia itself, while i t  is absent in veined gneisses w ith 
more intimately mixted components into which the breccias 
Pass directly and often very rapidly. In  such breccias i t  may 
often be observed that the fragments, enclosed in the peg
matite, are far more basic than the rock adjoining the breccia.
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Thus the fragments of such breccias often consist 0 
hornblenditic rock, while no such basic rock occurs outside 
the breccia.

Also in some other »migmatitic» gneiss types light-coloured 
pegmatite often forms contact-zones bordering enclosed bodies 
of hornblenditic rock or amphibolite which i t  also crosses 
veins, while i t  is absent or very rare further away ireiR 
such basic rock bodies (fig. 17). One is therefore sometimes 
under the impression that the most femic and the most sahc 
components in the migmatitic gneisses consist of the most diffe- 
rentiated parts of the rock mixture, formed during the meta
morphosis.

Sometimes dark fragments occur brecciatedly embedded 
in a matrix, which should itse lf be characterized as a breccia-

As already mentioned, the typical, veined gneisses and 
breccias pass at innumerable places into the quantitatively 
predominating, s till more intimately mixed gneisses in which 
the different components are less sharply separated and, w ith 
out any fixed contacts, joined to each other. Thus heteroge
neous gneisses are obtained w ith  more or less wavy parallel 
structure or locally massive, and w ith the chemical and 
mineralogical composition varying from one spot to another. 
The unmistakable, though mostly rather veiled, brecciated 
or veined structure, and the transitions to typical breccias 
and veined gneisses present, indicate, however, tha t a ll the 
discussed rocks are formed by the varying influence of the 
same geological process. As a characteristic feature may be 
pointed out that typical breccias, veined gneisses and more 
intimately mixed gneisses very often are observed close together 
and connected by transitions.

A ll  the rocks of the Karo— Asko district show meta- 
morphic »crystalloblastic» structures, mostly combined with 
marked schistosity. W ith in  the south-western part of the 
district, nearest to the Loftahammar district, real cataclastic 
phenomena are strongly marked; in the more northern and



Autli. phot. 1907.
Fig. 18. Granite body penetrating amphibolite. Stâdsholmen.

Auth. phot. 1907.
Fig. 19. Brecciated gneiss. Trollholmen.





n°rtli-eastern parts the crystalloblastic structures are in  gene- 
ral  predominating over the cataclastic ones, although the latter, 
also here, locally are strongly pronounced. In  many cases

cataclastic structures seem to be younger than the entirely 
crystalline ones, and confined to later dislocation zones, often also 
Marked in the modern topography of the district. In  other 
Cases, again, the cataclastic structures cannot be essentially 
younger than the formation of the brecciated, veined or banded 
structures. The nearer relations between the different meta- 
^orphic structures w ith in the district are, however, not yet 
c°mpletely explained.

The manner in  which the different types of rocks w ith in  
this district are associated w ith each other, seems to me to 
lndicate that this peculiar rock complex has received its  present' 
character while in a semi-fluid condition, closely approaching 
and locally passing into a completely magmatic condition. 
-Noteworthy is also in this respect that the mutual rela
tions of the different types of rocks prove that they, broadly 
speaking, have crystallized in the same order (after decreasing 
basicity) as also holds true for the corresponding types which 
form members of the ordinary igneous rocks of this regions. 
The heterogeneous development of the rocks in the present 
district should then, in my opinion, be explained as the re
sult of a cooperation between processes of differentiation and 
assimilation operating in a semi-fluid mass which was at 
least partia lly  in a magmatic condition.

Of genetic importance are, in my opinion, the analogies 
^hich exist between the rocks of the highly metamorphic 
Ivaro—Asko d istrict and the h ighly contactmetamorphosed 
border rocks developed at the contacts of the quartzite-leptite 
Series w ith  certain larger intrusive masses. Important ana
logies are also present between the rocks of this d istrict 
aild those rocks w ith in  the other districts whose origin ap- 
Pears to be due to a remelting and partial assimilation of 
°lder rocks and a later differentiation of the regenerated 
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magma. These analogies prove that the conditions, Pre 
va iling at the level of the present surface w ith in  the K a r o — 

Asko district during the time when it  received its m°st 
strik ing features, must essentially have resembled those 
existing w ith in  certain contact zones close to intrusive igneous 
rocks, where the metamorphism has been very strong and was 
accompanied by partia l remelting. Nevertheless, i t  is evident 
that the extensive and (in spite of the almost infinite variation w 
details), broadly speaking, uniform ly developed gneiss region 
could not have received its present development through the 
influence of the igneous bodies which have later invaded it- 
As i t  m ight be in  opposition to present petrographic experience 
to consider this gneiss district as a primary, purely igneous 
product, its most characteristic petrological features must, 1» 
my opinion, have been developed by regional metamorphosis 
of pre-existing Archaean rocks at a very great depth, where 
the same physical conditions were existing as when rocks 
have been extremely metamorphosed and partly  remelted by 
the action of intrusive magma masses. The essential present 
features of the Karo—Asko d istric t may, therefore, be due 
to a strong metamorphosis at so great a depth that the 
whole rock mass was brought into a semi-fluid state, partia lly  
passing into complete remelting. The numerous smaller 
masses and bodies of granite which penetrate the amphi
bolites and the more or less basic gneisses and which are 
often intimately connected w ith  porphyritic gneisses and cer
tain other mixed gneisses, are probably, according to this 
opinion, formed by the parts of the older ground, which were 
completely regenerated to magma during these metamorpbic 
processes and which have later become consolidated, partly  
after differentiation or assimilation processes.

As to the original nature of the rocks, before they were 
subjected to this deep-seated metamorphism, but lit t le  can be 
said at present. As w ill be pointed out in the following, ^  
seems obvious that the Karo—Asko district includes rocks
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"'hich must be considered as metamorphic equivalents of tlie 
Sabbros and diorites in the Vastervik—Loftahammar district.

TnaT1y  places w ith in  the Karo—Asko district (especially, 
°wever, outside the map) also rocks are found as members of 

mixed gneisses or closely connected w ith  such gneisses, 
wBich at the same time show the petrographical characters
of o

some leptites in the Vastervik—Atvidaberg zone, w ith  
;, hich they also sometimes stand in connection in the field.

e behaviour of the named leptitic members of the hetero
geneous gneiss formation seems to indicate that they are less 
Metamorphosed relics of the same (or a similar) leptite series. 
^  From the adduced facts i t  may be supposed that the 

aro Asko d istrict was orig inally composed of supercrustal 
as well as infracrustal rocks, partly  of the same character 
' s°me better preserved members of the Archaean in the 
°ftahammar—Vastervik d istrict or in other parts of Southern

Sweden.

general relations of the d ifferent Archaean rocks in 
the district.

As is the case of most other Arch man districts a more 
e ailed explanation of the relations of age between the dif- 
aent Archaean rocks is rendered very d ifficult by the radical 

dn<l  imperfectly known metamorphic processes, which have 
affected the district. The following statements may, however, 
)e made at present.

i t  is indisputable that the supercrustal quartzite-1 eptite 
SeHes is older than the Vastervik-granites, which have in
truded into the former and cut i t  to pieces under development 
°f very conspicuous and peculiar phenomena of endogene and 
exogene contact metamorphism.

Even along the destroyed contact zones between the same 
series and the h igh ly metamorphosed Loftahammar-granites 
may it  be observed, at different places, that the granites enclose



small, rounded fragments of leptitic gneiss and quartzite f°r 
which reason also these granites, at least in their present state, 
seem to he younger than the quartzite-leptite series. As 
as we know at present there is no evidence of any granite i B 
this region older than the quartzite-leptite series.

The gabbros and diorites are younger than the Lo fta 
hammar-granites as well as than the quartzite-leptite series, 
penetrating all these rocks in the same way. On the othei 
hand some of the Vastervik-granites are found penetrating l '10 
same gabbro- and diorite-types. The difference between tin 
Loftahammar-granites and the Vastervik-granites (i. e. »Vax,]°" 
granites») in their relations to these gabbros and diorites 
seems to prove that the former are decidedly older than at 
least the larger part of the Vastervik-granites.

Of great interest are the relations between the rocks of 
the h igh ly  metamorphosed Karo —Askii d istrict and those of 
the Loftahammar—Vastervik district. Broadly speaking, the 
boundary between the two districts is distinct to a certain 
degree, but there may nevertheless be said to exist a sort of 
transition between them. This is indicated by the appea- 
ranee, at several places along the boundary line, of a series 
of amphibolites and amphibolitic gabbros which petrogra- 
phically occupy a position intermediate between the gabbros 
of the Vastervik—Loftahammar district and the amphibolites 
of the Karo—Asko district. No doubt, the amphibolites of 
the border zone between the districts in question are, at least 
to a great part, strongly metamorphosed phases of the intrusive 
o-reenstones in the south-western district. I t  seems thereforeO
very probable, that a considerable part of the amphibolites, am
phibolitic gneisses and allied rocks in the Karo—Asko district 
has the same origin, so much the more, as otherwise i t  would be 
d ifficult to understand why the basic intrusive rocks w ith p ri
mary structures are found jus t up to the border of the heteio 
geneous gneiss formation, but not w ith in  the same. I t  is further 
established that the fine-grained to medium-grained gneiss-
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tdanite rocks, which are found immediately at the north- 
eastern border of the Loftahammar-granites and, according to 
Vvhat has been said before, are intim ately interwoven w ith  

dark gneisses and amphibolites, also at the boundary 
the coarse-grained Loftahammar-granite behave as at least 

a little  younger than this. A t  its north-eastern boundary 
Loftahammar-granite becomes, at several places, hetero

geneous, on account of p lentifu l invasion of veins and bands 
the appearance and composition of the fine-grained granite 

’’’W h also encloses round or elongated pieces of Loftaham- 
Biar-granite. Sometimes the veins of the fine-grained gneiss- 
fhanite are so numerous in the Loftahammar-granite, that the 
r°ck as a whole assumes the character of a kind of veined 
Vneis.s. The penetrating gneiss-granite is not seldom found 
111 connection w ith pegmatite.

If, therefore, the amphibolites of the Karo—Asko district 
delude metamorphic varieties of the gabbros and diorites of 
^ 'e Vastervik—Loftahammar district, and the gneiss-gra- 
nites associated w ith  them are younger than the Loftaham- 
ftiar-granites, i t  follows, that the Karo—Asko district, in 
lllain, has received its present characteristic appearance, 
n°t only after the consolidation of the Loftahammar-granites, 

also after the intrusion of the gabbro into the latter. I t  
becomes then very probable (from what has been said before 
011 pp. 994—995 of the gneiss structure of the Loftahammar- 
granites) that the Loftahammar d istrict and the Karo—Asko 
S t r ic t  have received their essential metamorphic features, 
hl'oadly speaking, at the same time and through the same geo
logical process. I t  seems also evident to me that the especi- 
a%  characteristic metamorphism of the la tte r district was 
developed at a greater depth and was very probably also in 
other respects more intense than in the former. On the 
other hand i t  must be le ft as s t ill altogether undecided, 
whether the radical metamorphism of the Karo—Asko district 
ls in its essential part older or younger than or perhaps con-



temporaneous w ith  the intrusion and consolidation of the mas 
sive granites of the Vastervik district and of the interior of 
Smaland.
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Post-Archsean rocks.

W ith in  the d istrict discussed two kinds of rock are fur' 
ther to be mentioned, although they have not been indicated 
on the accompanying map (PI. 40), owing to their extremely 
small distribution w ith in  the district. These rocks are 
bronzite-diabase and sandstone. Both occur as dykes in 
Archaean rocks and clearly prove to be d istinctly younger 
formations.

The bronzite-diabase forms a considerably large number 
of long and straight but very narrow dykes (some cm or as 
a maximum 3 m in width) in  the northern part of the map- 
They generally run E.—W . or SE.—NW ., sharply cutting 
the schistosity of the Archman, and themselves often cut by 
small faults. The diabase is altered to a large extent, the 
pyroxenes being replaced by amphiboles and by chloritic or 
serpentinous substances. A long certain more marked lines of 
dislocations i t  has been transformed into a fine-grained, al
most dense amphibolite which however by its relations to the 
schistosity and to the amphibolites of the Arch man clearly 
proves its  post-Archaean nature. To judge from the state of 
things in the field the bronzite-diabase was erupted in con
nection w ith  young, post-Archaean dislocations which have 
taken place chiefly along certain zones, well marked in  the 
topography of the district.

Sandstone has been observed as fillings of narrow fissures 
in  the Archaean rocks at three places in  the middle of 
the map and also to the north and south-west of it- 
these sandstones are perfectly clastic w ithout any traces of 
pressure or contact metamorphism. No fossils have as y 
been found in them, but petrographically they agree w ith t 
Cambrian sandstones, which occur a lit t le  to the south of fh ‘
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lllaP- Similar dykes of sandstone have also been found at 
S0lIle other places of Fenno-Scandia, far from the present areas

iossiliferous deposits, and by finds of early Cambrian fos- 
S|ls they are proved to belong to the bottom-formations of the 
Cambrian. I t  is therefore most probable that the sandstone 
^ykes also w ith in  the district here discussed are of early 
Cambrian age.

Judging from its  more advanced metamorphism, the 
^onzite-diabase is most probably older than the sandstone 

therefore of Algonkian age.

I I .  Excursions.

L&ngd.

The southern part shows a light-grey to reddish, pegmatitic 
granite, fa ir ly  typical for the Asko district, and rich in enclos- 
Ures of dark biotite-hornblende-rocks. Towards the sides a 
'tark gneiss rich in veins of granitic composition joins it.

Jutskaren— Skafskar.

These islets show a fa ir ly  complete collection of the rocks 
^hich characterize the portions of the Karo—Asko gneiss- 
^ 'I 'ito ry  adjacent to the Loftahammar-granite. The relations 
ex'sting here are, however, fa ir ly  representative also for the 
areas of migmatitic gneisses further to the north.

Jutskaren. The migmatitic gneiss of Jutskaren consists 
Principally of dark, fine-grained amphibolite, usually rather 
Tiartzose, but sometimes (for inst. at Stora Jutskar) closely 
c°nnected with a medium-grained, diorite-like amphibolite, in 
'vhich qxmrtz is almost entirely absent. The salic component 
ls a red to reddish, gneissic granite, very quartzose when typi- 
°ally developed, and often heterogeneous w ith biotite-bearing 
Bands alternating w ith  salic ones. The gneiss-granite passes 

several places into a pegmatite w ith large oligoclase indi-



viduals, but sometimes (f. inst. at St. Jutskar) the pegma" 
tite  is seen penetrating the gneiss-granite, proving that 
i t  has crystallized somewhat later. The salic and fem10 
types of the rocks are intim ately interwoven in the usual way-

On St. Jutshar the amphibolitic rocks are throughout 
predominating, but also here they are everywhere invaded 
by gneiss-granite which often looks as i f  i t  was losing itseli 
in fine, light-coloured segregation veins in  the amphibolitic mass.

Along the NE. side of L ilia  Jutslcdr the amphibolitic 
rocks become more subordinate and at the same time the inter
woven gneiss-granite often proves to have absorbed such a 
considerable quantity of dark minerals as to become more or 
less ind istinctly separable from the rocks rich in amphibole 
and biotite and to pass w ithout distinct contacts into inter
mediate, grey to reddish gneisses. The intimate connection 
between such intermediate gneisses and the veined mixtures 
between amphibolite and gneiss-granite should be noticed.

The rocks on both islets are strongly schistose w ith the 
strike running, broadly speaking, N W .-S E . and a steep dip 
(about 70—80°) towards NE. Considerable foldings can how
ever be observed, the axes of which, conformable to the.con
spicuous linear structures, show a fa ir ly  regular and steep 
dip (70—75°) towards ESE. or E.

Slcafslcdr. Skafskar affords repeated opportunities of 
studying the development of the gneissformation in such areas, 
where amphibolite and dark, femic gneisses become subordi
nate in a s t il l higher degree than was the case on Jutskar.

Here a grey to feebly reddish, fine-grained, biotite-horn- 
blende-gneiss w ith  a varying percentage of dark minerals pre
dominates. In tim ate ly connected w ith this gneiss amphibolite, 
black biotite-hornblende rock, red granite-gneiss, porphyritic 
gneiss, and pegmatite occur. Amphibolite and biotite-korn- 
blende-rock occur as round or lenticular enclosures in the 
heterogeneous, intermediate gneiss, as well as in the granite- 
gneiss and pegmatite. A t  some places the two last-named rocks
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Pet>etrate the femic types, but at other places they jo in them 
Without distinct lim its. The same granite-gneiss body may, 

different places, furnish examples of both kinds of contacts.
In  the SE. part of the islet is a body of coarse, por- 

jd'Vritic gneiss the central portions of which are fa ir ly  uni- 
,rtn and rather sim ilar to some varieties of the Loftahammar- 

Sranite. Towards its borders the felspar-eyes are more sub- 
°rdinate and the rock becomes heterogeneous and intermixed 

amphibolitic bands as well as w ith pegmatitic nodules 
ail(l veins which, at some places, appear like small dykes, but 
111 other cases grade into aggregates of felspar»eyes» standing

from the gneiss mass.

S torskar—Stadsholmen.

Also these islands belong to the Karo— Asko gneiss te rr i
f y *  but mark the transition to the Vastervik—Loftahammar
district.

Storslctir. On Storskar and the islet close to the west of 
^  a black, fine-grained pyroxene-diorite (w ith diopside-like 
Aroxene) predominates. I t  is penetrated by a red or red- 

often somewhat pegmatitic granite which at several places 
approaches the Loftahammar-granite in appearance. Bodies 

strongly schistose and granulated porphyritic gneiss-granite 
°Ccur at various places and at their contacts w ith the diorite 

bow structure is seen in both rocks, running parallel w ith  
Ifle contacts. On the southern promontory of Storskar is a 
asic> porphyritic gneiss-granite, which contains enclosures of 

aQlPhibolite but is penetrated itself by ill-defined veins of red 
granite, a characteristic relation of the different rock types 
Present in this gneiss territo ry. On Storskar the schistose 
Archsean rocks are penetrated by narrow dykes of altered 
I r 0 n site-di a base.

Stadsholmen. In  the dioritic rock on the islet W. of Stor- 
fek&r diopside predominates over hornblende and biotite; on 
Storskar the first-named mineral becomes somewhat subordinate,



and the macroscopically sim ilar rock on Stadsholmen, finally ’ 
is an amphibolite without pyroxene, of the kind typical f°r 
the Karo—Asko district. Here may be observed also son'6 
veined and brecciated, mixed rocks (migmatites; fig. 18) coffl' 
posed of granite, amphibolite, grey intermediate plagioclase- 
gneisses, etc., which are very characteristic of the gneiss 
district.
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Bondeskar— Asleskaren.

Bondeskar and Asleskaren w ith adjacent islets belong t° 
the NE. part of the Loftahammar district and consist of the 
rocks characteristic for this district, viz porphyritic Loftaham' 
mar-granite and gabbro diabase, both occurring in typical 
development and in characteristic mutual relations.

The SW. and NE. sides of Bondeshcir consist of Lofta- 
hammar-granite, in part developed as the coarse, porphyritic 
gneiss, typical for the district, in part (along bands or zones, 
sometimes branching out in the porphyritic gneiss) as more 
or less dense and halleflinta-like mylonitic phases.

The principal rock of the islet is a medium-grained to 
fine-grained gabbro with hypersthene and monoclinic pyroxene, 
mostly w ith  ophitic structure but at certain places grading 
into gabbro-structured types. According to an analysis, made 
by R . M a u z e l iu s , its composition is the following:

SiO, . . . . . . . . 48.66 CaO . . . . . 8.73

TiO , . . . . . . . . 2.60 BaO . . . . 0.01
A1„03 . . . . . . . 14.06 Nao0  . . . 2.45

Fe20 3 . . . . . . . 3.87 K 20  . . . . 1.42

P e O ............... P A  • • • • 0.70

M n O ............... S . . . . . 0.18

MgO . . • . . H.,0 . . . . 1.00
99.86



The calculation according to Osann ’s method yields the 
blowing results: s =  55.38; a =  2; c =  3.1; f  =  14.9; n =  7.24.

The gabbro-diabase is much interwoven with a granite
12) which is very varying in structural, mineralogical and 

emical respects. In  its most typical form this penetrating 
§l anite is coarse-grained w ith  phenocrystic individuals of mi- 
' rocline (usually w ith  a border-zone of plagioclase) embedded 
111 a ground-mass of oligoclase-andesine, quartz, biotite and 
Magnetite; the chemical composition is very nearly the same 
as that of the adjoining Loftahammar-granite, as seen from 
^ 'e following formulae, calculated from two analyses made by 

M auzelius :
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A. Loftahammar-granite from the SW. shore of Bonde- 
sk&r (cfr. p. 991):

Si2j.4
s A l,6.3 Ca2., K 6,  Na3 9 

b i16 Ca() 2 Mg, 4 
i'e 4.6
S =  0.34.

B. Porphyritic granite from a body (fig. 10) penetrating 
fhe gabbro-diabase on Bondeskar'.

Si, 9
Si41 A1j7 8 Ca3, K. 3 Nae 3
fei].6 Ca0, Mg, 5
Fe4.4

_  S' = 0 .3 1 .

1 O r ig in a l  a n a ly s is :
S iO , N a 20 ...................... ................................  3 .4 1

5 °  3 ................................................................ k 2o ................ ................................  4 .3 4
* > 0 3.......................................
F eO

T i 0 2 ...................... ................................  0 .7 1

. 3.56 p 2o5 ................ ................................  0 .2 1
Mno B a O ..................... ................................  0 .0 9
% 0  . . 1 .0 8 S ....................
OaO H 20 ...................... .......................  1.31

10 0 .0 8



The large individuals of microcline and plagioclase are 
often found to gradually decrease in amount, and finally on^  
some isolated ones may remain, unevenly distributed in a 
groundmass of the composition of a quartzose gabbro-diabase 
into which the rock gradually passes at some places. The 
groundmass of the porphyritic felspars is, however, often of a 
more intermediate composition and i f  then the large felspar 
individuals disappear, intermediate »hybride» rocks originate-

For the penetrating porphyritic granite as well as for the 
felspathic »eyes» scattered in the gabbro or in  the intermediate 
types a coarse micrographic intergrowth between quartz and 
the felspars is a characteristic and remarkable structural 
feature.

The different types of rocks whereof the gabbro mass is 
composed have mostly rather distinct lim its  to each other. I f  
may then be observed that the intermediate types enclose frag
ments of the gabbro-diabase and that the acid granites penetrate 
both this and the intermediate rocks. A t  a few places 
(towards the southeastern shore of the islet), however, basic 
porphyritic granite occurs as small, round enclosures in the 
gabbro-diabase. Not seldom, besides, the rocks are altogether 
ind istinctly separated from each other. Sometimes a body of 
basic porphyritic granite may be seen to show a continuous 
transition into the gabbro in  one direction, while in another 
there is a distinct boundary to the same rock,, into which 
i t  then also sends small apophyses and of which i t  contains 
small enclosures (fig. 13). In  other cases basic porphyritic 
granite may be observed as round enclosures in  the gabbro 
although at the same time penetrating i t  in the shape of 
anastomosing bodies (fig. 20).

A t several places the Loftahammar-granite shows a 
typical development close up to the contact w ith  the gabbro. 
Often, however, as may be seen on the most northern lit t le  
point in the SE. part of Bondeskar, a 2—4 m broad contact 
zone is developed between the Loftahammar-granite and the
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8abbro. W ith in  this border-zone the otherwise uniform Lofta- 
I'ammar-granite assumes a very variable appearance and in- 
‘ ludes dark, more or less basic and diorite-like bodies. The 
latter are spotted w ith  more or less numerous felspathic 
>,eyes» and resemble many of the rocks which occur in  the

Gabbro- Porphyritic
diabase. granite.

20. Relations between porphyritic gabbro-diabase and basic porphyritic 
granite. Bondeskar.

Sahbro-diabase as penetrating masses. Such basic bodies have, 
at certain places, very distinct boundaries to typical Lofta- 
hammar-granite, but they often grade into the same. In  the 
inhomogeneous contact zone mentioned and in the adjoining



typical Loftahammar-granite numerous bands of a dark, d10 
r it ic  rock occur, which are often arranged in rows, »tail be
hind tail», giving the impression of strongly softened and 
torn dykes.

The relations on Bondeskar (and on the islets to the SE-, 
even Asleskar) furnish an example, typical for the NE. par  ̂
of the Loftahammar district, of the previously discussed (pp-100® 
—1005) assimilation-differentiation phenomena caused by the 
younger gabbro magma having been intruded into the older 
Loftahammar-granite which was in great part remelted and 
more or less completely incorporated by the bacic magma.

Tro llho lm en .

Trollliolmen is illustra tive  of the extreme contact-meta- 
morphic phenomena, characteristic of the border zone between 
the gabbro and the quartzite-leptite series.

In  the lowest part of this island, especially along its 
northern shore, are several exposures of a dark-grey leptite of 
the type common in the quartzite-leptite series. The relatively 
high h ill, which forms the main mass of the island, consists of 
quartz-gabbro and a series of quartz-dioritic rocks which grade 
into one another and also into the gabbro. A ll these rocks are 
obviously modifications of the norite which occurs on the adja
cent islands and on the mainland. The most acid diorite types, 
often containing orthoclase and much biotite, occur mostly 
close to the leptite. The quartz-gabbro and quartz-diorite on 
Trollholmen ought therefore to be considered as contact modi
fications of the adjacent normal norite and gabbro which are 
due to the assimilation of much silica etc. from the rocks of 
the quartzite-leptite series; the more, since altogether similar 
acid forms of the gabbro also occur at other places as contact 
facies of the gabbro-mass w ith  the quartzite-leptite series and 
w ith  the Loftahammar-granites.

Between the acidified gabbro and the leptite a ll around 
the island, a belt of very heterogeneous, brecciated gneiss,
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Vaiy ing  in structure and composition may be traced. The 
W k  of the rock often approaches the adjoining leptite in 
aPpearance and mineralogical composition, but is somewhat 
c°arser; microscopically, i t  shows »hornfels» structure and 
°ften grades into a light-coloured, granitic rock, which at 
Several places becomes pegmatitic. In  the lep titic  as well as
1,1 the granitic types a great number of fragments of dark 
êPtite, green-black hornblendite (w ith hornfels structure), 

^otite-rock and other dark-coloured rocks more or less rich 
ln hornblende or biotite are seen (fig. 19, p. 1012) In  the enclo
s e s  rich in biotite small segregations of magnetite are not 
Seldom, and sometimes small fragments are seen, which in

centre consist of magnetite w ith  a border zone chiefly of 
hiotite. Characteristic of these contact rocks are also large 
r°Hnded grains and lumps of blue quartz, which occur in  the 
heterogeneous gneiss as well as in certain acid d ioritic types 
aad in the granitic rocks.

Along w ith the well defined, sometimes angular, sometimes 
Cicely rounded fragments, there are in the brecciated gneiss 
and in the granitic rock, connected with i t  also numerous 
altogether indistinctly outlined patches, more or less rich in 
hiotite or hornblende.

V ásterv ik  Lueernaholm en.

In  the quarries on the northern promontory of Lucerna- 
holmen a fine-grained granite of a kind very common in the 
^astervik district is exposed. I t  is rich in fragments of a dark 
hioritic rock as well as of quartzite and is cut by veins and 
hykes of red, pegmatitic granite.

The same phenomena may also be studied in the founda
tion-walls and stone-stairs of the new church at Vastervik, 
which are made of granite from Lueernaholmen. Here, too, 
111 distinct enclosures of red, acid granite are seen in the fine
grained granite.
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Borgo— M jod o — Grono.

This district presents types and associations of rocks, 
which are very common and characteristic of the most highly 
metamorphosed zones w ith in  the quartzite-leptite series.

Borgo. In  the NE. part of this island is a smaller mass 
of diorite, surrounded by heterogeneous, partly  veined rocks, 
among which is a red, macroscopically somewhat granite-like 
leptite, sometimes sti-ongly folded. In  the »veined gneiss» a 
minute mass of a strongly acid d ioritic  rock is exposed 
which (at least sometimes) has biotite completely substituted 
for hornblende.

Mjodo. Along the northern shore of Mjodo we find th1’ 
same red leptite as on Borgo, which often contains small vein8 
of granitic composition indistinctly separated from the ground' 
mass. The red leptite contains, at some places, rounded eu* 
closures of blue-grey biotite-qirartzite and occurs in close com 
nection w ith  a strongly folded migmatitic gneiss wherein red 
nodules or veins, composed of microcline-pertliite, quartz and 
some acid plagioclase, are alternating w ith contorted dark 
bodies, rich in biotite (inclusive a green chloritic mica), light 
mica, sillimanite and magnetite. Especially the sillimanite 
occurs in strongly folded and contorted aggregates.

Grono. The rocks at the southern shore of Grono consist 
of light-coloured, bluish, glassy quartzite of a type very coin' 
mon in the Vastervik district. Closely connected with this 
rock is a dark-green, spotted type of quartzite which, besides 
quartz, contains (concentrated in the dark spots) microcline, 
biotite, abundant small sillimanite needles and some magne" 
tit.e. A  red or reddish gneiss w ith  dark nodules and enclo
sures rich in biotite, andalusite and magnetite alternates 
w ith  the quartzite. This gneiss shows sometimes in t r u s t  
relations to the quartzite, but is elsewhere more intimate



ly  and confusedly welded together w ith the same. A  con
siderable part of the h ill which rises at the custom house 
oa the northeastern part of the island consists of a dark- 
spotted gneiss showing a light-grey to reddish, finely crystal- 
Hne ground-mass (principally consisting of quartz, microcline- 
Perthite and magnetite), in which are small, dark segregations, 
Ucber in quartz than the groundmass and containing biotite 
aild andalusite (both altered) in  intergrowth w ith  each other.

32. H. 4.] ARCIIiEAN OP SOUTHERN SWEDEN. 1029
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Vastervik—Jonkoping—Trollhattan.

By
A . Gr. H ogbom and H . H edstkom.

Introduction.

This part of the route crosses the great granite area of 
Smaland [8, 9]. Because of the extension of morainic and 
other Quaternary deposits this stretch is not suited for demon
strations during the short time at disposal, although offering 
much of petrographical interest. I t  therefore is necessary 
to confine the stays to only some few localities which arc 
easily reached and which might be of some interest even 
though not affording any opportunity to study their rela
tion to the surroundings. Thus a stay w il l be made at Lon- 
neberga. There occur some types of the Archaean lava rocks 
and tuffs, which have been described by 0. N ordenskjoed in 
a very noticeable work [10]. Another stop w il l be made at 
Brevik, where one of the peculiar pebble-diabase dykes of this 
country is well exposed. The post-Archaean »Almesakra-com- 
plex», which occupies a considerable area in the surroundings 
of Ntissjo, and which is composed of red sandstones and white 
quartzites, w ith  sheets and dykes of diabase presenting seve
ral interesting contact phenomena, would require more tim e 
than we have at our disposal and must therefore be passed by • 
To the »Malmback complex», on the other hand, which is an 
Archaean series of conglomerates, tuffs, etc. and is intruded by 
the Archaean granites of its surroundings, several hours w ilf 
be devoted, w ith  the station Malmback as starting point.
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Lonneberga. (By A . G. H ogbom).

This ra ilw ay station lies in the centre of one among the 
aieas of supercrustal igneous rocks, which occur as several 
sdtips extending in an east-west direction across the great 
Sianite d istrict of Smaland. The relations between these 
§3'anites and the supercrustal rocks are quite ambiguous and 
Caunot be discussed here. I t  may suffice to mention that 
s°me, i f  u0t  all, of the most common granite varieties are 
lounger than the supercrustal rocks. In  the older literature 
^ese rocks have generally been termed »halleflinta». N orden- 
SIvJ8ld has substantiated that the »halleflintas» orig inally were 
real lavas and tuffs, and that they have s till preserved some 
"  holly conclusive characteristics of their volcanic origin, as, 
t°r instance, perlitic cracks, spherulites, l i t  hop hy say fluidal, 

and ash-structures.
A t  Lonneberga these rocks are represented by in ter

mediate porphyritic effusive rocks w ith a dense, apparently 
’"icrofelsitic groundmass. They have been described by N or- 

under the name of eodacites. In  addition, tuff-
reccias and dense banded tuffs are met w ith. Another rock,

fo 7rmerly named »conglomeratic halleflinta», is a spherulitic
Porphyry. The spherulites, or rather lithophysse, occasionally
' ootain a central cavity.

The stay at Lonneberga being very short (about two 
hours) there w ill be opportunity only to see the rocks in the 
immediate v ic in ity  of the station. More distant localities, 
however interesting, must be omitted.

The pebble-diabase o f B revik. (By H. H edstrôm).

About 700 metres SW. of the stopping-place at Brevik, on 
the railw ay between Oskarshamn and Nassjo, the railway cuts 
a dyke of a peculiar diabase w ith  enclosed fragments and



pebbles which has firs t become better known in literature 
through a paper by E i c h s t ä d t  [11]. The occurrence lS 
situated on the map-sheet »Eksjö» (S. Gr. U. Ser. A  a, N-r 
printed but not yet published) a lit t le  E. of the 
middle line of the sheet, quite close to the S. margin oi ^ ‘e 
map.

The diabase dyke has a strike about N .—S. w ith  sotne 
smaller windings. I t  can be followed in numerous exposures 
for several kilometres northward from the cutting mentioned 
above. Towards S. i t  has been traced for about 25 kil°" 
metres.

Quartzites derived from the Almesäkra complex are pre" 
dominant among the enclosures; besides, granites, leptites, and 
other pre-Cambrian rocks are represented. The enclosure® 
vary in form according to their petrographic character. When 
consisting of Almesäkra schists the enclosed pieces are apt t° 
form thin bands of considerable length which then are sur
rounded by sheets of diabase; in this way a kind of alternate 
banding between the diabase and the schist may arise. The 
enclosures of granite have a more irregular shape. The dia
base assumes a very peculiar appearance when a layer of 
conglomerate has been embedded. Then the rock resemble® 
macroscopically a real conglomerate, and in fact i t  has been 
called a diabase-conglomerate (pebble-diabase). The pebbles 
embedded are some centimetres up to more than a decimetre 
in size and consist of white, red and grey quartzites and 
quartzitic sandstones and, subordinately, of some other rocks, 
such as granites etc. The pebbles are often so numerous as 
to occupy about ha lf the volume of the diabase dyke, at times 
even more. As a rule, nothing can be seen macroscopically 
of the original cementing mass of the conglomerate, but mi
croscopical examination reveals numerous grains of quartz and 
felspar, scattered in the diabase mass, which probably al’e 
derived from the original matrix. Moreover, pebbles are found 
to which portions of the original matrix are s t ill attached.
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The explanation of the formation of the rock should 
therefore be, that larger and smaller pieces of Almesakra 
c°nglomerate have been embedded in the diabase magma.

hard conglomerate pebbles, consisting, as a rule, of 
(l Uartzites and quartzitic sandstones, have generally retained 
their form unchanged, but they have sometimes sp lit up into 
t 'yo or more pieces which, at the embedding in the magma, 
have been more or less widely displaced from each other. The 
Ceinenting mass of the original conglomerate has been g r itty , 
^°°se and brittle. In  consequence the cohesion was easily de- 
sti'oyed at the intrusion of the diabase magma and the whole 
Matrix torn up into grains and fragments which were caught 
UP and included by the diabase magma. In  the appearance 
aild character of the pebbles, as also in the proportions of the 
different rock types represented among them is a perfect agree- 
Dient between the Almesakra conglomerate and the pebble- 
diabase. The pebbles of both rocks are much cracked and 

the same cataclastic structures.
By follow ing the diabase dyke in  its longitudinal direction 

^  w ill be found, that the fragments appear only in some 
the exposures, while others are altogether free from them, 

urther, some exposures show principally pieces of conglo
merate, while in others pieces either of schist, quartzite or 
granite predominate.

The w idth  of the dyke varies in  different parts of its 
extension, and i t  often exceeds 100 metres. Fragments do 
n°t, as a rule, occur over the whole width, but are confined 

smaller zones, often however several metres in width, which 
are extended in the longitudinal direction of the diabase dyke. 
These zones may be situated either at the sides of the dyke, 
dnd then usually at the eastern side, or also nearer the middle 
°i it. In  certain smaller offshoots from the dyke, which are 
°niy  about 5 meters in width, fragments sometimes occur 
distributed over the whole width.

In  the c liff SW. of Ivulla the pebble-diabase is particularly



well exposed rising above the adjacent not p e b b le -b e a r in g  

portions of the dyke in the shape of a sharp ridge. The 
presence of the pebbles of the hard quartzite seems therefore 
to have contributed to protect the diabase against denuda
tion. This circumstance, as also the peculiar appearance and 

character of the pebble-diabase, is the reason why this type 
of rock has received more attention than the other types of 
fragment-bearing diabase present.

The diabase is generally medium-grained, but becomes, 
fine-grained and even dense close to the contact w ith  the wall 
rock (here a grey pre-Cambrian granite) as well as with 
the enclosures. In  the parts free from enclosures i t  has a 
d istinctly ophitic structure and is composed of felspar, more 
or less altered pyroxene (both augite and orthorhombic py* 
roxene), biotite, apatite, grains of iron-ore, and some chlorite 
and other secondary minerals. Also some quartz is present) 
often entering in micrographic intergrowth w ith  the felspar.

In  the pebble-bearing parts of the diabase, on the other 
hand, i t  is sometimes quite impossible by the microscopical exa
mination to recognize the rock as a diabase, for the ophitic struc
ture is often not developed here and the presence of the nume
rous inclusions seems to have occasioned a segregation of the 
various ligh t and dark minerals into separate spots. The 
pebbles and fragments of quartz are generally surrounded by 
zones in which the basic minerals (iron-ore, biotite, chlorite 
etc.) have accumulated. By the formation of such zones the 
diabase magma has, so to say, protected itse lf against the 
quartzy parts. The diabase shows sharp contacts w ith  pebbles 
of some rocks (especially w ith  pebbles of quartzite) while its 
contacts w ith  pebbles of other rocks (such as sandstone and 
granite) are more or less effaced or indistinct, the magma 
having permeated and intimately welded together w ith  such 
pebbles. In  some places a flow structure is developed, which 
is due to the parallel arrangement of the felspars along ^ ie 
contact surfaces of the pebbles and fragments.
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Also in other respects the pebble-diabase shows many 
mteresting petrographical features for which reference may 
be made to the existing literature.

The diabases discussed are younger than the Almesakra 
c°mplex and older than the Cambrian.

The Archaean conglom erate of M oreberg [M alm back com 

plex], (By H . H edstrom).

A  description of the Moreberg conglomerate has been 
Published by Stolpe [12]. Unfortunately, this description is 
°owadays somewhat obsolete, and the results of a later sur- 
Vey  of the d istric t have not yet been published.

The conglomerate occurrences are situated in the parish 
° f Malmback and form a 6 Tcm long and from 500 m to 
2 km broad zone which, sometimes interrupted, extends in 
a NNE. direction from the v ic in ity  of Vastana to Packebo 
and Moreberg. The last-named locality is situated about 
2 hn  NW . of Malmback railw ay station.

E. of the conglomerate zone the prevailing rock is a fine
grained gneiss, rich in mica, sometimes banded and containing 
amphibolites and mica-schists. On the western side of the 
conglomerate zone is a narrow zone of grey and red leptitic 
gneisses and further W. of i t  porphyries, porphyrites and dark 
êptites are met w ith  which are but very lit t le  metamorphosed.

the whole, the rocks of this complex strike NNE. w ith  a 
more or less regular and steep dip towards W N W . To judge 
V  this the gneiss would be the oldest rock. In  detail, 
however, strike and dip vary very considerably and often 
mark the outlines and configuration of the exposures.

A ll  the above-named rocks are more or less penetrated by 
°ffshoots or dykes of red, medium-grained granite, that seem to 
branch off from numerous smaller granite masses in the



district. In  these granite occurrences, which are particularly 
numerous in  the S. parts of the discussed district (the area
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Fig. 21. Geological sketch-map of the Malmback district. Scale: 1 :1 0 0  000.

nearest N. to NE. of Vastana), the strike and dip are s till 
more irregular.
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fifle-
Tbe cementing material in  the conglomerate consists of a 

e'grained crystalline mixture of principally quartz, felspar 
“Ud ligh t or dark mica, the two la tte r minerals being generally 
Pierlominant. The pebbles vary in size from some centimetres 

more than a decimetre and consist chiefly of grey and red 
êptitic rocks w ith a varying amount of mica. Besides, there

s' Conglom erate.
JoQ °Q  °g.?-gl

/V''-

Contact between granite and conglomerate. (The granite cutting the 
strike and sending a dyke into the conglomerate.)

°ccur more subordinately pebbles of other rocks such as gra- 
nites, white quartz, porphyries, porphyrites etc.

In  some occurrences the pebbles have to a certain de
gree retained their original round form. In  other places, 
'where the rock has been subjected to strong pressure meta- 
morphism, they are much pressed and cataclastically deformed. 
I t  can here be observed that, while the pebbles of granite and



quartz were relatively unaffected by the pressure as l'iU aS 
their form is concerned, a ll the leptitic pebbles were plast11 
and were flattened into lenses, often half a metre long whib 
only V2 to 2 centimetres in w id th ; the round granite pebbles 
were thereby forced into the other pebbles which bear impres
sions from them.

Moreberg itself, where these conglomerate formations were 
first noticed, affords a particularly fine example of the facts 
jus t described. Here i t  may also be seen how the strike and 
the dip gradually change in the field.

When walking from Moreberg to Korpebo several small 
exposures of the conglomerate are passed. In  some of these 
the conglomerate is litt le  pressed, in others i t  can be seen 
penetrated by granite (fig. 22). The granite agrees w ith  the 
red, so-called Vaxj o-granites outside this area.

Conglomerates agreeing perfectly w ith the Moreberg con
glomerate are known from other parts of Smaland, for in 
stance, N. of the village Hodja in the parish of Sandsjo (also 
to be found on the map-sheet Nydala). Here, too, the con
glomerate appears in connection w ith  leptitic rocks which 
are older than the surrounding red Vaxjo-granite. The con
glomerate is therefore, as regards its geological age, to be 
assigned to the porphyry-leptite formation of Smaland being 
older than the pre-Cambrian Vaxj o-granites which occupy a 
large area of S. Sweden.

.Jonkoping and Taberg. (By A. Gr. H ogbom).

Introductory remarks.

Jonkoping, at the southern end of the lake Vattern, lies 
on the boundary between the great granite d is tric t of South
eastern Sweden (which has just been crossed by the excursion) 
and the great gneiss district of Western Sweden; the boundary 
or rather the transition belt between the two districts runs 
in a N.—S- direction over the southern end of the lake.
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As has been pointed out by the author in another paper 
t'1] and as is more in detail demonstrated by Gavelin  [ 1 5 ] 
Uo distinct lim it can there be drawn between the granites of 

east and the gneisses of the west. The former, on the 
c°ntrary, gradually become more and more foliated and gneiss- 
°Se> and finally they are wholly granulated and recrystallized.

According to the investigations of Gavelin  there can be 
distinguished three epochs of terrestrial movements which 
have left marks in the rocks of this country. 1

The first and strongest displacements are the same which 
have attacked and throughout metamorphosed the western 
goeiss area. Contemporaneous w ith  these movements were 

intrusions of hyperite among which the mountain Ta- 
herg and other occurrences, south of Jbnkoping should be 
^Umbered.

t

A  second epoch of displacements is indicated by a num
ber of cataclastic belts which are chiefly located in  the 
boundary zone between the western gneiss area and the eastern 
granite area. These cataclastic belts likewise run in the d i
rection N —S; they are characterized by the transformation of 
tbe granites into sericitic, epidote-bearing granite-gneisses in 
v̂hic.h the greater felspar individuals lie as relic »eyes». Locally 

tbe rocks have been wholly mylonised and look like felsitic 
schists. In  the v ic in ity  of Jbnkoping two belts of this kind 
°ccur; one on the eastern side of the town, well exposed 
dose to the waterfalls of Huskvarna; the other on the west 
side of the town, along the foot of the hill-plateau Dunke- 
hallar. I t  w il l be seen from the map (PI. 41) that these belts 
run along each side of the lake Yattern, closely following 
the borders of this topographically conspicuous basin. The age 
°f these displacements is lim ited upwards by their relation to 
the so-called »Visingso series», consisting of sandstones, slates

1 Thereby no regard is taken to the older prc-granitic movements which 
have metamorphosed f. i. the Malmback complex (cf. pp. 1035— 1038) and which 
hUl outside the area here under consideration.



and marls and confined chiefly to the Vatter basin. A t B uS 
kvarna i t  has been proved that the cataclastic belts continues 
underneath the Visingso sandstone, which has not been in
fluenced by them. According to G a v e l in , the bronzite-diabase 
which forms several dykes in  the neighbourhood might pro
bably be contemporaneous w ith  these displacements.

The third epoch of dislocations is represented by friction 
breccias occurring along the steeps of the Archaean plateau m 
which the Vatter basin is pressed down. I t  is, thanks to these 
dislocations, the Visingso series has escaped to be removed 
by the denudation. Outside the Vatter basin some small 
remnants of this formation s t ill occur, proving its formerly 
greater extension. Even these remnants are bounded by fauff 
lines.

Erom what has been said above i t  appears that the 
terrestrial movements here have again and again followed the 
same direction, so that the boundary belt between the Archaean 
of Western and Eastern Sweden seems to have been a persistent 
zone of weakness. I t  m ight be added that this feature at the 
present time is s t ill perceivable, in as much as the earthquakes 
here are comparatively frequent and strong.

Excursions.

Erom Jonkoping — besides the excursion to the mountain 
Taberg — two small excursions w il l be made, viz. to Bus- 
kvarna and Dunkehallar, where the dislocations and their 
effects on the rocks can be studied.

H u sh va rn a . 1 Following the ordinary tourist path along 
the Huskvarna rivulet, w ith  its picturesque waterfalls, we 
pass over the crush-zone of the second epoch above described. 
The granite there shows a ll stages of crushing up to being 
completely my Ionised (at the uppermost fall). Close above 
the uppermost waterfall the granite comes in contact w ith  the 
gabbro rocks which form a basic modification of the great

1 See also the Congress-guides C 2 (sect, b), C 4, and C 5.
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granite area and have a considerable extent on the east-side of 
the lake. The rock is here an anorthosite and contains lumps 
°t ordinary gabbro around which a rough flow structure is 
to be seen in the rock. For the petrograpbical characters 
and relations of the rocks reference may be made to the 
descriptions of (Ja v e lin  [15]. On the return to Huskvarna 
t^e Visingso sandstone can be seen ly ing  at the foot of the 
great steep which represents the Vatter fault. Generally the 
Sandstone is covered by loose deposits, but below the under- 
m°st waterfall, in the river bed, and at some other localities 
Ihe presence of this sandstone has been observed. Besides, 
*he extent of the same has been established by borings at 
several points.

D unlcelic illa r. The hill-plateau west of the town gives 
a fine view of the neighbourhood and of the leading lines of 
fis topography. The rock exposures in the town park show a 
granite-gneiss which is more or less cataclastic, especially at 

eastern escarpement of the plateau. Besides, there are 
Placed in the park a number of blocks representing some of 
Ifie typical rocks of the neighbourhood. A little further south, 
c‘l°se to the carriage road, there is a quarry opened in a dike 

the bronzite-diabase already mentioned. The sandstone of 
^le Visingso series is exposed some hundred metres further 
s°ath, and even near where the Dunkehallar rivulet empties into 
the lake Vattern the same sandstone appears, lying there in a 
silnilar position to the fault as is the case with the occurrence 
°f the Huskvarna rivulet.

Taberg  [16,17].1 This renowned iron-mountain is situated 
about 15 kilometres south of Jonkoping. I t  rises abruptly 
vvith a height of about 150 metres above the surrounding sandy 
plain and reaches 342 m above the sea. The mountain is extended 

— S., w ith  a length of 3 kilometres, and w ith  a breadth of 
about 1 kilometre. The top affords an expansive outlook over 
the h illy  Archeean plateau of Smaland, and over the valleys 

1 See also the Congress-guides C 2 (sect, b) C 4, and C 5.
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and the sandy plains, once occupied by ice-dammed lakes [Im 
probably a fau lt runs along the eastern steep of the mountain, 
belonging to the system of faults which have dissected the 
surroundings and drawn up the leading lines of the topography-

This mountain, as well as the other occurrences of hyperite 
has offered great resistance to the denudation and, thus, rises 
above the gneiss and granite-hills of the neighbourhood.

Belonging to the zone of hyperites which accompanies the 
great boundary zone between the eastern and western Archffian 
areas of "Sweden, the rock in this mountain, however, differs 
from the ordinary hyperites, in  as much as a great part of 
the same consists of a basic rock variety, composed chiefly 
titaniferous magnetite and olivine. There is a gradual transi-

Fig. 25. Sketch of the Taberg ore field, showing transition from olivine-hyperite 
(in  the peripheric parts of the field) to magnetite-olivinite (in its central parts).

tion from this rock, which occupies the central part of the 
mountain, into the normal hyperite (fig. 25).

In  its typical development the hyperite has quite a pro
nounced ophitic structure and is composed of labradorite, hy- 
persthene, diallage, olivine, and titaniferous magnetite. Brown 
biotite, apatite, and, sometimes, quartz are present subordinately- 
In  the transition zone between this rock and the magnetite- 
olivinite, which forms the interior of the mass, the plagioclase 
often appears as porphyritic tabular crystals which have a 
subparallel arrangement, thus giving rise to a strik ing flow 
structure running in conformity w ith  the transition zone and
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the extension of the whole hyperite mass. Often also 
plagioclase crystals are grouped to rosette-like aggregates, 

^ i t h  a thickness of only one millimetre, or a lit t le  more, the 
P agioclases can reach a length of 50 millimetres or more.

their white colour and their dimensions they contrast 
'vith the dark, fine-grained groundmass.

Inside this transition belt the felspar dissappears or be- 
e°nies very subordinate, and the olivine and the magnetite 
^ splace nearly all other minerals. The olivine then often 
lies as anhedral or subhedral grains in the cementing magnetite 
aild is more or less transformed into serpentine. The compo- 
sdion of this ore-rock appears from the following analysis.

Analysis of the iron ore of Taberg.

SiO, . . . . . . .  21.25 %
T i0 2 . . . . . . .  6.30 %
A 1 A  . . . . . .  5.55 %
Re,04 ■ . . . . .  43.45
M nO . . . . . . .  0.40 %
MgO . . . . . .  18.30 %
CaO . . . . . . .  1.65 %

P A  - ■ ■ . . . .  0.13 %
S . . . . . . . .  0.01 %

[Y  a A  • • . . . .  0.10 %]
Cu. . . . . . . .  0.02 %
H „0 . . . . . . .  2.60 % 

S:a 99.76 %

Regarded as iron ore this rock is not only very poor in 
lr °n (31.46 /  according to this analysis), but also has the in- 
convenience of a high percentage of titanium entering in the 
magnetite. In  past times the ore has, however, been worked to 
sorne extent. The amount of ore in this mountain — calcula
ted to the foot of the same — can be computed at 100 m illion 
tons, representing about 30 m illion tons iron. As a peculiarity 
With reference to the chemical character of the ore the

%



presence of vanadium should be noticed. Really, this element 
was first discovered (by S efstro m  1830) in iron p ro d u c e d  from 
the Taberg ore. The element is likewise present in  the blast' 
furnace slag (0.12 / )  of the ore.

Compared w ith  other magmatic ores in  basic rocks as t0 
the geological relations to the main rock, the Taberg °re 
differs from most of them, being concentrated in the inte- 
rio r of the igneous mass instead of, according to the general 
rule, occurring nearer the boundary of the same (figs. 25 
and 26).

The hyperite which encloses the ore, grades outside to a 
rock which by Tornebohm has been termed hyperite-diorite

1044 A. G. HOGBOM, A. GAVELIN a. H. HEDSTROM. [A p r il H11" '

Fig. 26. Section through Taberg. gn =  gneiss, h =  hyperite, h ’ =  porphyrih0 
hyperite w ith  flow structure, ho =  magnetite-olivinite, ha = amphibolitic hype' 

rite, m =  mica-schist, p =  pegmatite.

and this rock, in its turn, becomes often schistose and am
phibolitic when approaching the gneiss. These rocks are only 
more or less metamorphic facies of the hyperite, metamorphosed 
by the same tectonical movements which have transformed the 
surrounding granitic rocks to gneisses. This feature is cha
racteristic for a ll hyperite occurrences of the gneiss area. The 
smaller hyperite-intrusions are often thoroughly transformed 
to amphibolitic rocks, and a ll the primary minerals are sub
stituted by secondary minerals, as amphiboles, chlorite, garnet, 
epidote, titanite, and others.

The excursion w ill have to take the following route. A  
lit t le  to the north of the ra ilway station we see some small
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exposures of the granite-gneiss dipping to the west, and, on 
western side of the rivulet, at the foot of the mountain, hy- 

perite-diorite appears. Ascending a covered terrace we come 
the steep of the mountain, where the porphyritic variety 

°* tBe rock is to be seen. Towards the top the ore prevails, 
ming down on the western side we pass the rocks in opposite 

°rder, and some exposures of a strongly schistose amphibolite 
are to be seen. Turning back to the station, south of the 
s°uthern steep of the mountain, we find a good natural sec
tion through the whole igneous body and its w a ll rocks, as 
ls schematically illustrated by fig. 26.

M osseberg.1 (By A . G. H ogbom).

Between the lake Vattern and the river Gota-alf the 
great gneiss area extends in its monotony, and, covered as 
xt i s by Quaternary deposits, i t  does not invite  to stay for 
petrographical studies. For a short stretch the route passes 
0ver the Silurian area of Vastergotland, w ith  its table moun- 
tHins capped by diabase. A  stop of some two hours at Failed- 
1>tn9 gives an opportunity of ascending one of these table 
fountains, the Mosseberg, the top of which affords an extensive 
Vlew of this striking landscape, and at the same time the intru- 
SlVe diabase sheet, now forming the top plateau, can be studied.

Continuing from Mosseberg and Falkoping the train 
grosses the levelled sub-Cambrian platform, which is here quite 
insignificantly altered by the erosion. A fte r the passage 
through the narrow fau lt valley which separates the diabase 
table mountains Halleberg and Hunneberg, the town of Vaners- 
Borg, at the southern end of the lake Vanern, is reached. The 
SLib-Cambrian platform continues to this town and the Gota 
'^t- Further to the west the Archaean becomes more h illy  
and dissected, as is easily seen on the passage by train to 
ZI'ollliaitan.

1 See also the Congress-guide C 2, sect. b.
G7— 100170. G. F. F . 1910.
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T ro llh a tta n .1 (By A. G . H ogbom).

In  the surroundings of the rapids of Trollhattan is a 
good opportunity to get some acquaintance w ith  the rock types 
of the great gneiss area of Western Sweden. In  the considerable 
cuttings which have lately been made in  connection w ith  the 
exploitation of the water power for industrial purposes, the 
gneiss rocks are well exposed, presenting a number of charac
teristic varieties.

The river marks here the boundary between the plane 
sub-Cambrian platform already mentioned, to the east, and 
the h illy  area of the west dissected by erosion. Just in the 
river, and exposed at several localities close to the rapids, 
is a friction-breccia which, together w ith  the topographi
cal features, indicates a fault. There are several circum
stances which prove, that the fault-plane dips to the west 
tolerably in  conformity w ith  the general dip of the gneiss- 
Consequently, the movement has had the character of a thrust.

The strike of the gneiss is NNE.—SSW., and the dip is 
generally 40—60° to the W NW ., but a subordinate folding is 
also to be seen at some localities.

Behind the railway station good exposures show a coarse, 
reddish gneiss roughly banded w ith belts of a greyish colour. 
Besides, also amphibolitic beds occur there. The gneiss con
tains »eyes» of microcline, reaching up to 3 cm in size. These 
»eyes» grade into elongated granular strips which, in their turn, 
are closely connected w ith  the salic bands of the banded gneiss. 
These bands are partly pegmatitic and may hardly be gene
tica lly  differing from the greater belts of pegmatite which 
here and there are intercalated in the gneiss (fig. 27).

In  the great cuttings between the Oscar-bridge and the 
Electric station the banded gneiss continues, but also » 
massive even-granular gneiss appears, which may be regarded

1 See also the Congress-guides C 2 (sect, a) and C 5.
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as a typical »iron-gneiss». The main constituents of this rock 
are microcline, albite (about A b ]0 Arij), and quartz. Mica is 
exceedingly subordinate, the dark minerals being principally 
lepresented by small grains of magnetite, reaching the size of 
hemp-seeds. The magnetite amounts as a maximum up to 
aW t  one per cent. The rock, at the first glance, looks like 
a granite, but on closer examination i t  proves already macro-

' ~7- Folded and banded gneiss. Section at the railway station of Troll-
hattan.

to p ica lly  to be wholly recrystallized, and the grains are seen 
be elongated in the direction of strike of the rock.

This gneiss, as well as the banded varieties already 
^escribed, contains belts of amphibolite running conformably 

the general strike and dip of the gneiss.
The rock-point which, close to the electric station, projects 

ln the river, consists of the friction-breccia already mentioned,



but the greatest part of the same has been cut away during 
the last years.1

On the west side of the river, on the north side of fbe 
Oscar-bridge, amphibolite is prevailing. The rock partly 
shows a fine banding w ith  th in  strips of salic composition. 
Besides, segregations of quartz and microcline occur as 
lense-shaped bodies in  the rock. On the southern side of the 
same bridge a banded grey and reddish gneiss again appears 
which, on the whole, has the same characteristics as the banded 
gneiss of the opposite side of the river. In  the steep above, 
cataclastic features are visible in  the gneiss, probably mani
festations of the same forces which have produced the fric
tion-breccia.

1 The best exposures of this breccia are to be seen some two kilometres 
further to the north, on the west side of the river.
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The Ammeberg Zinc ore field.

By

H. E. J ohansson.

(With Pi. 42.)

Situation and G eneral Geology.

The Ammeberg zincblende deposits at Zinkgrufvan are 
situated at the boundary line between the provinces of Narke 
and Ostergotland, a lit t le  east of the northern end of lake 
Viittern and about 6 Icm south-west of Mariedam station on 
the M jolby and Hallsberg railway. This ore, district forms 
a southern outlier of the great ore-bearing province of Cen
tra l Sweden. The principal rocks are gray, b io titic  and alu
minous gneisses, related to the rocks of the great gneiss-area 
111 the province of Sodermanland; considerable areas of red
dish gneisses of a more salic character are also present. Se
veral belts of finer grained gneissic rocks, more or less simi
lar in character to the granulites (or leptites) of the more 
northern iron ore districts, are interstratified w ith  the coarser 
gneisses. Most ore deposits of the d istrict are confined to 
such belts of fine-grained rocks. Among these ore deposits 
are to be mentioned, in addition to the Ammeberg zincblende 
deposits, the cobaltine deposits of Vena, situated about 8 I'm 
north-west of the Ammeberg ore field; north and east of the 
zinc mines are also some iron mines, which in  earlier times 
furnished the ore supply for several smelters, but at present 
are not worked. To the south and west the ore-bearing rock
series is cut off by large masses of coarse granite.

_go\
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The geological relations of the Ammeberg zincblende de
posits have been worked out by T ornebohm, and a map 
the ore field on the scale of 1 :20000 was published in  his 
text to the map-sheet No. 7 of »Ofversiktskarta ofver Meller- 
sta Sveriges Bergslag». The map on PI. 42 on the scale ol 
1 :12000 drawn up by the author on the basis of a more re
cent survey differs only in certain minor details from the 
earlier map of T ornebohm.

As can be seen from the map, the Ammeberg zincblende 
deposits have a very marked layer-like appearance; in fact 
the ore-bearing zone is traced as a practically continuous band, 
generally not many metres in width, along a length of not 
less than 5 km, whereof, however, only certain richer por
tions are worth mining. The ore layer is intercalated in a 
belt of more or less fine-grained, gray, gneissic rocks, distin
guished by T ornebohm as »gray granulites». A t  the northern 
border of this rock belt is a second, not important blende 
layer. In  addition to the two ore layers the gray granulites 
contain many other intercalations of a very varied rock series, 
including limestones, pyroxene rocks (»skarn»), greenstones of 
several varieties, eclogites and pyrrhotite rocks, a ll occurring 
as conformable bands of considerable length. The ore-bearing 
granulite belt is included between a northern area of »red 
granulites» and a southern area of gray gneisses. A t the 
north-eastern side of the ore field is another area of gray 
gneisses w ith  some intercalations of greenstones and granu- 
lit ic  rocks. The latter also contain limestones as well as 
some small zinc ore impregnations.

The ore-bearing rock belt has a general east and west 
strike w ith  a sharp northern deflection in the middle. In  its 
details i t  generally exhibits a most intricate sinuous curving 
and bending which may well be compared w ith  the structu
res often seen on the surface of impure oil films floating on 
water. In  remarkable contrast to the strike the dips are,

[A p r il 1910.
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"  ̂ h  one exception to be described later, very uniform ly steep, 
b ith  a general northern direction.

The ore-bearing d istric t lies at a height of between 100 
an<l  250 m above sea-level. On the western side i t  seems to 

separated from the adjacent granite area by a fault-line, 
Marked by a deep valley along which a dike of diabase may 

traced. From the bottom of this valley a tunnel of con
querable length (»Schwarzmann-stollen») is driven along the 
°re band at a level of about 50 in below the surface.

The northern  a rea  of »red granulites».

This aTea consists of monotonous granulite rocks of a 
Moderately hne grain and a more or less v iv id  red colour.

rocks usually show only slight indications of parallel 
structure, but frequently assume a brecciated appearance owing 
to the presence of irregular seams and veins of a green epi- 
(lote. As to their composition, these granulites are to a great 
extent almost pure microcline rocks w ith  only a small amount 

quartz and some pyroxene; other varieties contain a lit t le  
More quartz, and more or less biotite; plagioclase has not 
been observed in  the slides examined, but i t  may have con
tributed to the formation of the frequently occurring epidote 
1)1 the rocks. No chemical analysis is available at present, 

to judge from the mineral composition, these rocks may 
Ceria in ly  be estimated to contain 10—15 per cent af K o0. 
tJio titic  varieties are more abundant in the western portion 
° f  the area, where also intercalations of gray gneissose rocks, 
llc h in biotite and containing a lit t le  basic plagioclase as 
'Veri as some calcite, may be observed. To the north the red 
Sranulites grade into more coarse-grained red gneisses, which 
also seem to be very rich in microcline.

Some greenstones sim ilar in composition to the bio- 
t it ic  gabbro-diorites, later described under the gray granuli- 
tes, are also met w ith  in  the red granulites. L ike the other



1054 H. E. JOHANSSON.
1910-

rocks of the district, these greenstones occur as sinuously ctti 
ving hands; some smaller occurrences may perhaps be inter 
preted as irregular dykes. In  this place may also he men 
tioned an interesting greenstone belt, which is intercalated m 
the red microcline-gneisses exposed along the railway f r0U1 
the zinc mines to the concentrating plant and export harbour 
at Ammeberg. This greenstone is associated w ith  a knebe- 

lite-pyroxene-garnet-rock of the peculiar kind known as euly* 
site, and i t  contains some deposits of a h ighly manganiferous 
magnetite ore examined at a number of localities (Vesterby> 
Garpa, Nyhyttan).

The centra l belt of »gray granulites».

In  striking contrast to the monotonous »red granulites», 
the belt of »gray granulites» presents a very great diversity 
of rock types. A t this place only the essential features of 
the most important members of this very interesting rock 
series can be touched on.

Gray granulites.

The typical gray granulites of the Ammeberg ore field 
agree, structurally, fa ir ly  well w ith the rocks of many other 
granulite areas of Central Sweden. As in the red granulites 
previously described, an almost pure microcline felspar is the 
most important mineral also in the gray granulites. Howe
ver, i t  is here usually intermixed w ith  much quartz, and va
rieties of a microcline-syenitic composition are observed only 
as local segregation phases. In  addition to the microcline, a 
plagioclase felspar is usually present, although mostly very 
subordinate in  amount. W ith  rare exceptions i t  is found to 
be of remarkably basic character, its optical properties m 
most cases pointing to a basic labradorite about Aneo Ab40- 
The predominant gray colour of the rocks is due to a consi
derable amount of a deeply chestnut-coloured biotite; in some

[April



Varieties also graphite may occur. The mica decreases in 
quantity towards the eastern end of the belt and the com- 
m°n dark grayish rock types are largely replaced in this 
direction by light-grayish and white varieties and fina lly 
§rade into light-reddish microcline-granulites poor in mica, 
v̂tich  have been mapped in  the same colour as the red gra- 

Uulites of the northern area, although differing from them in 
having a much more quartzose composition. —- Grayish green 
Pyroxene, dark hornblende and reddish garnet are common 
aceessories of the gray granulites. The latter two are espe- 
cia lly  characteristic of certain somewhat eclogitic rock phases 
abundantly developed in those portions of the rock belt adja- 
Cent to the larger greenstone intercalations. Aluminous s ili
cates, mainly cordierite and sillimanite, enter into the com
position of certain varieties but in such cases the rocks are 
Usually seen to assume the appearance of the »gneisso.se gra- 
Uulites» described below. Sulphide minerals, mainly pyrrho- 
tite and zincblende, as well as calcite, seem to be finely disse
minated throughout the gray granulites.

The gray granulites present in most cases a distinctly 
handed appearance. This structure is especially well deve
loped in certain rock zones richer in the accessory minerals 
mentioned above, and i t  is usually characteristic of the bor
der rocks of the ore layers, limestone bands etc., which are 
mtercalated in the rock belt. Such well-banded zones exhibit a 
Segregation of the individual constituent minerals of the granu
lites into a series of repeatedly alternating minute rock bands 
sharply contrasting in colour and conrposition, generally in 
cluding dark granulitic bands very rich in biotite, white gra- 
Uulitic bands essentially composed of pure microcline, soft 
Calcareous bands, hard grayish-green bands of pyroxene-»skarn» 
composition, reddish and greenish bands of eclogitic and py- 
r°xene-amphibolitic character, strongly rusting bands heavily 
impregnated w ith  pyrrhotite and blende etc. Thus this deli- 
Cate minute banding reproduces on a small scale essentially
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the same banded arrangement which on a larger scale con
stitutes such a strik ing feature of the granulite belt, taken 
as a whole.

Gray g-neissose granulites.

In  close connection w ith  the fine-grained rocks which are 
better entitled to the name of granulites, there are p re s e n t 

abundant rock phases of a much coarser structure and a de
cidedly gneissose appearance, which have been mapped as 
»gray, gneissose granulites». Instead of the banding usually 
seen in the former division, the gneissose phases generally 
exhibit a characteristic striped appearance, due to the segre-

[A pril 191°'

Fig. 1. Gneissose granulite E. of Mosselman shaft. '/i-

gation of theire dark and lig h t constituents- into alternating 
narrow and less continuous streaks. The mineral composition 
of these striped gneissose varieties seems to differ from that 
of the more biotitic gray microdine-granulites chiefly by the 
more perthitic character of their felspar and by the presence 
of some aluminous silicate, which in  most cases is cordierite 
but also may be andalusite and sillimanite. Moreover some 
lig h t mica is often associated w ith  the abundant, strongly 
brownish-red biotite of the gneissose granulites.

The rocks of the two structural divisions, although much 
differing in appearance when typ ically developed, are connec
ted in  the field by abundant, less characteristic transition
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Phases, and usually occur in such an intimate association that 
ttley cannot be separated into more details on mapping. The 
Ŝ eissose phases evidently have the greater areal extent, ex- 
Cept in the easternmore portions of the rock belt. They seem 
Preferably to occupy somewhat broader but less elongated 
areas which are then enveloped by thinner but very long- 
-°iitinuous belts of the fine-grained banded varieties.

Limestone bands.

Calcareous layers are observed at several »horizons» w ith in  
the gray granulite belt. Thus for instance there is a very 
lttlpure limestone zone, generally not exceeding 1 m in width, 
traced for a considerable length along the southern border of 
the belt, in  the hanging-wall of the pyrrhotite fahlband later 
described. The most important limestone band has its posi
tion not far from the northern border of the granulite belt, 
lil the foot-wall of the second blende layer previously men
tioned. I t  probably runs continuously from the terrain south
west of Hessleberg a ll the way to the v ic in ity  of the shaft

Hon, thus extending over a length of more than 4 1cm; 
thrther to the east and west indications of any limestone are 
e>itirely wanting. In  the central and western portions of the 
hand there are few actual outcrops of the limestone but i t  is 
d u a lly  well marked by boulder ridges. The wide distribu- 
i'°n  of such boulder ridges on tlie western side of T ry  Lake 
Seetns to indicate that the band has split up here into a num
ber of parallel layers, as actually shown also by cross-cuts

diamond d rilling  at the 50 m level. The eastern portion 
°h H>e limestone is well exposed and i t  is traced here almost 
u°ntinuously through , a ll the windings indicated on the map, 
Hthough its w id th  is very insignificant in places. The rock 
°1 this eastern portion is of a whitish, fine-grained variety, 
somewhat dolomitic in character, while that of the broader 
central and western portions is ft coarse-grained true lime
stone, more or less abundantly intermixed w ith  serpentine and
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black mica. On the southern side of Mort Lake a little  
quarry is opened in a green serpentinic variety, much of the 
same character as the well known »Kolmard marble».

North and east of M ort Lake there are exposures of very 
impure limestones interstratified in a coarse-structured variety 
of »gneissose granulite». This formation is apparently con
nected to the north-west w ith  the main limestone-bearing 
granulite belt and may be interpreted as a sling drawn out 
from the main belt and squeezed in  between the adjacent red 
granulites. This sling may be compared w ith  the sling °f 
granulite which is seen to project into the great greenstone 
band later described; sim ilar phenomena are frequently de
veloped on a smaller scale w ith in  the zinc ore layer.

Pyroxene rocks.
Small bands of grayish-green rocks essentially composed 

of a diopsidic pyroxene are frequently seen in the banded 
granulites, especially in the border rocks of the zincblende 
layer. Somewhat broader bands of this character flank or 
replace the main limestone band at its eastern dolomitic por
tion; further to the east they are themselves replaced by a 
band of pyroxene-bearing greenstone. These pyroxene rocks 
may be compared w ith  the pyroxene-»skarn» of many iron 
ore districts of Central Sweden, but differ from i t  by the al
most invariable presence oi some basic plagioclase or its zoi- 
sitic and epidotic. alteration products. Quartz and microcline 
also frequently enter into the composition of these pyroxene 
rocks, which usually are closely associated w ith pyroxene
bearing varieties of the microcline-granulites. The peculiar 
wollastonite rocks which are characteristic of the Ammeberg 
ore belt w il l he described later in  connection w ith  the ore 
deposits.

Greenstone intercalations.
The gray granulite belt exhibits in its eastern, broader 

portion an abundant development of greenstones. These rocks 
appear as three conformable bands of considerable length,

[A pril 1910-
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"'Inch i t  has been possible to trace almost continuously 
through the very well exposed terrain. The width of the 
two southernmore bands averages about 16 and 20 m respec- 
tive,y, while that of the northern band reaches up to 400 m 
at  its broadest portion inclusive of the w idth of a peculiar 
Mterstitial sling of granulite which for the greater part of 
the band divides i t  into two parallel beds. A ll these green- 
stones are seen to th in out gradually to the west, and no in 
dications of any greenstone are found in  the central, unfor
tunately much covered portion of the granulite belt. West 
°t the shaft Le Hon, however, a greenstone of essentially the 
Saiue character reappears in a corresponding »stratigraphical» 
Position to both blende horizons. Hence i t  appears as i f  the 
S^eenstones were represented only in those portions of the 
granulite belt where the limestones are lacking or only fa in tly  
radicated, and vice versa.

The prevalent rock type of these greenstone bands is a 
Medium-grained, massive, diorite-looking rock (»gabbro-diorite» 
° f  T ornebrhm) essentially composed of plagioclase ■— ranging 
ln different varieties from an an desine A n2Ab3 up to a la- 
hradorite AnaAb, — and greenish-brown hornblende, the 
latter more or less decidedly predominant. A  not inconsi
derable amount of biotite is invariably present; with it, cu- 
Mously, some tourmaline seems to be frequently associated.

a segregation phase of the gabbro-diorite, a band of am- 
phibole-peridotite is developed along the northern side of the 
great greenstone band. The rock consists of large crystals of 
a very pale-brownish hornblende embedded in a fine-grained 
Mass of olivine, much spinell and some pale-brownish mica.

insignificant local segregation phases of the gabbro-diorite 
are observed also some garnet-bearing rock varieties, as well 
as white plagioclasitic rocks.

A t the borders of the greenstone bands, as well as at 
fheir narrow, slowly outthinning ends, the rocks as
sume as a rule a more fine-grained and d istinctly schistose
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structure, which sometimes much resembles the structure °1 
the striped gneissose granulites previously described. These 
structural changes are accompanied by an increase of the bu> 
tite  and by the appearance of much pyroxene (greenish aU 
gite) and microcline, the rocks thus becoming somewhat mon 
zonitic in  composition. The pyroxene is in many places accoffl 
panied by much garnet as well as by sulphides and calcite> 
sometimes also by knebelitic olivine; thus an interesting tran
sition from the gabbro-diorite into eclogite or even into eu 
lysite  is accomplished. This is the case at both ends of fhe 
southernmost greenstone band, as well as at the end of the 
southern greenstone sling which projects from the great no1' 
them greenstone to the v ic in ity  of Bjorkelund. Along the 
borders between this greenstone and its in terstitia l granulite 
sling also pyroxene-amphibolites and other interesting border 
rocks may be observed.

The invariable presence of such fine-grained monzonitic> 
eclogitic and amphibolitic transition phases to the adjacent 
granulites is of interest to note, especially i f  taken togethei 
w ith  the marked tendency towards a somewhat eclogitic or 
greenstone-like development often shown by the granulites 
themselves in the neighbourhood of the greenstone bands. 
Certainly both the chemico-mineralogical and the geological 
relations point to some close relationship between the green
stones and the gray granulites, and indicate that the former 
rocks must be regarded as integrant members of the rock se
ries of the gray granulite belt, as doubtless are too the lime
stones, the eclogites and the sulphide rocks.

Eclogite bands.

The frequent appearance of eclogitic rocks interbanded 
w ith the gray granulites of the Ammeberg area is a feature 
not often met w ith  in other granulite areas of Central Swe
den. In  addition to the small bands of this character, seen 
wherever the banding of the granulites becomes more conspi'

[A pril l9 ,tK
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cUous, there are present three somewhat more marked eclogite 
horizons; the width of these rocks, however, seldom exceeds V2 

The southernmost band appears in the foot-wall rocks of 
the main blende layer; the second band, as mentioned above, 
f°rms integrant parts of the southernmost greenstone band 
and is partly of eulysitic composition; the third horizon is 
faintly indicated in the hanging rocks of the northern unim
portant ore parallel. The rocks are very variable in compo- 
sdion and include in addition to more typical pyroxene-garnet- 
r°cks also phases rich in microcline and quartz, which grade 
’ato true granulites, as well as phases essentially composed 
°f biotite and garnet or of garnet and quartz, etc; some cal- 
Clte seems to be invariably present in all these varieties.

eclogitic rock bands, moreover, are always heavily im
pregnated with pyrrhotite and blende, and for this reason 
have been subjected in places to prospecting work. '

Pyrrhotite ami blende impregnations.

Sulphide minerals, as already pointed out, are finely dis- 
Seminated throughout the gray granulites of the Ammeberg 
°re field and seem to replace in these rocks the magnetite or 
hematite usually seen in the granulites of the iron-ore bea- 
llng districts. Thus pyrrhotite as well as a little blende 
have been noted almost invariably in the slides of gray gra- 
^hlites examined; with the blende usually also traces of ga
lena are present. JPyrite, on the other hand, is only locally 
Seen in this area and chalcopyrite is of exceptional occur
rence. — Like the other minor constituents of the gray gra- 
ftulites also the sulphides have been more abundantly concen
trated at certain distinct horizons within the rock belt; such 
horizons are easily recognized by their heavy rusting. The 
eclogite layers described above may be regarded as one type 
■°f such sulphide concentrations; in the other cases the ma
trix of the sulphides does not differ more essentially in its 
composition from the bordering granulites. As to the cha- 

68—  100170. G. F . F . 1910.
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racter of the sulphide minerals, some of these fahlband dep° 
sits contain essentially blende, while others are almost Puie 
pyrrhotite impregnations; many of the smaller layers bor^e 
ver contain the both sulphides in rather variable proportions- 
For the eastern, well exposed portion of the granulite belt 
the follow ing succession of more distinct sulphidic horizons 
has been worked out:

1. The northern eclogite band. Only traces of blende 
observed.

2. The northern blende layer. This blende zone extends 
from the eastern margin of the mapped area at least as ini 
as 1300 m to the west, although in many places only very 
fa in tly  indicated. I t  has been considerably prospected at a 
number of places and a small quantity of ore has been ship- 
ped from the Maria mine, situated south of Hessleberg, aS 
well as from the more western Lyck and Victor mines. Sorno 
indications of this blende zone are present also in the western 
part of the ore field.

3. An impregnation zone w ith  mixed sulphides, that fQl 
the most part is well marked at the southern side oi Ike 
main limestone. I t  assumes a somewhat eclogitic character 
to the east, and fina lly is reduced to a narrow rusty band in
terposed in a small greenstone.

4. A  small and discontinuous blende zone w ith  compara
tive ly  much galena, indicated by a few prospecting pits along 
the southern side of the main greenstone, as well as withm 
its  in te rstitia l granulite sling.

5. An insignificant zone w ith  mixed sulphides, occurring 
along the western side of the main greenstone. The matrix 
of the sulphides is sometimes a quartzose labradorite-zoisite- 
pyroxene-rock, sometimes an eclogitic granulite.

6. The middle eclogite-greenstone horizon, previously 
described.

7. The main blende layer, to be described later.
8. The southern eclogite horizon.



THE AMMEBERG ZINC ORE FIELD. 1063Bd 32. H. 4]

9. The main pyrrhotite layer. This layer constitutes a 
Very  characteristic and persistent horizon w ith in  the rock 
Accession, and marks at the same time the boundary between 
the gray granulite belt and the southern gneiss area. I t  is 
traced a ll along the length of the granulite belt shown on 
the map, w ith  a break at its middle, northerly extended and 
^uch attenuated portion; outside of the mapped area there 
are indications of the same pyrrhotite  fahlband at least as 
iar as 2 km further to the east. The width usually amounts 
to 20—30 m. The rock may be characterized as a plagioclase- 
gneiss — essentially composed of quartz, basic andesine, brown- 
reddish biotite and a litt le  microcline — which has been im
pregnated by about 15 up to 30 per cent of pyrrhotite, w ith  
Merely traces of blende present. The structure is more fine
grained and granulitic at the northern side of the layer, while 
lts southern portions are more closely related to the border- 
lng gray gneiss. The la tter contains in places an adjacent 
Parallel of eclogitic character w ith  pyrrhotite and mispickel.

The southern  a rea  of g ray  gneisses.

The gray gneisses are for the most part easily distinguished 
*rom the adjacent gray granulites by a decidedly coarser 
structure. As to their mineralogical composition they agree 
vvith the »gneissose granulites», previously described, in  the 
abundance and the character of their b iotitic constituent, 
^hich also in the gneisses is usually accompanied by some 
Bght mica, as well as in the presence of some aluminous 
silicate, which in most cases is andalusite, although cor- 
<lierite-bearing varieties are not entirely wanting. On the 
°ther hand they differ from most rocks of the granulite 
belt by the much greater proportion and the more acid charac
ter of their plagioclase constituent — usually a basic oligo- 
cl&se — which in the gneisses is rather predominant over the 
Markedly perthitic potash felspar.
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Taken as a whole, the gneiss area is of a rather monotonous 
character; but i t  is of very heterogeneous appearance when 
regarded in detail. Thus the structure is usually much con
fused and twisted w ith  a marked tendency on the part oí 
the ligh t constituents to segregate into irregular bands and 
veins of a rather pegmatitic or granitic character. Locally» 
lo r instance along the shore of T ry  Lake, there may however 
be seen some phases approaching mica-syenites in composition 
which are of almost massive structure, w ith large white 
felspar crystals standing out from a dark groundmass.

The confused and heterogeneous appearance of the rocks 
becomes s t il l more pronounced owing to the frequent pres
ense of sharp-edged rock fragments and lumps of a different 
composition enclosed in the twisted gneiss mass. Indeed, 
the gray gneisses present over large areas the aspect of veri
table eruptive breccias. A  very varied rock series is repre
sented in  the fragments, including dark biotite-amphibolites, 
dark-gray biotite-microcline-syenite-gneisses, reddish eclogiti0 
quartz-garnet-pyroxene-rocks, gray granulitic plagioclase-gneis- 
ses, etc. Especially the granulitic and eclogitic fragments 
are usually abundantly impregnated w ith  pyrrhotite; traces 
of zincblende are also observed. The various kinds of frag
ments are more or less distinctly distributed along defined 
»horizons» w ith in the gneiss, which in  places are well ind i
cated by more continuous bands of the same rock types that 
are represented in the fragments. One more marked pyrrho
tite  horizon of this character as well as one distinct eclogite 
horizon have been indicated on the map; southwest of Knalla, 
in  the western part of the gneiss area, there are also ind i
cations of a horizon of b iotitic gabbro-diorite w ith  which 
perhaps may he connected a breccia zone w ith  abundant frag
ments of biotite-amphibolite well exposed on the eastern side 
of T ry  Lake. From these fact the conclusion has been drawn 
that the rock fragments seen in the gray gneisses may have 
orig inally formed continuous band-shaped segregations w ith in

[April 191 °'



the gneiss mass, of essentially the same character as the 
pyrrhotite layers, blende layers, eclogite bands etc., which 
°ccnr interbanded w ith the gray granulites. A t  the defor
mation and bending to which the gneiss mass evidently has 

subjected these band-like earlier segregations fina lly 
have become brittle  and were broken up in places into frag
ments, while the main, more acid rock mass was s till in a 
plastic condition. Significantly this much brecciated and con
tused structure is characteristic chiefly for the rocks of the 
Peculiar wedge-shaped portion of the gneiss area which is 
drawn out to the north at r igh t angles to the general east 
aud west strike of the main area. Further to the south the 
r °cks are seen to assume a much more homogeneous structure 
and present the aspect of gray granite-gneisses. A t the eas
tern border of the ore field the gray gneisses just as the 
mljacent granulites become less rich in biotite and fina lly  
are replaced by a kind of reddish gneisses much resembling 
the »iron-gneisses» of Western Sweden.

The small masses of fine-grained gray granite which 
°ccur in  a few places on the ore field seem to be closely con
nected w ith  the gneiss. This at least holds true for both the 
masses north-west of Mort Lake and north of Y ik  Lake, 
respectively. These granites grade w ithout any sharp divi- 
Sl°n line into the bordering gneiss and are seen to contain 
uhundant fragments of the same rock types as are also pre- 
Sent in the gneiss; probably the granites represent only local 
segregations of the salic material of the gneiss itself. The 
^ b r t  Lake granite on the other hand sharply abuts on its 
eastern side towards the gray granulites, which la tter are 
Seen to be much interpenetrated w ith  granitic and pegma- 
titic  veins just at these portions of the granulite belt. The 
granite at the entrance af the Schwarzmann tunnel differs 
from the others in the presence of some ligh t mica and dis
tinc tly  cuts the gray granulites.

In  connection w ith  the gneisses of the southern area a
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'Jrief account of the rocks of the north-eastern gneiss area may 
also be given. Chiefly two types of gray gneisses are repre
sented in this area, one rich in aluminous silicates princi
pally sillimanite, the other a biotitic microcline-gneiss w ith  
very subordinate andesine-plagioclase much resembling the 
hoarsest varieties among the »gneissose granulites» of the 
frinmeberg ore belt in  composition and structure. The latter 
frequently grades into finer grained gneisses which cannot 
f r  distinguished from the gneissose granulites of the rock 
f r i t  referred to and just as in that belt they are interbanded 
"With. extended layers of b iotitic gabbro-diorites and limestones 
as well as w ith  some insignificant blende fahlbands.
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T h e  zinc  ore deposits.

Starting from the east the first traces of the great zincblende 
fryer are met w ith in the granulite area north-west of Torste- 
backa, where i t  is seen as a narrow rusting band, much crump
led. The zone of impregnation then gradually grows wider 
and richer to the west, and extends w ithout noteworthy breaks 
all the way to the Perier shaft. I t  is mined continuously 
along this length as far eastwards as about 300 m east of 
Hie old Mosselman shaft; the more eastern portions have been 
Explored by a number of prospecting pits but are proved to 
f r  not rich enough for profitable mining. The ore mined 
npon this length is of a very regular layer-like appearance, 
"without any marked folding and w ith  a very constant north
eastern dip of about 70° to SO” a ll the way down to the maxi
mum depth of 350 m hitherto reached in the mine.

The adjoining portion of the ore layer that lies between 
fhe two shafts Perier and Y ila in  X IY  is of a somewhat diffe
rent character. I t  shows no longer any constancy in strike 
and width, and dissolves into a series of less extended but 
much richer ore bodies, which are somewhat lenticular although 
rather irregular in shape, and in places swell out to a
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width of 15 m or even more. These ore 
bodies are evidently connected in strike 
by rock zones more or less markedly ljn '  
pregnated w ith  blende but i t  is not easy 
to trace the blende zone in its detail9 
owing to its intricately w inding and cur
ving. The general shape and appearance 
of the ore bodies is illustrated in  fig- 

West of the shaft V ila in  X IV  tke 
ore-bearing rock series is sharply de'  
fleeted into a nothern direction confor
mable w ith  the northerly projecting gneiss 
tongue previously mentioned. The blende 
zone is not indicated on the surface on 
the eastern side of this gneiss tongue any
where except at the small Gustaf mine, 
nor has i t  been searched for along this1 
stretch by underground works. I t  is in
dicated however a ll along the western 
side of the tongue by a number of mines 
not worked at present (Christina, Gaston, 
Isasa, Valdemar and Paul).

In  the further extension of the layer 
from St. Paul shaft to the shaft Le Hon the 
ore, jus t as between Perier and V ilam  
X IV , is distributed in a series of richer 
but rather irregular lenses w ith  intervals 
where the blende zone is only fa in tly  

indicated. A t  the development of these 
ore lenses down to deeper levels i t  has 
been stated that the ore layer has a syn
clinal arrangement a ll along this portion 

of the ore field, as shown by the section in fig. 4. The bot
tom of the synclinal is reached already at the 150 m level in the

m

\¡£C_ 0

westernmost ore lenses and at between 200 and 275 m in the
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^ore eastern lenses. These facts would perhaps lend some colour 
the suspicion that the ore-bearing granulite belt has a syncli- 

aal  structure on a larger scale throughout the ore field, the 
Northern small ore layer being connected at deeper levels w ith  
^ e  southern main blende layer. On the other hand i t  is to 
he pointed out that there are no other indications of any sym
metry present in the structure of the rock belt. Hence i t  
Seems at least equally reasonable to th ink that the synclinal

Arrangement met w ith  at the western ore deposits is not o f 
any special significance, but may be due to a more horizon- 

crumpling of less magnitude sim ilar to the more inclined 
minor crumpling that constitutes such a striking feature of 
friany areas of the ore field.

As to its structure and mineralogical composition, the 
Arrnneberg zinc ore may be characterized merely as a pecu
lia r variety of the bordering gray microcline-granulites, where-



in  zincblende has become a more or less essential constitu
ent. Thus the gangue of the ore consists essentially of micro- 
cline and quartz, w ith  a variable amount of the various- 
other constituents of the granulites, principally pyroxene, 
garnet and calcite. The richest ore varieties contain 40 to 
50 per cent of zinc; from this a ll gradations in  composition 
are found, down to ordinary granulite. The low grade ore 
usually exhibits a very delicate banded structure w ith  brownis 
bands richer in blende alternating w ith  grayish or whitish 
ones of granulitic character. More rarely a variety 0 
this ore is seen, w ith a peculiar centric arrangement of the 
zinchlende recalling the arrangement of the dark constitu
ents in a biotitic granite. The high grade ore is of fa irly  
uniform and somewhat more coarse-grained appearance; i t  may, 
however, be seen almost everywhere to contain small slings 
of granulitic composition which are in tricately bent and cur
ved in a peculiar serpent-like fashion. — A ll the ore mined 
in the regularly stratified portion of the ore layer that extends 
on the eastern side of Perier shaft is of the low grade, well 
banded type, yielding on an average 21 per cent of zinc, 
while the high grade ore is confined to the more western, 
irregular and discontinuous deposits. I t  seems reasonable to 
imagine that the whole blende layer once may have had the 
appearance of a continuous fahlband-like low-grade ore segre 
gation of about the same character as is now represented by 
the portion east of Perier shaft. I t  was then much defor
med at its middle portion and drawn out northwards together 
w ith a portion of the adjacent gneiss mass. These deforma
tions may have in some way effected a squeezing out of the 
blende from some portions of the ore band and a correspond
ing accumulation of i t  in a richer form at the interjacent 

portions.
The zincblende of the Ammeberg deposits is mostly o 

varieties remarkably poor in iron and hence of lig h t brownish 
colour. Of other sulphides only galena is present in  the ore
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1,1 noteworthy quantity. This sulphide is segregated in pla- 
<:es> especially in the western part of the ore field, as se- 
Parate bands in the hanging wall of the blende zone. Pyrrho- 
tite does not occur in the zinc ore itse lf but is almost con
stantly seen at the foot-wall of the blende deposits where, 
^°gether w ith  some galena, blende and pyrite, i t  is impreg
nated into a narrow band of a silicate rock essentially com
posed of a dark green pyroxene w ith  some garnet, hornblende

A n a ly s e s  o f  the  A m m eberg  z in c  ore.

1 2

Z n ................................................................. 3 8 .5 0 3 8 .0 0

P b ............................................................ 3 .3 0 3 .0 0

C d ................................................................. 0 .0 5 0 .01

C n ................................................................. O .o o 0 .0 2

A s ................................................................. O .o o O .o o
S b ................................................................. O .o o O .o o

•^e2 ^ 3 ........................................................... 3 ,6 0 5 .0 0

! M n O ........................................................... O . i o 0 .2 0

M g o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .1 0 0 .2 0

C a O ........................................................... 0 .6 0 1 .0 0

A 1 20 3 ........................................................... 0 .6 0 0 .4 0

In s o lu b le  ................................................. 3 0 .7 2 3 1 .1 2

S ................................................................... 2 1 .0 0 18 .5 0

9 8 .5 7 9 7 .4 5

A g  g r a m s / t o n ...................................... 5 8 7 3

1. H ig h  g ra d e  ore.

2. C o n c e n tra te s .

mica and usually also with seams of a micaceous lime- 
stone. Below this pyrrhotitic wall rock there freqently ap- 
Pears a formation of whitish, well banded rocks essentially 
c°naposed of microcline with very variable amounts of quartz, 
Bi°tite, calcite and various lime-silicates, such as light greenish 
Pyroxene, light coloured garnet, zoisite, wollastonite and more 
rarely vesuvianite. The wollastonite forms whitish bands of
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a s ilky  luster; this mineral, although much subordinate 1» 
places, is very characteristic for the formation as a whole» 
which for this reason is commonly spoken of collectively aS 
»the wollastonite». The pyrrhotite rock and the »wollastonite» 
do not always mark the definitive foot-wall of the ore belt- 
but may occur also w ith in  it, separating difterent branches 

or parallels of ore.
The zinc ore is much interpenetrated in  places — princi

pally in  the more irregular western deposits — w ith  irregu
la r segregations and veins of granitic or pegmatitic character. 
The felspar of these rocks is of whitish or only fa intly 
greenish colour when just brought up from the mine, but gradu
a lly  assumes a splendid green colour after ly ing  for some 
time at the surface, a phenomenon that seems to be common 
to the felspars of many zinc ore deposits of a similar charac
ter elsewhere in Central Sweden, as for instance at the Kaf- 
veltorp and Langfa ll mines. A  similar greenish t in t  is some
times seen also in the felspar of the broader and more sharp
ly  defined, frequently tourmaline-bearing pegmatite dikes which 
cut the ore-bearing rock series in  the area east o f the Perier 
shaft. — The pegmatite segregations w ith in  the ore assume 
sometimes a parallel structure, and then are not easily distin
guished from certain varieties of the gray gneisses.

As another mineralogical s ingularity of the zinc mines 
should also be mentioned the not unfrequent occurrence of 
native silver found coating joints in the granulite, immedi
ately associated with the ore. I t  usually appears in the 
shape of very thin leaves but in one instance a somewhat 
larger piece weighing 220 grams has been found in  the Perier 
mine. As the zinc ore itself, and s t ill more the galena ore 
sometimes associated w ith  it ,  contains some silver, the forma
tion of the native silver m ight perhaps be ascribed to a reduc
tion of descending silver-bearing solutions leached from the 
upper, now removed oxidized portions of the ore layer. 0 D 
the other hand these ore deposits do not in other respects

[A p r il 1910*
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noticeable signs of any action of percolating water ex- 
Cept in the immediate vicinity of some fracture lines, along 
^fiich a few instances an insignificant faulting is stated 
*° have taken place. — Emanations of combustible gases have 
keen observed at the north-east end of the 200 m  level in 
the Sincay mine; such gases may still be seen to emanate 
ir°m a diamond-drill hole in the hanging wall and also from 
a fissure in the wall of a cross-cut at this level.

kd 32. H. 4 ] t h e  a m m e b e r g  z in c  ore .

The history of development of these large zinc deposits 
fioes not go far back in time. The first shipment of ore is 
Mentioned in the year 1847, although the deposits were known 
lonS before and in some places had been prospected for silver 
°re. Rational mining dates from the year 185J, when tlie 
friines came into the possession of the well known zinc com
pany »Vieille Montagne». The tota l production since then
amounts to 1,968,729 tons of sorted ore. For the last few 
years the annual production has averaged 56,000 tons of 
la s ted  ore. The ore is sorted into two classes: high grade 
°re averaging 38 per cent in zinc, and low grade ore w ith 
about 21 per cent of zinc. The la tte r is first calcinated at 
■̂fie mines and then transported to the large concentrating 

aad roasting plant which is situated on the shore of lake
O tte rn . The high grade ore is transported directly from
bbe mines to the plants at Vättern, there crushed and
lasted  to zinc oxide together w ith  the concentrates gained 
from the low grade ore, and both exported to the company’s 
Sraelters in Belgium and France. Of the 55,157 tons produ- 
Ced in  1909, 10,173 tons were of high grade class w ith 38,82 
Per  cent of zinc, and 44,984 tons of the low grade class, 
^rom the la tte r were gained 21,483 tons of concentrates with 
37,m per cent 0f  zi nC; 4J 63 tons of concentrates w ith  25,3 
Per cent of zinc, and 354 tons of galena concentrates w ith
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72 per cent of lead. The la tter contain 800 grams of silver i» 

a ton of lead.
The deposits were at first opened up by the 50 m l ê e 

from the six shafts Mosselman, Périer, V ila in  X IV ,
Paul, Sincay and Le Hon, which joined the adit level Schwarz- 
mann previously mentioned. The tota l length of this level 
is 3750 metres; i t  serves now as water-level for a ll water 
from the surface as well as for that pumped up from tb 
deeper levels. Beneath the 50 m level other levels are driven 
at 100 m, 150 m, 200 m and 250 in in both the west and 
east mines and also at 300 m and 350 m in the latter. The 
ore lenses so opened up are mined by overhand stoping with 
filling . The shafts Sincay and V ila in  X IV  serve as hoisting- 
shafts for the west and east mines, respectively. The ore 
above 100 rn is a ll worked out now and in the east mine 
also most ore of the I I I  étage and the ha lf of the IV  étage 
H a lf the IV  étage, the V, V I  and V I I  étage in the east 
mine and half the I I I ,  the IV  and the V  étage in the west 
mine is s t ill to take; shortly, in the mines is as much ore 
opened up as has been taken to this date, or about 2 m il
lions of tons.

G en etic  rem arks .

Only few of the ore deposits of Central Sweden afford 
such strong evidences of a close genetic relationship to their 
border rocks as do the Âmmeberg zinc ores. I t  seems hardly 
possible to adduce a single fact in favour of an epigenetic 
origin in the case of these ore deposits. Hence the blende 
and other sulphide impregnations of this ore field must be 
regarded as formed at essentially the same time as the other 
rocks of the gray granulite belt, and they should be regarded 
as either of magmatic or of sedimentary origin, according 
to which hypothesis is preferred for the la tte r rocks. This 
is not the place for a lengthy discussion of the much dispute!

H. B. JOHANSSON. [A p r il l 9 l0 ‘
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genesis of these rocks. Certainly there seems to be no 
possibility of getting away from the conclusion that this 
formation is of a very singular character, whether interpreted 
as sedimentary or as magmatic. The presence of limestones 
as well as of some aluminous rocks, taken together w ith  
^he apparently regular stratification and banding of the rocks, 
^ g h t  at first sight appear suggestive of the sedimentary 
alternative, but on closer inspection i t  w il l be found that the 
chenaical character of the formation as a whole is certainly 
a°t in favour of a sedimentary hypothesis, nor is i t  easy to 
§lye a reasonable explanation, from such a point of view, of 
the close relations which doubtless exist between the gray 
granulites and the associated gabbro-diorites as well as bet
ween the gray granulites and the adjacent red granulites. 
h'or those who are disposed to adopt magmatic views for the 
hulk of the formation, i t  w il l be very d ifficu lt on the other 
hand to find sufficient reasons for allowing the limestones to 
he exceptions to this theory, however disagreeable the hypo
thesis of magmatic origin for limestones may be for most 
geologists. In  this respect, however, we must bear in mind 
that quartz-felspar and felspar rocks of such an extremely 
Potassic composition as is evidently characteristic of most 
granulites of the Ammeberg area, are certainly not more fre- 
puently reported hitherto among rocks of undoubted igneous 
°rig in than are magmatic limestones.

Plan fo r excursions.

Excursion to the eastern granulite area. Start from the 
superintendent's house. The house lies just above the great 
Pyrrhotite fahlband (=  the sulphidic zone N:o 9 on p. 1063) 
'vhich is well exposed immediately to SE. On the western side 

the pyrrhotite rock are outcrops of an eclogitic rock as well 
as of the gray gneiss; on the eastern side outcrops of gray 
granulites w ith a faint limestone horizon.



Then eastward to the large open cut jus t south of e 
Perier shaft. The rocks of the nvollastonite» formation as 
well as the pyrrhotitic w a ll rock and some portions of we  ̂
banded low grade zinc ore are exposed in  the foot-wall o 

th is  open cut.
Prom the Perier mine toward SP. over a h ill of gneisso- 

granulites presenting a beautiful, much crumpled structi 
On the eastern side of this h il l are exposures of eulysd« 
[ =  the sulphidic zone No. 6] which further to the south a 
joins the schistose gabbro-diorites and various other i ° c 
phases of the southernmost greenstone band.

Then eastward across the granulite ground to the roac 
running south from Gammelangen. The second band of gabbro- 
diorite is now crossed; on its eastern side are exposures 
o f eclogitic granulites w ith  a-small prospect for blende and 
galena representing the sulphidic zone No. 5. F ina lly  fk e 
th ird  gabbro-diorite is reached whereof abundant outcrops are 
seen along the road mentioned. On the eastern side of the 
road are exposures of whitish granulites belonging to the in
terstitia l granulite sling.

Then northward along the road to (xammelangen. A t 
first exposures of gabbro-diorite growing more femic north
wards; then amphibole-peridotite on both sides of the road. On 
the northern side of the peridotite granulites appear w ith  a 
sulphidic zone (=  No. 3) prospected a lit t le  east of the road- 
Immediately before the road joins the main road the lime
stone band is crossed. The northern blende layer ( — No. 2) 
is then seen at the adjacent Lyck mine. North of this mine are 
exposures of red granulites w ith  a curving band of greenstone 
just at the contact w ith  the gray granulites.

From the Lyck mine westward along the main road back 
to the superintendent’s house, A t  first a various series o~ 
granulites is crossed; then the main greenstone reappears 
winding along the road. A  small sulphidic horizon ( hi 
is prospected for at its southern side. A fte r the disappea-

1076 H. E. JOHANSSON. [A pril l 9 l ° '



rance of the greenstone, banded granulites w ith  indications 
°t the limestone are seen along the road. Then the eclogite 
(=  No. 6) reappears a lit t le  north of the Perier mine. Just 
at the parting of the northern and southern road is an open 
ClJt  the shape of which indicates a peculiar shape of the ore 
tody orig inally outcropping here.

Excursion to the western parts o f the ore field. Start from
superintendent’s house in  a north-western direction. The 

«haft V ila in  X IV  is passed where the ore brought up from the 
^ine is instructive to study; on the eastern side of the shaft 
are also good exposures of the foot-wall granulites. A t the 
a,tjacent office can be seen maps of the mines as well as 
good specimens of the ore and rock types characteristic of 
the ore layer.

Continuing towards the NW . there are some exposures 
°f a very coarse variety of the gneissose granulites on the 
'Western side of the road. A t  Grustaf mine indications of the 
°re layer are seen. N. of this mine are outcrops of the Mort 
Lake granite and its transition phases to the gray gneisses 
which rocks may be studied in the boulder ridges along the 
r °ad. From Gustaf mine along a path to the Isasa mine, 
where the much crumpled ore layer is seen to come in close 
contact w ith  the coarse rocks of the gneiss area. Then west
ward to the Valdemar mine. The contact between the gray 
aad the red granulites is exposed just N. of this mine; further 
to the north are wide exposures of the monotonous red granu
le s .  Then southward to the shaft St. Paul.

A t  this shaft a small outcrop of the ore layer is preserved 
111 a ra ilway cutting. Then the various rock phases of 
the gray gneisses are exposed along the road southwards, 
specially well W . and SW. of the schoolhouse. From the 
tatter place a path leads through the gneiss ground to the 
Sincay shaft where the ore brought up from the western 
deposits may be studied.

69— 100170. G. F. F. 1910.
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Excursion in  the V ila in X IV —Eerier mine. Down by 
Y ila in  X IV  shaft to the 300 m level where the ore is opened 
np to its tota l length. Then up to the 200 m level and hy 
a rise to the 13 th heading in the IV  étage of the Pér’-ei 
ore lens where overhand stoping can he studied along a 
length of 300 m.

To M r O. Torell the w rite r wishes to acknowledge h1& 
indebtedness for many courtesies received from him during 
the prosecution of field work as well as for helpful informa
tion and criticism at the preparation of this paper.

[A p r i l  191°'
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®rinringar t i l i  A. H ambergs señaste föredrag om Sarek- 
traktens geologi.

Af

F redr. Svenonius.

Da omständigheterna ej tillä to  mig a tt omedelbart efter 
hi' H am ber g s  nyligen hällna tvenne föredrag (i Uppsala den 
4;e och vid Gf. F:s möte den 7:e april) försvara mina frän 
töredragandens v id t divergerande ásikter i ämnet, förbehöll 
Jag mig vid det señare t illfä lle t a tt härom fä inlämna en 
Uppsats t i l i  förhandlingarna.1

Föredraganden lämnade först beträffande den geologiska 
Vggnaden en i allmänhet mycket stärkt schematiserad f'ram- 
ställning, ur hvilken snart sagdt alia stratigrafiska detalj- 
°bservationer eliminerats. Pá urberget i Ö eller SO hvilar 
e,i i fa lte t y tte rs t smal rand af ö s tlig  s i lu r  — t i l i  hvilken 
han tycktes v ilja  räkna endast de skifferkomplex, inom hvilka 
Jag fnnnit H yo lith u s -ÍT a g m e n t — därpa en nagra m il bred, 
synnerligen mäktig »syenitformation», som sträcker sig ända 
t i l i  högfjällen inom Sarekgruppen och hvaraf nägra spar äf- 
Ven antyddes förekomma SW och W  om dessa högfjäU; samt

1 De uppsatser a f förf., t i l i  h v ilka  hänvisningar göras i  det följande, äro:
Öfversikt a f Stora Sjöfallets —  —  —  geologi, G. F . F . 22 (citeras

‘ Sjöf.»)
Bidrag t i l i  belysning a f eruptivens betydelse för fjällb ildningarna. G. 

*■ F . IS  samt S. G. U., Ser. C, N:o 164 (citeras >Erupt.»)
Forskningsresor i K vikk jokks fjä lltrak te r 1892 och 1893. S. G. U., 

^er- C, N:o 146 (citeras »Forskn.resor».)
Om berggrunden i Norrbottens län. S. G. U ., Ser. C, N:o 126 (citeras 

’ Berggr.,)
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ofvanpa syenitformationen en amfibolitisk formation bilda11̂  
hdgfjallens hufvudmassa och ofre delar. N och W  om 
fjallsformationerna traffas den vastra siluren, fran hvilken 
i  detta sainmanhang t ills  vidare bortse.1 Det hela (ut0111 
sistnamnda) bildar enl. H amberg ett system af kakor eller 
skallor utan spar t i l l  ofver'gangar sinsemellan, men stallvlS 
med markbar diskordans. A l l  skiffrighet inom skallorna ai, 
enligt H amberg, tryckskiffrighet, med undantag for en myc 
ket gles stomme af verk lig t sedimentara skiffrar inom amfibo- 
litformationen, bvilken stomme u tfy llts  med valdiga, seder- 
mera omvandlade, injicerade gabbroeruptiv. Skiffrigbeten fallei 
svagt mot W  eller AW , fran hvilken regel dock nagot 
sporadiskt nndantag medgafs, och syenitformationens nedersta 
parti ar ofverallt krossadt.

Efter en dy lik  framstallning ar ju  den slutsatsen tam lige11 
solklar, att plattorna dro ofverskjutna: syenitplattan pa siluren, 
och amfibolitplattan pa den forra. H r H amberg maste salunda 
bestamdt sluta sig t i l l  dfverskjutningshypotesen och lika  be- 
stamdt forkasta min tanke pa eruptiva wfvergjutningan. Men, 
da H amberg pa grund af geofysiska deduktioner fann orimlig'k 
att jordskorpans veckning i  fo ljd  af afkylningen kunnat astad- 
komma de ofverskjutningar af anda t i l l  140 km., som T okne- 
boiims teori forutsatter, och ej heller fann sig synnerligeIX 
tillta la d  af H olmqvists antagande af underskjutningar2 m. na-, 
sa ansag han den Schardtska glidnings- eller rutschningshjpo- 
tesen vara acceptabel afven for vart fjallproblem. Dock ma 
framhallas, a tt foredragandens sympati for denna hypotes tyd- 
ligen svalnat ra tt mycket mellan den 4:e och 7:e april. Afven 
en annan forandring hade de bada mellandagarna medfort: i  
s itt forra foredrag behofde H. tvd »centralalper» nagonstades 
ute i  Atlanten utanfor Norge — en for syenit-, en for am-

1 Jmf. t. ex. >Sjof.», s. 308, >Erupt.>, s. 331 o. s. v.
2 Denna hypotes erinrar for ofrigt liH ig t om ett antagande betraffande 

de medelskandinaviska forniationerna, som jag 1879 framkastade. (S. G- U-, 
Ser. C, N:o 75, s. 23.)
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tibolitskollan — men i  det senare förutsattes endast en sädan 
«astbrygga», da det nu syntes föredraganden mera sannolikt, 
at t  Syenitformationen frampressats nägonstädes Y  om Sarek- 
fjällen, och pä öfligt mystiskt sevegruppsmaner praktiserats 
«11 sin nuvarande plats.

Anser man — och säsom mig synes med fü l lt  fog — 
hypotesen om en kolossal öfverskjutning vara orim lig, sä 
synes det dock fordras en frän a ll aktualitet än mera frig jo rd  
lantasi för att linna nägon rim lighet i  den af hr H amberg 
l'h'ordade central-alps-hypotesen. Man erinre sig blott, a tt 
det kortaste afständet frän den ponerade centralalpen t i l i  
5skollans» ytterkant i  denna trakt skulle vara allra minst 
20 m il och att, om backens lutning sattes sä lägt som t i l i  5° 
lör a tt under gynnsammaste förhällanden möjliggöra nägon 
güdning eller rutschning, alpens höjd behöfde vara och för- 
klifva nära 2 m il (1,75 mil). H ambergs framställning af de 
geologiska hufvuddragen strider i ä tsk illig t mot de detalj- 
observationer, som jag g jo rt och ätminstone delvis publicerat, 
ehuru tyvärr de fiesta af mina publicerade iakttagelser synas 
ha undgätt hans uppmärksamhet.

Som jag redan antydt, fa tta r jag den östra siluren eller 
'“llyolithus-serien i  vidstr. hem.»1 betydligt mera vidsträckt än 
hvad H amberg synes göra, och jag hänför d it bade djuphafs- 
hildningarna (lerskiffrarna m. m.) och strandbildningarna eller 
sandstenszonen. Denna senares tektonik och mänga intres- 
santa bergarter — säsom sandstenar a f olika slag, röda och 
grä, ofta med böljslag och diskordant lagring, konglomeraty 
kvartsit, kalksten och kalksandsten, lerskiffer, järnkisel, por- 
fyrer, grönstenar och mandelstenar m. m. — liksom äfven

1 Dä, C. W im a n  vid sammanträdet i Upsala synnerligen h ä ftig t k r it i -  
Serade denna benämning, v i l l  jag  t i l i  m itt försvar blott erinra därom. a tt 
ytterst sporadiska H y o l i t h u s - iragment länge voro de enda fossila antydningar, 
s°m künde uppdagas inom dessa skiffrar, och att de funna hyolithernas älder 
^ikaledes länge var omöjlig a tt afgöra (Brögger). Under sädana förhällanden 
torde detta namn v a rit ej blott ursäktligt, utan fü llt  berättigadt säsom ett 
Provisorium.
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dess ekvivalenter inora och utom vârt svenska fjällomrade 
skildras i Sjöf., sid. 279—287. Vä.1 är skillnaden mellan denna 
afdelning och lerskifferafdelningen (»hyolithuszonen i  inski- 
mening») ganska stör, men da man finner omisskänneliga öfvß*' 
gángar mellan bada (sid. 287), anser jag mig hafva fü llt  feg 
a tt hänföra bäda t i l i  kambrio-silur.

Ä n  större och bjärtare är emellertid olikheten mella11 
den östra siluren — i  dess typiska skick1 — och hvad jag 
ka lla t »högfjällsgraniterna» eller H ambergs syenitformation■ 
Särskildt gäller detta de señares östra eller sydöstra gräns, 
dar de i regeln äro mera grofkorniga oeh ofta massformiga, me- 
dan de gröfre varieteterna äro rä tt sällsynta inât fjällomradet. 
Jag har omnämnt en stör mängd variationer báde i allmänt 
ntseende, kornighet, Struktur och kemisk sammansättning (sid- 
297—305), äfvensom inblandningen af ett och annat kvart- 
s itiskt ocb glimmerskifferlager. Den kemiska sammansätt- 
ningen afviker, sâvidt bekant, tyd lig t fran • vanliga urbergs- 
graniter och visar redan enligt de fâ analyser, jag var i  t ill*  
fälle meddela2 (sid 305), stark dragning t i l l  syeniternas; äf* 
ven nâgon mera gabbroartad bergart döljer sig bland dem 
(t. ex. analys V). Mot Y  och uppât träffas a llt ymftigare berg* 
arter, som t i l i  utseendet likna äkta gneiser och leptiter (gra- 
nuliter) med en mängfald af shiftningar; men vid granskning 
af slipprofven ha samtliga dessa ansetts vara utpressade eller 
gnuggade, mer eller mindre heit omkristalliserade graniter 
(sid. 304). Emellertid är det förhällandet mellan formationen 
och siluren, som för ögonblicket har största intresset, och här 
öfverensstämma ej mina och H ambergs skildringar. Trots den 
vanligen sä b jä rt i  ögonen fa ll ande kontakten varsnar man dock 
redan inom siluren en del förebud t i l l  eruptivformationen- 
Sa beskrifver jag Iran Juobmotjakko (s. 289), huruledes redan

1 Mânga omrâden finnas dock, dar man har skäl a tt vara villrâd ig  O'11 
gränsen mellan bâda. (Jmf. Sjöf., sid. 294.)

2 Jag hade önskat och anhâllit om ett vida större antal analyser â dessa 

bergarter, men de künde ej beviljas.

[April 1910-
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den ofver gronstenen vid Roviejauratsch liggande kvartsiten 
konformt ofverlagras a f en nagra m maktig granitbadd1 
(692 m. o. h.), hvarpá foljer bl. a. en alunskiffer (med glan- 
san de svart streck ocli platta, kvartsitska bollar), och slutli- 
gen 717 m. 6. h. en ny granitbadd, mera finkornig, sur och 
nagót gneisartad, hvarpá folja lerskiffrar och en egendomlig 
kvartsit t i l l  nágot 10-tal rn maktighet och slutligen granit- 
vaggen under de SY:a topparna, medan Juobmos egentliga 
granitfot nágot ostligare moter pa omkring 920 m. o. h. Frań 
Alleb Kirkao beskrifves (sid. 295), huruledes en eller ñera 
kogre lerskifferhorisonter tráffas inom de graniter, som hvila 
°fvanpá lerskiffrarnas hufvudmassa, och (samma sida) analoga 
forhallanden vid Kártje jaur och Jállimnjarka. Anmarknings- 
v arda aro ock de granitiska strimmor och flackar, som stall- 
v is ses i  de hogre lagren af blákvartsen (s. 297), liksom ock de 
°i'egelbundna (insmálta?) ñackarna af blákvarts, som ses t. ex. 
1 Juobmotjakkos granit (s. 297). Jmf. ock L undbohms erinran 
<jm ett linsform igt granitparti inom den grafitforande skiffern 

om Sjangeli, hvilket ock kunde vara ett d y lik t forebnd 
dor den maktiga dfverliggande graniten (G. F. F. 19: 18), som 
1 denna tra k t ofta ar r ik  pá skifferbrottstycken (t. ex. vid 
Zassij aur). Eruptivformationens foreteelser i  bottenpartierna 
dío ej sá enformiga som de vanligen, och afven af H a m b e r g , 

iramstallas. Yisserligen moter man ej sallan denna illa  t i l l-  
^ygade, tamligen basiska massa, som jag provisoriskt be- 
námnt »kakirit» — i  kemiskt hanseende snarast l ik  analys V  sid. 
305 — men mycket ofta eller oftare ar det báde t i l l  art och gry 
andra, mera granitiska och ej sá starkt krossade bergarter, 
s°m bilda bottenzonen. Graniten vid foten af sydostligaste 
knolen pa Alleb K irkao ar grof, rent massformig, stall vis 
Slir; nedersta klipporna af »kalotten» lángre mot N (690 ni) 
dro daremot syenitiska, stundom mycket pressade. Kaśka 
Kirkaos granitkalott visar sig pá baksidan (mot SV) hvila

1 Dá, ingen gcnomgripande lagring iakttagits , nppfattar jag  dcssa grani- 
*er sŁsom baddar.

32. H. 4]
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fü l lt  konformt pä en grä lerskiffer och är nedtill under nägi'a 
famnar gneisig med t i l i  utseendet primär skiiFrighet (fluid- 
alstruktur), men b lir  uppät snart rent massformig. Dess mäk- 
tighet växlar mellan c:a 20 och 40 m (s. 298). I  Pogge 
varatsch är den stärkt bankade graniten nederst1 ganska grob 
öfvervägande grä och nägot gneisig, och den grofva, stärkt 
flusspatförande, violettröda, sura graniten i  K un tik tjäkko  (s- 
304) är nedtill mest i  ögonenfallande'genom de krum -ytiga 
fältspaterna. A t t  dessa strukturer ofta vittna  om rörelser 
och förskjutningar inom bottenpartierna, är ju  natnrlig t, men 
de synas ej vara sä genomgripande och omfattande, som man 
skulle vänta inom det » tili ett slags säpa omvandlade» parti 
af bergarten, som den stora öfverskjutnings- och väl äfven rutsch - 
ningshypotesen förutsätter. I  mänga fa ll kunna dessa stank- 
turer vara, ätminstone i  det närmaste, primära och flu
id ala.

Jag har s jä lf fram hällit, a tt den graüitiska kalotten 
pä e tt visst omräde inom Kirkobergen synes ligga med en 
svag diskordans öfver silurskiiFrarnas hufvudmassa (s. 298), 
men jag päpekar ock att, da öfverlagringen pä platäns S- 
sida är konform, fenomenet torde vara mera t i l l fä ll ig t  eller 
sekundärt och analogt med »den ofta mötande företeelsen att 
ett löst skifferlager är tämligen hopknyckladt, medan ett därpa 
hvilande lager af kvarts it ligger plant» (s. 299). Möjligen 
ser man ock i Luleb K irkao vid kontakten en svag inpress- 
ning af granitisk massa mellan skifferlagren, en i akttageise 
som, om den bekräftas, ingalunda skulle disharmoniera med 
den rrppfattningen, a tt graniten framvält säsom en, mähända 
submarin lavaström.2 Nägon kraftigare metamorfos af de 
underliggande skifferlagren är ej iakttagen, om än dessa ej 
heller äro alldeles oberörda däraf.

Amfibolitformationens i  detalj y tterst växlande samman-

1 Kontakt mot skiffrarna är dock ej sedd här.
2 Min uppfattning, a tt granit kan hafva framträngt säsom yteruptiv, 

grundas bl. a. pä A. E. T ö bnebo hm s  auktoritet (s. 315).

[April 19l°-
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sättning har jag ñera ganger sk ild ra t.1 Men trots dess nt- 
präglade karaktär kan man knappt säga, a tt amfibolitforma-

m

m• • •

tionen i  allmänhet vidtager alldeles oförmedladt 
och skarpt skild frán sevegruppens granitiska eller 
syenitiska afdelning. I  Tarrekaisetrakten t. ex. är 
gränsen mycket svár att nppdraga (»Forsknings- 
resor», sid. 11.)* Den profil a f Akkafjä lle t, för

m
1300

hvilken jag lämnar en kortfattad redogörelse u ti 
»Sjöfallet», sid. 302, är ganska belysande för bada 
formationerna, hvarför jag tillä te r mig a tt här 
ätergifva densamma projicierad pa ett vertika lsn itt 
(Fig. 1). Visserligen äro amfiboliterna i  stark

1200

AA

majoritet ofvanom 1,200 m , men t. o. m. i detta 
f jä ll träffas ungefär samma bergart nere pä 500 m 
höjd, medan de gneisiga och granulitiska mellanled,

— 1100 som synas inom amfiboliterna ofvanom 1,200 m,

1000

synas vara af samma slag som de sä ym nigt ned- 
om denna mötande: d. v. s. väsentligen »pressade 
graniter.» Verk lig  diskordans erinrar jag mig in- 
genstädes hafva iak ttag it mellan amfibolit- och

- • 9 0 0 syenitformationerna.3 Yäl finner man ej sallan4

0—
0—
*** 800

1 T. ex. »Erupt.j, s. 331 och f. »Forskn.resor», s. 8 o. f., 
s. 31 o. f.

2 Jmf. ock »Berggr.», s. 37 och 41.
3 Rörande det geologiska läget af »ruotevarit» och olivin- 

stensbergen, se >Erupt.>, s. 328.
•— 700 4 Ex. härä frän Dunderlandsdalen anföras i  »Nasafjälls 

zink- och silfvergrufvor» (G. F. F. 17: 445.)

600 Teckenförklaring:
M H A m fib o lite r .
X  M assfo rm ig  g ra n it.

^ ¿ 0 0  
* • • O—G ro fk o rn ig  gneis. 

• —“ Sm ákorn ig  » 
’ • 'G r a n u l i t .

^  hoo
— - “ G lim m ersk iflie r. 
' -O* K v a rts it .

1. Akka-profllen, projicierad pä ett vertika lt 
snitt (Sjöfallet, sid. 302).
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i  de skandinaviska fjä lltrakterna, att tektoniken inom högt lig  
gande partier af ett f  j all visar sig föga rubbad, medan de djupt 
liggande lagren äro k rä ftig t veckade ocb uppresta; men dar mel- 
lanpartierna äro blottade, synes man ock i  de fiesta eller sannolild 
alia fa ll kunna pävisa, att veckningen smaningom minskas upP' 
ät, att diskordans icke förefinnes, savida ej mer eller m indic 
gamla förkastningar orsakat en skenbar sádan. B ild  - 
utgör ett drastiskt exempel pä uppkomsten af skenbara dis-

[April 191°-

Fig. 2. Skenbar diskordans vid Vassitjäkko. — Fot. af förf.

kordanser i fjä lldalarna.1 I  det inre af Yassivagge visar sig 
pä dalsluttningens nordöstra sida en ansenlig, längdrageß 
klippa (A) af »hardskiffrar». I  dess krön är stupningen oft» 
vertikal. I  den närliggande väldiga fjällväggen (B) däremot 

ligga lagren flackt. Frän den sida, fotografíen togs, ser man 
mycket snart sakens sammanhang, nämligen att hela denna

1 Bilden är ock ett exempel pä renens skyddande förklädnad: rakt under 
bokstafven A, pä halfva afständet t i l l  bildens nedre kant, stár en stör rentjnr.
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klippa är nedstörtad frän fjällväggens öfre del, dar man kan fü llt  
dydligt identiiiera dess lager; men vore klippan mera jord- 
läckt, sä a tt b lott den vertikala delen af lagren syntes, är 
det nog mer än sannolikt, att v i äfven här finge ett »bevis» 
dör diskordant öfverlagring i  de svenska fjällen.1 Äfven dis- 
kordansen i Kukkesvagge (H ambergs s. k. »fönster», jm f. 
*Erupt.», sid. 333—334) synes längre mot SO, i Vuojmes, upp- 
lösa sig t i l i  normal veckning. Emellertid synes H amberg 

llppfatta nästan a ll lagdelning eller skiffrighet inom amfibolit-
syenitformationerna säsom sekundär.
Ehuru jag liksom H amberg anser lmfvudmassan af 

dessa bildningar ytterst vara af e ruptivt Ursprung, tror 
Jag dock, a tt en mycket väsentlig del däraf har primär lag
delning, antingen säsom tunna bäddar med rner eller mindre 
utpräglad flu idalstruktur eller säsom tuffartade bildningar. 
Erossning och utvalsning hafva sedermera under bergskedje- 
veckningen orsakat en massa, ofta genomgripande förändringar. 
diet är nämligen inom ett större am fibolitfjä ll vanligen sä, 
aH »lagren» representera ganska olika sammansättningar och 
lhseende hos massan. Sälunda är t. ex. en komplex »horn- 
ddendeskifFer» stärkt bemängd med granater, en annan med 
skapolit i  strimmor eller pärlbandslika gyttringar, eller med 
ditanit, ru t il o. s. v., ett v id t utbredt »lager» är grofkornigt, ett 
aanat finkornigt, ett mycket basiskt, ett annat öfvergäende 
dKl hornblendegneis, dioritskiffer, kvartsig hornblendeskiffer, 
glimmerskiffer o. s. v .2 D ä rtill kommer ett synnerligen vik- 
digt förhällande: nämligen deras konformitet i förhällande t i l i  
lnblandade lager af kvartsit, kalksten o. d. I  motsats här- 
diU är förskiffringsfenomenet, som ju  äfven da och da visar 
Slg i  f j aliens bergarter, a lltid  oberoende af den petrografiska 
Keskaffenheten hos massan.

H amberg medgaf, a tt veckn ingar finnas, men ansäg dem

1 Sädana skenbara diskordanser ses ofta t. ex. i  V:a Islands dalgängar 
(se K e il h a c k : s. 392, fig. 7.)

2 Jmf. »Forskn.resor», s. 31 o. f.

B<1 32. H. 4]
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spela en försvinnande liten ro ll. Om än stupningen öfvei 
ganska vida omräden ofta ej är sä synnerligen stark, är dock 
förhällandet ganska olika i  olika delar af fjällen, och 
hvarstädes trä ifar man i alla vâra fjä lltrak te r ganska kräftig*1 
och v id t ingripande veckningar. Endast säsom nagra exeffl' 
pel ur högen ma erinras om de jättestora, uppstäende slym 
gorna inom N jam ilpakte1 (jmf. ock sid. 39 i »Berggrunden») 

eller Daunevare (»Erupt.», s. 345); f. ö. har jag ej funnit skäl 
frángá den uppfattning af tektoniken i Sjöfällstrakten, som 
uttalas t. ex. »Sjöf.», sid. 300 (profilen) eller ä sid. 312—314; 
eller heträffande Sulitälmatrakten i »Erupt.», s. 330, V irijau r 
(ibid. 325) o. s. v.

[April 11»10'

Da den tydning af vära fjä lls  byggnad, som jag vid ät- 
skilliga tillfä llen  djärfts framställa, väsentligen stöder sig pa 
den i  ögonen iällande analogi, som räder mellan dem och den 
isländska basa ltfo rm a tionen , v i l l  jag här med nägra ord erinra 
om denna. Ehuru Island b lott utgör en mindre skolla af 
heia det skottsk-grönländska basaltomrädet, är dock den här 
befintliga basaltformationens utsträckning sä stor, a tt den, om 
ön — med en viss vridning mot N  af dess längdaxel — lades pä 
det skandinaviska fjällgebietet, skulle täcka detta i  ena rik tn in - 
gen frän Torneträsk t. o. m. Jämtlands norra del och i den 
andra frän A tlanten och ett godt stycke öster om fjä llb ild ' 
ningarna. Hvad som fattas inom det centrala Sverige och 
Nor ge täckes mer än väl af heia formationens öfriga, f. n- 
submarina del. Detta hvad vidden beträffar. Tektoniken 
erbjuder lika  goda analogier. Denna miocena basaltformation 
har, som bekant, tvä hufvudformer: 1) den egentliga (finkor-

1 tF o rs k n in g s re s o rt sid. 12. Denna är omisskännelig. M öjlig t är där- 
emot, a tt den pä samma sida skisserade veckningen i  Hildos östra del ej gär 
precis sä som teckningen visar; men att en synnerlig kräftig  veckning Annes 
äfven här, visar sig tyd lig t i  fjällväggen mot sidodalen i  öster. Jmf- ibid- 
sid. 33. Liknande veckning ses t. o. m. i  Kärsonjunjes »marmor»-zon nara 
Torneträsk.
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ülga) basalten med sina hogfjall, uppbyggda af mer eller 
Kiindre tjocka kakor af eruptiva baddar ocb glest utstrodda 
a§er af mycket finkorniga sediment, som ju  stundom fora vaxt- 

íossil; samt 2) den JclastisJca tujf-formationen (utan váxtfossil), 
s°m bildar ett mera oregelbundet begransadt, lagre forland 
eUer balte ocb bestár af grofre ocb finare sediment — inklusive 
Verbliga konglomerat m. m. — samt af bar oeh bvar miag
u e  baddar af grofkornig basalt (dolerit). Inom den forra 
varierar eruptivbaddarnas maktighet mellan omkring 5 och 30 

eller mera, oftast aro de inemot 15 m tjocka. Den egent- 
Üga basaltens maktigbet uppskattas t i l l  minst 3,000 m, tuíf- 
Oergets t i l l  c:a 1,300 m.

Inom den forra uppskattas enligt K eiliiack1 mangden af ' 
sediment t i l l  hogst en tiondedel, rnedan omvandt inom den señare 
doleritbaddarna knappt utgora en fjardedel af det hela; men 
gifvetvis vaxla dessa proportioner nágot i  olika trakter. Erup- 
fivbaddarna, som ju  stundom visa en gneisliknande fluidalstruk- 
tur, ligga a lltid  konformt pá skiffrarna. E n lig t T h . T horodd- 

sen2 har basaltbaddarnas inflytande pá de underliggande lagren 
af skiffer, lera etc. i  regeln va rit ytterst ringa ocb ar ofta 
(makroskopiskt) ej ens upptackbart; och likasá ar den slaggiga 
skorpan pá deras undersida oftast rent forsvinnande. Tuff- 
íormationen (framfor basaltfjalien) varierar mycket i  utstrack- 
ning — alldeles som vara oStliga ocb mera klastiska »seve- 
berg». Fár man uppfatta Sarek—Sjofalls-traktens syenit- och 
amfibolitíormationer sasom massor af eruptivbaddar, b lir  
egentligen enda olikbeten mot den islándska basaltformatio- 
nen, a tt denna ar mera basisk ocb ej genomgátt de mekaniska 
^ecknings- och utvalsningsprocedurer, som val med naturnod- 
^ándighet máste ha drabbat vara fja llb ildningar, hvilkas ál- 
'ler under alia forhállanden gár tillbaka t i l l  lángt in i paleo- 
zoiska eran.

B<i 32. H. 4]

1 B e iträ g e  z u r Geologie Is la n d s  (Zeitschr. d. Deutsch. Geol. Ge- 
Sellsch. 1886.)

2 Sjöfallet s. 317, 318.



1090 F. SVENONIUS.

Men kan man väl ock säga, a tt (len geologiska bygg 
naden är analog inorn  cle ö fr ig a  om rádena  för vara omstridda 
f j ä llb ildnin gar ? Dessa omräden framställas ju  ibland soi» 
nära nog rena glimmerskifferformationer. I  min uppsats 010 
»Eruptivens betydelse för fjällbildningarna» har jag sokt 
pävisa sannoliklieten af a tt eruptiva bildningar och dérivât 
af sadana spela en mycket stor ro ll inom dessa.1 Men det 
är ju  ock mycket naturlig t, a tt proportionen växlar mellan 
de rena eruptiven samt tufferna och sedimenten, t i l i  hvilka 
flerstädes äfven sälla sig karbonatlager samt t. o. m. ett och 
annat konglomerat (Erupt.,. s. 328). Em ellertid öfverskat- 
tar man gärna glimmerskiffrarnas kvantita tiva  betydelse, 
da man t id t och ofta möter samma slags glimmerskiffer a llt 
fran Härjedalen upp t i l i  Torneträsk. Men om man i en r ik t- 
ning, som skär lagrens strykning, öfvervandrar ett sevegrupps- 
fj all med ej a lltför Hack lagring, finner man ganska snart, 
hur ringa uthallighet hvarje varietet af bergarten i  själfva 
verket äger och att ofta t. ex. en sädan »glimmerskiffer» snarast 
borde kallas gneis, glimmergneis, »granulit», gneisgranit o. s.  ̂• 
Det är faktisk t sä, att en hel del bergarter, som här ga under 
dessa benämningar, i  Sarek—Sjöfalls-trakten skulle rubriceras 
sâsom pressade graniter (syeniter) o. s. v. En väsentlig del 
af namn-olikheterna beror pa alldeles subjektiva skäl: fjäH ' 
bildningarna böra därför ses objektivt och med samma ögon 
i  olika trakter!

H amberg anser, a tt de v e rk lig t sedimentara sk iffra r, som un- 
dantagsvis trä ffas  inom  am fibo litfo rm ationen, b ild a t e tt s lc e le t t ,  

som u t fy l l ts  genom vä ld iga  gabbro in jektioner, och han torde hysa 
liknande as ik t om fö rha llande t inom  Syenitform ationen. H ä r- 

v id  ma fö rs t anmärkas, a t t  om än ä ts k ill ig a  m indre gangai

1 Man erinre sig ock Reusch’s för sin tid sä djärfva, ja nästan iörloj 
ligade pâstâende, att ireskutans öfre del vore eruptiv, — Till de reminlt[  
censer af thermal verksamhet, som förr lämnats (kiselsinter inom olivins e 
narna, >Erupt.>, 339) torde nu ock kunna läggas nägra förekomster af ’ 
m a g n e s ita , i Tarrekaisegebietet, hvilka lifligt erinra om vissa thermal 
klarade stejerska fyndigheter.

[April 1910-
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kunna pâvisas, sá hafva dessa gifvetvis alldeles ingen betydelse 
sâsom eruptionskanaler för de stora amfibolitmassorna — 
lika lite t som nâgon geolog torde v ilja  härleda Islands större 
basaltbäddar frân de smâ basaltgángar och injektioner, som 
(iär mycket ofta kunna iakttagas. Det är med fjällens erup- 
tivmassor pa samma sätt som med sä mycket annat i natu- 
ren: hvarest de fram brutit och hur de tillkom m it, veta v i ej, 
ännu âtminstone. Men a tt det ytterst glesa och svaga nätet 
ai äkta sediment, som träffas inom bade de svenska och de 
'sländska högijallen skulle vara ett preexisterande ».skeleth, är 
1 bada fallen lika  orim ligt. I  bada fallen torde ock »skelettets» 
'»assa tillhöra samma storhetsordning och ofta nedsjunka t i l i  
Hiindre eller föga mer än en tiondedel af det heia.

Hufvudorsaken t i l i  den vidt utbredda obenägenheten för 
värt fjällproblems lösning pa nu antydd väg torde emellertid 
% ga i den ringa grad af metamorfism, som tillkommer de 
Hnderliggande silurbildningarna, medan sedimenten inom Sye
nit- och amfibolitformation er na vanligen äro stärkt om- 
vandlade. Förklaringen t i l i  denna motsats är dock enligt min 
Hiening mycket naturlig. Den mäktiga siluriska skifferforma- 
tionen har först täckts af nagra relativt obetydliga, sannolikt 
submarina, eruptivbäddar, som ej förmatt att nämnvärdt me- 
iamorfosera s itt underlag, men väl att genom sin dâliga vär- 
nieledningsförmäga k rä ftig t skydda detsamma för vidare meta- 
niorfos. Raka motsatsen var fa lle t med de obetydliga 
Sediment, som sedermera bildades inom en m iljö af täta, kan- 
ske väsentligen supramarina ernptioner. D ä rtill kommer in- 
Aytandet a f alia señare massförskjutningar, ntvalsningar o. d. 
'nom veckningsomrâdena.

A f  de geologer, som omfatta den s. k. stora öfverskjut- 
"ingen,1 betonas ofta, a tt vissa mer eller mindre egendomliga 
Snrbergsstrukturer», som man spärat inom fjällskiffrarna, ej 
skulle kunna medgifva dessas tydning som postazoiska bild-

1 Denna hypotes är jn  nägot heit annat än m in d re  öfverskjutningar i
af veckningen, hvilka jag gifyetvis aldrig förnekat (>Erupt.s, s. 342).

Bd 32. H. 4]
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ningar. Har foreligger dock en pâtaglig risk for cirkelbevis - 
man antager att vissa karaktarer aro unika for urberget. 
sedan âterfinner man dem i  bergarter, som man sa garna vffl 
uppfatta sâsom ofverskjutet urberg ocb — slutsatsen fo ljel 
sjalfmant. Hur intressanta och viktiga drag an mikropet1'0' 
grafien kan uppdaga — den kan dock ej trada i den stra- 
tigrafiska geologiens stalle.

[April l? 10-
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Fig. 1. Das Delta des Rapaätno an seiner Mündung in den 
Lait.aure, vom Nammatj aus gesehen.

Verf. pliot. 16. Juli 1899.

Fig. 2. Der Rapadalen und seine Umgebungen, vom Ostende 
des Läddepakte aus gesehen. Links der Stuorra Skärkas, rechts der 
Pelloreppe, in der Mitte der vom Rapaätno durchflossenen Deltasee 
Rapaure.

Verf. phot. 25. Juli 1909.

Fig. 2.
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Legend.
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Quartzitic sandstone

Phylüte

Grayvacke

{Quartzites, sericite schists with 
interstratified syenite-porphyries 
and quartz-porphyries

]  Quartz-porphyry 

]  Syenite-porphyry 

3 Syenite

3 Dike of syenite-porphyry 

3 Dike of quartz-porphyry 

3 Iron ore, chiefly magnetite
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Geologiska Foreningens i Stockholm Forhandlingar,

af hvilka  ârligen 7 nummer utkomma, mottages prenumerj 
genom Aktiebol. Nordiska bokhandeln i  Stockholm. Pris 
ârgâng 10 kronor.

Genom samma bokhandel kan afven érhâllas
Band 1 af Geol. Foreningens Forhandlingar_______ à 6

> 2—5 > .......... à 10
> 6—7 » » . > • * .. ... à 15
» 8\ » •■> N ■■ » v i ...........à 7,«
» 9—30 » » » » ...........à 10
> 31 » » » . » > _____ à 15

Generalregister t i l l  band 1—5 ___.........   à 1,:
;> » » 6—10___________________ à 2
» » - » 11—21.........    à 3

Losa haften af alia banden t i l l  pris beroende pa haftenas om:

I  Foreningen n y in trd d a n d e  Ledam oter erhalla genom S 
mastaren de aldre banden af Forhandlingarna och Gen 
registret t i l l  tva tredjedelar af det of van upptagna bokhan 
priset samt losa haften t i l l  likaledes nedsatt pris. K 
minst 10 band, erhallas de for halfva bokhan delspriset.

Uppsatser, amnade a tt inforas i  Forhandlingarna, insa 
t i l l  Foreningens Sekreterare, D r H. M unthe, Geologiska B; 
Stockholm. A tfo lja n d e  ta floy  och f ig u re r  bora  v a ra  f u l l t  fd i  

t i l l  rep ro du c tion , da de ja m te  uppsatsen insandas. — Ann 
om foredrag torde i och for annonsering goras i  god tia  

Sekreteraren.
Ledamoternas drsafgifter, h v ilka —enligt § 7 af Forenir 

stadgar — skola vara inbetalda senast den 1 a p r il , insanda 
Foreningens Skattmastare, Professor G. H olm, Vetenskaps- 
demien, Stockholm, t i l l  hvilken Foreningens Ledamoter i 
torde insanda uppgift om sina adresser och titlar, nar sa 
andras. — Arsafgifter, som ej aro inbetalda t i l l  den 1 ; 
ar Skattmastaren skyld ig att ofordrojligen inkriifva.
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