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MINERAŁ RESOURCES OF ALASKA, 1915.

B y A lfred  H . B rooks and otłiers.

PREFACE.

B y  A lfred  H . B rooks

This yolume is tlie twelfth of a series of annual bulletins 1 treating 
of the mining industry of Alaska and summarizing tlie results acliieved 
durlng the year in the inyestigation of the minerał resources of the 
Territory. In preparing these reports the aim is prompt publication 
of the most important economic results of the year. The short time 
available for their preparation does not pennit fuli oflice study of 
the field notes and specimens, and, some of the statements madę 
here may be subject to modification wlien the study has been com- 
pleted. Those interested in any particular district are therefore 
urged to procure a copy of the complete report on that district as soon 
as it is available.

This yolume, like those previously issued, contains both prelimi- 
nary statements on investigations madę during the year and summa- 
ries of the condition of the mining industry, including statistics of 
minerał production. It is intended that this series of reports shall 
serve as conyenient reforence works on the mining industry for the 
years wid cli they cover. Lack of funds prevents a yisit to eyery 
mining district each year by a member of the Survey, and therefore 
the data used in preparing the summary on mining development are 
in part basedon information gleaned from yarious reliable sources.

Again, as in previous years, the writer is under great obligations to 
many residents of the Territory for yaluable data. Those wlio have 
thus aided him include many minę operators, engineers, prospectors, 
Federal officials, and oflicers of banks and of transportation and com- 
mercial companies. It is impossible to enumerate all who have 
contributed information, but special acknowledgment should be madę 
to the Directorof the Mint; the Wells-Fargo Express Co.; the Alaska

1 U. S. Geol. Suryey Bulls. 259, 2S4, 314, 345, 379, 442, 480, 520, 542, 592, 622, and 642.
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Mexican Gold Mining Co., Alaska United Gold Mining Co., and Alaska 
Treadwell Gold Mining Co., of Treadwell; Arthur G. Thompson, of 
Katalla; George M. Esterly, of Nizina; Stephen Bircli, of Kennicott; 
James G. Godfrey, of McCarthy; John A. Rowe, of Chitina; George 
R. Goshaw, of Chisana; T. E. Phillips, of Jack Wadę; John L. Abrams, 
of Fortymile; J. J. Hillard, of Eagle; Frank A. Reynolds, of Circle;
R. C. Wood, J. A. Fairburn, George Hutchison, A. Bruning, American 
Bank, First National Bank, Albert Johnson, R. J. Sommers, and 
C. W. Joynt, of Fairbanks; Jay Livengood, N. R. Hudson, Harry 
Patterson, C. P. Keen, W. Allmark, and J. P. Norich, of Liyengood; 
George W. Ledger and W. B. Ballou, of Rampart; Adolph Bock and
S. S. Rowell, of Hot Springs; A. J. Day, of Ruby; Alexander Cameron, 
of Poorman; W. A. Vinal and H. F. Fothergill, of Ophir; C. P. Wood, 
of Iditarod; J. C. Felix, of Hughes; O. R. Williams, of Nolan; Frank
H. Waskey, of Marshall; Henry Howard, of Aniak; J. W. Felder, of 
Bethel; William Loiselle, of Quinhagak; R. W. J. Reed, of Nonie; 
G. A. Adams, of Council; D. L. McDonald, of Candle; F. H. Thomas, 
of Shelton; Lars Gunderson, of Golovin; M. F. Moran and Lewis 
Lloyd, of Shungnak; and Edward Wood, of Kiana.

The arrangement and manner of treatment in this volume are the 
same as in those preyiously issued. First a paper describing the 
generał status of the mining industry is presented, followed by those 
treating of special districts, arranged geographically from south to 
north. This bulletin contains twelye papers by nine authors. One 
of these papers deals with administrative matters, one is a generał 
summary of the mining industry, and the remainder deal morę speci- 
fically with the economic geology of certain districts. In the geologie 
papers emphasis is laid on the conclusions kaying immediate interest 
to the miner. These conclusions aro discussed here briefły but will 
be morę fully treated in reports now in preparation. The need of 
prompt publication roąuires that the illustrations in this yolume be of 
the simplest kind.



ADMINISTRATIYE REPORT.

B y  A lfred  H. B rooks .

IN T R O D U C T IO N .

Twelve parties were engaged during 19] 5 in Alaska surveys and 
inyestigations. Tlie lcngtli of the field season varied from three to 
eight montlis, bcing determined both by the needs of the work and by 
tho climatic conditions- prevailing in different parts of the Territory. 
Tlie parties inclnded 10 geologists, 4 topographers, 1 engineer, and 30 
packers, cooks, and other auxiliaries. In addition to these, sonie 
gage readers were employed, who gave only part of their time to tho 
work. Six of the parties were engaged in geologie work, 2 in both 
geologie and topographic surveys, 2 in topographic suryeys, and 
2 in inyestigating water resources.

Tlie area coyered by geologie reconnaissance suryeys, on a scalę of 
1:250,000 (4 miles to the inch), was 10,700 sąuare miles; by detailed 
geologio suryeys, on a seale of 1:62,500 (1 mile to the inch), 200 
sąuare miles. Much of the time of the geologists was devoted to the 
inyestigation of special field problems in the principal mining dis- 
tricts, the results of which can not be presented areally. About-
10,400 sąuare miles were coyered by topographic reconnaissance sur­
yeys, on a scalę of 1:250,000 (4 miles to the inch), and 12.5 sąuare 
miles by detailed topographic suryeys, on a scalę of 1:24,000 (2.64 
miles to the inch).

In cooperation with the Forest Seiwice the inyestigation of water 
powers of southeastern Alaska was begun in May, and during the 
summer eight automatic gaging stat-ions were installed and main- 
tained until the close of the year. Records of discharge were also 
kept at another station.

To state tlie work geographically, three parties worked in south­
eastern Alaska, one in the Copper I!iver basin, one on Prince William 
Sound, two in the Cook Inlet-Susitna region, three in the Yukon 
basin, one in the Yukon-Kuskokwim region, while one was engaged 
in generał inyestigations which included southeastern Alaska, the 
Yukon basin, and Seward Peninsula.

Among the important results of the year was a reconnaissance 
survey of the upper Chitina basin, the completion of the detailed

7
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geologie suryey of the Yaldez district, the exploration of the Cosna- 
Nowitna region, and the tying together of the reconnaissance suryeys 
of the Ruby, Innoko, and Iditarod distriets.

Tlie following tablo shows the aUotments, including both field and 
office work, of the to.tal appropriation of $100,000 for the fiseal year 
1916 to the regions investigated. In addition to this a balance of 
about $11,000 from last year’s appropriation was expended in equip- 
ping the parties for the season’s field work. In preparing this table 
the generał office expenses are apportioned to the several allotments, 
account being taken of yariations in character of work. The results 
are expressed in round numbers. The “ generał inyestigations” in- 
clude, among other things, the cost of collecting minerał statistics 
and of office work relating to the field inyestigations of previous 
seasons. A balance of about $6,000 will be utilized for eąuipping the 
field parties in 1916.

^Approximate geographic distribution o f appropriation for Alasha inyestigations, 1915.

Southeastern Alaska.......................
Copper River...................................
Prince William Sound...................
Cook Inlet region............................
Yukon and Kuskokwim basins...
General inyestigations...................
To be allotted to field work, 1916

$16,300 
10,400
5.000

13.500
40.500 
8,300
6.000

100,000

In the following table the approximate amount of money deyoted 
to each class of inyestigations and surveys is indicated. It is not 
possible to give the exact figures, as tlie same party or even the same 
man may liave carried on the different kinds of work, but this state- 
ment will serve to elucidate a later table, which will summarize the 
eomplete areał surveys.

Approximate allotments to different kinds of suryeys and inyestigations, 1915.

Geologie reconnaissance suryeys........................................................ $28,000
Detailed geologie suryeys.................................................................... 3, 800
Special geologie inyestigations........................................................... 9, 600
Reconnaissance topographic suryeys................................................  26,000
Detailed topographic suryeys............................................................. 3,000
Water-resource inyestigations............................................................  5,000
Collection of minerał statistics........................................................... 1,300
Miscellaneous, including administration, inspection, clerical sal-

aries, office supplies and eąuipment, and map compilation...  17, 300
To be allotted to field work, 1916..................................................... 6,000

foo, 000
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AUołments for salaries and field expenses, 1915.

Scientific and technical salaries......................... ............................... $35,918
Field expenses....................................................................................... 42, 332
Clerical and other office and miscellaneous expenses...................  15,750
To be allotted to field work, 1916..................................................... 6,000

100,000

The following table exhibits the progress of investigations in Alaska 
and the annual grant of funds sińce systematic surveys were begun 
in 1898. It should be noted tliat a yarying amount is spent each 
year on special investigations that yield results which can not be 
expressed in terms of area.

Progress of surveys in Alasha, 1898-1915.

Areas covered by 
geologie surveys.

Areas covered by  topographic 
surveys.o Inves-

tiga-
tions

of
water

re­
sources
(gaging

sta-
tions
main-
tained
part

of
year).

Year. Appro-
priation.

Ex- 
plora- 
tory 
(scalę 
1:625,- 
000 or 

1:1,000,- 
000).

Recon-
nais-
sance
(scalę
1:250,-
000).

De-
tailed
(scalę
1:62,-
500).

Ex- 
plora- 
tory 
(scalę 
1:625,- 
000 or 

1:1,000,- 
000).

Recon-
nais-
sance
(scalę
1:250,-

000;
200-foot

con-
tours).

De- 
tailed 
(scalę 
1:62,- 
500 
and 

largfcr; 
25, 50, 
or 100 
foot 
con- 

tours).

Lines
of

levels.

Bench
marlcs

set.

$46,189 
25,000

Sq. m. 
9 500

Sq. m. Sq. m. Sq. m. 
12,840 
8,690

Sq. m. 
2,070

Sq. m. M iles.

6; 000 
3,300 6,700 

5,800
'630 11,150

60,000 
60,000 
60,000 
60,000 
80 000

6,200 10,200 
8,330

5,450
6,950
5.000 
4,050
4.000

10,050 
8,000

11,970 96
96 15,000 

6,4803,500 
4,100

800 480 86 19
536 4,880 787 202 28

80,000 
80,000 
80,000

5'000 4,000 
1,400

421 13,500 
6,120

40 14
2,600 
2,000 
6,100

442 501 95 16 48
2,850 604 3,980 427 76 9 53

90,000 
90 000

5,500 
8,635 

10,550 
2,000 
2,950 
7,700

450 6,iÓÓ 5,170
13,815

444 81
321 36 69

100,000 8,000 496 li ;  460 246 68
90,000 525 298 69

100,000 
100,000 
100,000

3,500 180 3,400
600

2,535 
10,300 
10,400

287
1,000 325 10

10,700 200 12 3 2 9

1,361,189 73,200 94,435 4,596 51,680 137,280 3,664 453 74

P ercen ta g e  of 
total area of

12.48 16.10 0.78 8.81 23.41 0.62

a The Coast and Geodetic Survey, International Boundary Survey, and General Land Office liave also 
madę topographic surveys in Alaska. The areas coyered hy tliese surveys are ot course not included in 
these totals.

G E O G ItA P IIIC  DISTRIBTTTIO N  O F IN V E S T IG A T IO N 8 . 

GENERAL WORK.

The wri ter was engaged in office work until July 9, when ho started 
for Alaska. He held a conference with Mr. Canfield at Ketchikan, 
and deyoted 10 days to the study of the geology and minerał resources
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of the Iditarod district, five days to the Hot Springs district, and 
sixteen days to the Fairbanks district. He retumed to Washington 
October 14.

During the calendar year 1915 the writer deyoted 46 days of his 
time in the ofhce to geologie studies, 24 days to writing the progress 
report, 18 days to reading and revising manuscripts, 15 days to 
minerał statistics, 15 days to work of yarious committees, 9 days to 
field plans, and 8 days to preparation of the annual press bulletin 
on mining in Alaska.

To G. A. Waring was assigned the task of making a reconnais- 
sance of the morę accessible minerał springs of Alaska. He carried 
on field work in southeastern Alaska from June 15 to July 2, in the 
Yukon basin from July 10 to August 17, and in Seward Peninsula 
from August 28 to September 9. During this time he inyestigated 
18 hot springs and 5 other springs and collected 27 samples of sur- 
face waters. A report of results has been submitted for publication.1

G. C. Martin and A. G. Maddren were engaged the entire year in 
office work. This respite from field work was necessary owing to 
the accumulation of a large amount of field data tliat had not been 
completely worked up. Mr. Martin was engaged chiefly in continu- 
ing his studies of the Mesozoic stratigrapliy of Alaska, and Mr. 
Maddren was employed in preparing reports on the lower Kusko- 
kwim region and on the international boundary region of northeastern 
Alaska.

Tl. H. Sargent continued the generał superyision of the Alaska 
topographic suryeys and map compilation in addition to carrying on 
his own field work.

E. M. Aten continued as office assistant to the geologist in charge 
and superyised the office work during the writeris absence in the 
field. He also continued to assist in collecting statistics of produc- 
tion of precious metals in Alaska.

SOUTHEASTERN ALASKA.

The detailed topographic survey of the region adjacent to Juneau 
was continued by D. C. Witherspoon. Field work was begun on May 
12 and continued, so far as weather permitted, until October 7. The 
large scalę adopted for this base map (1 : 24,000, or about 2.64 inches 
to the mile), the rugged character of the country, and the yegetation 
all combine to make the work exceedingly difficidt. In spite of the 
adverse conditions Mr. Witherspoon completed the mapping of 12.5 
square miles. He also occupied 16 triangulation stations, ran 3 
miles of leyels, and set two permanent bench marks.

i Waring, G. A ., Minerał springs of Alaska, with a report on the ąuality o f surface waters by  R. B . Dole 
and A. G. Chambers: U. S. Geol. Survey Water-Supply Taper 418 (in preparation).
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Tłio systematic geologio suryey of the Ketchikan district, begun in 
1913 but interrupted in 1914, was continued in 1915 by Theodore 
Chapin. Field work was begun on May 16 and continued until Oc.to- 
ber 23. A gasoline launch was used for transportation, and about 420 
sąuaro raiłeś was covered, besides wbich special inyestigations of 
minerał resources were madę. Some of the results are summarized 
elsewhere in this yolume.

Under a cooperative agreement with the Forest Seryice the investi- 
gation of the water powers of southeastern Alaska was begun in 1915. 
G. H. Canfield, who had charge of this work, established his head- 
ąuartors at Ketchikan in May and continued the water measurements 
throughout the rest of the year. Eight automatic gaging stations 
and one other station were installed, in addition to which many mis-' 
ccllaneous measurements were madę. Records of stream flow will 
have to be obtained through a period of years before accurate data on 
run-off are ayailable.

Meanwhile the records thus far obtained are not without value and 
are summarized elsewhere in this yolume. Many members of the 
Forest Seryice haye aided in this work, but special acknowledgment 
should be madę to William G. Weigle, superyisor at Ketchikan, and 
to Leonard Lundgren, district engineer at Portland, Oreg.

COPPER RIVER  REGION.

Though much the largor part of the Copper River basin had been 
covered by reconnaissance suryeys and some detailed geologie suryeys 
had been madę, there still remained a considerable aroa in the upper 
Chitina basin, which was geologically unknown. F. H. Moffit, 
assisted by 11. M. Overbeck, was detailed to this inyestigation. A 
journey was madę with pack train up the north side of the Chitina 
Valley to a point within 10 milos of the international boundary. Field 
work began on June 20 and ended September 25, and a geologie recon­
naissance of about 900 sąuare miles was completed. The topographic 
map madę by the International Boundary Commission was used as a 
base and was supplemented by topographic reconnaissance suryeys of 
an adjacent area of about 360 sąuare miles. The economic results are 
summarized in this yolume, and the complete report is in preparation.

PRINCE WILLIAM SOUND.

The detailed geologie suryey and study of minerał resources of the 
Port Yaldez district, begun in 1914, was completed in 1915 by B. L. 
Johnson. He began field work on June 5 and continued it until 
October 25. His report is now in preparation.



COOK INLET-SUSITNA REGION.

The construction of the Government railroad from Seward to 
Fairbanks has led to a demand for information about the tributary 
regions. Most of these had been rnapped and inyestigated in pre- 
vious years, but tliere were some areas east of Knik Arm and in the 
Talkeetna Mountains about which little was known. Two parties 
were detailed to explore those regions.

J. W. Bagley devoted the early part of the season to extending 
the topographic reconnaissance north of the previously mapped 
areas in the Talkeetna Mountains over an area of 835 sąuare miles. 
He also suryeyed an area of 150 sąuare miles in the Knik and Turn- 
again Arm region. Pack-train transportation was used, and field 
work began on June 6 and continued until September 5. Mr. Bag- 
ley’s suryeys were much hampered by the smoke of forest fires in 
the early part of the season, and later he lost nearly three weeks 
because of the nondeliyery of some supplies, owing to an accident 
tliat was caused hy no fault of the contractor.

S. R. Capps, with a pack train and two men, studied the geology 
of the Knik and Turnagain Arm region, iiwestigating the geology 
of an area of about 1,200 sąuare miles. From June 14 to September 
12 was deyoted to field work, but about a week of this time was spent 
in inyestigating the mining deyelopments of the Willow Creek district. 
The results of Mr. Capps’s work are presented elsewhere in this yolume.

YTJKON AND KTTSKOKWIM BASINS.

The generał features of the geology of the upper part of the Yukon 
basin in Alaska are fairly well known through the yarious recon­
naissance suryejrs that have been madę in the past. At best, how- 
eyer, the stratigraphic seąuence and structure have been determined 
only on broad generał lines, and present knowledge contains many 
gaps which are fatal to correlation. Owing to the rapid mining 
development a morę detailed knowledge is imperatiye. As a pre- 
liminary measure some stratigraphic and structural studies of this 
region were undertaken in 1915 by Eliot Blackwelder. The work 
was done by a boat trip from Eagle to Circle and thence with pack 
train to the White Mountains, 100 miles to the Southwest. The 
vyork was considerably hampered by the loss of the pack train in 
midsummer, but some significant stratigraphic and structural results 
were achieved. The return to the Yukon was madę hy raft down 
Beaver and Birch creeks, and it was thus possible to make traverses 
of those streams, whose courses through the fłats were previously 
unknown. The geologie results are to be summarized in a publica- 
tion now in preparation.

Before the surveys of 1915 much of the area lying between the 
Ruby district, on the Southwest, and Tanana River, on the northeast,

12 MINEBAL BESOTJBCES OP ALASKA, 1915.
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was practically unknown. H. M. Eakin was assigned to the work of 
exploring this field. He left the mouth of Cosna Riyer, a Southern 
tributary of the Tanana, with a pack train on June 16 and carriod 
a geologie and topographic exploratory suryey northwest to the 
Nowitna. Here the horses were shot, and the party continued the 
journey to the Yukon on a raft, arriving there on Septemher 3. 
Though he liad no technical assistance, Mr. Eakin madę geologie 
exploratory suryeys of an area of 2,600 sąuare miles and topographic 
suryeys of an area of 3,000 sąuare miles.

A large area was also suryeyed in the region including the Huby 
district on the north and Iditarod on the Southwest and extending 
southeastward to the mouth of Takotna River, a tributary to the 
Kuskokwim. The northern party in this field, which included C. E. 
Giffin, topographic engineer in charge, with G. L. Harrington as geol- 
ogist, covered some 2,400 sąuare miles by geologie and topographic 
reconnaissance suryeys, besides revising the old surveys of some 1,600 
sąuare miles. The traveling was done by pack train and the field 
season extended from June 11 to September 11. R. H. Sargent, 
topographic engineer, had charge of the Southern party, with J. B. 
Mertie as geologist, and worked from June 13 to September 7. This 
party madę topographic and geologie reconnaissance suryeys of 3,520 
sąuare miles and revised the previous suryeys of 490 sąuare miles. 
This work was accomplished between June 13 and September 7.

C O L L E C T IO N  O F S T A T IS T IC S .

The collection of statistics of precious-metal production was 
continued by the writer, assisted by different members of the field 
staff but principally by Mr. Aten, as in preyious years. Minę opera­
tora have shown an inereasing interest in this work by fumishing 
statements of minerał production. There are still some who fail to 
make returns, thereby decreasing the accuracy of the figures on 
production for the different distriets. Fortunately other sources 
of information are available, and, thanks to the public spirit shown 
by many residents of the Territory, it is possible to obtain data on 
which reliable estimates of minerał production can be basod. Until 
all the minę operatora make returns, however, it is not possible to 
obtain entirely accurate figures. The delinąuents are chiefly placer 
minera, for practically all the gold and copper lode operatora make 
annual returns on output. As has been the practice in the past, 
a press bulletin was issued on the first of January summarizing the 
estimates of minerał production and mining deyelopmonts of the 
preyious year. Though the figures on production then published 
vary somewhat from the finał figures included in this report, yet they 
were near enough to the truth to serye the immediate purpose of those
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interested in the mining industry of Alaska. The prompt publica- 
tion makes the data available when they aro most needed.

P U B L IC A T IO N S .

During 1915 the Survey published one professional paper, six 
bulletins, and one water-supply paper relating to Alaska. Another 
water-snpply paper was published in February, 1916. In addition, 
two bulletins are in press, and ten reports, including this volume, 
were in progress at the end of the year. Eight topographic maps 
were pubhshed during the year, and three others are in press.

REPORTS ISSU ED .

Professional Paper 87. Geology and ore deposits of Copper Mountain and Kasaan 
Peninsula, Alaska, by C. W. Wright; including detailed geologie and topographic maps.

Bulletin 576. Geology of the Ilanagita-Bremner region, Alaska, by F. II. Moffit; 
including topographic and geologie reconnaissance maps.

Bulletin 587. Geology and minerał resources of Kenai Peninsula, Alaska, by G. C. 
Martin, B. L. Johnson, and U. S. Grant; including geologie and topographic recon­
naissance maps.

Bulletin 605. The Ellamar district, Alaska, by S. R. Capps and B. L. Johnson; 
including detailed geologie and topographic maps.

Bulletin 607. The Willow Creek district, Alaska, by S. R. Capps; including 
detailed geologie and topographic maps.

Bulletin 60S. The Broad Pass region, Alaska, by F. H. Moffit, with sections on 
Quaternary deposits, igneous rocks, and glaciation by J. E. Pogue; including geo­
logie and topographic reconnaissance maps.

Bulletin 622. Minerał resources of Alaska: Report on progress of investigations in 
1914.

Water-Supply Paper 342. Surface water supply of the Yukon-Tanana region, 
Alaska, by  C. E. Ellsworth and R. W. Dayenport; including topographic reconnais- 
sance maps.

REPORTS IN  PR ESS.

Water-Supply Paper 372. A water-power reconnaissance in south-central Alaska, 
by  C. E. Ellsworth and R. W. Davenport. (Published February 4,1916.)

The Chisana-White River district, Alaska, by S. R. Capps (Bulletin 630). 
TheYukon-Koyukuk region, Alaska, by H. M. Eakin (Bulletin 631).

REPORTS IN  PREPARATIO N .

Geology of the Glacier Bay and Lituya region, Alaska, by F. E. Wright and C. W. 
Wright; including geologie reconnaissance map.

Geology of the region along the international boundary from Porcupine River to the 
Arctic Ocean, by A. G. Maddren; including detailed geologie map.

The upper Matanuska basin, by  G. C. Martin.
The antimony deposits of Alaska, by Alfred H. Brooks (Bulletin 649).
The minerał springs of Alaska, by G. A. Waring (Water Supply Paper 418).
The Kotsina-Kuskulana district, by F U. Moffit.
The Lakę Clark-Central Kuskokwim region, by Philip S. Smith.
The lower Kuskokwim region, by  A. G. Maddren.
The Nelchina-Susitna region, by Theodore Chapin.



ADMIKISTRATIYE REPORT. 15

TOPOGRAPHIC MAPS ISStTED.

General map of Alaska, by R. II. Sargent; scalę, 1:500,000. Sale edition.
Port Yaldez district, by  J. W. Bagley and C. E. Giffin; scalę, 1:62,500; contour 

interyal 50 feet. Sale edition.
Index map of Alaska; including list of publications; scalę, 1:5,000,000.
Kenai Peninsula, by R. H. Sargent and J. W. Bagley; scalę, 1:250,000; contour 

interyal 200 feet. (Platę II, Bulletin 587.)
Moose Pass and yicinity, by  J. W. Bagley; scalę, 1:62,500; contour interyal 50 feet. 

(Platę IV, Bulletin 587.)
Willow Greek district, by  C. E. Giffin; scalę, 1:62,500; contour interyal 100 feet. 

(Platę II, Bulletin 607.)
Ellamar district, by R. H. Sargent and C. E. Giffin; scalę, 1:62,500; contour 

interyal 100 feet. (Platę I, Bulletin 605.)
Broad Pass region, by  J. W. Bagley; scalę 1:250,000; contour interyal 200 feet. 

(Platę I, Bulletin 608.)
TOPOGRAPHIC MAPS IN PR ESS.

Lower Matanuska Yalley, by R. H. Sargent; scalę, 1:62,500; contour interyal 
50 feet. Sale edition.

Chisana-White River district, by C. E. Giffin; scalę, 1:250,000; contour interyal 
200 feet. (Platę I, Bulletin 630.)

Yukon-Koyukuk region, b y l i .  M. Eakin; scalę, 1:500,000; contour interyal 400 feet. 
(Platę I, Bulletin 631.)



THE ALASKAN MINING INDUSTRY IN 1915.

B y  A lfred  H . B rooks.

G E N E R A L  F E A T U R E S .

The Alaskan mining industry as a whole was morę prosperous in 
1915 than in any previous year. This is indicated by the yalue of the 
total minerał output, which was $32,854,229, compared with 
$19,065,666 for 1914. The highest yalue for any previous year was 
in 1906, when Alaska produced $23,378,428 worth of minerals, but 
this was at a time when the bonanza placers of Fairbanks and Nome 
were yielding their greatest returns. Though the high yalue of the 
minerał production of 1915 was due for the most part to an enormous 
copper output, which was moro than four times that of the previous 
year, yet the mining of gold, silver, and other minerał products also 
incrcased. The gold output of the placer mines was less than in the 
previous year, but this decrease wras morę than madę up by the in- 
crease in gold output of the lode mines.

The enormous expansion of the copper-mining industry was 
directly due to the high price of copper, yet it should be noted that 
this expansion was possible only because of the large developments 
that have been under way for seyeral years. It augurs well for the 
futurę of the industry that the Alaska copper mines are now suffi- 
ciently developed to take advantage of the market conditions of 
last year by producing so large a tonnage.

There were also during 1915 marked advances in the Alaskan 
auriferous lode mining industry. As in preyious years, the gain was 
madę principally in southeastern Alaska and especially in the Juneau 
district, though progress was also madę in some of the other fields. 
The inland gold-lode camps are, however, as yet too isolated to per- 
mit extensiye lode development, which must await the completion 
of railroads.

Most of the important placer camps are also in the inland region, 
and these have not yet reacted to the stimulus of railroad construc- 
tion. Some of the smaller placer camps madę notable gains in 
output, as compared with the preyious year, yet these gains were 
morę than offset by the decline in production from some of the morę 
important Yukon districts. There are in the interior large areas of 

16
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gold-boariiig gravel whose values aro too Iow to permit profitable 
exploitation under the present high operating costs. Until cheaper' 
transportation and fuel lessen these costs the placer output will 
probably continue to dechne.

The high prices of tin, antimony, tungsten, and other metals 
stimulated the search for and development of deposits containing 
these minerals. Besides the tin production, which was about the 
same as in preyious years, during 1915 considerable antimony ore 
was shipped from Fairbanks and Korne—the first antimony to be 
produccd in Alaska. In the Fairbanks district the deyelopment of a 
vein carrying tungsten (scheelite) was begun.

Some investigations and preparations were madę for the mining of 
high-grade Alaska coal under the new leasing law. A  little lignitic 
coal was mined under the permit system provided by this law, but as 
yet no large coal-mining enterprises have been begun. With the 
deyelopment of the coal fields wdiich is now assured the metalliferous 
mining industry will receiye a great stimulus.

In addition to the minerals mentioned above, marble, gypsum, 
barite, and petroleum were produced on about the same scalę as in 
previous years. Some deyelopment work was done on deposits of 
molybdenite, chromie iron ore, and graphite, but so far as known 
these minerals were not produced on a commercial scalę.

The statistics for Alaska’s minerał production in 1914 and 1915 
are given in the subjoined table. The output of marble, gypsum, 
Petroleum, barite, and garnet is given as a single item because a 
separate listing might reveal the production of indiyidual properties.

Minerał output o f Alaska, 1914 and 1915.

1914 1915 Increase in 1915.

Quantity. Value. Quantity. Value. Quantity. Value.

Gold..........................fine ounces..
Silver....................................d o___
Coppcr............................ pounds..
T in ............. tons of mctallic t in ..
Antim ony___tons of crude ore ..
Lead........................... short tons..

762,596 
394,805 

21,450,628 
104

28

815,764,259 
218,327 

2,852,934 
66,560

1,344

807,966 
1,071,782 

86,509,312 
102 
833 
437 

1,400

816,702,144 
543,393 

15,139,129 
78,846 
74,000 
41,118 
3,300 

272,299

45,370 
676,977 

65,058,684 
a 2 
833 
409 

1,400

8937,885 
325,066 

12,286,195 
12,286 
74,000 
39,774 
3,300 

110,057Marble, gypsum, petroleum, etc. 162,242

19,065,666 32,854,229 13,788,563

a Decrease.

Productiye mining began in Alaska in 1880, when the Juneau gold 
placers were first exploited. It is estimated tłiat sińce tliat time 
minerał wealth has been produced to the value of morę than 
$300,000,000. This output, by years and substances, is summarized 
in the following table:

41354°— B u li .  642— 1G- 2
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Value of total minerał production of Alaska, 1880-1915.

By years.
/

By years. By substances.

1880-1890.......................$4,686,714
1891 ............................. 916,920
1892 .................. 1,098,400
1893 .................. 1,051,610
1894 .................. 1,312,567

1904 ...............  $9,569,715
1905 ...............  16,480,762
1906 ...............  23,378,428
1907 ...............  20,850,235
1908 ...............  20,145,632
1909 ...............  21,146,953

Gold............................. $260,858,943
Silver.......................... 2,821,911
Copper........................  34,919,581
T in .............................  458,852
Antimony.................. 74,000

1896 ................................ 2,981,877
1897 .................. 2,540,401
1898 .................. 2,587,815
1899 .................. 5,706,226
1900 ................................ 8,241,734
1901 .......i ......... 7,010,838
1902 .................. 8,403,153
1903 .................. 8,944,134

1910 ...............  16,887,244
1911 ...............  20,691,241
1912 .............................  22,536,849
1913 ...............  19,476,356
1914 ...............  19,065,666
1915 ...............  32,854,229

Coal............................  365,’ 833
Marble, gypsum, Pe­

troleum, etc............ 1,346,371

300,953,751

300,953,751

G O L D , S IL V E R , A N D  CO PPER.

The following tablo gives an estimate of the total production of 
gold, silyer, and coppcr sińce the beginning of mining in 1880. For 
the earlier years, especially for silyer, the figures are probably far 
from being correct, but tliey are based on the best information now 
ayailable.

Gold, silver, and copper produced in Alaska, 1880-1915.

1880.
1881.
1882.
1883.
1884.
1885.
1886.
1887.
1888.
1889.
1890.
1891.
1892.
1893.
1894.
1895.
1896.
1897.
1898.
1899.
1900.
1901.
1902.
1903.
1904.
1905.
1906.
1907.
1908.
1909.
1910.
1911.
1912.
1913.
1914.
1915.

Gold. Silver. Copper.

Quantity
(fine

ounces).
Value.

Quantity
(fine

ounces).
Commer- 

cial value.
Q,uantity
(pounds). Value.

967 
1,935 
7,256

$20,000 
40,000

150.000
301.000

3,933 $826

14;561 
9,728 10,320 $11,146201,000

14,512 
21,575 
32,653 
41,119
43.538 
36,862
43.538 
52 245

300.000
446.000
675; 000
850.000
900.000
762.000
900.000 

1,080,000 
1,038,000 
1 282,000

2,320 2,181
8,000
7,500

7; 490
6,071

8,000 
8,000

7; 920
7 ; 000
6,5708', 400 

22,261 
67,200 

145,300 
116,400 
92,400 

140,100 
73,300 
47,900 
92,000 

143,600 
198,700 
132,174 
203,500 
149, 784 
135,672 
147,950 
157,850 
460,231 
515,186 
362,563 
394,805 

1,071,782

62,017 
112,642 
138,401 
118,011 
121,760 
270,997 
395,030 
335,369 
400,709 
420,069 
443,115 
756,101 

1,066,030 
936,043 
933,290 
987,417 
780,131 
815,276 
829,435 
755,947 
762,596 
807,966

14,257
2,328,500 
2 861,000

44,222
99; 087 
70,741 
54,575 
84,276

2^439,500 
2 517,000
5.602.000
8.166.000 
6,932,700 
8,283,400 
8,683,600 
9,160,000

15,630,000 
22,036,794 
19,349,743 
19,292,818 
20,411, 716 
16,126,749 
16,853,256 
17,145,951 
15,626,813 
15,764,259 
16,702,144

45; 494 
28,598 
48,590 
77,843 

114,934 
80,165 

136,345 
98,857 
71,906 
76,934 
85,239 

243,923 
316,839 
218,988 
218,327 
543,393

250.000
360.000 

1,200,000 
2,043,586 
4,805,236 
5,871,811 
6.308, 786 
4,585,362 
4,124,705 
4,241,689

27,267,878
29,230,491
21,659,958
21,450,628
86,509,312

40,000 
41,400 

156,000 
275,676 
749,617 

1,133,260 
1,261,757 

605,267 
536,211 
538,695 

3,408,485 
4,823,031 
3,357,293 
2,852,934 

15,139,129

12,619,050 260,858,943 4,923,288 2,821,911 219,913,375 34,919,581
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In tho subjoined table the total gold production is distributed 
according to districts so far as tbe information at hand will permit. 
The orror in distribution of total production preyious to tho year 1905, 
when the systcmatic collection of statistics on Alaska’s minerał 
output was bcgun, is belioved to be less than 10 per cent. Complete 
statistical returns from all producers are not cven now available 
so that tliere is probably still some error in the distribution of the 
totals to the yarious districts. This error, however, is believcd to 
bo less than 3 per cent, and it is hoped that in the futurę it may be 
eliminated altogether.

The gold produced in tho Pacific coast bclt is derived chiefly from 
lodes in southeastern Alaska and the Prince William Sound region, 
but includes a smali output from gold placers. Preyious to 1885 the 
placers of the Juneau district yielded considerable gold, and sińce 
1899 the Porcupine placer district, in southeastern Alaska, has boen 
a smali producer. The beach placem along the Pacific seaboard have 
been worked spasmodically sińce about 1888,

Up to 1909 all tho gold from the Coppcr Kiver and Cook Inlct 
region was dorived from gold placers; sińce then there has been a 
considerable output from the auriferous lodes of Willow Creelt and 
a smaller output from those of Kenai Peninsula. The gold output 
of Scward Peninsula is practically all doriyed from placers, though 
there has been a little lode mining. Since 1910 there has been a 
smali lode production from the Fairbanks district, which in 1915 
amóunted to about 7.5 per cent of the total.

Some gold lias been rocovered each year sińce 1910 from placers 
in the lowcr Kuskokwim basin. In the table which follows, this 
is included in the output of the Yukon basin. It should be noted 
that the gold output credited to the Yukon is only that from the 
Alaska camps and of course does not include that of the Klondike 
and other Canadian districts.

Value of gold produced in Alaska, with approximate distribution, 1880-1915.

Year. Pacific coast 
bclt.

Copper River 
and Cook Inlet 

region.
Yukon basin.

Scward Pcnin- 
sula and 

northwestern 
Alaska.

Total.

1880............ $20,000 
40,000

150.000
300.000
200.000
275.000
416.000
645.000
815.000
860.000
712.000
800.000
970.000
838.000
882.000 

1,569,500

$20,000
40,000

150.000
301.000
201.000
300.000
446.000
675.000
850.000
900.000
762.000
900.000 

1,080,000
1.038.000
1.282.000 
2,328,500

1881...................
1882..............................
1883..................... $1,000

1,000
25.000
30.000
30.000
35.000
40.000
50.000 

100,000 
110,000 
200,000
400.000
709.000

1884..........................
1885............................
1886..........................
1887.................................
1888..................................
1889.................................
1890...............................
1891..................................
1892.................................
1893.................................
1S94.................................
1895................................. $50,000
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Value o f  gold produced in Alaska, with approximate distribution, 1880-1915—Contd.

Year. Pacific coast 
belt.

Copper River 
and Cook Inlet 

region.
Yukon basin.

Seward Penin- 
sula and 

northwestern 
Alaska.

Total.

1896................................. $1,941,000 
1,799,500

$120,000 
175,000

$800,000 
450,000

$2,861,000 
2,439,5001897.................................. $15, ÓÓÓ

1898................................. 1,892,000 150,000 400,000 75,000 2,517,000
1899................................. 2,152, (K)0 150,000 500,000 2,800,000 5,602,000
1900................................. 2,606,000 160,000 650,00O 4,750,000 8,166,000
1901................................. 2,072,000 180,000 550,000 4,130,700 6,932,700
1902................................. 2,546,600 375,000 800,000 4,561,800 8,283,400
1903................................. 2,843,000 375,000 1,000,000 4,465,600 8,083,600
1904................................. 3,195,400 500,000 1,300,000 4,164,600 9,160,000
1905................................. 3,430,000 500,000 6,900,000 4,800,000 15,630,000
1906.................................. 3,454,794 332,000 10,750,000 7,500,000 22,036,794
1907................................. 2,891,743 275,000 9,183,000 7,000,000 19,3-19,743
1908................................. 3,448,318 401,500 10,323,000 5,120,000 19,292,818
1909................................. 4,264,716 265,000 011,580,000 4,302,000 20,411,716
1910.................................. 4,182,730 351,630 0 8,062,389 3,530,000 16,126,749
1911................................. 4,265,573 313,538 0 9,139,145 3,135,000 16,853,256
1912................................. 4,904,753 358,401 0 8,857,797 3,025,000 17,145,951
1913................... •............. 4,529,529 378,643 0 8,183,641 2,535,000 15,626,813
1914................................. 4,538,157 597,681 0 7,895,421 2,735,000 15,764,259
1915................................. 5,808,978 605,390 0 7,367,776 2,920,000 16,702,144

76,259,291 6,613,783 106,423,169 71,562,700 260,858,943

11 Includes a smali proportion from the Kuskokwim Łasin.

The subjoined table gives an estimate, based on tho best avail- 
able data, of the source of the gold and silver produced in Alaska 
sińce mining began in 18S0. About $65,100,000 worth of gold, or 
nearly one-third of the total estimatcd output, was produced before 
1905, and thero is but scant information about its source. For the 
period sińce that time fairly complete statistical returns are avail- 
able, and it is probable that the ligures presented in the following 
table are near enough to the truth to be valuable. The figures 
givcn for the silver recovered from placer gold and from siliceous 
ores are probably less accurate than those for tho gold. Copper 
mining did not begin in Alaska until 1901, and the figures for gold 
and silvcr derived from this industry, as now presented, are there- 
fore a close approximation to the actual output.

Estimate of sources o f gold and silver in Alaska, 1880-1915.

Gold. Silver.

Quantity. Value. Quantity. Valuc.

Fine ounccs. 
3,558,376 

53,588 
9,007,086

$73,558,164 
1,107,787 

186,192,992

Fine ounccs. 
986,188 

2,360,187 
1,576,913

$658,843 
1,295,233 

867,835
12,6i9,050 260,858,943 4,923,288 2,821,911

The above table shows that about 29 per cent of the total gold 
production of Alaska has been obtained from tho lode mines. In 
1915 the lode-gold production was 38 per cent; in 1914, 32 per cent;
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in 1913, 31.6 per cent; and in 1912, 29 per cent. These figures indi- 
cate a gradual transition from placer to lode mining. In tlie follow- 
ing table the production of precious metals in 1915 has been dis- 
tributed as to sources:

THE ALASKAN MINING INDUSTRY IN 1015. •

Sources o / gold, silver, and copper in Alaska, 1915. *

Total
quantity.

Gold. Silver. Copper.

Quantity. Value. Quantity. Value. Quantity. Value.

Tona. 
3,020,607 

309,600

Fine ounces 
293,588.99 

7,407.23 
500,970.00

$6,069,023 
153,121 

10,480,000

Fine ounces 
91,341 

897,839 
82,602

$46,310
455,204
41,879

Founds.

Copper ores........... 86,509,312 $15,139,129

3,390,207 807,996.22 16,702,144 1,071,782 543,393 86,509,312 15,139,129

Twenty-eight gold-lodo mines, including seyeral properties that 
mado only smali outputs, were operated the whole or a part of the 
year 1915 in Alaska, the same number as in 1914. Work was also 
done on many gold prospects, some of which produced a littlo gold. 
Of the producing mines thirteen were in southeastern Alaska, five 
on Prince William Sound, four in Kenai Peninsula, three in the 
Willow Creek district, and three in the Fairbanks district. In 1914 
the average valuo of the gold and silver contents for all the ores 
mined was $2.79 a ton; the average for 1915 was $2.02.

Thirteen coppcr mines were operated in Alaska for a whole or a 
part of the year 1915, compared with- six in 1914. Of these, six 
were in the Ketchikan district, four on Prince William Sound, and 
three in the Kotsina-Chitina district. The average coppcr eon tent 
of the ore was 11.7 per cent and the value of the gold and silyer 
rec.oyered about $1.65 to the ton. The ayerage for 1914 was 6.9S 
per cent of copper and $2.04 to the ton in gold and silyer.

It is estimated by Sumncr Smith, the Federal mino inspector for 
the Tcrritory of Alaska, that during the fiscal year ending June 30, 
1915, 4,400 men were engaged in lode mining.1 Though tliis figuro 
represents the fiscal and not the calendar year, it seryes to indicate 
approximatcly the number of men employed in 1915.

The value of the placer gold produced in 1915 was $10,480,000; 
in 1914 it was $10,730,000. Compared with the previous year therc 
was a decrease in the placer-gold output from the Puby, Hot Springs, 
Fairbanks, and Chisana districts and an inerease from the Seward 
Peninsula, Koyukuk, Circle, and Nizina districts, as well as from 
some of the smallor camps. It is estimated that about 700 placer 
mines were operated in 1915, but many for only a part of the season; 
the number was 730 in 1914. About 4,575 men were engaged in

1 Bur. Minos Fifth Ann. Rept., p. 54, 1915.
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productiye placer raining, most of them for only a smali part of the 
yoar. In addition at least 500 men were engaged in prospecting 
and otlier nonproductive work relating to placer mining.

No new placer districts were discovered in 1915, though new ground 
was opened np in regions previously known to be gold bearing. The 
most noteworthy of these operations was the development of placers 
in the Toloyana district, which is now productiye. Sonie placers 
were also dcvclopcd on Dimc Creek, in the southeastern part of 
Scward Peninsula and on Canyon Creek, in the lower Kuskokwim 
region.

In accordance with past practice a table is given here to show 
approximately the total bulk of grayel mined annually in Alaska 
and the yalue of the gold recovered. Tliis table is based on certain 
assumptions which do not now admit of proof but which are sup- 
ported by a large number of facts. Therefore, although the table 
is only approximately correct, it indicates the order of magnitude 
of the true figures.

Estimated amount of gravel sluiced in Alaska placer mines and value of gold recovered,
1908- 1915.

Year.
Total 

quantitv 
of gravel.

Valne of 
gold

recoyered 
per cubic 

yard.

Year.
Total 

ąuantity 
of gravel.

Value of 
gold

recoyered 
per cubic 

yard.

Cubic yards.
4.275.000
4.418.000
4.036.000
5.790.000

$3.74 
3.66 
2.97 
2.17

1912........................................
Cubic yards.

7.050.000
6.800.000
8.500.000
8.100.000

$1.70 
1.57 
1.26 
1.29

1913........................................
1910 1914........................................
1911 1915......................................

The inerease in value of gold recoyered per cubic yard from $i.26 
in 1914 to $1.29 in 1915, as shown in the above table, is a reflection 
of the fact that the dredging industry of the Seward Peninsula lias 
declinod somewhat. This inerease, though very slight, is significant 
as being the lirst in the eight years shown in the table, improyed 
methods of mining haying proviously gradually reduced the average 
recoyery per cubic yard. In other words, the larger plants have 
madę it possible to mino placers of lesser yalue. It is not to be sup- 
posed, however, that the minimum average recoyery has yet been 
reachod, for the value of $1.29 a cubic yard is many times the aver- 
age recoyery of placer mining in the States.

Thirty-five gold dredges were operated in Alaska during 1915. Of 
these 31 were on Seward Peninsula, 2 in the Iditarod district, 1 in 
the Fairbanks, and 1 in the Birch Creek district. Two of the Seward 
Peninsula dredges were working on placers containing both gold and 
tin. Two dredges engaged in tin mining oxclusively are not included 
in the aboye total, nor is a gold dredge which was installed and oper-



ated on Sixmile Creek, in Kenai Peninsula, for a short time during 
1915.

It is estimated that the gold dredges handled 4,600,000 cubic yards 
of gravel and mado a gold recoyery worth $2,330,000. In tlie pre- 
ceding year 42 gold dredges handled 4,450,000 cubic yards of grayel 
and recoyered gold to the value of $2,350,000. The average gold 
recoyery per cubic yard was tnerefore about 51 cents in 1915 and 50 
cents in 1914. The gold dredges of Seward Peninsula madę an aver- 
age recoyery of 35 cents a cubic yard in 1915 and 40 cents in 1914. 
Most of the dredges of the Yukon districts are working on placers 
of relatiyely high gold tenor, and their average recoyery in 1915 was 
about 80 cents a yard.

The dredges of Seward Peninsula that worked fuli time during 
1915 were operated about 100 days in the moro isolated cąmps, while 
at loast one near Nome was operated for 144 days. In the Alaska 
Yukon the dredging season, so far as determined by the few machines 
operated, is from 120 to 196 days. The large dredges of the Klon­
dike, where the climatic conditions are if anything less fayorable 
than in the lower Yukon basin, are operated for at least 180 days, 
and some liaye eyen worked for 270 days.

The following table, prepared by the Yukon Gold Co., summarizes 
the results of the first three years’ work of its dredge operated on 
Fiat Creek, in the Iditarod district:

THE ALASKAN MINING INDUSTKY IN 1915. 23

Results obtained by Iditarod dredge of Yulcon Gold Co.a

Season. Began. Ceased.

Yield. Operating cost.&

handled.
Total. Per cubic 

yard. Total. Per cubic 
yard.

1912.......................................... Aug. 15
May 8 
May 4

Oct. 29 
Nov. 25 
Nov. 11

172,333 
496,756 
668,737

$404,040 
827,420 
739,631

$2.34 
1.67 
1 .10ł

$79,114 
319,560 
335,825

$0.4591 
.6433 
.502

1913..........................................
1914...........................................

1,337,826 1,971,091 1.47 734,499 .548

« High yield of Iditarod dredge: Eng. and Min. Jour., vol. 99, p. 727, Apr. 24,1915. 
& Includes $50,000 a year depreciation.

A later statement1 covers the work of 1915:
The Iditarod dredge in Alaska began operations on May 4 and closed down on 

November 17. During this operating season of 19G days the dredge handled 920,956 
cubic yards for a gold return of $845,998, an average of .91.3 cents per cubic yard for 
the year. The ayerage cost, including depreciation, was 38.7 cents per cubic yard, 
which was lower than in 1914 by 11.5 cents per cubic yard. The yardage handled in 
1915 was 258,219 cubic yards greater than during the preyious season. The dredge 
operated 91.64 per cent of the possible time and ayeraged 4,717 cubic yards per day. 
The daily output of the dredge was 1,216 yards morę than during the 1911 season and 
was due to better dredging conditions and to improyement in the handling of sands.

1 Perry, O. B ., Dredging and hydraulicking in 1915 by  Yukon Gold Co.: Eng. and Min. Jour., vol. 101, 
p. 550, Mar. 25,1915.
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The percentage of naturally thawed ground increased onfy 49,953 sąuare yards, about 
36 per cent having to be thawed by steam. Sand elevators were installed on the 
Iditaroddredgeduringtheyeartoreplacethepumps preyiously inuseforthis purpose.

In view of the importance to the Alaska placer-mining industry of 
the development of economic methods of dredging frozen ground, 
the following extracts are given from a paper by the generał manager 
of the Yukon Gold Co.,1 who has had very extensive experience in this 
form of mining:

While the short season and seyere seryice have led to numerous improvements in 
detail and to increases in strength and size of the dredges and continue to offer problems 
which the dredge operator must meet, the greatest development in the Yukon as 
compared to the ordinary dredging operation has come in the handling of frozen 
ground. The heavy bedrock cncountered on the creeks and the necessity of digging 
it to considerable depth to recoyer the gold were in themselves serious matters. No 
experienced dredge operator would have thought, in the beginning, that any dredge 
could handle the bedrock which the machines are digging to-day with comparatiye 
ease. When the business was further complicated by haying large areas solidly frozen, 
the problem of dredging such areas at a profit became one of extreme difliculty. The 
results of attempts to dredge partly thawed areas and frozen bedrock were enough to 
show that the frozen condition must be completely changed before dredging could be 
successful. Necessity compelled the adoption of the present method of thawing, 
which is the deyelopment on a Wholesale plan of the method which was in use in the 
drift mines in the Klondike before dredges were thought of. Preparing the ground 
for dredging by thawing with steam was an entirely new feature of dredge mining, 
and the success of the method has madę millions of yards of gravel available for dredg­
ing which could not otherwise be worked at a profit.

The steam point as originally used was a short piece of f-inch pipę drawn down at 
one end to a point, with an orifice left for the steam to escape; the other or head end 
had a nipple welded to it for steam-hose connection. The point with steam turned 
on was gradually driven into the face of the drift, then allowed to steam until the bed­
rock and gravel were thawed to the height of the drift. From two to six points were 
used in each breast, spaced from 1 to 2 feet apart. This simple operation contained 
the essential features of the method whereby over 3,000,000 yards of gravel are now 
being thawed in a season.

In the thawing operation for dredging, the points are driyen from the surface down 
through muck and gravel and into the bedrock from 4 to 6 feet. The points are grad­
ually lengthened in practice, iirst to 24 feet, then to 30, and last season were being suc- 
cessiyely driyen 40 feet to bedrock. The points are madę up of triple extra heayy 
hydraulic pipę with drop-forged head and tool-steel tip. The smali boilers first used 
have been replaced by larger sizes until the boiler eąuipment now comprises eight 
plants with a total boiler horsepower of over 2,000. The 150-horsepower locomotiye 
type has been adopted as the unit, and the plants usually consist of a pair or sometimes 
three such boilers.

The preliminary work for the season takes the following form: (1) The dredgeable 
area ahead of each boat is barred for frost. From the bar-hole results the naturally 
thawed and frozen areas are blocked out. The bar tests are checked by drilling where 
thought necessary. (2) Surveyors “ pick u p ” the thawed areas, which are mapped, 
and planimeter measurements are madę of the frozen areas. (3) The estimated course 
of the boat is laid out for the year and its probable position calculated for each month 
of the season. (4) The total sąuare yards of frozen ground which the dredge will dig

i Perry, O. B., Deyelopment of dredging in the Yukon Territory: Eng. and Min. Jour., vo]. 100, pp. 
1042-1044, Dec. 20, 1915.
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in a season is measured from the map on which the season’s work is laid out, and the 
necessary wood for thawing is determined and its location decided.

The “ sweating” of the naturally thawed ground must also be taken into account. 
The duty per cord, both in thawing and in sweating, to dispose of the surface frost has 
been determined by experience. Knowing the sąuare yards of frozen ground to be 
thawed and the area of naturally thawed ground to be “ sweated” and the duty per 
cord of fuel, the total fuel reąuirement for the season is a siniple computation.

The thawing operation has been described elsewhere, so that I need only give the 
seąuence of events in a normal operation: (1) Steam-line boxes are strung out by 
horses, if they are available, otherwise men are used; (2) gooseneck boxes and headers 

' coupled on; (3) bar holes for starters put down; (4) starters used to thaw holes about 8 
feet deep; (5) starters pulled and long points placed in starter holes; (6) points driven 
down through gravel and into bedrock; (7) points allowed to steam in bedrock from 12 to 
4S hours, depending on the formation; (8) points pulled, clcaned, and straightened; (9) 
header moyed and starters put down and cyele begun again.

The improvements that have been madę in steam thawing sińce it was adopted for 
large-scale dredging operations are too many to attempł to detail in a short paper. 
They have taken the following generał lines: (1) Reduction in fuel; (2) inerease in 
efficiency of hoso and points; (3) reduction in cost of driying.

The fuel has been reduced by  improving the ąuality, redueing the radiation losses, 
purifying the feed water, and improying the combustion. Experiments were madę 
both with coal and fuel oil as a substitute for wood. The points have been greatly 
improved in materiał and manufacture, and the hose has been improyed in ąuality 
and its life inereased. Metal hose has been used for this work with success. The cost 
of driying has been reduced by improyemen t in the method of driying, correct spacing 
of points, and correct pressure and amount of steam.

The ąuestion most often asked in connection with dredging in the North is, What 
does it cost to thaw and dredge frozen ground? This is a diflicult ąuestion to answer on 
account of the wide yariation in conditions. Ali of the creek doposits contain some 
areas of naturally thawed ground. The percentage of frozen and thawed areas varies 
on the same stream, and still wider yariations occur from one stream to another. This 
yariation reflects itself in the cost per cubic yard, the cost going up or down as the per­
centage of frozen ground inereases or diminishes.

Another yariable factor is the cost of thawing or preparing the frozen ground for 
dredging. Thawing on Ilunker Creek, for example, is a much morę diflicult and ex- 
pensive operation than thawing on Bonanza. In 1911 the thawing for dredge No. 4 
on Ilunker Creek cost $2.18 per sąuare yard, as against $1.085 ahead of No. 5 on Bonanza. 
The depth being practically the same, the cost of thawing per cubic yard was twice as 
great in the one case as in the other. Purely local conditions goyern this cost, such as 
depth of ground, character of materiał, ease or difficulty in driying, time of steaming, 
cost of fuel, etc. Since the gold, practically speaking, is all confined to the bedrock, 
the cost per sąuare yard of bedrock thawed becomes the controlling factor in deter- 
mining what ground can be dredged at a profit and what must be left.

The appended tables show the thawing and dredging cost for the last six years of 
the Yukon Gold Co.’s operation. Table 4 shows the yariation in worldng cost for the 
different dredges in one season. As the conditions change, the dredge holding the 
lowest cost for one season may show the highest cost for the next. When the costs for 
the eight dredges are totaled and ayeraged the results over several seasons are remark- 
ably uniform.

While Table 1 shows a gradual reduction in the thawing cost, it does not reflect the 
improyement in efficiency, which has been marked. It is a rare occurrence now for a 
dredge to strike a piece of ground that is not thoroughly thawed. The improyement 
in this direction is shown by the gain in duty per dredge-hour, which inereased from 
162 cubic yards per hour in 1910 to 204 cubic yards per hour last year.
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T a b l e  1 .— Thawing cost, Yuhon Gold Co., 1909-1914.

Year.

Area worked.
Cost of thawing.

Total
(sąuaro
yards).

Frozen
(sąuare
yards).

Naturally thawed.

Total.
Per

sąuare
yard.

Sąuare
yards. Per cent.

1909................................................... 298,061 
396,837 
555,393 
692,522 
651,505 
586,737

212,903 
256,033 
432,693 
509,574 
445,624 
402,660

85,158 
140,804 
122, 700 
182,948 
205,881 
184,077

28.6
35.5 
22.1
26.4
31.6
31.4

$275,112 
500,689 
696,034 
804,854 
685,570 
602,174

$1.5571 
1.7727 
1.6166 
1.455 
1.546 
1.428

1910.....................................................................
1911.....................................................................
1912.................................................................
1913.....................................................................
1914..............................................................

T a b l e  2 .—Dredging and thawing costs, Yuhon Gold Co., 1909-1914-

Year. Cubic yards 
dredged.

Thawing cost per cubic 
yard.

Total cost 
per cubic 

yard 
(cents).Cents.

Percentage 
of total 

cost.

1909..................................................................... 2,381,880 
3,249,788 
4,151,249 
5,157,280 
5,133,575 
4,800,781

15.45 
14.14 
17.62 
15.02 
13.57 
12.18

48.37 
45.57 
49.72 
49.03 
45.94 
44.09

31.94 
31.09 
35.43 
30.64 
29.53 
27.62

1910.................................................................
1911.................. ................................................
1912..................................................................................

1914............................................................................................

T able  3.—Detail o f thawing costs, Yuhon Gold Co., 1913.

Total
expendi-

tures.

Cost per 
sąuard yard 

(cents).
Percentage 

of total 
cost.

$1,614.00 
289,195.38 
295,928.03 

1,722.16 
36,021.74 
23,180.50 
6,589.27 

198.00 
380.33 

30,731.37 
9.45

0.4
65.2
66.7

.4
8.1
5.2
1.5
.1
.1

6.9

0.23 
42.18 
43.17 

.25 
5.25 
3.38 

.96 

.03 

.06 
4.48 

.01

Fuel...............................................................................................................

Stables.................................................

685,570.23 154.6 100.00

Sępiare yards thawed, 443,507; number of points driven, 03,004; cost per point driven, $10.88.

T able 4.— Thawing and dredging costs ofindividual dredges of Yuhon Gold Co.

Dredge
No. Locality.

Percentage 
of area 

naturally 
thawed.

Thawing 
cost per 

cubic yard 
(cents).

Total cost 
per cubic 

yard 
(cents).

1 Bonanza Creek.................. ........................................................... 22.1 12.55 31.93
2 34.6
3
4 Ilunker Creek................................................................................ 7.2 17.95 32.11
5 Bonanza Creek.............................................................................. 44.8 12.34 27.01
6
8 Upper Bonanza Creek................................................................. 33.7 12.97 27.92
9 Eldorado Creek............................................................................. 58.6 7.49 21.16
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Some attempts at gold dredging were mado in Alaska as early as 
1900. This form of mining did not, howeyer, reach a prolltablo stage 
until 1903, when two smali dredges were successfully operated in 
Seward Peninsula. Dredging began in the Fortymile district in 1907 
and in the Iditarod, Birch Creek, and Fairbanks districts in 1912. 
Up to the end of 1915 gold to the value of $12,430,894 has been 
mined by dredges. The distribution of this output by years is 
shown in the following tablo:

Estimate o j gold produccd from dredge mining in Alaska, 1903-1915.

Year.
Number 

of dredges 
operated.

Value of 
gold out- 

put.
Year.

Number 
of dredges 
operated.

Value of 
gold out­

put.

1903........................................ 2 $20,000 1911............. 27 $1,500,000
1904........................................ 3 25,000 1912___ 38 2,200,000
1905. . 3 40,000 1913... 30 2 ,200' 000
1900........................................ 3 120,000 1914........................................ 42 2 .350' 000
1907........................................ 4 250!000 1915........................................ 35 2,330,000

4 170'901
1909........................................ 14 424,993 12,430,894
1910........................................ 18 800,000

T IN .

The Alaska mines produced 102 tons of metallic tin, valued at 
$78,846, in 1915, comparcd with 104 tons, yalued at $66,560, in 19-14. 
There was some increase in the output from the York district and a 
vcry decided falling off in the tin recoyered from the gold placer 
mines of the Hot Springs district. No lode tin was produced in 
1915, though developmonts of tin-bearing lodes continued. The sub- 
joined table shows the tin production of Alaska sińce mining began 
in 1902. The figures for the earlier years are not accurate but are 
bascd on the best information available. The values giyen in the 
tablo are based on the average price of metallic tin for eachyear and 
do not represent the amount actually receiyed for the crude ore by 
the producer. The average price of metallic tin during 1914 was 
35.70 cents a pound; during 1915, 38.66 cents a pound.1

Tm. produced in Alaska, 1902-1915.

Year.
Quantity 
(tons o( 
metallic 

tin).
Value. Year.

Q,uantity 
(tons of 
metallic 

tin).
Value.

15 $8,000 1910.............................................. 10 $8,335
1903. 25 14,000 1911............................................... 61 52,798
1904... 14 8'000 1912............................................... 130 96,000

6 4,000 1913............................................... 69 44,103
1906___ 34 38; 640 1914............................................... 104 66,560
1907............................................... 22 16,752 1915 (preliminary estimate). . . 102 78,846

1909............................................... 11 7 6̂38 628 458,852

1 Information from Frank L. Hess, of the U. S. Geological Suryey.
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The York Dredging Co., which is the largest producer, operated its 
dredge for 87 days on Buck Creek. Its season of operations was 
somewhat shorter than the normal season, owing to a late spring and 
early fali. The American Tin Dredging Co. installed a double-flume 
screen dredge having buckets of 2 cubic feet capacity on uppor Buck 
Creek in 1915. This machinę is operated by an 80-horsepower dis- 
tillate engine and has an estimated daily capacity of 800 cubic yards. 
The dredge was completed in September and operated for the rest of 
the open season. The American Golił Dredging Co. operated two 
dredges on Anikoyik River during 1915. One of them is of a double- 
flume screen typo eąuipped with buckets holding 2 cubic feet; the 
other is a single-flume dredge with lf-foot buckets. The gravels 
mined by these dredges carry both placor gold and tin. Operations 
were begun on June 15 and continued untił October 15. The four 
dredges mentioned employed about 50 men. It is reported that 
some tin-bearing grayels were sluiced on Sutter Creek, which fłows 
into Buck Creek.

Devclopments were continued at seyeral of the lode-tin proper- 
ties in the York district during 1915. The noteworthy operations 
were the continuation of work at the minę of the Jamme syndicate, 
on Lost River, and on claims of the Bartellk Tin Mining Co. and the 
United States Tin Mining Co., on the eastern slope of Cape Mountain.

In the Hot Springs district eight operators reported the recoyery 
of smali ąuantities of stream tin incidental to gold placer mining. 
A churn drill was used extensively during 1915 to prospect for stream 
tin on Killarney Creek, a tributary of Baker Creek.

LEAD.

Although silyer-galena cleposits were among the first ores to attract 
attention in Alaska, practically nonę of them havo beon deyeloped on 
a productiye basis. Considerablo lead has been produced,'bowever, 
incidentally to the mining of lodes that were yaluable chiefly for their 
gold content.

In 1915 the Alaska mines produced 437 tons of lead, yalued at 
$41,118, compared with a production in 1914 of 28 tons, yalued at 
$1,3442 1

1 Valuecalculated on the average price of lead during the two years, which according to C. E. Siebenthal, 
of the U. S. Geological Survey, was 4.7 cents a pound in 1915 and 3.9 cents in 1914.
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The following table shows the lcad production of Alaska, so far as 
can bo determined from the ayailable data:

Estimate of lead produced in Alaska, 1892-1915.

Year. Quantity
(tons). Value. Year. Quantity

(tons). Valuef

30 $2,400 1905.............................................. 30 $2,620
40 3,040 1906.............................................. 30 3,420
35 2' 310 1907.............................................. 30 3,180
20 l ’ 320 1908.............................................. 40 3,360

1896 ............................................ 30 1,800 1909.............................................. 69 5,934
30 2,160 1910.............................................. 75 6,600

1898 ............................................ 30 2,240 1911.............................................. 51 4 ,590
35 3,150 1912.............................................. 45 4,050
40 3,440 1913.............................................. 6 528

1901.............................................. 40 3,440 1914.............................................. 28 1,344
30 2,460 1915.............................................. 437 41,118

1904.............................................. 30 2,580 1,261 109,604

A N T IM O N Y .1

There has in the past been oonsiderablo prospecting of dcposits of 
antimony (stihnite) in Alaska, notably at the Sliscovic.h minę, in the 
Nome district, from which a fow test shipments of oro were madę as 
early as 1906. Until 1915, lioweyer, there was no commcrcial pro­
duction in the Territory. The high price of antimony during tlio last 
two years has stimulated the deyelopment of stihnite dcposits, and in 
1915 shipments of stibnite ore were madę from six Alaska mines. 
The records aro incomplcte as to the total ore produced, but the 
shipments were 833 short tons, yalued at about $74,000. This ore 
probably ayeraged 58 per cent of metallic antimony. It is difficult 
from the information at hand to obtain any exact valuation of the 
stibnite ore shipped from Alaska. The eyidence indicatcs that the 
producer recoived from $1.25 to $1.75 per unit of antimony and that 
the crude stibnite ore probably sold at an average price of $86 a ton 
at San Francisco, to which all the shipments were mado. From this 
ayerage has been computed the yaluo of the total output giyen abovo.

Of the six antimony mines, four are in the Fairbanks district and 
two in the Nomo district. The producing Fairbanks mines are the 
Scrafford, in the Treasure Creek basin; the Stibnite, in the Eya Creek 
basin; the Gilmer, in the Yault Creek basin; and the Chatham Creek 
minę. All the operations at these mines were on a smali scalę. The 
mining consisted chiefly of making open cuts and digging out the ore, 
which occurs in shoots, kidneys, and irregular masses along zones of 
fissuring. Most of the ore was broken and hand sorted, and no ore 
carrying less than 50 per cent of antimony was shipped. The ore 
was hauled to the railway by wagons and then sent by raił to Fairbanks

1 Brooks, A . H ., Antimony dcposits of Alaska: U. S. Geol. Survey Buli. 649 (in press).
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and over the all-water route to San Francisco. The transportation 
companies offered a Iow freight ratę to encourage the new industry. 
Some work was also done on other stibnite lodes in Fairbanks district.

Developments were continued on the Sliscoyich minę, in the Nonie 
district. The ore frorn this property carries gold, and the minę has 
been worked for the goid content. In 1915, however, the energies 
of the operators were directed toward getting out stibnite ore. Some 
stibnite was also mined at the Hed & Strand property, a few miles 
north of the Sliscoyich minę. Some developments are reported on 
other stibnite-bearing lodes in the Nome district.

Stibnite is not an uncommon minerał in Alaska, and the recent 
domand for antimony has led to the prospecting of stibnite deposits 
in the Kantishna district, on Prince William Sound, on Kenai 
Peninsula, and in the Ycntna district.

M IN E R A Ł  FTTELS.

Thcre were no importaiit developments in the coal or oil ficlds of 
Alaska during 1915. Under the new leasing law a number of pormits 
were granted to minę coal in 10-acre tracts or less, and as a result 
some lignitic coal was mined at a number of localities to supply a local 
market. The largest of these operations was at the Bluff Point minę, 
on the north side of Kachemak Bay, an eastern indentation of Cook 
Inlet. This property was operated for most of the year, and its prod- 
uct was marketed at Seward, Anchorage, and other places near by. 
Smaller operations were carried on to supply coal to placer mining 
plants in the Yentna and Fairhayen districts and probably at other 
localities. It is estimated that the total production was about 1,400 
tons, yalued at $3,300.

The subjoined table shows the coal consumption of Alaska, includ- 
ing both imports and local production, sińce 1899. Most of the coal 
thus far mined is lignite. There was, howeyer, in 1906, a smali pro­
duction of bituminous coal from the seaward end of the Bering River 
field. The table does not include 855 tons of coal mined in the 
Bering River field in 1912 and 1,100 tons mined in the Matanuska 
field in 1913 for the United States Navy. Most of the foreign coal 
shipped to Alaska is bituminous, only a little being anthracite. In 
1915, 1,771 tons of foreign anthracite was imported into Alaska.
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Coal consumed in Alaska, 1899 to 1915, in short tons.

Imported from States,

Year.

chiefly from Wash­
ington.

Bitumi- Anthra-
nous. Cite.

Produced 
in Alaska, 

chiefly 
subbitu- 
minous 
and lig- 
nite.a

Total
domestic,

chiefly
from

Washing­
tona

Total for- 
eign coal, 

chiefly 
bituminous 

from
British Co­
lumbia. &

Total 
coal con­
sumed.

1899.
1900.
1901.
1902.
1903.
1904.
1905.
1906.
1907.
1908.
1909.
1910.
1911.
1912.
1913.
1914.
1915.

c 10,000 
15,0*8 

c 24,000 
c 40,000 

64,625 
36,689 
67,707 
68,960 
45,130 
23,402 
33,112 
32,138 
32,255 
27,767 
61,666 
37,062 
41,365

1
6

533
1,116

491

c 1,200 
c l ,  200 
c 1,300 

2,212 
1,447 
1,694 
3,774 
5,541 

10,139 
3,107 
2,800 
1,000 

900 
355 

2,300

c 1,400
660,926 2,147 40,369

11,200 
16,248 
25,300 
42,212 
66,073 
38,383 
71,487 
75,034 
56,385 
27,000 
35,912 
33,138 
33,155 
28,122 
63,966 
37,062 
42,765

703,442

50,120 
56,623 
77,674 
68,363 
60,605 
76,815 
72,567 
47,590 
88,596 
72,831 
74,316 
73,904 
88,573 
59,804 
60,600 
21.882 
36,878

1,087,741

61,320 
72,871 

102,974 
110,575 
126,678 
115,198 
144,054 
122,624 
144,981 
99,831 

110,228 
107,042 
121,728 
87,926 

124,566 
58,944 
79,643

1,791,183

a B y calendar years. 6 B y fiscal years ending June 30. c Estimated.

Of tłie coal sliipped to Alaska iu 1915, 4,409 tons 1 went to Nome 
and represents tho total coal consumption of Seward Peninsula, 
except for a little lignite mined on Chicago Creek. The smali con­
sumption is due to the fact that most of the dredges, which are the 
largost consumers of fucl, uso eitlier crudo oil or gasoline. About 50 
tons of coal is sliipped each yoar to St. Michael, which includes the 
local consumption and the blacksmith coal for the Yukon camps.

The passago of the coal-leasing act lias again attractcd attention to 
the devclopment of tho Alaska fields. As a conseąucnce somo sys- 
tcmatic inyestigations wore madę by those who contemplated appli- 
cation for leases, notably in the Matanuska field, which will soon be 
rendered accessible by the Government railroad now under con- 
struction.

The Nenana field (see PI. I) lias also attracted some attention, for 
on the dcvelopment of this field rests the futurę of the Fairbanks gold 
placers, where cheaper fuel is a primo nccessity. As but few analyscs 
of the Nenana coals havo been published, the following, which liave 
been fumished through the courtesy of the Director of the Bureau of 
Mines, are giyen:

Data received through the courtesy of the deputy collector of customs at Nome.
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Analyses of coalfrom Nenana field, Alaska. 

[By Bureau of Mines.]

Heating yalue.

Moisture.

Dry coal.
As received. Dry coal. Moisture and ash 

free.

Volatile
matter.

Fixed
carbon. Ash. Sul-

phur.
British

thermal
units.

Cało-
ries.

British
thermal
units.

Calo-
ries.

British
thermal
units.

Calo-
ries.

1 28.16 48.05 46.88 5.07 0.21 8,077
8,287

4,487 11,243 6,246 11,822 6,580
2 27.41 47. 76 46.14 6.10 .22 4,604 11,416 6,342 12,157 6,754
3 25.73 49.00 46. 48 4.52 .20 8,735 4,853 11,761 6,534 12,317

11,918
6,843

4 28.52 47.97 46.99 5.04 .08 8,089 4,494 11,317 6,287 6,621

1. West bank of Nenana River, miles below Lignite Creek.
2. Healy Creek, miles from mouth.
3. 4. Igloo Creek, tributary to Healy Creek, 6 miles from mouth.

The sample from Nenana River was collectcd by Thomas Riggs, jr., 
of the Alaskan Engineering Commission, and the writer is indebted 
to him for the following notes on the occurrence. The sample was 
taken from a 5-foot bod of lignitic coal exposed on the wost cut bank 
of the river about 1 -} miles bolow Lignite Creek. It appoars tliat the 
coal bed was much tliicker but only the uppcr 5 feet was exposed. 
The bed dips about 15° NW. and lias a roof of cemontcd graycl and a 
floor of sandstone. Mr. Riggs states tliat this particular outcrop 
would be covered at high water. The samplo was sealtd in an air- 
tight can two days after it was collected.

The other threo samples were collected in 1913 by the lato Dr. 
Joseph A. Holmes, and unfortunately details regarding localitics and 
methods of sampling are not available. Tlioy serve, liowevcr, to 
indicate the composition of the lignitic coals of the Nenana field, the 
geologie conditions of which have been described by Capps.1

Roports on all the accessiblo Alaska coal fields havo been published 
by the Goological Suryey, and the Matanuska and Bering River fields 
haye been suryeyed in detail. In view of the present interest in 
Alaska coal the following reference list, which includos the principal 
Survey publications relating to this matter has been prepared. 
The publications marked with an asterisk (*) are out of stock at the 
Suryey office but may be purchased from the Superintendent of Doc- 
uments, Washington, D. C., at the prices stated. The other publi­
cations may be obtained froe (oxcept as indicated) on application to 
the Suryey.
Atwood, W. W., Geology and minerał resources of parts of the Alaska Peninsula: 

Buli. 467, 1911. Describes the Ilerendeen Bay, Cliignik Bay, and tTnga Island 
fields, and is accompanied by topograpliic and geologie reconnaissance maps.

i Capps, S. R ., The Bonnifleld/egion, Alaska: U. S. Geol. Suryey Buli. 501, 1912.
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*Brooks, A. H., Tlie Circle precinct: Buli. 314, 1907. Describes the coal of Wash­
ington Creek, on the upper Yukon. Price 30 cents.

----------Alaska coal and its utilization: Buli. 442-J, 1910. Describes briefly tlio coal
fields of Alaska.

* -------The Alaskan mining industry in 1913: Buli. 592, pp. 43-74, 1914. Describes
an occurrence of coal near Iditarod. Price 60 cents.

Capps, S. R., The Bonnifield region, Alaska: Buli. 501, 1912. Describes the Nenana 
coal field and is accompanied by geologie and topographic reconnaissance maps.

*Collier, A. J., The coal resourbes of the Yukon: Buli. 218, 1903. Describes the coals 
of the Yukon Biver and is accompanied by geologie reconnaissance map. Price 
15 cents.

* ------ Geology and coal resources of the Cape Lisburne region, Alaska: Buli. 278,
1906. Describes the Corwin and Cape Lisburne coal fields. Accompanied by 
geologie reconnaissance map. Price 15 cents.

*Henshaw, F. F., Mining in the Fairhaven district: Buli. 379, 1909, pp. 355-369. 
Describes the Chicago Creek coal minę. Price 50 cents.

Maddren, A. G., Minerał deposits of the Yakataga district: Buli. 592-E, 1914. 
Describes the Yakataga coal field and is accompanied by economic and recon­
naissance map.

*Martin, G. C., Geology and minerał resources of the Controller Bay region, Alaska: 
Buli. 335, 1908. Describes the Bering Biver coal field and includes detailed 
geologie, economic, and topographic maps. Price 70 cents.

--------- Map of Bering River coal field showing distribution of the various kinds of
coal and location of the sections and coal samples described in Bulletin 335. 
For sale by Geological Survey, price 25 cents.

Martin, G. C., and Katz, F. J., Geology and coal fields of the lower Matanuska Yalley, 
Alaska: Buli. 500, 1912. Describes the coal fields of the lower Matanuska Valley, 
including the Chickaloon area. Report includes detailed geologie, economic, 
and topographic maps.

Martin, G. C., and Mertie, J. B., jr., Minerał resources of the upper Matanuska and 
Nelchina valleys: Buli. 592-H, 1914. Describes the coal fields of the upper 
Matanuska Valley. Accompanied by a small-scale economic map.

Martin, G. C., Johnson, B. L., and Grant, U. S., Geology and minerał resources of 
Kenai Peninsula, Alaska: Buli. 587, 1915. Describes the Kacliemak Bay coal 
field of Cook Inlet and is accompanied by geologie and topographic reconnaissance 
maps.

*Moffit, F. II., The Fairhaven'gold placers, Seward Peninsula, Alaska: Buli 247, 1905. 
Describes the occurrence of coal at Chicago Creek. Accompanied by geologie 
and topographic reconnaissance maps. Price 40 cents.

*Schrader, F. C., A reconnaissance in northern Alaska across the Rocky Mountains, 
along Koyukuk, John, Anaktuvuk, and Colville rivers, and the Arctic coast 
to Cape Lisburne, in 1901, with notes by W. J. Peters: Prof. Paper 20, 1904. 
Describes the occurrence of coal in the Colville Valley. Accompanied by geologie 
and topographic reconnaissance maps. Price 40 cents.

Smith, P. S., The Noatak-Kobuk region, Alaska: Buli. 536, 1913. Describes the 
occurrence of coal in the Kobuk Valley. Accompanied by geologie and topo­
graphic reconnaissance maps.

Smith, P. S., and Eakin, II. M., A geologie reconnaissance in soutlieastern Seward 
Peninsula and the Norton Bay-Nulato region, Alaska: Buli. 449, 1911. Describes 
the coal deposits of Norton Bay region and is accompanied by geologie and topo­
graphic reconnaissance maps. Price 40 cents.

*Spencer, A. C., The Juneau gold belt; Wright, C. W., A reconnaissance of Admiralty 
Island: Buli. 287, 1906. Describes the Kootznahoo Inlet coal field on Admiralty 
Island. Accompanied by geologie reconnaissance map. Price 75 centa.

41354°—Buli. 642—16------ 3
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The form of the lease and regulations governing the same have 
recently been madę public by the Secretary of the Interior.1 In 
view of the widespread interest on the part of the Alaska mining 
public in the development of the coal, the following data are presented, 
stating the conditions under which leases are granted.2

CO AL-MINING LEASE.

Datę.

Parties.

Purposes.

Description of 
land.

T his i n d e n t u r e  op l e a s e , enterod into, in ąuintu-
plicato, th is . .  ..................................day o f _____________ ,
A. D., 19-., by and between the United States of Amer­
ica, acting in this behalf b y ___ ______ _______________
---------- : ------------------- , Secretary of the Interior, party
of the first part, hereinafter called the lessor, and_____

party of the second part, hereinafter called the lessee, 
under and pursuant to the act of Congress, approyed 
October 20, 1914 (38 Stat., 741), entitled “ An act to 
provide for the leasing of coal lands in the Territory of 
Alaska, and for other purposes,”  hereinafter called the 
“ coal leasing act,”

W IT N E S S E T II.

That the lessor, in consideration of the rents and 
royalties to be paid and the covenants to be obseryed 
as hereinafter set forth, does hereby grant and loaso to 
the lessee, for the period of fifty years from the dato 
hereof, the exclusive right and priyilege to minę and 
dispose of all the coal and associated minerals in, upon 
or under the following described tracts of land, situatod 
in the Territory of Alaska, to w i t : ___________________

contam m g------------ acres, moro or less, together with
fara rigMsndsur'the rigbt to construct coke ovens, briąuetting plants, 

by-products plants, and all such other works as may be 
necessary and conyenient for the mining and prepara- 
tion of coal and associated minerals for market, the 
manufacture of coke or other products of coal, and to 
use so much of the surface and the sand, stone, timber 
and water tlioreon as may reasonably be required in 
the exercise of the rights and priyilegos herein granted, 
the use of such timber to be subject to such regulations 
as may bo prescribed by the Secretary of the Interior 
under the act appioyed May 14, 1898 (30 Stat., 414), 
and the acts amendatory thereof.

1 Lane, F . K ., Regulations governing coal-land leases in Territory o f Alaska, Washington. Interior
Dept., 1916. *

2 Idem, pp. 14-32.
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A R T IC L E  I .

Section 1. The lessor expressly reseryes unto itself bp'j|shst0rresorvod 
the right to grant or uso such easements in, over, tlirough 
or upon the land leased, cntered, locatęd, occupied, or 
used as may be necessary or appropriate to the work- 
ing of the same or other coal lands by or under authority 
of the Goyernment and for other purposes; also the right 
to use, lease, or dispose of so much of the surface of the 
said lands as may not bo actually neoded, or occupied by 
the lessee in the conduct of miiiing opcrations.

A R T IC L E  II .

It is expressly understood and agreed, that this lease 
is granted subject in all respects to the conditions, Act.”  
limitations, penalties and proyisions contained in the 
“ Coal Leasing Act,”  which act is hereby mado a part 
heroof to the same extent as if incorporated heroin.

A R T IC L E  III .

It is further expressly understood and agreed that the T ni;u rigiits 
mining rignts and prmleges leased as ałoresaid shaUand associatcd 
extend to and include only coal and associated minorals,mmerals- 
as hereinafter dofined, and that no lights or prmleges 
respecting any other kind or character of mmeral, or 
minerał substanco whatsoeyer, are granted or intended 
to be granted by this lease.

A R T IC L E  IV .

The lessee in consideration of the leaso of the lights 
and prmleges aforesaid hereby covenants and agrees 
as follows:

Section 1. To invest in actual mining operations upon Investment. 
the leasing błock included herein, the sum o f ________

dollars, of which sum not less than ono-tifth shall be so 
expended during the fhst year succoeding the execu- 
tion of this instrument, and a like sum each succeeding 
year for the period of four years; to furnish a hond, 
witliin 10 days after signature of tlio lease, in the sum 
of one-half the amount to be expendcd each year, eon- 
ditioned upon the expenditure ot such sum witliin said 
period, and submit annually, at the expiration of each 
year for the said period, an itemized statement, as to 
the amount and character of the expenditure during 
said year.

Sec. 2. To pay as an annual rental for each acre or Ammairentai. 
part thereof cocerod by this lease, the sum of 25 cents 
por acre for the first year, payment of which amount is 
hereby acknowlcdged, the sum of 50 cents por acre per 
year for the second, third, fourth, and fifth years, and 
$1 por acre for the sixth and each succeeding year during



the life of tliis lease, all such annual payments of rental 
to bo madę on the anniyersary of tlie datę hereof, and 
to be crecłited on the flrst royalties to become due here- 
under during the year for wKick said rental was paid.

Koyaity. Sec. 3. To pay a royalty of 2 cents on every ton of
2,000 pounds of coal shippod or removed from the leasod 
lands or manufactured into coko, briąuets or other 
products of coal, or consumed on the premises, during 
the flrst five years succeeding the execution of this lease, 
and 5 cents per ton for the next 20 years. Royalties 
shall be payablo at the end of each calendar month 
next succeeding tliat of the said shipment, removal, 
donation, manufacture or consumption.

Lessee to keep Sec. 4. To accurately weigh all coal shipped or 
shippded.f a11 coal removed from the leased premises, sold, or donated to 

local trado, manufactured into cokc, briąuets, or other 
products of coal, or otlicrwisc consumed or utilized, and 
to accurately entcr the weight or weiglits thereof in due 
form in books to be kept and preseryed by  the lessee for 
such purpose, together with the car numbers, if any, of 
the coal shipped by raił.

itoports to be Sec. 5. To furmsh in manner and form and at such 
iy™yihossee°nth time during each calendar month as the lcssor shall pre- 

scribe, but in no event later than the last day thereof, 
the following written reports coyering the month imme- 
diately preceding, certified under oatli by the superin- 
tendent at the minę, or by such other agent on the 
property having personal knowledge of the facts as may 
be designated by the lessee for such purpose, to wit:

A report copied from the books renuired to be kept at 
the minę under section 4 of this article sliowing the facts 
reąuired to be entered therein; a report of the number 
of minę cars of mine-run coal hoisted or trammed from 
each coal bed of each separate minę; a report showing 
the ąuantity, size, and character of coal shipped, used 
for power purposes and lease consumption; donated to 
employees, manufactured into coke, briąuets, or other 
products or by-products of coal; in storage on the 
premises, with the ąuantity of coal of various sizes added 
thereto and takcn therefrom during the month.

a r t i c l e  v .

Periods for re- It is mutually understood and agreed that the lessor 
royaity!ent 01 shall have the right to readjust and fix the royalties 

payable hereunder at the end of 25 years from the datę 
hereof, and at the end of 15 years thereafter, and tliere- 
after at the end of each succeeding 10-year period during 
the continuance of this lease: Promded, That in any such 
readjustment the royalty fixed shall not cxcoed 5 per cent 
of the ayerage selling price of coal of like character at the 
minę, per ton of 2,000 pounds in the coal field embracing 
the tracts covered by this lease, as shown by the books 
of the lessees operating in said field during a period of 
five years ncxt preceding such readjustment.

36 MINERAŁ RESOURCES Ol' ALASKA, 1915.
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A R T IC L E  V I .

This loaso is madę subject to tlie following provisions, 
which tlie lessee accepts and covenants faithfully to 
perform and observe:

Section 1. The lessee shall diligently proceed to pros- .Mining opera- 
pect for, develop, and mino tlie coal in or upon the leased g Ł * y  bop̂  
lands; shall carry on all mining operations in a good and cuted- 
workmanlike manner, having duo rogard tó the health 
and safety of miners and other employees; and shall 
leave no available coal abandoned which could be recov- 
ered by  the most approved methods of mining when in 
the regular course of mining operations the time shall 
arrivo for mining such coal." No minę, entry, level, or workings not 
group of rooms or workings shall be permanently aband- „nta6 a examfnał 
oned and rendered inaccessible, save with the approvaltionraade- 
of the authorized representative of the lessor.

S e c .  2 .  And also shall develop and minę the coal in the P r e i im in a r y  
leased lands in accordance with a system to be shown by^ubStfeTin 
a preiiminary plan on a scalę of not morę tlian 200 feet tion“ o n ° iT im i  
to the inch and a writtcn description thereof, which plan merciai sc?ioC°m' 
and description shall be submitted for approval by  the 
authorized representative of the lessor.

S e c . 3. And also where morę than one bed of coal is Where two or 
known to exist in the leased lands, shall not draw or!Xrsbefn ° i o w  
remove the pillars in any lower bed, before tlie ayailablefiTcoannu* 
coal in any or all upper beds has been mined, unless it beds°extracte^er 
shall be decided by the authorized representative of the ExcePtl0ns- 
lessor that the workings in any or all of the upper beds 
will not be seriously injured by the extraction of the rm ars in lower 
pillar coal in the lower workings. Where mining opera- ™ | e d % r bt!cauy 
tions are being carried on in a bed that lies either below"nd®bPj“ars in 
or above another bed in which mining has been or isUPP° 6 S' 
being carried on and in which the pillars have not been 
pulled, and where the vertical distance between the two 
beds is less than tifteen times the thickness of the lower of 
the two beds, the lessee shall, as far as practicable, so 
arrange the pillars that those in the lower bed shall be 
yertically beneath those in the upper bed. Where prac- 
ticablo, by reason of either commercial or mining condi- 
tions, the availablo coal in the upper beds shall be ex- 
hausted before the coal in the lower beds is mined.

S e c . 4. And also shall not, witliout the consent in writ- .raty-root bar- 
ing of the authorized representative of the lessor firstner pillars' 
had and obtained, minę any coal, or drive any under­
ground working, or drill any lateral borę hole within 50 
feet of any of the outside boundary lines of the leased 
lands, nor within such greater distance of such boundary 
lines, as the said representative shall prescribe for the 
protection of the property or the safeguarding of mining 
operations hereunder; but in the event the coal up to Lessee m ay.be 
the like barrier in adjoining premises shall have been {Sm™paiai-son 
worked out and exliausted, and tlie water therein shalladjacentlands- 
have been lowercd below the working level of the opera-



tions on the samo bod on the lands coyered by tlie lease, 
the lessee hereunder hereby agrees, npon the written 
demand of said representatiye, to minę out and remove 
all the available coal in such barriers, both in the lands 
coyered by this lease and on the adjoining premises, 
whcncyer same can be mined without hardship to the 
lessee and where the coal-mining rights in such adjoining 
premises are owned by the lessor.

Limitations of S e c . 5. And also where the “ room-and-pillar,”  or any 
ered h/ adv:mc<i other system of mining is followed which reąnires advance 
-room-Ind-ndu-workings in the solid coal, including entries, break- 
iar”™śt*em. pi throughs, and rooms, instead of a system of mining under 

which all the coal is mined out and extracted as the work 
adyances, shall not, without the consent in writing of the 
lessor being first had and obtained, minę and remove from 
such adyance workings morę than the f ollowing maximum 
percentages of the coal area for the specified deptlis of 
cover, yiz:

Not morę than 70 per cent where the cover is 100 feet 
or ovor but less than 200 feet in depth; not morę than 65 
per cent where the coyer is 200 feet or over but less than 
300 feet in depth; not morę than 60 per cent where the 
coyer is 300 feet or over but less than 400 feet in depth; 
not morę than 55 per cent where the coyer is 400 feet or 

■ over but less than 500 feet in depth; not morę than 50 per 
cent where the coyer is 500 feet or oyer but less than 750 
feet in depth; not morę than 45 per cent where the coyer 
is 750 feet or oyer but less than 1,000 feet in depth; not 
morę than 40 per cent where the coyer is 1,000 feet or 
oyer but less than 1,250 feet in depth; not morę than 35 
per cent where the cover is 1,250 feet or over but less than 
1,500 feet in depth; not moro than 30 per cent where the 
coyer is 1,500 feet or over but less than 1,750 feet in 
depth; not morę than 25 per cent where the coyer is 1,750 
feet or over but less than 2,000 feet in depth; not morę 
than 20 per cent where the coyer is 2,000 feet. or oyer.

The said coal areas shall mean an area parallel with the 
Defmttion o f d i p  or raise of the coal bed. The percentages of coal 

S e l I?’er06Tltage areas specified shall mean the percentages of coal to be 
mined m the areas comprised in the adyance workings as 
compared with the percentages of coal to be lcft standing 
in such workings, and shall not be construed to mean 
the pcrcentage of the total amount of coal in any such 
area of any such bed, where such bed in such area is 
thicker than the height of any such workings, nor shall 
such percentages of areas be held to include the coal ex- 

rmarstobere-tracted from the pillars in any such area, panel, or dis- 
as°possibSie.apidly trict of the minę, as it is the intent of the parties liereto 

ExcePtions. that save as otherwise proyided in this lease, and except 
where the retontion of pillars shall be necessary for the 
maintenance of main roads or passageways or for the pro- 
tection of the property, all such pillars shall be mined and 
remoyed as rapidly as proper mining will permit.

38 M IN ER AŁ RESOURCES OP ALASKA, 1915.
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Sec. 6. And also shall not, save as hercinafter author- mine
ized, light, keep, or maintain any firo in any minę or stifip- 
ping, except as approyed by the autliorized reprcsenta- 
tive of the lessor, or underground in any minę, or in con- 
tact with the coal in place or in or along the outcrop of 
any coal bed. Failuro to take prompt and yigorous steps 
for the extinguishment of any such nre shall be sufficient 
ground for the entry of the lessor and the cancellation of 
this lease.

Sec. 7. And also shall promptly notify the authorized pisoovery o t 
representative ol the lessor ot the discovery ot any valu- substanco other 
able minerał or minerał substance other than coal in the®J£jJJ£altobere' 
course of mining operations hereunder, and shall not Lessee to have 
minę or remove same unless the same is  an associated ciay and naturai 
minerał as hereinafter defined: Provided, That such quan- ®o|ef̂ r leas6 pur‘ 
tities of fire clay, sliale, or gas from the coal measures as .itecord of asso- 
may be reąuired by the lessee m the conduct ot operations minodtobekept. 
hereunder may be removed and used without such written

ęermission and without payment of royalty tlierefor.
lie lessee shall keep careful and accurate rocord in man- 

ner and form as may be prescribed by the lessor of all 
such associated mmerals mined, used, or carricd away, 
and shall pay such rates of royalty thereon as may be 
fixed by the said lessor, except as above provided.

Sec. 8. And also shall keep at the mine office elear, Mino map re- 
accurate, and dotailed maps on a scalę of 100 feet to theatthomineoffleo? 
inch, in the form of a horizontal projection on tracing 
cloth, of the workings in each coal bed in each separate 
mine on the leascd lands, a separate map to be madę for 
each such bed, and for the surface immediately over the 
underground workings, and to be so arranged with refer- 
ence to a public land corner that the maps can be readily 
superimposed.

Each map of the workings in any coal bed shall show Things e- 
the łocation of all openings connecting such bed with tho^own® on° de- 
workings in any other bed, or with any adjacent mine, or t̂ or<̂lng™ap ol 
with the surface; the łocation of all entries, gangways, 
rooms, or breasts, and any other narrow or wide workmgs, 
including the outlines of abandoned workings, and record 
of whether accessible or inaccessible; also barrier pillars, 
refuge chambers, stoppings, Yejitilating doors, overcasts, 
undercasts, regulators, and direction of air currents at the 
time of making map; łocation of stationary haulage and 
hoisting engines; permanent electrical generators, dyna- 
mos, and transformers; indications of trolley roads 
tliroughout their extent; also fire walls, sumps, and largo 
bodies of standing water; position of main pumps and 
fire pipę iines; there shall also be marked on such maps 
the clevations above or below sea level or approved datum 
at points not over 200 feet apart horizontally, or over 100 
feet apart Yertically, in all main slopes, entries, levels, or 
headings, together with the thickncss of coal beds at such 
intervfds, and the eleyations at the tops and bottoms of 
all shafts, slopes, and inclines.



formap̂ ofsurface The map of the surface immediatcly over the minę 
over working. workings shall show all prominent topographic features 

and culture, section and township lines, the elevations 
aboye sea level or an approyed datum, and contours at 
vertical interyals of 25 feet of such topographic features. 
Such map, together with the maps of the underground 
workings, shall be brought up to datę not less than once 
in eyery six months.

Things r e - The lessee shall also make and keep at the minę ofiice, 
ahown on generał at such time after the commencement of mining opera- 
Ee°kepYat mineti°ns as the authorizcd representatiye of the lossor may 
offlce. direct, a elear and accurate generał map of the entire

leased lands, on a scalę of 400 feet to the inch. Such map 
shall show all prominent topographical features and cul­
ture; the location of the surface areas immediately over 
the minę workings shown on the detailed surface map 
hereinbefore reguired; township, section, and property 
lines; the location of high-water marks; the outline of 
coal outerops where known; the outlines of the chief minę 
workings, indicating the workings in each separate coal 
bed by distinguishing marks and the elevations aboye sea 
leye.1 or an approyed datum, and contours at yertical in- 
teiwals of 25 feet of the chief topographic features. Such 
map shall be brought up to datę not less than once in 
eyery six months.

rn n ts  ot maps Blue prints or reproductions in duplicate of the maps 
lessor6 mm “ reąuired as aforesaid shall be furnished the authorized 

representatiye of the lessor when madę, and_ supple- 
mental prints or reproductions in duplicate furnished on 
or before January 1 of each succeeding year, showing the 
extensions, additions, and changes sińce the last map or 
supplement was submitted. All minę progress maps kept 
by the lessee shall at all times be subject to examination 
by said representatiye.

ar4s to bâ ur The lessee whenever any minę, or any workings therein 
v fyJ i‘ and are to be abandoned or indefmitely closed, an d before same 
mapped. shall bo abandoned or closed, or allowed to become in- 

accessible, shall make a suryey thereof so as to accu- 
rately show the entire worked-out area or areas, and shall 
extend the results of such survey on the map or maps of 
the underground workings hereinbefore reąuired, and 
promptly forward blue prints or reproductions thereof in 
duplicate to the said representatiye. 

mad9PSatmioLc’s tf the lessee shall fad to make or furnish any map or 
expense in easo extension or reyision as herein reąuired within 90 days 
nLif.ilure *° Iur" after demand therefor shall hayo bcen mado by the au­

thorized representatiye of the lessor, such representatiye 
may employ a competent engineer to make a suryey of 
the minę, and piat the same as aboye proyided, the ex- 
pense thereof to be paid by the lessee, and in the eyent 
that the lessee shall fail to make such payment within 60 
days after demand therefor by the authorized representa­
tiye of the lessor, such failure shall constitute a cause of 
forfeiture of tliis lease.
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Sec. 9. And also shall, where morę tlian ten men aresuff“ enj*o^ y ^  
employed underground on any ono sliift in any sep a ra te  vided, wii ere 
minę, prcrnde an escapeway or second exit to tne sunące, employed on a 
which sliall be separated at the surface from tho firstsiurt- 
exit by  not less than 50 feet of strata in case of drift, 
slope, or tunnel workings, or in case of yertical shafts, or 
of mclined shafts having a pitch of morę tlian 45°, by not 
less than 200 feet of strata. An escapeway or outlet outiet throngh 
through an adjoinmg mme snall be regarded as a satis-sufficicntcompii- 
factory compliance with this reąuirement if kept at allance- 
time in proper condition for use. If such adjoinmg minę 
shall be abandoned at any time, or shall cease to operate 
indefmitely, the lessee hereunder shall be solely respon- 
sible for the cost and expense of maintaining such outlet, 
and in the event such om let shall bo abandoned or per- 
mitted to become unsafe for use, the number of men em­
ployed on any one shift shall be reduced below ten until 
such time as a second exit or escapeway shall bo pro- 
yided.

Sec. 10. And also shall not employ morę than five Not morę than
-i i 'r i. * i • ^ j?nve men to bemen underground on any one sniit m any new working ot empioyed in new 

any minę unless such new working shall bo so con n e.cted ^ ^ gs0"6̂ |  
with adjacent workings as to provide two distinct andprovided. 
separate means of escape from such new working: Pro- ExcePtions- 
mded, That with the approval of the authorized repre- 
sentative of the lessor, not exceeding ten men may bo so 
employed in advance of the making of such second open- 
ing, but in no case shall any rooms, drifts, or slopes be 
opencd or worked until such second opening is con- 
structed.

Sec. 11. And also shall not construct or maintain any.nNojmiMmg ot 
structure of inilammable materiał within 75 feet of any tariTtTbo ęoni 
minę opening; nor within said distance permit any struć-je^of^^mfne5 
turo of noninflammable materiał to be connected to any 
other structure by  means of any structure or erection of 
inflannnable materiał, or to bo connected to any struc­
ture beyond said distance which shall be constructed of 
inflammable materiał, exccpt as foliows, that is to say:

(a) An open timber framework or headframe of tim- Exceptions. 
ber may be constructed over a shaft, slope, or incline.

(I>) The posts, studs, and rafters of any such structure 
may be of wood if the covering or lining is madę of non­
inflammable materiał, but under no circumstances shall 
wood fiooring be used, except in tipple and trestle struc- 
tures.

Sec. 12. And also, except in a prospect opening, shall andrairetnrnntaii- 
separate the main intake and return airways and all wąys to bo^sepa- 
workings parallel to such airways by not less than 50 than so "ochot 
feet of strata cxcept for break-throughs or crossouts for natural strata- 
ventilation or haulagc, and shall provide for such 
greater distance between such airways or between any 
such airway and parallel workings as may be reąuired 
in the judgment of the authorized representative of the
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stSdfn^u n6tf i êssor- The lessee agrees that tlie pillars thus provided 
prior to flnai for shall be left standing until in the proper oourse of 
abandonment ot operations the time shall arrire for their remoyal

immediately prior to the finał abandonment of the work- 
ings in that particular coal bed.

toVb”taptrovidS Sec. -*'3. And also shall whenever morę than ten men 
where morę than are employed underground on any one shift proYide a 
onsłStfmp °yod fan or other mechanical means for circulating such 

amount of Yentilating current as may bo reąuired by  any 
law of the United States or of the Territory o f Alaska 
now or hereafter enacted, or by  the rules and regnlations 
prescribed by  the lessor, such fan or other mechanical 
means and the connection between same and the point 
of the entrance of tho air current into the minę to be 

pifced ”n direct ma(łe of noncombustible materiał; and the lessee shall not 
fine with any set same in linę with the axis of any minę opening, but 
mmo entrance. gp ap p|ace Same at a distance o f not less than 15 feet 

from the projection of the nearest side of such opening, 
and shall provide explosion doors of the fuli area of the 
air shaft or airway, in direct linę with any and all such 
minę opcnings in order to protect said fan or other me­
chanical means of air circulation in case o f a minę explo- 

afjfTroyai s '°.n: Provided, Tliat during such time as the mine.is 
sor's{ representa- being opened up and less than ten men are employed 
bo used for ventu under ground on any one shift, and with the written ap- 
IflednoSdMons?"Proval of the authorized representative of the lessor, a 

furnace may be used for ventilation in a nongaseous 
minę if the fire box thereof is inclosed by  brick, rock, or 
concrete walls, and a passageway around such inclosure 
at least two feet in wiclth provided: And pronidedfurther, 
That if a wooden staok is used in connection with such 
furnace the lessee shall not permit such staok to be in con- 
tact with any ooal bed or with any inflammable shale. 

use’ato a”e dis- Sec. Th And also shall make such provisions for the 
poseedofsoasnot disposal of the waste, slack, and refuse of the minę that 
lic or private*nui- the samo shall not bo a nuisance, inconYenience, or ob- 
sance. struction to any right of way, stream, or other means of

transportation or travcl, or to any priYate or public 
lands, or embarrass the operation of any other mino on 
the leased lands, or on adjoining lands, or in any manner 
occasion pińvate or public damage, nuisance, or inconYen­
ience. All waste containing practically no coal shall 
be deposited separate and apart from waste containing 
coal and in accordance with the directions of the author­
ized representative of the lessor.

wOTMn"dton be _ Sec. 15. And also shall upon abandonment substan- 
coveredorfencjd. tially fence, fili in, coYer, or close all surface openings or 

workings where persons or animals are likely to be in- 
jured by  falling therein, or endangered by  accumulations 
of gas, except as the lessor shall otherwise direct; and 
shall maintain all such fencing or covering in a secure 
condition during the term hereof.
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Sec. 16. And also expressly agrees that all mining and.e°tptê ia"p«'Tion 
rclatcd operations shall be subiect to the inspection ofor lossoi-s1 repre- 
authorized representatives of the lessor, and that suchS0ntatlv0S' 
represontatives, with all propcr and necessary assistants, 
may at all reasonable times enter into and upon the 
leased lands and survey and examino same and all sur- 
face and underground improvements, works, macliinery, 
eąuipment, ana operations, and further expressly agrees nl̂ fan nê ssary 
to furnishsaid representatives and assistants all neces-assistance. 
sary assistance, conveniences, and facilities in making 
any sueh survey and examination.

Sec. 17. And also shall permit any authorized repre- „b essee *° P,“ ; 
sentatiYe ot the lessor to examme all books and records of books for pur- 
pertaining to operations under this lease, and to make ?0yait°y retlms1?2 
copies of and extracts from any or all of same, if desired.
The information so derivcd to be held confidential.

Sec. 18. And also shall permit the lessor, its lessees, o ran̂ and|as(i) « ^  
transferees to make and use upon or under the leased therem may bo 
lands any workings necessary for freeing any other mineorręn°de?ing)0op- 
from water, causing as little damage or interference as?afaij™s fands

Jiossible to or with the minę or mining operations of the morę safe; sueh 
esseo hereunder. Any sueh use by  a lessee or transferee pensatedbfor?°m' 

shall bo conditioned upon the payment to the lessee 
hereunder of the amount of actinil damages sustained 
thereby and adeąuate compensation for sueh use.

Sec. 19. And also shall accurately weigli or measure* Lessee to keop 
m the car and truły account lor the coal mmed and ratę weights or 
loaded by  each miner, where the miners are paid either " T i U Ln1 
by the weight of their output or upon the basis of the ̂ ded by min- 
measurement of the coal in the car; keep a correct record 
of all coal so weighed or measured; post or display sueh 
record daily for tlie inspection of the miners and other 
interested persons; and require the weighman or person weighm an to 
appointed to measure the coal in the car where the faithfufdischarge 
miners are paid upon the basis thereof, before enteringofduties 
upon his duties, to make and subscribe to an oath before 
some person duły authorized to administer oaths that he 
will accurately weigli or measure and keep true record of 
the coal so weighed or measured and credit same to the 
miner entitled thereto, sueh allidavit to be kept con- 
spicuously posted at the place of weighing, if any, but 
nothing contained herein shall be construed to prevent 
the lessee, in case rock and bonę is loaded by  the miner, 
from estimating or separately weighing, and deducting 
the amount thereof from the weights of coal accredited 
to sueh miner. The lessee hereby agrees that if a pStted to em- 
majority of the miners employed on the leased lands so 6 c k ~
desire they shall be permitted to employ at their own 
expense one of their fellow employees to see that the coal 
is properly weighed or measured and that a correct 
account of same is kept, and agrees to afford sueh person 
every facility to certify the weights and measurements 
whilo the weighing or measuring is being done: Pro-
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man to take oatii That the lessee shall not be reąuired to so do unless
charf̂ thi f  hd{ss' such person, before entering upon his duties, shall make 
dutifs. ° 11 s and subscribe to an oath before soinc person authorized

to administer oaths that he will faithfully discharge the 
duties of his position, such oath to be kept conspicuously 
posted at the place of weighing, if any. 

paidag?n \awfiii ®E0‘ And also shall pay all miners and other 
money. employees, both above and below ground, at least twice

each month in lawful money of the United States, and 
shall permit such miners and other employees fuli and 

F r e e d o m  otcomplete freedom of purchase, but with a view to in- 
aiiowed. creasing satety this provision shall not apply to the

purchase of explosiyes, detonators or fuses, and shall not 
reąuire or permit miners or other employees, except in 
case of emergency, to work underground for moro than 

wOTkghiVh°rere^ ^  consecutiye hours in any one calendar day, not 
ąuired.(ay including time for lunch or meals, or the time reąuired 

to reach the usual working place.
sumnderedt0 in Sec. 21. And also shall, at the expiration or earlier ter- 
proper condition mination of tliis lease, deliyer up to the lessor the lands 
mintagmUoper̂  coyered by this lease, together with all fixtures, improve- 
ticms. ments, and appurtcnances, save as hereinafter providcd,

in such a secure and proper state that mining operations 
may be continued immediately to the fuli extent and 
capacity of such minę.

ARTICLE VII.

It is further mutually understood and agreed as follows: 
operations onf0°r Section 1. That the suspension of mining operations by 
morę than three the lessee for a longer period than three montlis without 
™nsent "to'“bothe consent in writing of the lessor or its authorized 
cause of lortei t- pepresen tali los shall be cause of forfeiture of this lease.

If the lessee shall be unable to continue the operation of 
the mino for any cause, not due to the fault or negligence 

upon appiica-of the lessee, he shall be entitled to the suspension of 
suspensfo ™fo/°a operatioiis for such a length of time, and upon payment 
maybeobtained'ol sucłl royalties, and such other conditions as

may be specified in the order of suspension, but the 
issuance of any such order shall not excuse the payment 
of any rents or royalties due under this lease, or prevent 
forfeiture for failure to pay same, and the acceptance of 
any such rent or royalty shall not waivc any other right 
of the lessor hereunder.

as 'iS nwith°out ®E.C* 2- That 3̂® lessee shall not assign this lease or 
consent of lessor. any interost therem, nor sublot any portion of the leased 

premises, or any of the rights and priyileges herein 
granted, without the written consent of the lessor being 
lirst had and obtained.

coyenantsmaybe . ®EC- That the lessor or its authorized representa- 
waived in writ-tive may by notice in writing waive any breach of the 

coyenants and conditions contained heroin, except such 
as are reąuired by the aforesaid “ coal leasing act,”  but 
any such waiyer shall extend only to the particular
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breach so waiyed, and sliall not limit tlio riglits of the 
lessor with respect to any futurę breacli. No waiver not 
in writing sliall be in any way binding upon tlie lessor.

Sec. 4. That the lessee may terminate this lease at any. Lease may ie
. • • • , V , , .  . . . .  , n J terminated a ttime upon givmg łour months notice m  wntmg to the any time upon
lessor or its authorized representative, and upon payment £tc™entofrents’
of all rents, royalties, and other debts due and payahle
to the lessor, and upon payment of all wages or moneys
due and payable to the workmen employed by the lessee,
but in no case shall such termination be cffective until the T erm  ination
lessee shall have macie prcmsion lor the preservatioii ot tive untii prop-
any mino on the leased lands in accordance with the erty exammed-
proyisions of this lease: Promded, That in such case the
right of valuation and purchase, accorded the lessor in the
section next following (5), shall be exercised within said
period of four months.

Sec. 5. That at the expiration or earlier termination of to im™ 
this lease all tools, machmery, and eąuipment, including fńgvandep°urlhas- 
tracks, rails, and pipę placed by the lessee in the minę or _ 0Tterm™£ 
on the property, shall before removal from normal posi- tion’ of lease- 
tion, if rcąuested by the lessor or its authorized ropre- 
sentatiyes, bo Yalued by three disinterested and compo- 
tent persons to be chosen in the manner hereinafter pro- 
yided for the appointment of arbitrators, the yaluation of 
these three or of a majority of them to be conclusiye of the 
value of any or all of the said property; and the lessor or 
its agent, hcensee, or lessee sliall have the right to pur­
chase within four months thereafter any or all such tools, 
machinery, eąuipment, or materials at the said yaluation, 
deducting therefrom all rents, royalties, or other payments 
at that time due and payable by the lessee. If such valu- v,,^ s™m™a|itr1,; 
ation shall not bo rcąuested or the purchase shall not be inyeaf.' 
madę within said time the lessee shall have the priyilege 
of remoying same from the premises within one year from 
the expiration or termination of this lease, providcd all 
debts and moneys specified in section 4 of this article shall 
have becn paid. The lessee shall not, and hereby cove- 
nants not to, remove any mino supports, timbcrs, or props 
in place. All buildings and improvements erectcd upon 
the leased lands shall hecome a part of the property, and 
machinery and eąuipment shall not be removed therefrom 
in such a way as to cause any permanent injury to such 
buildings or improyements.

Sec. 6. That if the lessee shall make default in the le.l!̂ ,rfeiture oI 
performance or obseiwance of any of the terms, covenants, 
and stipulations of this lease, and such default shall con- 
tinue for 60 days aftor seryice of written notice thereof by 
the lessor or its authorized representatiyes, thon all the 
rights and priyilegos of tlio lessee cease and determine, 
and tho lessor may, by appropriate proceedings, have this 
lease forfeited and canceled in a court of competent 
jurisdiction.

A waiver of any particular cause of forfeiture shall not 
preyent the cancellation and forfeiture of this loase for



any other cause of forfeiture or for the same cause occur- 
ring at any other time.

wWch° mV° bo Sec. 7. That in casB any disputo shall arise betwecn tho 
subm ittidTo ar- lessor and lessee as to any cjuestion of fact, or as to tho 
bitration. reasonableness of any reąuirement madę by the lessor 

under the provisions of this lease, in the matter of opera- 
tion, methods, me ans, expenditures, use of easements, 
compensation for joint occupancy by another lessee of a 
portion of the leased premises, or such other ąuestions as 
are not determined by express statutory provision, such 
ąuestions or disputes shall be settled by arbitration in the 
manner provided for by this section, and the lessor and 
lessee hereby covenant and agree each with. the other to 
promptly comply with and carry out the decision or 
awarcl of each and every board of arbitration appointed 
under this section.

Marmer of ap- Guestions in dispute to be determined by arbitration 
to°rs" ms ar 1 ra" hereuncler shall be referred to a board of arbitration con- 

sisting of three competent persons, one of which persons 
shall bo selected by the lossor or its authorized repre- 
sentative, and one by the lessee, and the third by the two 
thus selected: Provided, That the lessor and lessee may 
agree upon one sole arbitrator or upon the third arbitrator. 
The party desiring such arbitration shall giyo written 
notice of the same to the other party, stating therein 
defmitely the point or points in dispute, and name the 
person selected by such party hereto within 20 days after 
recemng such notice to name an arbitrator; and in the 
cvcnt it does not do so, tho party serving sucb notice may 
select the second arbitrator and tho two thus namcd shall 
select the third arbitrator. The arbitrators thus chosen 
shall give to each of the parties hereto written notice of 
the time and place of hearing, which hearing shall not bo 
morę than 30 days thereafter, and at tho time and place 
appointed shall proceed with the hearing unless for sonie 
good cause, of which the arbitrators or a majority of 
them shall be tho judge, it shall be postponecl until sonie 
later day or dato within a reasonable time. Both parties 
hereto shall have fuli opportunity to be heard on any 
cjuestion thus submitted, and the written determination 
of the board of arbitration thus constituted or of any two 
members thereof or, in case of the failure of any two 

third ° arbttrator mem^er3 agree> then the determination of the third 
to be frnai. arbitrator shall be finał and conclusivo upon the parties

in reference to the ąuestions thus submitted. Ali such 
determinations shall be in writing, and a copy thereof 
shall be delivered to each of such parties. 

beNechosend in ^  birtlior agreed that in the event of the failure of 
event of failure the lessor and lessee, or of the two arbitrators selected as 
sdected to°chooseaforesaid by the parties hereto, within 20 days from 
a third. notice to them of their selection, to agree upon the third
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arbitrator, then tbe Secretary of the Interior shall appoint 
such arbitrator.

The said third arbitrator shall rcceire not to exceed 
$15 per day as fuli compensation for his services and for 
all expenses connected tnerewith, exclusive of transporta- 
tion charges; but such compensation shall not be in 
excess of $150 for any arbitration. The losing party to 
such arbitration shall be liable for the payment of such 
compensation and transportation expenses of such third 
arbitrator.

S e c . 8. That any notice in writing as to any matter 
mentioned in this lease, addressed to the lessee and loft 
upon the premisos with the superintendent, manager, 
clerk, or other person in charge of the minę or of the 
o f fi co, or, in the absence of any such person, posted on the 
door of the office, shall have the same forco and elfoct as 
if served upon the lessee, and 15 days shall be considered 
a reasonable notice, unless a longcr notice be herein pro- 
yided for or be so provided in such notice.

A R T IC L E  V III .

It is furthcr expressly agreed and declared that the 
terms and phrases hereinafter mentioned shall have the 
meanings hereinafter assigned unless the context sliall 
otherwise reąuire, that is to say:

(a) The phrase “ available coal”  as used in this lease 
shall mean merchantable coal from any coal bed which, 
when reached in the prosecution of the lessee’s operations 
hereunder, can be mined at a reasonable profit by the 
use of machinery and methods which at that time are 
modern and efficient.

(b) The term “ minę” as used herein shall mean and 
include all underground workings now or hereafter 
opened or worked for the purpose of mining and remov- 
ing coal and associated minerals, together with all build- 
ings, machinery, and eąuipment, above and helów ground, 
used in connection with such mining operations.

(c) The term “ pit” or “ opon pit” shall mean and 
include stripping operations or any open-air workings.

(d) The term “ coal”  as used herein shall mean and 
include anthracite, semianthracite, semibituminous,’bitu- 
minous, subbituminous, lignite, and graphitic coal, lig- 
nite, natural coke, and such bony coal as is suitable for 
use as a fuel.

(e) The term “ associated minerals”  as used herein 
shall mean and include fire clay, shale, sandstone, and the 
bedded materials of the coal measures, exclusive of gold- 
bearing or other metalliferous deposits.

( /)  The term “ lessee” as used herein shall mean and 
include the heirs, executors, administratora, successors, 
or assigns of the lessee horeinbefore specified.
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ARTICLE XX.

It is further mutually coyenanted and agreed that 
each obligation horeunder shall extend to and be binding 
upon, and every benefit hereof shall insure to, tho heirs, 
executors, administrators, successors, or assigns of tho 
respectiye parties liereto.

ARTICLE X .

It is also further agreed that no member of or delegate 
to Congress or resident commissioner, after his election 
or appointment, or either before or after he has ąualified, 
and cluring his continuance in office, and that no officer, 
agent, or employee of the Department of the Interior, 
shall be admitted to any share or part in tłiis lease, or 
deriye any benefit that may arise therefrom, and the 
proyisions of section 3741 of the Reyised Statutes of the 
United States and sections 114, 115, 116 of the Codifica- 
tion of the Penal Laws of the United States approved 
March 4, 1909 (35 Stat., 1109) relating to contracts entcr 
into and form a part of this lease so far as the same may 
be applicable.

In witness whereof—
T h e  U n i t e d  S t a t e s  o f  A m e r i c a ,

B y - . -----------------------------------------------[l. s.]
Secretary oj the Interior.

Witnesses:

[L . S .]

APPLICATION FOR, COAL-MINING LEASE.

The undersigned,_________________________________ ________ ___
a resident o f___________________________________________________ ;
a ______________________________________________________________

(Native bom  or naturalized; if the latter, furnisli certificate.)
citizen of the United States, over 21 years of age, hereby applies, 
under the proyisions of the act of October 20, 1914 (38 Stat., 741), 
for a mining lease of the certain leasing blocks, or tracts, of coal
lands, to wit: Błock ----- , embracing the foliowing specified legał
subdiyisions _______ _______________________________ ______________

aggregating----- acres. If I secure said lease, I  propose to invest
not less than--------------- - dolłars in active, productiye mining opera-
tions conducted upon said lease; the active development will begin
not later than ------------------------------------  My experience in coal-
mining operations is as follows: ________________ ____ _____________

I neither own nor hołd any interest, either as a stockholder or other-
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wisc, in any lease under this act, or in any applioation for such a 
lease, save and exoept tho applioation now macie; and I hereby rcfcr 
tO .............................................................. ...................................................

as to my financial standing.
If I  am awarded a lease, I will supply a satisfactory bond as re- 

ąuired in section 9 of tho regulations.
My post-office address i s ______________________________________

(Signed)________________________________
Subscribed and sworn to beforc me, a _________________________ ,
________________ , on this _____________________________ day of

[s e a l .]  ------------------------------------------------ -----------------------------

COAL-MINING PERMIT.

R E G U L A T IO N S G O V E R N IN G  T H E  ISS U A N C E  O F P E R M IT S FO R  T H E  F R E E
U S E  O F  C O A L  IN  T H E  U N R E S E R Y E D  P U B L IC  L A N D S IN  A L A S K A .

Section 10 of the act of October 20, 1914 (Pubbc 216), proyidos:
That in order to provide for the supply of strictly local and domestic needs for fuel 

the Secretary of the Interior may, under such rules and regulations as he may prescribe 
in adyance, issue to any applicant ąualified under section three of this act a limited 
liccnse or permit granting the right to prospect for, minę, and dispose of coal belonging 
to the United States on speeified tracts not to exceed ten acres to any one person or 
association of persona in any one coal field for a period not exceeding ten years, on such 
conditions not inconsistent with this act as in his opinion will safeguard the public 
interest without payment of royalty for the coal mined or for the land occupicd: 
Prorided, That the acąuisition of holding of a lease under the preceding sections of 
this act shall be no bar to the acąuisition, holding, or operating under the lindted 
license in this section permitted. And the holding of such license shall be no bar to 
the acąuisition or holding of such a lease or interest therein.

Owing to tliere boing no settlements or local industries in or adja- 
cent to tbe Bering or Matanuska coal fields, and tho contomplatod 
leasing offor of coal lands in said fields, these regulations and tbe 
permits provided for shall not at present apply to coal deposits in 
those fields.

Qualifications.—Under tho terms of tbe act, expressed in section 3 
thereof, only citizens of tbe Unitod States above tbe ago of 21 years, 
associaiions of such citizens, corporations, and municipalities organized 
under tbe laws of tbe United States or of any State or Territory 
thereof, proyided the majority of tbe stock of such corporations shall 
at all timos be owned and held by citizens of tbe United States, aro 
ehgible to recoive a permit to prospect for and minę coal from the 
unrosoryod pubbc lands in Alaska.

Who may minę coal fo r  sale.— All permittees may minę coal for salo 
except railroads and common carriers, who by the terms of section 3 
of tbe act are restricted to the acąuirement of only such an amount 
of coal as may be reąuired and used for their own consumption.

. Duration o f  permits.—̂  Permits will be grantod for two years, begin- 
niną at dato of filing, if filed in person or by attorney, or dato of 
mailing, if sent by rogisterod letter, subject to tho approyal of tlio 
Commissioner of tbe General Land Office, and upon apphcation and 
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satisfactory sliowing as to the necessity therefor, may be extended 
by the commissioner for a longer period, subject to such conditions 
necessary for the protection of the public interest as may be imposed 
prior to or at the time of the extension. Misrepresentation, care- 
Iessness, waste, injury to property, the charge of unreasonable prices 
for coal, or materiał yiolation of such rules and regulations goyerning 
operation as shall have been prescribed in advance of the issuance of 
a permit, will be deemed sufficient cause for revocation.

Limitation o f  area.—The act limits the area to be coyered in any 
one permit to 10 acres. It is not to be inferred from tłiis, however, 
that the permits granted thereundor shall necessarily cover that area. 
The ground coyered by a permit must bo sąuare in form and should 
be limited to an area reasonably sufficient to supply the ąuantity of 
coal needed.

Scope o f  permit.—Permits issued under section 10 of the act of 
October 20, 1914, grant only a license to prospect for, minę, and 
remoye coal free of charge from the unreseryed public coal lands in 
Alaska, and do not authorize the mining of any other form of minerał 
deposit, nor the cutting or removal of timber.

How to proceed to obtain a permit.—The application should be duły 
exocuted on Form 4—020, and the same should either be transmitted 
by registered mail to, or filed in person with, the register and receiyor 
of the United States land office of tho district in which the land is 
situated. Prior to the execution of the application the applicant 
must have gone upon tho land, plainly marked the boundaries thereof 
by substantial monuments, and posted a notice setting forth his 
intention of mining coal therefrom. The application must contain 
the statement that these roąuirements haye been complied with and 
the description of tho land as giyen in the application must correspond 
with the description as marked on the ground. The permit, if 
granted, should be recorded with the local mining district recorder, 
if the land is situated within an organized mining district.

Wlien coal may be mined before tssuance o f  a permit.—In view of 
the fact that by reason of iong distances and limited means of trans-

Bortalion many applicants may be unable to appear in person at the 
hi tiul States land office to file their applications, it has been deemed 

advisablo to allow such applicants the priyilege of mining coal as soon 
as their applications havo been duły executed and sent by registered 
mail to the proper United States' land office. Should an application 
be rejected, upon receipt of notice thereof all priyileges under this 
paragraph terminate and the applicant must cease mining the coal.

Action by register.—Tho register will keep a proper record of all 
applications receiyod and all actions takon thoreon in a book proyided 
for that purpose. If there appear no reason why the application 
should not be allowed, tho register will issue a permit on the form 
proyided for that purpose. Should any objection appear either as 
to the cjualifications of the applicant or applicants, or in the substanco 
or sufficiency of the application, tho register may reject the application 
or suspend it for correction or supplemental sliowing under the usual 
rules of procedurę, subject to appeal to the Commissioner of the 
General Land Office. Upon the issuance of a permit tho register 
will promptly forward to the Commissioner of the General Land 
Office, by special letter, the original apphcation and a copy of the
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permit, and transmit co ni os thereof to the Chief of the Alaskan Field 
F)ivision, and to tho local representatives of the United States Bureau 
of Mines, for their information.

Notę.—These regulations are intended merely as a temporary arrangement to meet 
immediate necessities, as authorized by section 10 of the act of October 20, 1914, and 
are not to be construed as applying to the leasing of public coal lands in Alaska 
proyided in other sections of the act.

APPLICATION FOR COAL-MINING PERMIT.

., 191
The Commissioner o f  the General Land Office,

Washington, D . O.
Sir : The undersigned,_________________________________________

(Name of applicant.)

o f ________________________________, hereby appl for a permit to
(Post-ofiice address.)

prospect for, minę, and remove coal frorn the following-described land:
(Describe the land by legał subdivision if surveyed, and b y  metes and bounds with reference to some per- 

manent natural landmark if unsurveyed.)
containing approximately____________  acres, situated witliin the
____________ land district, .. ......... ... miles________o f _____________

(Direction.)
Alaska, and in support of this application make the following repre- 
sentation as to ąualilications to receive a perm it:___ _______________

(Citizenship of applicant or appli-

cants must here be shown. If the applicant is a municipality or Corporation, it must be shown under what 

laws it is organized; and if the latter, it must also be shown whether a majority of its stock is owned and 

held by citizens of the United States.)

The applicant further represent th a t_______________ ha not,
(He, they, or it.)

witliin two years last past, applied for or received a permit to minę 
coal under the provisions of section 10 of the act of October 20, 1914, 
in the coal field in wliich the land described in this application is 
situ ated ,________ _________________ _________________________________

(State exceptions here, if any.)

and that the coal herein applied for is to be mined for the purpose of
supplying the following demands, for which approximately___ ____
tons are reąuired annually: ______________________________________

(Here itemize the various uses to which the coal is to be applied, 

stating the number of tons necessary for each use.)

It is further represented that the boundaries of the tract described 
in this application have been plainly marked by substantial monu- 
ments, and that a proper notice describing the land and showing the 
intention of the applicant to apply for a free permit to minę coal 
therefrom has been posted in a conspicuous place upon the land.

I UJ ZMIA.D
g e o lo g ji

V
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On consideration that a permit be granted, the applicant hereby 
agree :

1. To exercise reasonable diligence, precaution, and skill in the 
operation of tlie minę, with a view to the preyention of injury to 
workmen, waste of coal, damage to Government property, and to 
comply substantially with the instructions and the rules and i-egula- 
tions printed on the bac-k of this application.

2. To charge only such prices for coal sold to others as represent a 
fair return for the labor expended and reasonable earning value to 
which the investment in the enterprise is entitled, without including 
any charge for the coal itself.

3. Not to minę or dispose of, either directly or indirectly, any coal 
from the area covered by said permit for export or any purpose other 
than “ strictly local and domestic needs forfuel.”

4. To leave the premises in good condition upon the termination of 
the permit, with all minę props and timbers in the minę int-act, and 
with the underground workings free from refuse and in condition for 
continued mining operations.

Signature of applicant______________ _________________
The f oregoing application was signed b y_____ ___________________

o f _________________________ , the applicant therein, in the presence
of the undersigned, who, a t __________reouest and in — -------  _ _

(His or their). # (His or their.)
presence and in the presence of each other, have subscribed our names 
as witnesses to the execution thereof.

Dated th is________day o f _____________ ,19  , at _ - .........- ...........
Territory of Alaska.
Name __..................................  Residence_____________________
N am e.......................... ............ Residence_____________________

Tliere were no important developments in the Alaska oil fields 
during 1915. The company that lias been producing oil and making 
gasoline at Katalla went into the hands of a receiver and was reor- 
ganized. Operations were not interrupted, howeyer, and the pro- 
duction of crude petroleum and gasoline was continued as in previous 
years. According to current reports an oil seepage was discovered 
in northem Alaska near Wainwright Inlet, about 100 miles Southwest 
of Point Barrow. (See PI. I.) If this report is confirmed, it is prob- 
ably a western extension of the oil field Southwest of Smith Bay.1

As the Alaska petroleum is a refining oil similar to that of Penn- 
sylyania and has a high percentage of yolatile compounds, the present 
market conditions would seem to justify the systematic prospecting 
of the morę accessible fields of the Territory. No doubt if the fields 
are opened by a leasing law such as is now under consideration this 
work will be undertaken. Meanwhile large ąuantities of petroleum 
and petroleum products are annually shipped to Alaska, as shown in 
the following table:

5 2  MINERAŁ RESOURCES OE ALASKA, 1915.
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Petroleum products shipped to Alaska from otlier parts o f the United States, 1905-1915,

Year.

Oil used for 
fuel, includ- 
ing crude oil, 

gas oil, re­
siduum, etc.

Gasoline, 
including all 
lighter Prod­

ucts of dis- 
tillation.

Illuminating
oil.

Lubricating
oil.

1905..............................................................................
Gallons.
2,715,974 
2,6S8,940 
9,104,300 

11,891,375 
14,119,102 
19,143,091 
20,878,843 
15,523,555 
15,682,412 
18,601,384 
16,910,012

Gallons. 
713,496 
580,978 
636,8S1 
939,424 
746,930 
788,154 

1,238,865 
2,736,739 
1,735,658 
2,878,723 
2,685,943

Gallons.
627,391
568,033
510.145 
566,598 
531,727 
620,972 
423,750 
672,176 
661,656
731.146 
513,075

Gallons. 
83,319 
83,992 

100,145 
94,542 
85,687 

104,512 
100,141 
154,565 
150,918 
191,876 
271,981

1906.......................................................... ...................
1907..............................................................................
1908..............................................................................
1909..............................................................................
1910..............................................................................
1911..............................................................................
1912..............................................................................
1913.......................................................... ...................
1914.............................................................................
1915..............................................................................

147,258,988 15,681,791 6,432,669 1,421,668

S T E U C T U B A L  M A T E R IA Ł  A N D  M IS  C ELLAN EO U S  
M IN E R A Ł  P R O D U C T S.

T\vo marble ąuarries, one in Ketchikan and one in the Wrangell 
district, and one gypsum minę, in the Sitka district, were operated 
in southeastern Alaska during 1915. Some shipments of harite were 
madę from a deposit on the West coast of Prince of Wales Island, 
and the gamet minę near Wrangell was operated during the year. 
Some graphite deposits in Seward Peninsula were prospected, but 
no shipments were madę from them.

R E V IE W  B Y  D IS T R IC T S .

The subjoined review is intended to summarize briefly the prin- 
cipal deyelopments in all the districts. The information at hand 
about mining in some of the districts is very scant, and some are 
treated at greater length in other sections of this volume. The space 
liere devoted to any district is therefore not necessarily an indica- 
tion of its relative importance. Tire arrangement is geograpliio from 
south to north.

SOUTHEASTERN ALASKA.

Thirteen gold-lode mines, including several which madę only a 
smali output, six copper mines, three placer mines, two marble 
ąuarries, and one gypsum minę were operated in southeastern 
Alaska in 1915. Besides these operations some shipments of gamet 
and barite were madę. The yalue of the minerał production from 
these mines is as foliowa: Gold, $5,435,586; copper (1,728,182 
pounds), $302,431; silver, marble, lead, gypsum, etc., $352,554; 
total, $6,090,571. Details in regard to the mining developments are 
presented elsewhere in this report.



YAK ATAG A DISTRICT.

Abont 20 men were engaged in mining the beach placers at Yaka- 
taga during 1915. It is reported tbat they had an unusually success- 
ful season. The White River hydraulic minę, also in the Yakataga 
district, was operated during the mining season.

COPPER RIVER REGION.

Mining in the Copper River region includes the development of 
the copper mines in the Kotsina-Chitina copper belt and placer 
mining in the Nizina, Kotsina, and Chistochina districts. In 1915 
three copper mines were operated throughout the year and during 
the sumrner about 18 placer mines were worked.

At the Bonanza-Kennicott copper minę some 5,540 feet of under­
ground development work was done during the year, and the ore has 
been opened up to a depth of about 600 feet. At the Jumbo- 
Kennicott 4,240 feet of underground work was done. The 400-foot 
level has been opened, and the sinking of the sliaft to the 500-foot, 
level is under way.

Work was continued on the Mother Lode copper minę throughout 
the year. The total underground deyelopments now include some 
5,040 feet of minę workings, of wliich 2,480 feet was opened in 1915.

Although the three mines above mentioned were the only ones 
commercially productive, the high price of copper has stimulated 
developmcnt throughout the field. Work is reported to hare been 
continued on the claims of the Alaska Copper Corporation, on 
Nugget Creek; the Hubbard & Elliott Co., on Elliott Creek; and the 
T .skina Copper Co., on Lakina River. Deyelopments were also 
madę on the Berg property, in the Kuskulana Yalley, and on the 
Copper Mountain property, near Kennicott. Undoubtedly work 
was done on many other copper claims about which no Information 
is ayailable at this time.

It is reported that a molybdenite-bearing ąuartz yein was dis­
co vered in 1915 on Canyon Creek, a northerly tributary of Chitina 
Riyer above the Nizina, about 50 miles from McCarthy.

Five hydraulic plants were operated in the Nizina district during 
the open season. There were some shipments of placer copper from 
the district. There were also some smaller placer operations in 
the Nizina and Bremner districts. About 10 placer mines were 
operated in the Chistochina district during the summęr. As in 
previous years, the largest operations were on Siatę Creek and 
Miller Gulch. Gold to the value of about $200,000 was taken from 
the placer districts of the Copper River region in 1915, and about 
150 men were employed.

5 4  MINERAŁ RESOURCES OF ALASKA, 1915.
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PRINCE WILLIAM  SOUND.

Four copper mines and five gold-lode mines were operated on 
Prince William Sonnd in 1915. The value of the total minerał 
production from this region, including gold, copper, and silver, was 
SI,340,996 in 1915, compared with $1,198,742 in 1914. Details in 
regard to mining developments on Prince William Sonnd are pre- 
sented clsewhere in this yolume.

K EN AI PENINSULA.

Preparations for placer mining on a larger scalę than in previous 
years were continued on Kenai Peninsula during 1915. For the most 
part these deyelopments did not reach a productive stage, though 
there was an increase in placer mining compared with previous 
years. Prospecting of dredging ground continued, but the dredge 
on Kenai Riyer was idle in 1915, and the one on Six-milo Creek was 
operated for only a short time.

The prospecting of auriferous lodes continued, but there were no 
notable developments of this form of mining. Some work was also 
done on stibnite deposits, though, so far as known, no shipments 
of antimony ore were madę. It is reported that an antimony lode 
was discovered on Bear Creek during the year, and there is also an 
occurrence of stibnite on Kenai Lakę which has long been known.1

Unfortunately, some of the minę operators in Kenai Peninsula 
fail to make returns of production and deyelopments, hence no exact 
figures on the gold output are ayailable. The information at hand 
indicates that gold to the value of about $88,123 was produced in 
1915, of which $70,000 is to be credited to the placer mines. It is 
belieyed that about 25 placer mines were commercially productiyc, 
and some gold was also won incidentally to the prospecting of other 
properties. About a dozen hydraulic plants, large and smali, were 
operated during the mining season, which in Kenai Peninsula is 
about 150 days in length. The largest plants are on Crow,2 Bear, 
Resurrection, and Canyon creeks, but placer mining was also done 
on Sixmile, Miller, Quartz, Cooper, Winner, Guleli, and Lynx creeks. 
A dredge was built on Sixmile Creek and operated for a short time. 
A steam shoyel was installed on Resurrection Creek toward the 
end of the mining season.

Some production was madę from four auriferous lodes, besides 
smaller outputs from other properties incidentally to deyclopment 
work.

1 Martin, G. C., Johnson, B. L ., and Grant, U. S., Geology and minerał resources of Kenai Peninsula, 
Alaska: U. S. Geol. Survey Buli. 587, p. 179, 1915.

2 The output of the hydraulic minę on Crow Creek is included with that of the Kenai Peninsula placers, 
though it is ioeated nortli of Turnagain Arm.



At the Bluebell minę work has been continued on two adits, 
wliich have reached a total length of 350 feet. A smali mili on tliis 
property was operated for a part of the time. Work was continued 
at tłie Kenai-Alaska on the 200-foot level, and a total of 385 feet of 
underground work was done during the year. The 5-stamp mili 
was operated from August to Noyember. About 75 feet of drifting 
was done at the Lucky Strike minę. The plant, including a 1-stamp 
mili, was operated from May to October. In the Moose Pass region 
deyelopments were continued on the Gilpatrick claims. Consider- 
able dcyclopmcnt work was also done on the Skeen-Stevenson 
property, in the same region, and some rich ore was found, wliich 
was treated in an arrastre. Besides the work noted aboye assess- 
ment and deyelopment work was done on many other lode claims.

Some coal was produced at the Bluff Point minę, on Cook Inlet, 
during 1915. Coal beds located near Point Woronzof and near 
McNeil Creek, both on the west side of Kenai Peninsula, were also 
prospected.

SUSITNA-MATANUSKA REGION.

The productiye minerał resources of the Susitna-Matanuska region 
include those in the Willow Creek gold-lode district and the Yentna 
and Vaklez Creek placer distriets. A little placer mining has also 
been done on Willow Creek and on.tributaries of the upper Chickaloon. 
Three gold lode mines and 25 placer mines were operated in this region 
during 1915 and produced gold to the value of $317,267. The three 
lode mines are in the Willow Creek district, where thero is also one 
placer minę, wliich is described elsewhere in this yolume. About 
twenty placer mines were operated in the Yentna district and fiye in 
the Valdez Creek district, employing about 90 men in all. The 
largest operations were those of the Yaldez Creek Placer Mining Co., 
wliicli operated a large hydraulic plant.

SOUTHWE STERN ALASKA.

No direct information as to the mining deyelopments in the Iliamna 
region, Kodiak Island, or the Alaska Peninsula is ayailable. It is 
known, howeyer, that beach mining continued on Kodiak and Popof 
islands on about the same scalę as in preyious years. There were 
probably some lode deyelopments in the Iliamna region and on 
Kodiak Island. The sulphur deposits of Makushin yolcano, on 
Unalaska Island, have been prospected to some extent.

56 MINERAŁ RESOURCES OP A L A S K A , 1915.
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YTJKON BASIN.

G E N E R A L  F E A T U R E S .

The value of the placer-gold output of the Alaska Yukon districts 
in 1915 is estimated to hayo been $7,050,000, compared with 
$7,570,000 in 1914. About 460 placer mines were operated in 1915, 
giying employment to about 2,900 men. Only three lode mines were 
productiye in the Yukon basin in 1915, and these were all in the 
Fairbanks district, but seyeral other lode properties produced some 
gold incidentally to development. The following tablo gives the 
estimated gold output of the principal Yukon placer camps in 1915: 

Estimated value o f gold produced from placers in the Yukon basin, 1915.

District. Value. District. Value.

$2,450,000 
2,050,000

700.000
610.000

$290,000
230.000
720.000

7,050,000
Hot Springs.............................................

The Yukon placer mines also produced $31,118 worth of silver. 
The above figures do not include the output of the lode mines, which 
in 1915 produced gold to the yalue of $217,776 and silver to the value 
of $910. There was also a smali output of tin from the Hot Springs 
district (see p. 27), and considerable antimony ore was shipped from 
Fairbanks district (see p. 29). The total yalue of the entire minerał 
production from the Alaska Yukon in 1915 was $7,423,352.

F A IR B A N K S  D IST R IC T .

Tlie first placer mining in the Fairbanks district consisted of some 
smali operations in 1903. Owing to the exhaustion of the bonanza 
deposits the placer-gold output has been on tlie decline sińce 1908. 
In these 13 years of mining gold to the value of about $65,490,000 has 
been won from the placers. The production of gold and silver from 
the placers is shown in the following table. Silver occurs as an 
impurity in the placer gold, and the figures given for silyer are based 
on an estimate of its percentage.

Placer gold and silver produced in the Fairbanks district, 1903-1915.

Gold. Silver.

Year. Quantity 
(fine oiinces). Value.

Quantity
(fine

ounces).
Value.

1,935.00 $40,000 348 $188
29,025.00 600,000 5,225 2,821

290.250.00
435.375.00

6,000,000 52,245
78,3679,000,000 42,318

387,000.00 8,000,000 
9,200,000

69,660 37,616
445,0.50.00 79,909 43,151
466,818.75 9,650,000 84,027 45,375
295.087.50
217.687.50

6,100,000 53,116 28,683
27,6904,500,000 52,245

200,756.25 4,150, (XX) 48,182 29,632
159.637.50
120.937.50 
118,518.75

3,300,000 20,274 
29,024

12,245
' 2,500,000 16,050

2,450,000 28,444 14,421

3,168,078.75 65,490,000 601,066 328,402
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The data relating to the source of gołd by creoks are not very 
accurate. An attempt has been madę in tbe following labie, however, 
to distribute tbe total placer-gold production of tbe Fabbanks district 
by tbe creeks on whicb the mines aro located.

Approzimate distribution o f gold produced in Fairbanks district, 1903-1915.

Cleary Creek and tributaries........................................................  $22,270,000
Goldstream Creek and tributaries...............................................  13,050,000
Ester Creek and tributaries........................................................... 10,680,000
Dome Creek and tributaries.........................................................  7,570,000
Fairbanks Creek and tributaries.................................................. 6,970,000
Vault Creek and tributaries.......................................................... 2,510,000
Little Eldorado Creek.................................................................... 1,870,000
Ali other creeks..............................................................................  570,000

65,490,000

Tbe above tables show only tbe placer ontput of tbe district im- 
mediately tributary to Fairbanks. They do not include tbe output 
of Bonnifiold, Tenderfoot, Salchaket, and otber smaller camps which 
are supplied from Fairbanks and whose gold is sent to Fairbanks. 
Several other districts, sucli as Hot Springs and Huby, send a part 
of their gold output to Fairbanks. Ali these districts have contrib- 
uted from $500,000 to $1,000,000 of gold to the total which annually 
passes through Fairbanks.

Lode mining began at Fairbanks in 1910, and sińce that time gold 
to tbe value of $1,068,845 has been produced by tliis industry. 
Therefore, tbe total gold production of Fairbanks district, including 
both lode and placer production, is about $66,500,000. The lode 
output is shown in tbe following table, which is based on morę accurate 
data than those used for the placer production:

Lode gold and sUner produced in the Fairbanks district, 1910-1915.

Total
Gold. Silver.

Year. ąuantity of 
crude ore 

(tons).
Quantity

(fine
ounces).

Value.
Quantity

(fine
ounces).

Value.

1910.......................................................................... 148 841.19 $17,339 106 $57
1911......................................................................... 875 3,103.02 64,145 582 308
1912.......................................................................... 4,708 

12,237 
6,526 
5,845

9,416.54 
16,904.98

194,657 
349,457

1,578
4,124

971
1913.......................................................................... 2,491
1914 .............................................................. 10,904. 75 

10,534.91
225', 421 2,209 

1,796lOlfi .........._........ ............................... 217,776 '910

30,339 51,705.39 1,068,845 10,395 5,959

It is estimated that about 115 placer mines were operated in 
the district during 1915, employing about 1,050 men. Of the total 
value of the placer gold produced about $500,000 was takon out 
during the winter. Tlio mines of Cleary Creek basin and adjacent 
parts of the Chatanika Flats are still the largest produoers, but those
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of Goldstream Creek and its tributaiies, inoluding Pedro and Gilinoro 
creeks, madę nearly as large a gold output in 1915.

The placers on lower Cleary, Yault, Dome, and Eldorado creeks 
occur as deep channels, so that here the mining is done by under­
ground methods. On Goldstream, Pedro, Gilmore, and Fairbanks 
creeks the operations are carried on cliiefly by open-cut methods, 
and the steam scraper is largely used. On Ester Creek botli open- 
cut and deep mining is practiood. The dredge on Fairbanks Creek 
was operated throughout the season. The suócess of this enterprise 
should oncourage the inyestigation of the many other large deposits 
of auriferous gravels in the distriot which are of too Iow grade to 
mino by the methods now in use. No doubt larger mining yentures 
will be undertaken as soon as the Government railroad now being 
construoted to Fairbanks cheapens the oost of fuel and other operat- 
ing expenses. Meanwliile there is little hope that the placer mining 
industry will expand. During the last two years many of the 
operators liave been deyelóping the narrower pay streaks on smaller 
creeks that were formerly belioved not to be ayailable for economic 
exploitation. Last summer suoh mining was done on Wolf, Chatham, 
Happy, Eva, Wildoat, Big Eldorado, Steamboat, Flume, Twin, and 
other smali creeks, and a considerable ąuantity of gold was produced. 
Another significant feature of the year’s operations was the reworking 
of a claim in the middle part of Cleary Creek by open-cut methods. 
Though this claim was said to haye been worked out years ago, the 
new operations yielded good returns. There is no doubt that a 
large amount of gold left in many of the mines that haye been worked 
in the past, especially where it is not too deep for mining by open 
cuts, will in the futuro be taken out. The presence of large bodies of 
gravel carrying less gold tlian can be recovered under existing condi- 
tions is too well known to need mention again.1

The conditions that liave led to a decline in placer mining haye 
also halted the exploitation of lodes. There is no hope of the deyelop- 
ment of a lode-mining industry until operating costs are reduced. 
In spite of the adverse conditions, some lode miners haye persisted, 
and it is entirely due to the enterprise of a few indiyiduals that the 
Fairbanks district may still be classed as a lode camp.

The salient feature of the lode deyelopment in 1915 was the 
shipment of some 685 tons of antimony ore mined on four properties. 
This deyelopment of stibnite ore was possible only because of the high 
yalue of antimony and the Iow freight rates offered by the transpor- 
tation companies to San Francisco, to which all the ore was shipped. 
The stibnite deposits of Fairbanks have been desoribed in detail 
elsewhere2 and need not be oonsidered here. (See also p. 29.)

i Prindle, L . M., A geologio reconnaissance ot the Fairbanks ąuadrangle, Alaska, with a detailed descrip- 
tion of the Fairbanks district. by  L . M, Prindle and F. J. Katz. and an aceount of lode mining near Fair­
banks, by P . S. Smith: U . S. Geol. Survey Buli. 525,1913.

Brooks, A . H ., The futurę of gold placer mining in Alaska: U. S. Geol. Survey Buli. C22, pp. 69-79,1915.
a Brooks, A. H ., Antimony deposits of Alaska: U. S. Geol. Survey Buli. C49 (in press).
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During 1915 three auriferous lode min es were operated on a reg- 
ular productiye basis in the Fairbanks district. These are tlie 
Rhoads & Hall, on Cleary Creek, and the Gilmore & Steyenson and 
Crites & Feldman, on Fairbanks Creek. There was also considerable 
development on other properties, incidentally to which some gold 
ores were produced from at least half a dozen. The ores were 
treated at smali customs mills.

The Rhoads & Hall minę and mili were operated to September 
10 and then were closed nntil cheaper operating costs insure greater 
returns. Most of the mining done in 1915 was on the first level, 
and about 200 feet of underground work was completed. Some of 
the tailings were treated in a smali tubę mili of local manufacture. 
The Crites & Feldman minę and mili were operated throughout the 
year. The minę is developed by two adits, the upper of which ia 
700 feet and the lower 400 feet long, and is eąuipped with a 5-stamp 
mili, an air compressor, and a sawmill. Most of the ore milled in 
1915 came from the lower'level. Nars, Anderson & Gibbs have con- 
tinued work on their claims at the head of Moose Creek, a tribu- 
tary of Fairbanks Creek. The developments consist of a 100-foot 
shaft and a 100-foot adit. Gilmore & Steyenson installed a 5-stamp 
mili on upper Fairbank Creek, which was operated from September 
1 to the end of the year. This mili was supplied with ore from the 
Ohio group of claims, as well as from other properties in the vicin- 
ity. At the North Star claims near by a 30-foot incline was sunk, 
60 feet of drifting on the vein was done, and some ore was milled.

Developments were continued on the Mizpah and adjacent claims, 
also in the upper yalley of Fairbanks Creek. Some ore was produced 
and treated at a smali customs mili near by. A 100-foot shaft has 
been sunk on the Rob & Roy claims, at the head of Too Much Gold 
Creek, a tributary of Fairbanks Creek. In addition 170 feet of drift­
ing was done on the 70 and 100 foot levels and some ore was pro­
duced and milled.

At the American Eagle claim, at the head of Fairbanks Creek, a 
shaft 107 feet deep has been sunk, and an adit planned to cut the 
vein underground has been driven about 400 feet. Some work is 
also reported by the Territorial minę inspector1 on the McCarty 
property, at the head of Fairbanks Creek; at the Homestake minę, 
at the head of Wolf Creek; at the Colorado claims, on Bedrock 
Creek; and at the Soo and Wild Rosę claims, on Dome Creek.

An adit about 30 feet long was driven on the Independence claim, 
on Twin Creek. Here the bedrock is coarse porphyritic granite,

i Maloney, William, Report of tlie Territorial minę inspektor to the governor of Alaska for the year 1915, 
pp. 14-15, Juneau, 1916.
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ancl the lode consists of a zonę of fracture striking about east and 
standing yertical, which lias been permeated and mineralized by 
vein ąuartz. The ąuartz veins appear to be lenses or wedge-shaped 
masses cut off by joint plan es that are nearly at right angles to lode. 
These joint planes are themselves mineralized, and srano of tlio joints 
are filled with vein ąuartz. The rock breaks out in rhomboliedral 
forms, including both ąuartz and mineralized granite. At the face 
of the adit in September, 1915, 3 to 4 feet of ąuartz and morę or 
less mineralized granite were exposed, bounded on the north by a 
well-defined wali but having no sharp linę of demarcation on the 
south side. Within this 3 or 4 feet tliere is probably a total of 12 
to 15 inches of ąuartz exposod, occurring in seyeral stringers. Martin 
Harrais, the owner, reports that the ąuartz stringers assay as high 
as $38 a ton and the mineralized zonę from $4 to $22 a ton. About 
three-ąuarters of the gold is said to be in the concentrates. The 
vein has been traced about 1,500 feet east of Twin Creek, to 
the granite and schist contact. It has also been found in the 
schist, but this part of it is reported to carry no gold. The vein 
ąuartz is glassy to white in color and includes some well-deyclopcd 
crystals. Besides the gold the vein carries pyrite, arsenopyrite, 
and galena.

Thougli tliere are a number of promising ąuartz yeins in the 
Ester Creek basin, only a few claims were under development 
during 1915. The principal developments in tliis part of the field 
were on claims owned by Tyndall, Finn & McGłauglin, and most 
of the work was done on the Bondholder group and on Mohawk 
claim. The Mohawk claim is deyeloped by two shafts, one of which 
was examined and is about 50 feet deep. In this shaft a well-defined 
lode 2 feet or morę in wid tli is exposed. On the Bondholder claim 
work was continued on the lower adit, which is now nearly 600 feet 
long. It cuts some narrow mineralized shear zones, but the maili 
lode has not yet been reached. Work was also continued on the 
claims controlled by McGlone & Smith, which adjoin those of Tyn­
dall & Finn, but details in regard to this work aro lacking.

In September, 1915, Albert Johnson discovered a lode carrying 
scheelite (tungstate of calcium) on the divide between the heads of 
Gilmore and Smallwood creeks, about 15 miles northeast of Fair­
banks. This deposit has not been examined by any member of the 
Survey, but Mr. Johnson has kindly fumished a very complete 
description of it, on which the following notes are based.

The country rock in the yicinity of the discovery is schist, but the 
timgsten lode is in a bcd of crystalline limcstone 25 to 50 feet wide. 
It occurs close to a greenstone band, which is describcd as a dike 
intrudcd along the contact of the schist and limestonc. The lode
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itself, which appears to be a pegmatite iiitrusive, occurs within the 
crystalline limestone. It strikes about east and dips 40° N. and 
has been traced on the surface by pits for a distance of some 200 
feet. So far as determined, the lode ranges from a few inches to 4 
feet in width. It has been opened to a depth of 40 feet by an incline, 
along which it is reported to be about 4 feet wide for the fuli depth.

A specimen of the ore furnished by Mr. Johnson showed it to be 
madę up of ąuartz, augite, scheelite, apatite, titanite, and a little 
biotite and hornblende, the last three chloritized. This rock appears 
to be a pegmatite in which the scheelite is a primary minerał. The 
scheelite is said to occur in part in smali rich lenses or shoots, but 
most of the ore is of concentrating grade. Mr. Johnson reports that 
one analysis of concentrates yielded 72.82 per cent of tungsten triox- 
ide. Though this is the only tungsten lode yet discovered in the 
district, the occurrence of scheelite in some of the Fairbanks placers 
has been reported. Scheelite is not, however, as common a minerał 
in this district as it is in some of the placers of Iditarod and Nome.

C H IS A N A  D IST R IC T .

Ahout 17 mines were operated in the Chisana district during the 
summer of 1915 and 2 in the previous winter. These employed about 
110 men in the summer and 8 in the winter. The total gold output 
of the camp was $160,000, of which about $150,000 came from the 
placers of Bonanza Creek. Sluicing began on June 25 and con- 
tinued until about the middle of September. There was, howeyer, 
some intcrruption owing to the lack of water because of a dry season. 
Besides the operations on Bonanza Creek mining was dono on Little 
Eldorado, Skookum, Gold Run, Big Eldorado, and Coarse Money 
creeks. A high-hne ditch was surveyed and partly built on Bonanza 
Creek.

F O R T Y M IL E  A N D  E A G L E  D IST R IC T S.

It is estimated that during 1915 about 30 placer mines were operated 
in the Fortymile and Eagle districts, employing about 110 men. In 
addition to this work many men were engaged in prospecting, and 
as usual a number were employed in working on the bars of Forty­
mile Riyer and produced some gold. Exact information in regard 
to the value of the gold output is lacking, but it is probably about 
$90,000.

In the Fortymile district the principal producing creeks are Wadę, 
Chicken, and Lost Chicken. There was also some mining on Ingle, 
Camp, Squaw, and Fiat creeks and Franklin Gulch. Good pros- 
pects are said to have been found on Liberty Creek but are unde- 
yeloped. Plans are said to haye been madę to devclop some placers 
on Dome Creek, a tributary of 0 ’Brien Creek. Some deep holes 
were sunk on the benches of Wadę Creek with a yiew of finding a
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buried channel. A steam scraper was operated on Squaw Creek. 
Besides tho usual number of “ snipers”  tliere were some larger min- 
ing plants along Fortymile Riyer. These include some extensive 
gromid-sluicing outfits near Atwater Bar, a steam scraper below 
Steel Creek, and a smali hydraulic plant near by.

In tlie Eagle district three mines were worked on American Creek, 
and mining was continued on about tlie same scalę in tlie Seventy- 
mile region as in tlie previous year. A new discoyery of placer gold 
is said to liave been madę on Fox Creek, in tlie Seyentymilo basin.

CIRCLE P R E C IN C T .

The Circle precinct includes tlie Bircli Creek district and tho placers 
of Woodchopper and Beaver creeks. It is estimated that gold to 
the yalue of $230,000 was produced łiere from 50 mines employing 
some 200 men. The principal event of the year was tho installation 
of a new dredge on Mammoth Creek, whicli began operations about 
June 1 and continued to the end of the season. This dredge is 
equipped with buckets of 3}  cubic feet, lias a daily capacity of 2,000 
cubic yards, and is capable of digging ground 15 feetdeep. Wood 
is used as fuel. Hydraulic plants were operated on Switch, Mas- 
todon, Deadwood, and Eagle creeks; deep gravel mining was done 
on Woodchopper, Coal, and Deadwood creeks; and opon-cut oper­
ations on Woodchopper, Coal, and adjacent creeks were unusually 
successful. Tlie largest output came from Mammoth Creek, and the 
largest number of operations were on Deadwood Creek.

T O L O Y A N A  D IST R IC T .

Workable gold placer ground was discovered on Liyengood Creek, 
in the Toloyana district, July 24, 1914. As a result, there was a 
considerable influx of prospectors and miners into the new district 
during 1915. A  deep channel was opened on Liyengood Creek and 
traced for seyeral miles, and this has been the source of most of the ' 
gold produced. There has been, however, some open-cut mining on 
tributaries of Liyengood Creek and also on 01ive Creek, wliich flows 
directly into Toloyana River. Good prospects liaye also been found 
in the adjacent Hess Creek basin, but liere there was no productive 
mining.

It is probable that about 40 or 50 claims were morę or less sytem- 
atically prospected in this district during 1915. Of these about 10 
can be classed as productiye mines, wliich produced gold to tho yalue 
of about $80,000. Liyengood (see PI. I, in portrait), the distribu- 
ting point of the district, has a post office, a wireless station, and a 
United States commissioner’s office. It can be reached by a horse 
trail and winter road about 55 miles long from Olnes, a railway sta-
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tion near Fairbanks. Another route arailable in summer is by 
launch up Tolovana River to tbe Log Jam and thence overland. 
The Log Jam is about 15 miles from Livengood. A morę detailed 
account of the Tt>lovana district will be found elsewhere in this bul- 
letin.

H O T  SPR IN G S D IST R IC T .

About 30 placer mines, employing some 275 men, were operated 
in the Hot Springs district during the year. These yiekled gold to 
the value of about $610,000, and incidentally some stream tin was 
won from the placers. The tin developments are described on pages 
27-28. The most important development was the opening and min- 
ing of some placers on the lower part of Woodchopper Creek. Large 
plants were also operated on Oakley Creek, on the Lieber & File 
claims, Midnight Sun group, and on American Creek. A large liy- 
drauhc plant was operated on Eureka Creek, in the northern part of 
the district. Tliere were smaller operations on Miller, Cache, Boul- 
cłer, Sulliyan, Patterson, Dalton, and Gold Run creeks. Much of 
the mining in this district is that of deep channels, in which opera­
tions are carried on both in summer and winter.

R A M P A R T  D IST R IC T .

Mining continued in the Rampart district on about the same scalę 
as in recent years. In the district proper about 15 mines were oper­
ated on Hunter, Little Minook, Hoosier, Siatę, Big Minook, Quail, 
and Ruby creeks. Gold to the value of about $35,000 was recovered 
from these operations, which were all on a smali scalę. A little winter 
mining was done on several creeks. Summer operations were ham- 
pered by lack of water. Considerable prospecting was done in the 
Hall and Hodzana river basins, and some encouraging results were 
reported, though tliere was no productive mining.

K O Y U K U K  D IST R IC T .

About 35 mines, employing probably 150 men, were operated 
during 1915 in the Koyukuk district, including the Indian River 
region. The gold produced in these operations is estimated to have 
a yalue of $290,000. Of this amount about $225,000 was taken from 
the deep mines during the winter. The deep mines of Hammond 
River madę the largest production, but winter mining was also done 
on Nolan, Linda, and Gold creeks. Some of the Hammond Creek 
deep placer ground is wet and owing to lack of pumps of sufficient 
size could not be mined. In 1915 some 4-inch steam pumps were 
brought in, and their successful operation rnakes it probable that deep 
mining will increase in the district.
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The largest summer production was obtained from the placers of 
Jay Greek, which were discovered in 1915. Jay Creek flows into Rye 
Crcek, which is a tributary of Wild River. The pay streak is said to 
be about 30 feet wide and 4 feet thick, and gold has been found on 
five claims. Placer prospects have also been found on Rye Creek. 
Nolan Creek madę the second largest summer output, but productive 
mining was also done on Gold, Linda, Smith, Myrtle, and Crevice 
creeks. A little gold was won from the grayels of the South Fork and 
its tributaries. About $15,000 worth of gold was taken from the 
placers of Indian River and vicinity. This came chielly from Indian 
River and its tributaries, but there was also a little mining on Black 
and Utopia creeks.

R U B Y  D IST R IC T .

Sixty-one placer inines were worked in the Kuby district during 
1915, and the value of the gold produced is estimated at $700,000. 
The most extensive mining was done on Long and Poorman creeks 
and their tributaries. The principal event of the year consisted in 
the preparations to install a dredge on Greenstone Creek, which will 
be in operation in 1916. Details in regard to the operations in this 
district are contained elsewhere in this volume.

IN N O K O  D IST R IC T .

In spite of the dry weather during the summer, which resulted in 
some shortage of water, mining was active in the Innoko district. 
There was during the year a notable advance in the installation of 
larger mining plants than liad been previously used, which augurs 
well for futurę gold production. It is estimated that 38 mines were 
operated in the Innoko district, including the Cripple Mountain region, 
during 1915, employing about 140 men and producing gold to the 
value of $190,000. This mining was done on Yankee, Little, Spruce, 
Opliir, and Ganes creeks, named in the order of the size of their 
gold output. Two steam scrapers were used on Yankee Creek, and a 
steam hoisting plant with self dumper on Spruce Creek. Late in the 
summer a smali scraping plant was installed on Ganes Creek and op­
erated for a short time. There was also some extensive prospecting 
with churn drill on Ganes Creek. Preparations were madę for installing 
a hydraulic plant on Little Creek. There was considerable ditch 
building on Opliir and Spruce creeks. Some deep placer ground was 
found on Dodge Creek, and preparation was madę for winter mining. 
Mining continued in a smali way in the Cripple Creek Mountain region.

Twelve plants, employing about 40 men, were operated during the 
winter on Little, Ophir, and Ganes creeks and produced gold to the 
yalue of about $40,000.

41354°—Buli. 642—16-----5
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IDITAROD DISTRICT.

Twenty-four mines were operated in the Iditarod district in 1915, 
employing about 400 men and producing gold to the value of 
$2,050,000. The largest operations were those of the two dredges on 
Fiat and Otter creeks. There were also sonie extensive operations 
by open-cut methods on Otter Creek near Discovery, and large 
plants were operated near the heads of Fiat, Chicken, and Happy 
creeks. The largest ąuantity of gold was obtained from Otter and 
Fiat creeks.

A drag-line excavator, the first used in Alaska, was instailed at a 
minę on Willow Creek during the snmmer and successfully operated. 
At this minę the frozen muck, about 10 feet deep, had during the 
previous year been ground-sluiced from an area about 1,500 by 100 
feet, forming a cut to the gravels, which are 3 to 4 feet deep. It is 
this gravel which, having thawcd out, is to be handled by the excava- 
tor and dumped into eleyated sluice boxes. The machinę has a 
60-foot boom and a 11 cubic foot bucket and is eąuipped with a 
60-horsepower boiler. It is expected that the ayerage daily capacity 
will exceed 1,000 cubic yards. This new method of mining, which 
promises to be a success, may have an important use in mining some 
of the Alaska placers.

No lode mining has bcon done in the Iditarod district, though some 
antimony-bearing ąuartz veins have been prospected.1 Some of these 
deposits carry cinnabar, which with scheelite is abundant in some of 
the concentrates from placer mining. These antimony-cinnabar lodes, 
which also carry gold, are worthy of further prospecting. It is sug- 
gested that, on account of the present high price of tungsten, the 
placer miners might well considcr the recovery of the scheelite from 
the concentrates. The placer-mining operations at the head of Fiat 
Creek, on the Upgrade claims, have reyealed some ąuartz stringers 
carrying considerable gold that cut the monzonite bedrock. Some 
of this materiał was dug out last year and shipped and represents 
the first production of lode gold from the Iditarod district. The dis- 
tribution of placers at the heads of Fiat, Happy, and Chicken creeks 
clearly indicates that there are zoncs of mineralization in the mon­
zonite stock in which these creeks haye thcir heads. It is possible 
that the gold may be sufficiently concentrated in some of these zones 
to justify lode deyelopment. In any event, there can be no ąuestion 
that there has been much auriferous mineralization in parts of this 
monzonite. The geology of the Iditarod district is discussed else- 
where in this bullotin.

1 Brooks, A . H., Antimony deposits of Alaska: U. S. Geol. Survey Buli. 649 (in press).
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In the Chandalar district there were no deyelopments of importance 
in 1915. In the summer eight or ten men worked on abont five 
claims and madę a gold output of $4,000 to $5,000. The mining, as 
in previous years, was done on St. Marys, Squaw, and Big creeks. 
Sonie winter deep mining at the mouth of St. Marys Creek was 
planned. No lode mining was done, but sonie promising discoverics 
of auriferous ąuartz aro reported.

About 10 mines, employing about 30 men, were operatcd in the 
Tenderfoot and Salchaket region. In this region mining is reported 
on Tenderfoot, Caribou, and No Grub creeks. There was also a little 
mining on Kenyon Creek, in the Hcaly ltiver district. Sonie smali 
placer-mining opcrations were continued in the basin of Chena River, 
which was the sceno of considerable prospecting during the year. 
The aboye-mentioned operations yielded gold to the value of about 
$95,000.

Mining continued in the Bonnilield and Kantishna districts on 
about the same scalę as in previous years, with a total gold produc- 
tion of about $40,000. Most of the mining is pick and shovel work, 
but sonie automatic dams and smali liydraułic plants are in uso. 
Sonie investigations were madę during the year with the view of 
installing larger plants in the Kantishna district. The gold and 
antimony bearing lodes of this district1 are also recemng sonie 
attention, though nonę are yet productive. In all, some 1,200 feet 
of underground work has been done on these lodes.

The Wadę Hampton precinct lics in the lower Yukon basin, cen--' 
tering on the settlement of Marshall (see PI. I), but the exact location 
of its boundaries is not known at this wiiting. Gold was discovered 
on Wilson Creek, which enters the Yukon at Marshall, in 1913. In 
the following year sonie claims were opened on this stream and on its 
tributary Disappointment Creek, and about $ 15,000 worth of gold was 
rccovered. Meanwhile gold prospects had been discovered on seyeral 
other creeks in the district. It is reported that in 1915 sonie seyen 
claims were opened and that the gold produced had a value of about 
$25,000. In 1915 one placer cłami on Wilson Creek, one on Dis- 
appointment Creek, and four on Willow Creek were worked by open- 
cut methods, and one bonch claim on Willow Creek was worked by 
drifting.2 Considerable prospeetmg was done during the summer 
with churn drills on Elephant Creek. A smali ąuartz vein, said to 
carry considerable gold and silyer, was found on Willow Creek, and a 
test shipment of ore was mado. A yein carrying gold, galena, and
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1 Brooks, A . H ., Antimony deposits of Alaska: U. S. Geol. Survey Buli. 649 (in press).
2 Maloney, William, Report of tlie Territorial minę inspector to the governor of Alaska for the year 1915, 

p. 18, Juneau, 1916.
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molybdenite is also said to have been found on the divido between 
Disappointment and Willow creeks.

KUSKOKWIM REGION.

Placer gokl has boen mined at several localitios' in tlie Kuskokwim 
legion along an ill-defined belt strotching northeastward from tho 
yicinity of Goodnews Bay for some 300 miles to Takotna River. 
(See PI. I.) The northern part of this belt includes the Takotna 
district and the placers of the Georgetown region, described elsewhero 
in this yolume. In the Southern part are the Tuluksak-Aniak and 
Goodnews Bay districts.* 1 In this zonę also are some cpiicksilver 
deposits2 on which some smali developments wtre probably con- 
tinued during 1915, though no reports about thom have been received 
at this writing.

In the Tuluksak-Aniak district fiye claims were worked by 16 men 
on Bear, Spruce, Bonanza, and Marvel creeks. One smali plant was 
operated on New York Creek, tributary to the Kuskokwim from the 
north, above the settlcment of Aniak. The most important deyclop- 
ments of the year in the lower Kuskokwim region were on Canyon 
Creek, which forms a part of the Kwikluk drainage basin. Here fiye 
mines were operated during the year, and some fairly rich placers 
were deyeloped. There was also a little mining on Rainy and Kapon 
creeks in the same district. Good prospects are reported to have 
been found on Fork and Windy creeks, also in the Kwikluk Rivcr 
basin. The benches on Fork Creek aro said to carry gold. Mining 
continued in the Goodnews Bay district on a smali scalę, as in previ- 
ous years. The gravels of the lower Kuskokwim region are not 
frozen, and it appears that some of them are worthy of inyestigation 
for development by dredges.

It is estimated that in all about 25 mines were operated in the Kus- • 
kokwim region in 1915, omploying about 80 men, and that they pro- 
duced gold to the value of about $100,000. In addition to the men 
employed in productiye mining, a largcr number were engaged in 
prospecting and deyelopment work.

SEWARD PENINSULA.

The estimated yalue of the gold output from Seward Peninsula in 
1915 is $2,900,000; that of tho 1914 output was $2,700,000. Tin, 
antimony, and coal were produced on Seward Peninsula in 1915 to 
the yalue of about $84,000. Absolutely reliable statistics of gold 
production of the peninsula are far from being complete, but the fol- 
lowing tablc, based on the best data available, gives an estimate of 
the yearly output sińce mining began in 1897.

i Maddren, A . G., Gold placers of the lower Kuskokwim, with a notę on copper in the Russian Mountains:
U. S. Geol. Survey Buli. 622, pp. 292-360,1915.

i  Smith, P. S., and Maddren, A. G., Q,uicksilver deposits of the Kuskokwim region: U. S. Geol. Survey
Buli. 622, pp. 272-291,1915.
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Gold and silver produced in Seward Peninsula, 1897-1915.

Year.

1897.
1898.
1899.
1900.
1901.
1902.
1903.
1904.
1905. 
1900.
1907.
1908.
1909.
1910.
1911.
1912.
1913.
1914.
1915.

Gold. Silver.

Q,uantity (fine 
ounces). Value.

Quantity
(fine

ounces).
Value.

725.63 $15,000 87 $52
3,628.12 75,000 435 256

135,450. 00 2,800,000 16,254 9,752
229,781.25 4,750,000 27,574 17,097
199,822.61 4,130, 700 24,579 14,747
220,677.07 4,561,800 26,481 14,035
215,994.38 4,465,000 24,171 13,052
201,462.52 4,164,600 24,175 14,021
232,200. 00 4,800.000 27,864 16,997
352,812. 50 7,500,000 43,537 29,605
338,625. 00 7,000.000 25,497 16,828
247,680. 00 5,120,000 20,577 10,905
206,077.50 4,260,000 20,871 10,853
169,312. 50 3,500, (XX) 20,317 10,971
149,962. 50 3,100.000 17,996 9,718
145,125.00 3,000, 000 17,415 10,710
120,937. 50 2,500,000 12,094 7,305
130,612.50 2,700,000 15,673 8,667
140,287.50 2,900,000 17,510 8,878

3,451,174.08 71,342,100 383,107 224,449

Most of tliis gold was taken from placers, althougli from 190.3 to 
1907 the Big Hurrałi lode minę produced some gold, and smali out- 
puts have been obtained from seyeral lodes at different times.

A smali amount of silyer-lead ore was sbipped from the Omalik 
minę, in the Fish Itiyer basin, as early as 1881, and seyeral other 
shipments of ore have been madę from this property, but these are 
not included in the table. The silvcr output aboye noted has largely 
been recoyered from the placer gold. Tlie only other minerał 
resources of the peninsula that have been deyeloped are some coal 
deposits in the Fairhaven district that have been mined in a smali 
way sińce 1902; the York tin deposits, first deyeloped in 1900; and 
the antimony deposits, first exploited on a commercial scalę in 1915.

The most important advances madę on the peninsula during the 
year were the revival of deep mining and the development of antimony 
lodes. Gold dredging continued on a large scalę but was not as pro- 
ductiye as in the preceding year. Tliirty-ono gold dredges were 
operated and handled about 3,000,000 cubic yards of gravel, yielding 
gold to the yalue of $1,050,000. In 1914, 39 dredges dug about
3,400,000 cubic yards of gravel and recoyered $1,280,000 worth of 
gold. The total gold recoyered by dredges sińce this method of 
mining was first introduced in 1903 has an estimated yalue of 
$8,850,000. Of the 31 dredges operated in 1915 two were engaged 
in mining placers in the York district that carry gold as well as tin. 
In addition to the gold dredges, two tin dredges were operated in tlie 
York district in 1915, making 33 dredges in all on Seward Peninsula. 
Three gold dredges and one tin dredge were built during the year.
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The cause of the decrease in production ot dredge gold is not elear, 
as tli ero are known to be large areas of auriferous gravels 1 on the 
peninsula which appear to be suitable for profitable exploitation by 
dredges. One reason, howeyer, is that most of the successful dredges 
appear to have worked on placers of rather high grade, and their 
success has been due to this fact rather than to economical mining by 
large operations. Little attempt has been madę to work the perma- 
nently frozeii placers, as has been so successfully done in the Alaska 
and Canadian Yukon. In the Yukon region wood costs front $9 to 
$14 a cortl, which is less expensive per heat unit than the retail price 
of coal at Nome, about $20 a ton. The cost of fuel oil per heat unit 
is said to be still less. To this price must be added the expense of 
hauling the fuel to the dreelge. It would seem that there is in Seward 
Peninsula a field for strong companies that coulel introduce economies 
in the operation of dredging and thawing.

Some placers were deyeloped during 1915 in the southeastern part 
of the peninsula. It has long been known that placer gold occurs in 
this region,2 but until recently mining has been only intermittent. 
The following notes on the new deyelopments are based largely on 
information furnished by Mr. Lars Gunderson, who resides in the 
district.

The deyeloped placers were on Dime Greek, which joins Koyuk 
River about 40 miles from Norton Bay by the windings of the stream. 
The bedrock of the district is schist with some crystalline limestone. 
Gold placers are said to have been found on nine contiguous claims 
on Dime Creek, which would mark a pay streak about 2 miles in length. 
Placer gold has also been mined at different times in the adjacent 
region.

Though little productive mining has yet been done on Dime Creek, 
nearly $3,000 is said to have been taken out of three claims. Some 
of the gold is said to be worth oyer $19 an ounce. A settlement has 
been established on Dime Creek, and proyisions and mining supplies, 
including boilers, have been brought in. The systematic opening 
of the placer ground is therefore assured.

Including the gold dredges, it is estimated that 120 placer mines 
were operated on the peninsula in 1915, employing about 1,200 men. 
These do not include the placer tin mines, of which there were three, 
employing 40 men. The distribution of the gold production by 
districts is shown in the following statement, which, howeyer, 
owing to the failure of some of the operators to make returns, is 
only an approximation.

1 Collier, A . J., Hess, F. L., Smith, P. S., and Brooks, A . II., The gold placers of parts of Seward Penin- 
sula, Alaska, including the Nome, Council, Kougarok, Port Clarence, and Goodhope precincts: U. S. 
Geol. Survey Buli. 328, pp. 111-135,1908.

Brooks, A . H ., The futurę of gold placer mining in Alaska: U. S. Geol. Survey Buli. 622, pp. 69-79,1915.
2 Smith, P. S., and Eakin, H. M., A geologie reconnaissance in southeastern Seward Peninsula and the 

Norton Bay-Nulato region, Alaska: U. S. Geol. Survey Buli. 449, 1911.
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Nome district................................................................................... $1, 500,000
Council district................................................................................ 685,000
Fairhaven district...........................................................................  250,000
Solomon district..............................................................................  250, 000
Kougarok district............................................................................  140,000
Port Clarence and smaller districts.............................................  75,000

2, 900, 000

Morę deep placer mining was done at Nome during 1915 than 
there has been for many years. About 36 deep placer mines, em- 
ploying about 250 men, were operated in tbe Nome district during 
the winter of 1914-15, and the yalue of their gold output and tliat 
of tlie mines operated in summer was about $300,000. Though 
there was a shortage of water in the peninsula during August, in 
generał the season was fayorable to placer-mining operations.

The Sliscovitch minę was opened late in the summer, and some 
antimony ore was shipped from it. Some antimony ore was also 
shipped from the Hed & Strand minę, about 3 miles north of the 
Sliscoyiteh. Antimony-bearing lodes were prospected at other 
localities in the peninsula, notably on Anvil Creek. A summary 
of the antimony resourc.es of the peninsula is in press.1 The de- 
velopments in tin mining are noted elsewhere in this yolumc. (See 
pp. 27-28.)

Some gold was probably recoyered incidentally to the mining of 
antimony deposits, but there appears to have been no other lode 
production, though prospocting of auriferous quartz veins continued. 
A gold-bearing Yein was found on Boulder Creek, in the Nome 
district, and is said to havc been traced for a considerable distance. 
Plans are under way for prospecting this deposit.

KOBUK REGION.

Placer mining in a smali way continued in the Kobuk region 
during 1915. Four claims were worked on Klery Creek, in the 
Sąuirrel River district, and four claims on Dali, Sliungnak, and Lynx 
creeks, in the Shungnak district. An 8|-ounce nugget was found 
on Klery Creek. In the Shungnak district two dams with auto- 
matic gates were installed. The entire gold output of the Kobuk 
region is estimatcd to have a value of $20,000.

1 Brooks, A . II., Antimony deposits of Alaska: U. S. Geol. Survey Buli. 649.





MINING DEYELOPMENTS IN SOUTHEASTERN ALASKA.

By T heodore Chapin .

IN T R O D U C T IO N .

A considerable adyance in both copper and gold lode mining was 
madę in southeastern Alaska in 1915. The deyelopment consisted 
in the opening np of large bodies of gold-bearing ore, in tbe installa- 
tion of mining machinery and power-developing plants for its ex- 
politation, and in the resumption of operations in a number of copper 
mines. Tliis revival of actiyity was felt throughout the region ex- 
tending from Ketchikan to Bemers Bay.

Juneau, which has long ranked as an important gold producer 
owing in large part to the production of the Treadwell group of 
mines on Douglas Island, now bids fair to surpass all preyious records 
in the production of ore. The extensive deposits of low-grade ore 
that for years haye been known to exist on the mainland are now 
being actiyely exploited. The opening of the Alaska-Gastineau mili 
and the broaking of ground for the new mili of the Alaska-Juneau 
Gold Mining Co., part of an extensive plan of deyelopment which 
will place tliis company among the principal producers of the region, 
aro notable deyelopments of the year. Other eyents are the pros- 
pecting operations of the Alaska Gold Belt Co. in the Sheep Creek 
Basiu, the formation of the Alaska-Taku Co. with holdings on Taku 
Inlot and Gastineau Channel, and consolidations and plans for actiye 
deyelopments iii the Eagle River and Berners Bay district. These 
actiyitics are the natural responso to the successful mining of low- 
grade ores on a large scalę.

The gold produced in southeastern Alaska is won largely from lode 
mines. The only known productiyo placer mining in 1915 was in 
the Porcupine district, wliere several companies operated with good 
success. Placer deyelopment work, however, was done at Sumdum 
and on Chichagof Island.

In the Ketchikan district the interest centers largely in copper 
mining, which was done on a larger scalę than in any other year 
sińce 1907, the record year of copper production in southeastern 
Alaska. Seyeral gold mines in tliis district were productiye also.

73
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Interest in the development of marble continues, especially in the 
Southern part of the region. Other nonmetalliferous deposits that 
have been worked for some time are gypsum and garnets, and in 
1915 a smali quantity of barite was produced.

The location of the mines and prospects of southeastern Alaska is 
shown on Plates II and III.

The yalue of tho total minerał output of southeastern Alaska for 
1915 was $6,090,571, distributed as follows: Gold, $5,435,586; 
copper, $302,431; silver, marble, lead, and gypsum, $352,554.

G O LD  M IN E S  A N D  P R O S P E C T S .

PRODTJCTION.

Gold produced in southeastern Alasha, 1914 and 1915.

Year. Ore
mined.

Gold. Silver. Average per ton.

Amount. Value. Amount. Value.
Gold. Silver.

Amount. Value. Amount. Value.

1914 .....................
1915 .....................

Tons.

1,712,530 
2,989,730

Fine 
ounces. 

201,104.11 
258,903. 72

$4,157,191 
5,353,255

Fine 
ounces. 

23,767 
87,953

$13,143 
44,592

Fine
ounce.

0.117
.087

$2.43 
1.79

Fine
ounce.

0.014
.029

$0.008
.015

JUNEAU MINING DISTRICT.

D O U G L A S IS L A N D .

The Treadwell group of mining companies, comprising the Alaska- 
Treadwell, Alaska-Mexican, and Alaska-United, operating on Douglas 
Island, continued their large-scale operations throughout the year. 
Over 25,000 feet of underground development work was accom- 
plished, of which about equal amounts were in vcin matter and in 
waste. These operations extendcd over 22 leyels but were confined 
principally to the lower levels. Over 4,300 feet of work was done 
on the 2,100-foot level in the Treadwell, Mexican, and Seven Hundred 
Foot mines; extensive development was also continued on the 1,570- 
foot, 1,750-foot, and 2,200-foot levels. The central shaft was ex- 
tended to the 2,400-foot level, and development work was started. 
During January 30 stamps were added to the mili of the Seven 
Hundred Foot minę, and in October a like addition was madę to the 
Ready Bullion mili, bringing the aggregate number up to 960.

Ali four mills of the Treadwell group were in nearly continuous 
operation throughout the year, except in parts of June and July, 
when an accident to the hoist caused a curtailment of operations 
at the Treadwell and Mexican mills. A total of 1,650,058 tons of 
ore was crushed, and 35,502.2 tons of concentrates was sayed.
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The Alaska Consolidated Goldfield Co. is a new company formed 
on the reorganization of the Alaska Treasure Gold Mining Co., whose 
holdings are on Nevada Creek, 4 miles soutlieast of Treadwell. Deyel- 
opment work was resumed in October, 1915, a crew of men being 
put to work on surface improyements, witb the intention of resum- 
ing the underground work soon with a larger force. The present 
developments consist of a mile of underground openings. The first 
work will be to extend the lower adit and raise to connect with the 
upper workings.

M A IN L A N D .

The most notable achieyement of the year was the completion of 
the new Alaska-Gastineau mili at Thane, near the mouth of Sheep 
Creek. The mili was designed to treat 6,000 tons daily, but tests 
show that it is capable of handling 8,000 to 10,000 tons. It is a 
concentrating plant that produces four grades of concentrate for 
shipment to the smelters. A re-trcatment plant is in course of 
construction. Ore is hauled from the Perseyerance minę over an 
electric railway for morę than 3 miles, part of which is through the 
Sheep Creek adit.

The first unit of the mili was completed in February, and during 
the year the output gradually increased to nearly the fuli capacity. 
During the year an estimated total of about 1,200,000 tons of ore 
was treated. The ayerage yalue por ton was somewhat lower than 
was originally estimated, by reason of a large horse of siatę on the 
fifth leyel, where high-grade ore was belieyed to occur. Power for 
the mili and minę is furnished by the company’s hydroelectric plants 
on Salmon Creek. Another plant, known as the Annex power projcct, 
under construction in 1915, will furnish additional power. It is 
designed to run a 1-300-foot tunnel to tap Annex Lakę 100 feet below 
its surface, thus ayoiding the necessity of a dam and outlet. From 
the mouth of the tunnel a pipę lino will carry the water 8,000 feet 
to the generating plant. The company employs 1,300 men.

The Alaska-Juneau Gold Mining Co. has recently appropriated 
$2,500,000 to carry out an extensive plan of minę deyelopment and 
improyements, which include the construction of a large mili and 
power plant, already under way. The plans cali for a ball-type mili 
to bo built in four sections, each of which will haye a daily capacity 
of 2,000 tons. It is expected that the first unit will be in operation 
by January 1, 1917, and that the mili will be completed three months 
later. The 50-stamp mili built two years ago will eyentually be 
eąuipped with bali mills. A power plant and oil tanks, eąuipped 
with two 5,000-kilowatt turbo generators, will be built near the 
present site of the Alaska-Juneau offices. This plan of deyelopment

MINING DEVELOPMENTS IN SOUTHEASTEBN ALASKA. 75
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obyiously involves also extensive underground work to fumish a 
sufficient supply of ore.

No productiye mining was in progress at the Alaska-Ebner minę, 
and owing to litigation tlie workings were not open to inspection, but 
underground deyelopment work is being continued.

Deyelopment of the holdings of the Alaska Gold Belt Co. is being 
actiyely pushed. An adit is being driyen in the upper part of Sheep 
Creek basin to cut the ore body, and if feasible a sea-level working 
adit will be run later. During the year 2,500 feet of the upper adit 
was driyen and work was continued on power installation and the 
mili site on Gastineau Channel.

The Alaska-Taku group of claims has recently been located and is 
now being deyeloped. It comprises 43 lode claims and eight mili 
sites on Grindstone and liliom creeks and the diyide between these 
creeks and Sheep Creek. The lode claims adjoin those of the Alaska 
Gold Belt Co. and extend along the strike of the formations for 4 
miles, nearly to the patented claims of the Penn-Alaska Mining Co. 
on Taku Inlet. Five mili sites coyer the camp and power sites at 
the mouths of lihoin and Grindstone oreeks, and two mili sites on 
Gastineau Channel afford sites for a crosscut adit near sea level. 
The ore deposits were not examined but are said to be stringer lodes 
similar in character to the Perseyerance lode. The locations cover 
the main greenstone and siatę contact and a considerable part of the 
oyerlying black siatę.

Mining operations were continued on the Pekoyich claims, on 
Funter Bay, Admiralty Island. The Alaska Gold Mining Co., 
recently formed to exploit this property, will install new machinery 
and increase the present output.

The mining property on Windham Bay, including mili sites and 
water rights, was recently sold to the Alaska Bond & Deyelopment 
Co., which will start work in the spring.

A company was recently formed to take over and deyelop a group 
of claims on William Henry Bay. It is announced that work will 
commence soon.

The deyelopment of the Eagle Riyer mino, which has been in 
progress for a number of years sińce the old workings were closed, 
was actiyely continued in 1915, and a considerable production was 
also madę. Recent work has been directed toward driying an adit 
at an eleyation of 400 feet above the mili and 600 feet below the old 
minę workings. This was designed to prospect the ground and to 
serye as a working adit. In places it drifts along the lode and in 
others cuts across. In addition to stopes 2,600 feet of underground 
workings have been driyen. The adit cuts a wide mineralized zonę 
containing ore bodies of morę or less irregular shape. Seyeral ore
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bodies havo boen opened and two stopes remoyed. The ore consists 
of ąuartz with galena, pyrite, arsenopyrite, and pyrrhotite. From 
the portal the ore is trammed to the head of a 1,200-foot surface 
tram that leads to the mili. The mili began opcrations in Juno.

Assessment work lias been kept up on several claims on Montana 
Basin and Yankee Cove. The old AB claims liave been relocated as 
the Morningstar group and aro being deyeloped in a moderato way.

The Peterson minę, on Pearl Harbor, has been deyeloped morę or 
less throughout the year. A 40-foot adit was recently driyen on a 
vein 7 foet in width, composed of irregular masses of banded ąuartz. 
This ore contains considerable free gold, one panful of dirt taken 
from the lode exposed at the face of the adit yielding a long string 
of colors. Work has also been done on the Cannonball claim. An 
adit has been driyen for 80 fcet along a stringer lode of ąuartz pene- 
trating siatę. This lode carries pyrite and arsenopyrite and contains 
specks of free gold. It strikes east and dips south at a stcep angle. 
Othor large veins of ąuartz occur on the propcrty, but deyelopment 
has not yet been extensiye enougli to determine tlieir extent or yalue. 
The lodes are easily mined and contain considerable free gold that 
is readily won in a homemade mili. The surface indications are 
promising enough to justify a thorough inyestigation of the property.

On Berners Bay the principal developments were in the Jualin 
minę. During the winter of 1914-15 sampling and examination were 
carried on preparatory to actiye operations in the spring. The pres- 
ent openings consist of an adit level nearly a mile in length and work- 
ings on the 60-foot, 160-foot, and 310-foot levels, aggregating 13,000 
feet. Eecent deyelopment work consists of a nuinber of raises from 
the 160-foot lovel and the extension of all the leyels. On the 310-foot 
leyel the back and intermediate yeins have been reached. A new 
lode called the “ unknown yein”  has been opened on the 160-foot 
leyel, and two raises have been started to explore it. This lode is 
northeast of the other ore bodies and has not yet been found on the 
other lovels. The stamp mili started early in summer. The failure 
of adeąuato water power during winter and dry seasons has neces- 
sitated the enlargement of the present hydroelectric plant and also 
the erection of an emergency power plant, which in October, 1915, 
was nearing completion. It is 11 miles below the minę and com- 
prises four oil engines of 150 liorsepower each. Fuel for these en- 
gines will be piped part way and hauled by wagons the remainder. 
At this mino 75 men are employed.

The Kensington, Bear, and Comet properties haye been Consoli­
dated by the Hayden-Stone interests and are being actively deyel­
oped. The Kensington adit has been driyen 5,000 feet on through 
the Johnson lode, which has been explored by 1,600 feet of drifts



7 8 M IN E R A Ł  RESOURCES OF A L A S K A , 1015.

and crosscuts. It is similar to the Eureka and Konsington lodes but 
occurs in the greenstone. The adit crosses the granite and greenstone 
contact 3,200 feet from the portal. A new surface tram has replaced 
the old switchback between the minę and the coast. Work at present 
is confined mainly to the Kensington, but the Bear and Comet are 
included in the generał scheme of deyelopment. The erection of a 
500-ton unit of a flotation mili was planned for the spring of 1916.

The Tacoma group of claims is on one of the tributaries of Sawmill 
Creek 7,000 feet from Sawmill Cove, at an eleyation of about 1,000 
feet. The developments consist of several short openings on two or 
'morę lodes. The country rock is black siatę of the Berners formation, 
which strikes N. 60° W. and dips steeply northeast. A 70-foot adit 
has been opened to explore a ąuartz fissuro vein striking east and 
dipping 75° N. The footwall side of the lode is a large vein of ąuartz 
strongly mineralized with pyrite. Its thickness was not determinable, 
as the adit does not expose the footwall and the vein on the surface is 
coyered with slide materiał. A 2-foot yein of ąuartz occurs on the 
hanging wali of the lode and is separated from the footwall vein by a 
horse of siatę. Oyerlying the hanging wali is a mineralized zonę of 
siatę with many stringers of ąuartz, forming a stringer lode sevcral 
feet thick, mineralized with disseminated pyrite. Southwest of 
this lode on the footwall side, but some distance from it, is a similar 
stringer lode. An opening has also been madę on an 8-foot ąuartz 
yein. Siatę, country rock, and yein all strike N. 45° W., and a short 
adit shows the yein to be horizontal at the surface. The vein materiał 
is rusty brecciated ąuartz containing much pyrite.

Considerable prospecting and sonie deyelopment work were done 
in the yicinity of Auk Bay.

SITKA AND WKANGELL MINING DISTRICTS.

The only productiye mining in the Sitka district in 1915 was done 
at the Chichagof minę, on Klag Bay, on the west coast of Chichagof 
Island, 50 miles south of Sitka. The mining and milling facilities 
here haye recently been increased by additional stamps, a tubę mili, 
and a new compressor plant. The minę and milling plant were 
operated continuously throughout the year, and mining has reachcd 
the 700-foot leyel. Shaft sinking was continued on the Fleming 
gold-copper property, 14 miles from the Chichagof minę.

In the Wrangell district deyelopment work was continued by the 
Olympic Mining Co. on the Helen S. group, on Woewodski Island; 
on the Berg claims, on Blake Channel, and on the Maid of Mexico 
minę. The Groundhog properties were sold in the fali, and the new 
owners began deyelopment work, which, it was said, woukl be carried 
forward in the spring on a large scalę. (See fig. 1.)



KETCHIKAN MINING DISTRICT.

In tli o Ketchikan district four gold mincs were in operation during 
1915, and three other properties not classed as mines madę a smali 
production. The greater part of the gold produced in this district, 
howeyer, was derived from tlie coppcr ores, all of which carry gold 
and silver in varying amounts.

P R IN C E  O F W A L E S  ISL A N D .

The old Puyallup minę, on Prince of Wales Island, is now called 
the Ready Bullion. It is about T] miles nortliwest of Hollis Cove,
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F iguke 1.—Map showing location of prospects in the yicinity of Wrangell.

with which it is cońnectcd by a tramway. The minę is on a narrow 
vein of quartz inclosed in altered tuffs, siatę, and ąuartzite. The 
vein is bordered by seams of gouge along two well-defined walls, from 
which it breaks away easily. The vein where examined ranges in 
width from 3 to 18 inches, and it is said to be 3 foet wido in places. 
Its average is about 6 or 7 inches. The hanging wali is stoped out 
for working space, and the vein matter is broken down and let fali 
on canvas, care being necessary in extracting the rich ore shoots. 
The present developments consist of an adit 1,160 feet long, driven 
along the vein, a 212-foot adit 200 feet above, and a 312-foot adit 
70 feet below the long adit. From the portal of the main adit for a 
distance of 1,000 feet the ore has been stoped above the adit for
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a vertical height of 150 to nearly 200 feet, tłie stopes in places reach- 
ing the surface; at 840 feet from the portal a raise extends to the 
snrface.

The minę is eąuipped with cabins, a blacksmith shop, and a 
5-stamp Risdon mili. A Pelton wheel runs the mili, compressor, 
and electric-light plant. The gold, most of wliich is caught in the 
amalgam, is retorted and blocked at the mili; the concentrates are 
shipped.

Deyelopment work was continued during the year at the Cracker- 
jack-Hollis group of claims, adjoining the Ready Bullion on the South­
west. The country rock is black siatę, haying a generał strike of 
about N. 30° W. and a steep southwesterly dip. Several large, 
persistent veins have been explored by a number of underground 
workings and surface trenches. Recent Work has uncoyered an 
18-foot lode formed along two porphyry dikos. A prominent feature 
of these lodes is the marked interrelation of the ąuartz and porphyry 
dikes that are so common in this region.

The Dunton minę, also known as the Rogers and preyiously as 
the Julia, is on Harris Creek, about 2 miles from Ilollis. Deyelop­
ment work was continued here throughout the year, but little milling 
was done, as attention was confined particularly to the underground 
prospecting, the results of which are reported to be satisfactory. 
The present workings consist of a 300-foot incline and drifts and 
stopes on four levels. The property is eąuipped with a 5-stamp mili 
driyen by power furnished by three water-driven turbines. The 
country rock is predominantly black siatę with a little interbedded 
graywacke. The lode is composed of ąuartz stringers penetrating 
the black siatę and ranges from 2 to 8 feet in width. The walls are 
well defined and the ore breaks away easily. The ore occurs in 
shoots, and there are barren places in the vein, but the wali rock is 
said to contain considerable gold.

The Treasure group of claims, on Granite Mountain, was relocated 
in 1912 as the Last Chance 1, 2, and 3. These claims are on Granite 
Mountain and may be reached by trail from either Karta Bay or 
Hollis. At an altitude of 2,400 feet an adit has been driven for about 
50 feet in a mass of brecciated granite. Masses of ąuartz occur here, 
but the vein in place has not been located. Above the adit the vein 
has been traced for several hundred feet by surface pits and short 
adits. In some places it pinches to a mere gouge seam, and in others 
it swells to 3 feet; the ayerage width is about 18 inches. Outcrops 
of what appears to be the same vein have been traced for 2 miles. 
The yein strikes N. 45° W. and dips northeast at yarying angles. 
The yein matter is rusty cayernous ąuartz with considerable free 
gold. In places pyrite is abundant, and a little chalcopyrite also 
occurs. The country rock is granite. It is planned to treat the
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ore temporarily in an arrastre, wliicłi in September, 1915, was in 
course of construction. Other yeins carrying galena, clialcopyrite, 
and pyrite and containing both silyer and gold have been opened, and 
considerable ore has been extracted from them, but at present they 
are not being worked.

An arrastre has also been built on the Snowdrift claim, about 
2 miles west of the Crackerjack, at an altitude of 1,650 feet. On this 
claim a 2-foot stringer vein is being prospected by a short adit driven 
along the yein. The vein strikes N. 60° E. and dips stceply soutli- 
east. The arrastre was constructed to test the ore on this and the 
Cascade claim, hut no gold has yet been produced.

The Yalparaiso minę is on Paul Lakę, in the yicinity of Dolomi. 
For the last three years it has madę little or no production, but 
deyelopment of power and the minę plant has been carried on 
actiyely. The main shaft is 330 feet deep, and drifts on the first, 
second, and tliird levels aggregate over 1,600 feet. A drainage adit 
was recently driven from the shore of the lakę to the intersection 
of the vein on the second level, a distance of 400 feet.

In the yicinity of the Yalparaiso minę assessment work is being 
kept up on the Jumbo, Wellfleet, and Amazon claims. Itecent 
locations are the Standby and Cook claims. The Standby claim, 
about 1,000 feet north of the cabins of the Golden Fleece minę at 
the head of James Lakę, is being deyeloped on a 31-foot lode com- 
posed of stringers of ąuartz in silicilied limestonc. Pyrite is abundant, 
and in places free gold occurs in lenticular ąuartz stringers.

The Chicago Kid claim is south of the Golden Fleece, on the shore 
of James Lakę. A shallow opening has been mado on a 5-foot voin 
composed of brecciated limestone cemented with yeinlets and masses 
of ąuartz carrying pyrite and tetrahedrite. It strikes N. 60° E. and 
dips 70° SE. At the foot of James Lako are the Fortune, Moonshine, 
and other claims, located on another breccia lode or vein that strikes 
N. 60° W. and dips northeast. The country rock is banded hlue 
limestone and schist, and the lode is composed of hlocks of limestone 
and schist with a network of ąuartz veins carrying disseminated chal- 
copyrite and pyrite. The deyelopments consist of a number of open- 
ings from 50 to 100 feet in length, extending across the lode. The 
New Era claim, on the Southwest shore of James Lakę, is on a 30-foot 
ąuartz vein carrying disseminated pyrite. An adit extends across 
the yein, which strikes N. 30° W. and stands about yertical.

Assessment work was continued on Cholmondeley Sound at a 
number of places, but no gold was produced. Four claims, the Port- 
land, Seattle 1, Seattle 2, and Minnetonka, lie along a mineralized zonę 
extcnding from Minerał Lako to Dora Lakę. The main workings are 
on the Seattle 1, whero a crosscut adit has been driven 200 feet to the 
vein, which was followed by a 70-foot drift and a 25-foot raise. Open 
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cuts and surface trenches expose tli o vein at a number of places. It 
strikes generally ab out north and dips east. The country rock is 
limestone and schist, and the lode is a fissure vein of banded quartz 
with considerable galena, sphalerite, chalcopyrite, and pyrite carrying 
gold and silver. The lode yaries in width from place to place. The 
narrowest part noted is in an open cut on the Portland claim, where 
it crosses the limestone country rock. Here the vein contains con­
siderable calcite. At some places it widens to 9 feet.

Work was also donc on the Hope and Moonshine groups, on the 
South Arm of Cholmondeley Sound, and on seyeral proporties on 
Kitkun Bay.

M A IN L A N D  A N D  R E Y IL L A G IG E D O  IS L A N D .

Tho Sea Leyel minę, at the head of Thorne Arm, has not been worked 
for a number of years, although attempts haye been madę to reopen it. 
Last year an option was taken on the property, the tram rebuilt, and 
the minę partly pumped out, when work was discontinued. The 
adjoining group of claims, the Majestic, Googoo, and Golden Bule, 
haye been relocated as the Googoo 1, 2, and 3, and some deyelopment 
work has been dono on them. The vein, which strikes N. 60° E., has 
been explored for 2,000 feet by a 35-foot shaft and crosscut and 
seyeral surface cuts. It is composed of white glassy ąuartz with 
large crystals and bunches of pyrite, which in places penetrate the 
wali rock. Rich pockets of fine gold occur in places. One such 
pocket recently mined in an open cut was profitably extracted with 
a long tom.

The Gold Standard minę, on ITelm Bay, was worked on a lease, 
and the lessees madę seyeral shipments of ore. Adjoining the Gold 
Standard property is the South Lakoview clainą on an eastward- 
trending vein dipping north. The vein is 18 to 24 inches wido and 
is composed of rusty banded ąuartz with chalcopyrite and a little 
pyrite. Gold occurs free and in the chalcopyrite and is mostly con- 
fined to a pay streak about 3 inches wide. The vein is bordered on 
both sides by gouge, and cuts greenstone schist striking N. 40° W. 
and dipping steeply northeast.

Seyeral low-grade ore bodies are being exploited in this yicinity. 
On the Bay Wiew and West Bay View claims a number of open cuts 
liave disclosed a mineralized zonę, which in places is 150 feet across. 
Its generał strike is north, but at the north end of its exposures it 
swings toward the northwest. It is composed of greenstone schist 
and morę siliceous schist filled with bodies of ąuartz ranging from 
mere stringers to some 18 inches thick. The greenstone and schist 
bordering the ąuartz contain considerable pyrite, although the 
ąuartz itself does not appear to be strongly metalized. Other large 
low-grade bodies are being opened near by.
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Gold lodes associated with deposits of copper and silver occurring 
in the Salmon River region are described under the head of “ Copper 
mines and prospects” (pp. 96-98).

G R A V IN A  IS L A N D .

The Goldstream minę, on Gravina Island, was unwatered lato in 
the fali of 1915 with the intention of resuming operations, but no 
productive mining was in progress on Gravina Island. Lodes con- 
taining both gold and copper occurring on this island are described 
below, under “ Copper mines and prospects.”

CO PPER  M IN E S  A N D  P R O S P E C T S.

GENERAL CONDITIONS.

Kasaan Peninsula and the region adjoining Kasaan Bay were 
again the center of copper mining in southeastern Alaska in 1915. 
The Granby Consolidated Mining, Smelting & Power Co. (Ltd.) 
took over the Mamie and It mines and for a portion of the year pro- 
duced over 260 tons of ore a day. The Rusli & Brown minę was 
operated throughout the year about as usual. Development work 
was continued at the Mount Andrew minę, and ore was produced. 
The Jumbo minę on Iletta Inlct was operated on about the usual 
scalę, and sliipments of ore were madę also from the Goodro and 
Cymru properties. The generał distribution of copper-bearing 
lodes is shown on Platę III (in pocket).

PRODUCTION.

Copper, gold, and silrer producedfrom copper mines o f southeastern Alaska, 1915.

Ore inined............................................................. ................. tons..
Copper:

Quantity............................................................ pounds..
Yalue...................................................................................

Gold:
Quantity..................................................... fine oim ces..
Value........................... .......................................................

Silver:
Quantity......................................................fine ouncea..
Yalue...................................................................................

50,406

1, 728,182 
11302,431

1, 321. 90 
$27,326

10,938 
1 $5,545

The copper production was an enormous inerease over that of 
the preceding year, in natural response to the intensified demand 
and high price. Only two copper mines were operating in 1914, 
and therefore the production for that year is not published, as it 
might roveal the output of the individual mines.

1 Computations based on average price of copper ($0.175) and silver ($0.507) for 1915.1



KETCHIKAN MINING DISTRICT.

PRINCE OE WALES ISLAND.
KASAAN B A Y  AND VICINITY.

The Granby Co. is operating the Mamie and It mines, on Kasaan 
Peninsula. At the Mamie work preparatory to actual mining was 
started in December, 1913, and continued for several months. The 
summer of 1914 was spent in development work, rebuilding the 
aerial tram, and putting the minę plant into condition for production. 
On account of the Iow price of copper the minę was shut down from 
September, 1914, to the following April, when operations were 
resumed; the output then averaged 200 tons of ore a day. The 
aerial tram, wliich originally extended to the smelter only, now 
extends to the dock in Hadley Harbor, where the ore is loaded direct 
into barges and transferred to the company’s smelting plant at Anyox, 
British Columbia.

A new hoist was put in at the shaft, and ore from the main adit 
level and two lower leyels has been mined. The main ore bodies at 
the Mamie minę are associatcd with deposits of magnetite, garnet, 
epidote, and other contact minerals formcd along the border of a 
large mass of dioritic rock intrusivo into limes tonę and altered sedi- 
mcnts. Stoping of ore was confined chiefly to large low-grado lenses 
of copper-bearing magnetite which had been exposed by the old 
Brown-Alaska Co. but which at that time was of too Iow grade to 
extract at a profit. This magnetite has served the purpose of a 
flux at the Anyox smelter. At the time of visit (September, 1915) 
about 1,000 feet of development work had been done and 30,000 
tons of ore shipped sińce the Granby Co. took over the property. 
On the 125-foot level ore has been encountered in a porphyry dike, 
and a drift on it for 150 feet showed an average widtli of 8 feet and 
a copper content of 4 per cent. This ore has served the purpose of 
raising to commercial grade the low-grado magnetite which it inyades.

A contour map with 10-foot contour interval has been constructed 
on a scalę of 50 feet to the inch, and the surfące geology has been 
mappcd in considerable detail. A survey has also been madę and 
stakes placed at intervals of 25 feet, preliminary to a magnetic suiwey 
of the area adjoining the proyed ore bodies in the contact zonę. 
Diamond drilling will he done in the spring. Fifty men are em- 
ployed at the minę.

The Granby Co. also operates the It minę and adjoining properties. 
The old workings consisted of a yertical shaft sunk 150 feet to the 
ore body, a number-of yertical workings, and a 1,500-foot adit reach- 
ing a yertical depth of 280 feet below the bottom of the shaft, or 
530 feet below the surface. The first work of the Granby Co. was 
to drive an inclined raise from this adit to the bottom of the old shaft.
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Considerable ore left around the borders of the old stopes was cx- 
tracted by starfcing at the bottoms of the stopes and fllling them as 
thoy came up on walls of ore. Ore was also discovered in the shaft 
between the 100-foot and 150-foot levels. In the meantime active 
prospecting has been carried on along the contacts of ąuartz diorite 
dikes and limestone. Work was carried on simultaneously at the 
Dean claim of the It group, which was purchased outright by the 
GranbyCo. Besides copper, the ore carries notable amounts of gold.

An 8-horsepower gasoline motor is used to haul the ore from the 
minę to the beach, a distance of tliree-ąuarters of a mile, o cer a 
surface tramway. Despite the grade on the tram it is considered a 
success, as high as 150 tons to the shift being hauled to the beach. 
Ore is shipped to the smelter at Anyox, British Columbia. About 
40 men are employed at the minę.

The Goodro minę is near the head of Karta Bay, about half a mile 
north of tlie “ Salt Chuck.”  It is entered by an adit 200 feet long, 
which cuts the ore body 150 feet from the portal. At this point a 
winze has been sunk for 100 feet, from the bottom of which drifts 
have been opened along the ore body in both directions. A shaft 
from the surface opens into a chamber from which a winze also 
extends down to the adit. From this stopo ore was extracted in 
1915. The ore trcnds northeast. It is composed essentially of 
bornite, with lesser amounts of other copper sulphides, and the 
country rock is gabbro. Ore from the mino is trammed by hand 
300 feet to the ore bins, where the shipping ore is sorted out and 
trammed to the wharf, to bo loaded on barges.

The Leibrant claims aro a ąuarter of a mile west of the Goodro 
mino. An adit, which at the time of visit was inaccessiblc, is said to 
be 100 feet in length, with an 18-foot shaft. It is driven along a 
vertical fault striking N. 36° E. At the mouth of the adit the 
country rock is gabbro mineralized with chlorite and epidote. Speci- 
mons of similar rock taken from the dump contain considerable ąuartz 
with particles of disseminated bornite and chalcopyrite. Other 
surface openings are close by.

The Mount Andrew minę madę several shipments of ore, altliough 
the ac.tivities of the operators were directed morę to the development 
of the minę than to the production of ore. Prospecting has con- 
tinued on the Jim, Rico, and Peacock claims, which have been con- 
nected with the rnain workings by an aerial tram. The present de- 
velopments consist of about 4,000 feet of underground workings and 
a number of large glory holes and other surface openings. The ore 
bodies are composed of magnetite-chalcopyrite rock. Besides the 
ore rich enough in copper to be mined for that metal, there aro large 
bodies of low-grade materiał that would become yaluablo for their 
iron content if facilities were available for magnetic separation.
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The Poorman group of claims is on the Southwest shore of Kasaan 
Peninsula, 2 miles northwest of Kasaan, with which it is connected 
by a trail near the beach. A surface tram 2,500 feet in length con- 
nects the workings with the cabins at tidewater. Tli o tram is now 
in poor repair, but a good trail leads to the workings. The ore bodies, 
which consist of magnetite with a smali copper content, are of intcr- 
est as possiblo iron ores. The claims liave been prospeoted by sev- 
eral short adits and open trenches driven in a northeasterly direc- 
tion. Near the blacksmith shop at the end of the tram is an adit 
80 feet long in which a body of magnetite is cut 40 feet from the 
portal and continues to the face. A few feet to the south a 90-foot 
adit orosscuts what is apparently the same body of magnetite. At 
the face a shaft extends 30 feet to the surface and 60 feet below the 
level of the adit. Another adit 50 feet long is all in magnetite. South 
of these workings two open trenches, 150 and 60 feet in length, are 
both entirely in magnetite ore. South of the trenches is a large 
outcrop of magnetite, and northeast of the shaft for a distance of 500 
feet are numerous outcrops and surface pits, indicating a considerahle 
width to the magnetite ore zonę. North of the Poorman property 
are the Kansas and Blackbird claims of the Coleman group.

The Rush & Brown minę has proved the most persistent copper pro- 
ducer in southeastern Alaska. It is on two lodes, known as the 
magnetite and sulphide ore bodies, which have been worked to the 
250-foot level. The magnetite ore body is a contact deposit occurring 
along the border of intrusiye diorite and altered sediments. It has 
been developed by a glory hole 100 feet deep and by workings on 
the underground levels. Surface exposures of ore northeast and 
east of the developed lode indicate either a greater length and width 
of the ore body than was at first expected or large ore bodies near by 
that have not yet been explored by the minę workings. These 
surface exposures are revealed by shallow pits opened through the 
oyerburden. Magnetite-chalcopyrite ore occurs in a smali pit north of 
the east end of the glory hole, and similar ore is found in the excaya- 
tions of the ore bins about 25 feet to the West. (See fig. 2.) Mag­
netite ore occurs also in a recently opened pit 75 feet east of the glory 
hole, about in linę with the other pits. The size of the body is not 
evident, as ore occurs across the entire width of the pit, about 11 feet. 
It is mainly magnetite-chalcopyrite ore, with a little native copper 
and seams of copper ęprbonate.

The relation of these outcrops of copper-bearing rock to one another 
or to the known ore bodies is not eyident, but their position indicates 
either an extension of the old ore bodies or new lodes of considerable 
size. In either case the probability of an increased area of productive 
ground is strong. The glory hole and surface pits show ore morę 
or less continuous for nearly 200 feet, and the presence of bodies of
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F igurę 2.—Sketeh of surface outcrops of ore bodies, Rush & Brown minę. (From Surv eys by U.
Rush.)



magnetite southeast of the known lodes has been shown by magnetic 
suryeys.

The sulpbide ore body is a shear-zone deposit inclosed in meta- 
morphosed sediments. Chalcopyrite is the principal metallic minerał, 
and the ore contains subordinate amounts of pyrite, pyrrhotite, and 
magnetite; the gangue is altered country rock. This lode has been 
opened to a depth of 250 feet and with increasing depth becomes morę 
morę nearly Yertical. It is from 4 to 14 feet wide.

Another lode, known as the No. 3 ore body, has been trenched 
for a short distance at a point 150 feet south of the glory hole. It 
is a shear-zone deposit composed of veinlets of chalcopyrite, pyrite, 
and magnetite. This lode has not been opened by underground 
workings.

LAKĘ BAT.

The McCullough prospect, near Lakę Bay, on the northwest coast 
of Prince of Wales Island, comprises the Jackson 1 and 2, Horseshoe,
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F ig u r ę  3.—Sketch map showing location of McCullough prospect, Lakę Bay.

Lakę Bay, and Copper claims, which were located 10 years ago. At 
that time some prospecting Avas done and 4 tons of ore was shipped 
for treatment, the results of which were satisfactory enough to encour- 
age further development. A substantial building houses the hoist,
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sawmill, and blacksmith shop. The power house is eąuipped with 
an 8-foot Pelton wheel, which deyelops electric power for the hoist 
and sawmill.

The claims are about 6,000 feet Southwest of the beach of a salt- 
water lagoon connecting Sweet and Barnes lakes, which empty into 
Lakę Bay. (See fig. 3.) An excellent plank tram has been built 
part of the way from the mino to the cabin on the lagoon and can be 
extended at easy grade to the lagoon, which at high tide may be 
reached from Lakę Bay by boats of light draft. The underground 
developments consist of some caved workings and a well-timbered 
shaft, which in 1915 was extended to a depth of 61 feet. This shaft 
was not accessible. The materiał on the dump is composed of fine- 
grained graywacke, intricately yeined with calcite. This rock is 
apparently not metallized, but similar rock said to be taken from the 
lower part of this shaft contains considerable chalcopyrite. The ore 
hody is exposed on the surface at only one place. Here it is a breccia 
lode, composed essentially of quartz inclosing angular pieces of black 
siatę and argillite and bearing considerable chalcopyrite and pyrite. 
The size of the ore body is not eyident. A caved crosscut is said to 
extend 35 feet across the lode, the length of which is claimed to have 
been proved for 300 feet in a northwesterly direction by test pits, now 
in accessible. Bock from one of these old workings is black argillite 
breccia cemented with calcite. The country rock is black siatę, 
argillite, and banded graywacke.

Deyelopment work was resumed in 1915 by a crew of men but was 
not continued throughout the season. Some ore taken from the old 
workings is ready for shipment.

MOIRA SOUND.

The only productiye mining on Moira Sound was at the Cymru 
mino, on Minerał Lakę, three-quarters of a mile from the head of 
North Arm. Tlić mino is on a lode striking N. 60° W. and dipping 
about 60° SW., inclosed in limestone. The present workings consist 
of an inclined shaft opened along the lode for 100 feet and drifts on 
the 30-foot and 90-foot lcycls. The lower drift extends southeastward 
along the yein for 96 feet, and at its end a smali stopę has been opened. 
The workings on the upper leyel are morę extensive. A drift extends 
northwestward from the shaft for 30 feet, and a short crosscut has been 
driyen to cut the yein. Southeast of the shaft the drift extends for 
400 feet, and for the greator part of this distance the vein is stoped to 
the surface. An adit extends from the surface near the shore of 
Minerał Lakę to this leyel, which it reaches about 60 feet from the 
shaft. The ore is hoisted througli the shaft and trammed to the ore 
bunkers on tidewater, a distance of about three-quarters of a mile. 
After lying idlo for some time this minę was worked on a lease during 
the sunimer of 1915, and some shipments of ore were madę. The
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minę is eąuipped with good minę buildings and a substantial wharf 
and bunkers on tidewater, which are connected with the minę by a 
tramway.

No mining was done in 1915 at the Niblack minę, but inyestiga- 
tions relative to the deyelopment of water power were madę. As- 
sessment work was continued on the Wakefield group and other 
claims near by. Workings on the Westcott claim haye exposed a 
body of low-grade ore 120 feet across, inclosed in ąuartz-sericite 
schist. The lode is essentially pyrite, with a little chalcopyrite 
inclosed in a siliceous gangue.

On McLean Arm, 20 miles south of Moira Sound, deyelopment 
work has been in progress for a number of years.

H E T T A  IN LET AN D CORDOVA B A Y .

The Jumbo minę, which is on Copper Mountain, near the head of 
Hetta Inlet, was the only productiye minę in this yicinity in 1915. 
The minę is connected by an aerial tram with the company’s wharf 
and ore bunkers at tidewater. The ore bodies are contact deposits 
containing chalcopyrite-pyrrhotite ore of irregular size and shape, 
with a footwall of diorite and hanging wali of crystalline limestone, 
silicified schist, or banded ąuartzite.1

Operations proceeded about as usual in 1915. Shipments of ore 
were started early in the summer and were maintained throughout 
the remainder of the year. The present deyelopments consist of
10,000 feet of underground workings. Recent work has proyed the 
large ore bodies to be morę extensive than was at first expected.

A prospect near the head of Keete Inlet has been deyeloped 
recently on a copper-bearing lode striking N. 20° W. and dipping 
60° NE. The lode is being opened by an incline, which below the 
10-foot level was covered with water and inaccessible at the time of 
visit. The ore is a shear-zone deposit containing disseminated 
particles and lenses of chalcopyrite and pyrite in siliceous beds 
occurring in greenstone schist. On the dump were samples of 
ąuartz yeins carrying bornite and chalcopyrite, but similar rock was 
not seen in place. The property is a short distance from tidewater 
and is eąuipped with a blacksmith shop and cabins built on a smali 
cove.

The Marion and EUa claims are on the northwest shore of Nutkwa 
Lagoon, three-ąuarters of a mile from the head. Nutkwa Lagoon 
is a body of water 3 j  miles long separated from the head of Nutkwa 
Inlet by a “ skookum chuck,”  which is nayigable only at slack tide and 
then only with a boat of shallow draft. The claim is being deyeloped 
on a yein trendirlg N. 25° W. and dipping from 85° SW. to nearly

i Wright, C. W ., Geology and ore deposits of Copper Mountain and Kasaan Peninsula, Alaska: U. S. 
Geol. Survey Prof. Paper 87, p. 60, 1915.



vertical. It has been followed for 400 feet by an adit, from which a 
winze has been sunk for 50 feet at a point about 200 feet from the 
mouth. The ore body is a quartz vein about 6 feet in width, carry- 
ing chalcopyrite and a little galena. At the mouth of the adit a 
schist horse fills about half of the vein, but a short distance from the 
portal the vein materiał fills the fissure. An aerial tram leads from 
the workings to the beach of the lakę, a distance of about 200 yards. 
On the beach are cabins and a blacksmith shop.

The Goodhope claim is half a mile by trail from the head of Hun- 
ters Bay, on the west coast of Prince of Wales Island. The ore is 
magnetite and chalcopyrite, occurring in irregular bunches in green- 
stone near the contact of granitic rocks. The deyelopment work 
consists- of an adit driyen for 40 feet northwestward, cutting a lens 
of ore. A trail connects the workings and blacksmith shop with 
the beach, half a mile away.

Work on the property of the Alaska Consolidated Mining & Smelt- 
ing Co. at Coppermount has been suspended temporarily, but appli- 
cation is being madę for patent on five claims, and plans for futurę 
minę deyelopment are being worked out by the engineer in charge.

W E S T  C O A S T .

The Big Harbor minę is on the west coast of Prince of Wales Island, 
on Trocadero Bay, locally known as Big Harbor, though this name 
is used morę specifically for the inner part of the bay. The claims 
were staked in 1907 by M. Zimmerman and later acąuired by the 
Northland Development Co., the present owners. The company was 
organized in March, 1908, under the management of A. B. Hill, C. D. 
Calhoun, and P. A. Tucker. Since that time considerable develop- 
ment work has been done. The minę has not been a steady producer, 
but smali shipments were madę in 1912 and 1913. Work was again 
started in 1915, but no shipments were madę. The property consists 
of 11 claims located along the ore body half a mile from the beach and 
two mill-site claims at tidewater. The underground developments 
consist of workings on 3 claims, aggregating 650 feet of adits, cross- 
cuts, and shaft. Cabins have been erected on the beach and at the 
workings. An aerial tram connects the wbarf site with the main 
workings at a distance of 2,400 feet. The beach claims occupy a 
sheltered harbor offering no difficulties to wharf construction or the 
approach of seagoing vessels.

The ore bodies form the hanging wali of a mineralized zonę of green- 
stone several hundred feet wide, within which are shear zones carrying 
lenses of chalcopyrite ore and stringer lodes. The mineralization was 
accompanied by intense silification of the country rock, which has 
affected in greater or less degree the entire zonę. This zonę strikes 
N. 60° E. and dips 60° NW., about parallel to the individual lodes
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contained within it. The country rock termed greenstone is com- 
posed of altered igneous rocks, which beyond the footwall of the lode 
pass downward into deformed arenaceous and calcareous sediments. 
On the hanging-wall side the wali rock is greenstone schist, composed 
essentially of albite with a little sericite, chlorite, calcite, and mag- 
netite. It is eyidently an altered lava flow.

On the Northland No. 1 claim an adit has been driven 120 feet to 
the hanging wali of the lode, drifts extended to the northeast and 
Southwest, and a number of crosscuts driven. An inclined shaft 52 
feet long connects this drift with the surface. (See fig. 4.) The 
relations reyealed by these workings and surface outcrops will be

briefły set forth. Separated 
from a well-defined hansdne 
wali by about 4 feet of ąuartz- 
sericite rock is a copper-bear- 
ing lode composed of schis- 
tose greenstone in which oc- 
curs lenses of chalcopyrite in 
a greenstone gangue accom- 
panied by blebs of ąuartz and 
a little calcite. One such ore 
shoot from 2 to 6 feet wide 
has been stoped out for 40 
feet. Another one 4 'ź feet 
wide was cut in the adit, and 
its possible extension was 
opened in a crosscut at the 
end of the northeast drift. 
Southeast of the greenstone 
is a stringer lode of ąuartz 
and silicified greenstone 120 

feet in width, and beyond this for a distance of 700 feet across the 
strike occur a series of stringer lodes which, with the intervening 
silicified greenstone, form the mineralized zonę. These stringer lodes 
contain disseminated pyrite and chalcopyrite with some gold. The 
hanging wali is marked by the zonę of copper ore. The footwall is 
not so well defined and is marked only by a decrease in the number 
of ąuartz stringers and degree of silicification.

Other developments consist of workings on Northland Nos. 2 and 3 
claims. A shaft on the end linę between the two claims has been 
driven for 117 feet and crosscuts extended at 30 and 80 feet below 
the adit, which cuts the shaft 17 feet from the surface. This adit 
for its entire distance is in rock similar to the disseminated sulphide 
ore exposed in the adit of the main workings. The lower part of the 
shaft was not accessible at the time of yisit. Chalcopyrite ore on the 
dump was said to have come from the shaft.
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F igurę 4.—Plan of workings on Northland No. 1 claim, 
Big Harbor minę.
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The minę at present is being exploited solcly for tho copper con- 
tent of the ore. It is suggcsted, howeyer, that tho stringer lodes 
should be thoroughly prospected for gold-bearing portions.

Tho Nancy claim is about 2 miles up tho creek that enters the head 
of Trocadero Bay. The country rock is greenstone with interbedded 
argillito and conglomerates. Shallow surface workings along the 
stream show a shear zonę about 25 feet wide composed of silicified 
greenstone impregnated with pyrite and chalcopyrite. Within this 
shear zonę aro morę definite ore lodes separated by liorscs and barren 
places. Near the center of the shear zonę is a vein of pyrite about 
18 inches thick bordered on both sides by seams of gouge and inclosed 
in greenstone with disseminated pyrite and chalcopyrite. Within 
the shear zono are other masses of silicified greenstone in which lie 
stringers of ąuartz carrying pyrite and chalcopyrite. One such lode, 
apparently in place, is a foot in tliickness. Otlicr brecciated masses 
are too much faulted and crushed to show their relations. About 
100 yards up the creek this lode is again exposed for a distance of 150 
fect. At this place it is a ąuartzose lode with much pyrite and 
chalcopyrite, averaging about 6 feet in thickness. The lode strikes 
N. 70° E. and dips 45° NW.

D A LL ISLAN D .

Considcrable prospecting has been dono in a mineralized zono said 
to extend from Sca Otter Harbor, on the west coast of Dali Island, 
to the head of Coco Harbor, on the east coast. On the ridge south 
of Sea Otter Harbor two adjacent groups of claims in limestone are 
being developed. Prospecting has also been done on Coco Harbor.

G R A V IN A  ISL A N D .

Prospecting and devclopmont work has been continued by Sanford 
& Lhote on a group of claims on a mineralized zono cxtending from 
Dali Bay to Seal Cove, on the south end of Gravina Island. The 
Sanford claim, a short distance from Dali Bay, is being developed by a 
shaft opened on a shear zono in green chlorite schist. On the Algon- 
quin 2 claim a shear zonę in schistose greenstone is being prospected 
by several open cuts. The lode is essentially ąuartz carrying chal­
copyrite. It is about 50 feet wide wliere exposed and strikes N. 30° E. 
Another vein that crosses the main lode at a sharp angle occupies a 
fracture zonę and is composed of banded ąuartz and specular iron. 
The north end of this group of claims lios in an area of granitic rocks, 
liglit-colored intrusives composed essentially of ąuartz and feldspar 
and in places porphyritic. Herc the lode ayerages about 50 feet in 
width. It has been traced for 1,500 feet by open cuts. The gaugue 
is ąuartz with stringers of specularite and carries chalcopyrite and a
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little bornite. Smaller parallel veins 8 to 10 feet in width border the 
main lode in places.

Adjoining the patented claims of the Yictory Copper Mining Co. on 
Seal Cove are the Tiernan and Lhote groups of claims, comprising the 
Anthony, Lizzie L., and Deer Lodge 1, 2, and 3. These claims have 
been hcld for a number of years without actiye development but are 
now being prospected by surface trenching with a view of deyeloping 
several large bodies of low-grade ore recently uncoyered. Four or 
five almost parallel and nearly yertical main lodes strike about N. 
20° W. Where exposed by surface trenches they rangę in thickness 
from 30 to 75 feet and haye an aggregate thickness of oyer 200 feet. 
The ąuartz lodes are inclosed in greenstone and carry disseminated 
pyrite, chalcopyrite, and specular hematite. Besides the copper 
content the ore is said to carry gold.

Assessment work was also continued on a group of claims on the 
west coast of Grayina Island, on the cove directly across the island 
from the head of Dali Bay.

M A IN L A N D .

SALMON R IV E R  D IST R IC T  

General features.

No extensiye copper mining is done on the mainland of the Ketchi- 
kan district, and little prospecting has been carried on except in the 
Salmon Riyer basin, where a number of claims have been located and a 
smali production has been madę by the selectiye mining of high-grade 
deposits.

The term Salmon Riyer district is here used for the Alaskan part of 
the Salmon Riyer basin. It joins the Salmon Riyer mining district 
of British Columbia. Salmon Riyer is a large stream entering Port- 
land Canal 2 miles from its head on the American side. The main 
part of the stream lies within Alaskan territory but is joined near the 
international linę by tributaries from British Columbia. (See fig. 5.)

The ore deposits of the Salmon Riyer district and the adjoining 
Bear Riyer district on the Canadian side were discoyered in 1898, 
during the rush to Dawson. The position of the international 
boundary was for a time in doubt and many of the locations tlien 
madę in what was supposed to be Alaska proved later to be in 
British Columbia. With the opening of the property of the Port- 
land Canal Mining Co. in the Bear Riyer district in 1907, Portland 
City was laid out on the tide fiat at the mouth of Salmon Riyer, 
during a short-lived boom which retarded the deyelopment of the 
region.

The best-developed mineralized area of the Salmon River basin 
lies in British Columbia, but this area is accessible through Alaskan
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territory, and tho recent construction by the Dominion Goyern- 
ment of a trail to the upper part of the district has stimulated interest 
and madę morę accessible the entire region, including the Alaskan 
district, where a number of promising claims haye been located.

The principal source of Salmon Riyer is Salmon Glacier, a large ice 
stream crossed by the •
intemational boundary 
near its f oot. Its prin­
cipal tributaries aro 
Texas Creek, issu ing 
from Texas Glacier on 
the Alaskan side, and 
Cascade Creek, whicli 
lies almost entirely in 
British Columbia and 
flows in to  Salmon 
Riyer near tho bound­
ary.  Fish C r e e k ,  
another tributary, en- 
ters Salmon River 5 
mdes above its mouth. 56 
Salmon Riyer occupies 
a flat-bottomed glaci- 
ated yalley be twe en 
high mountains tliat 
rise to a l t i tudes  of
5.000 feet and show 
precipitous cliffs and 
rugged topography.

Up to altitudes of
3.000 feet the hills are 
timbered with hemlock 
and spruce o f good  
grade, in ąuantity ade- 
quate for all mining 
and building needs.
Hemlock is the morę 
abundant. The possi- 
bilities for deyeloping 
watcr power, though not examined in detail, aro regarded as sufficient

• for tho needs of the district.
An option on the Big Missouri group of claims and other propertics 

on the Canadian side has been taken recently by the Alaska-Gas- 
tineau Mining Co. The erection of the contemplated reduction plant 
for the deyelopment of these large deposits and tho proyision of raił-

Figurę 5.— Sketch inap showing location of claims on Salmon 
River and geologie relations.
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roacł facilities between tidowater and the International lino would 
further stimulate prospecting on the American side. The name of 
Portland City has recently been changed to llyder, and a post offico 
has been ordered established. The Salmon River district may be 
reached by boat to llyder and thence by trail. At present no regular 
boat sorcie, o is maintained, but passenger-carrying boats make occa- 
sional trips, and boats for charter are always ayailable. The dis- 
tance is about 155 miles from Ketchikan and 135 miles from Prince 
Rupert, British Columbia.

Geology.

The Salmon Riyer basin lies on the east border of the Coast Ransre 
On the Canadian side the mineralized parts of the district occur for 
the most part in the “ Bear River formation,”  a series of massivo and 
fragmental greenstones said by McConnell1 to include “ fine, medium, 
and coarse yolcanic breccias or agglomerates, tuffs, bands, and areas 
of massiye porpliyrites, and occasional argillaceous bands.”  This 
same formation extends to the American side of the district and for 
the most part incloses the minerał deposits. Prominent members 
aro green fragmental tuffs, fine-grained aphanitic ilows, and diorite 
porphyry with feldspar crystals set in a dense dark groundmass, 
yolcanic breccias, black argillitos, and crystalline schists. The “ Bear 
River” rocks are inyaded by masses of ąuartz diorite and associated 
granitic rocks, members of the Coast Rangę intrusiye series. Along 
the contact narrow tongues of the granitic rocks have penetratod 
the “ Bear River formation,” and isolated masses occur within it.

Ore deposits.

Ore deposits of two types occur in this district—disseminated de­
posits of Iow metallic content and veins carrying shoots of very high- 
grade ore. The disseminated deposits have not been exploited suffi- 
ciently to determine their extent or value. One such deposit appears 
to be roughly tabular in shape but without definite outlinc, merging 
gradually into the country rock. At other places the mineralization is 
of even morę diffuscd naturę. The yein deposits occupy fissures and 
zones of brecciation. Those examined rango in width from a few 
inchesto6or8feet. Thegangueis ąuartz. Galena, the most abundant 
sulphide, is accompanied by chalcopyrite, tetrahedrite, sphalerite, 
pyrite, and pyrrhotite. The occurrence of rich seams of sulphide ore 
penetrating the ąuartz gangue, a common feature of the vein deposits, 
is evidence of moro than one period of mineralization. An older system 
of ąuartz veins containing chaicopyrite and pyrite is believcd to bo 
connected geneticaUy with the Coast Rangę intrusiye rocks. The

1 McConnell, R . G., The Salmon River district: Canada Geol. Survey, Dept. Mines, Mem. 32, pp. 63, 
04,1913,
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sulphide enrichment is regarded as belonging to a later period of min- 
eralization in which some of the ąuartz veins were reopened and 
enriched by sulpbides of lead, antimony, and copper, in part gold and 
silver bearing.

The production of this district has so far been slight. At one pros- 
pect a ton of high-grade galena ore was sacked ready for shipment. 
At another property a smali sliipment is reported. The lack of trans- 
portation facilities has discouraged the exploitation of any properties 
except those carrying high-grade ore.

Prospects.

A group of claims extending from Seyenmile, on Salmon Riyer, to 
Fish Creek, has been located, but only two of them have been devel- 
oped. On the Riyerside claim a tunnel 100 feet above the river fiat 
has been driven for 140 feet along a strong fissure vein. The vein 
averages about 4 feet in width but pinches to 18 inches and in places 
widens to 6 feet. Both walls are well defined. The wali rock is some- 
what altered but contains little gouge. The vein filling is ąuartz 
with abundant sulpliides. Pyrite is the most abundant along the 
hanging wali and occurs in solid bunches and in disseminated particles 
associated with chalcopyrite. On the footwall galena is the most 
plentiful sulphide. The country rock is crystalline schist. On a 
parallel lode of much the same character the Riverview claim is being 
deyeloped. The vein strikes N. 60° W. and dips about 60° NE. An 
adit has been driven for 17 feet, exposing a vein that yaries from 1 foot 
to 4 feet in width. At the mouth of the opening it is 2 feet wide on 
the roof and widens to 4 feet on the floor of the adit. At the face it 
is from 12 to 18 inches in width. Although the vein swells and nar- 
rows from place to place, the walls are well defined.

At Eleyenmile a little prospecting has been done, and seyeral 
claims liave been located. On the Eleyenmile and Iron claims a 
number of open pits have exposed an iron-stained lode that follows 
a brecciated zonę filled with veins of ąuartz carrying chalcopyrite, 
sphalerite, and galena. Stringers of sulphides form shoots of very 
rich ore with high silver content. On the Iron claim a ton of this 
high-grade ore has been sacked ready for shipment. The lode strikes 
northeast and dips steeply northwest. On the hillside above Eleyen­
mile, at an altitude of 1,500 feet, the Bertha and Western claims are 
being deyeloped on a northoastward-trending lode. One surface cut 
shows the lode to be at least 15 feet in width. It consists of silicified 
schistose green tuff of the “  Bear River formation,” with disseminated 
pyrite, chalcopyrite, galena, and sphalerite. A number of claims 
have been staked on a zonę of disseminated deposits exposed along 
Salmon Riyer at Eightmile and Ninemile but only a little Work has 
been done.

41354°— Buli. G42— 16------7
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Some promising fissure lodes have been located by Murphy & Ste- 
venson on Fish Creek and its tributary Skookum Greek, where morę 
than the necessary amount of assessment work has been done. Near 
the mouth of Skookum Creek an adit was driven for 25 feet along a 
fissure that had been traced by surface trenches for 2,000 feet. The 
vein is 4§ feet wide, strikes N. 40° E., and dips about 55° SE. The 
ąuartz gangue carries galena, chalcopyrite, tetrahedrite, sphalerite, 
and pyrite in yeinlets and irregular patches. It is being exploited 
mainly for its gold and silver content.

Near the head of Skookum Creek, at an altitude of 1,600 feet, a 
fissure vein has been opened by an adit 320 feet in length and several 
crosscuts and inclines. The gangue is ąuartz. Metallic sulphides 
present are tetrahedrite, chalcopyrite, galena, sphalerite, and pyrite 
in blebs and veinlets penetrating the ąuartz, and the richest ore 
occurs in veinlets of tetrahedrite and galena. The country rock is 
porphyry and schistose tuff of the “ Bear River formation.”  The 
lode strikes N. 55° W. and dips 45° SW. At the portal it is about 18 
inches wide. At 70 feet from the portal only a part of the vein is 
exposed, as the ore has been removed to a wali within the vein. At 
this place the vein is 3 feet wide plus an unknown width in the wali 
of the adit. At various places portions of the vein said to be very 
rich have been stoped out. At 300 feet from the adit mouth the lode 
is abruptly cut by a yertical fault trending nearly pcrpendicular to 
the lode and short drifts along the fault piane in both directions had 
not shown the position of the faulted lode. Samples of ore said to 
come from a near-by prospect, which was not visited, contain par- 
ticles of free gold in a siliceous gangue.

Several claims have been staked on Texas Creek. The ore bodies 
are reported to be ąuartz veins carrying seams of tetrahedrite pene­
trating granite and pegmatite. Little work has been done in this 
locality.

M IS C E L L A N E O U S  O P E R A T IO N S .

No rnetals other than those won from the mines operated for their 
gold and copper content were produced in southeastern Alaska in 
1915, but promise of futurę output is given by a number of prospects, 
including some on lodes carrying silver, lead, zinc, antimony, and 
molybdenum. A notable amount of lead produced at the Persever- 
ance and Alaska-Juneau mines is obtained from the galena concen- 
trates. Silver-lead deposits occur at the head of Cholmondeley 
Sound, on Eastern Passage, on Coronation Islands, and on Whiting 
River. The Groundhog Basin property lies between the Coast Rangę 
and Eastern Passage, in a mineralized belt of siatę and schist pene- 
trated by dikes of acidic porphyry and aplitic rock and mineralized 
by galena, zinc blende. pyrite and chalcopyrite carrying gold and



silver in yarying amounts.1 This property changed hands in 1915 
and work was started toward its development.

A smali output has been madę from the silyer-lead deposits of the 
Moonsliine and Hope groups, near the head of South Arm of Chol- 
mondeley Sound. No productive mining was in progress in 1915, but 
some development work was continued. The only workings acces- 
sible when examined were surface cuts. The ore bodies exposed 
consisted of irregular masses of galena, epidote, and garnet, all 
replacement deposits in limestone and evidently connected with fis- 
sure yeins. A smali production has been also obtained from galena 
deposits occurring on Coronation Island, on the west coast of Prince 
of Wales Island, but these workings were idle in 1915.

Claims are reported to have been located recently on the south side 
of Whiting Riyer 10 miles from its mouth, on silyer-bearing galena 
ore occurring in a ąuartz yein 6 to 8 feet in width. Samples of the 
ore said to be taken from this lode are composed esssentially of 
galena carrying a notable amount of silyer.

On Salmon Ki ver near the head of Portland Canal a number of 
claims exploited as copper properties contain rich silver-bearing 
lodes. On the Eleyenmile and Iron claims, at Eleyenmile, is an 
iron-stained lode foliowing a brecciated zonę filled with veins of ąuartz 
carrying chalcopyrite, zinc blende, and galena. Where the galena 
predominates this sulphide forms stringers of very rich silyer ore. 
On the Iron claim a ton of this high-grade ore was sacked ready for 
shipment. Another copper lode in this yicinity is the fissure vein at 
the head of Skookum Creek, described with the copper deposits. 
The metallic sulphides present are tetrahedrite, chalcopyrite, galena, 
zinc blende, and pyrite in blebs and yeinlets penetrating the ąuartz 
gangue. Among these are silyer-bearing yeinlets composed essen- 
tially of tetrahedrite and galena, rich enough to be mined and the ore 
sorted for shipment.

The lodes of this region carry morę or less zinc blende. Where 
this minerał occurs in smali amounts it is considered a detriment, as 
it introduces metallurgic difficulties in its treatment. There are now 
being exploited, however, in the Salmon River district of British 
Columbia large lodes containing sulphides of zinc, lead, and copper 
carrying gold and silyer, in which zinc is the principal yaluable metallic 
constituent. A large body of ore carrying 14 per cent of zinc and lesser 
amounts of gold and copper was recently reported to have been dis- 
covered on Trący Arm.

The discoyery of molybdenite-bearing lodes in the yicinity of 
Skagway was recently announced.2 Blocks of granitic rock contain-
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1 Wright, F. E. and C. W ., The Ketchikan and Wrangell mining districts. Alaska: U. S. Geol. Survey 
Buli. 347, 1908.

2 Alaska and Northwest Min. Jour., vol. 7, p. 98,1915.
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ing molybdenite found in the yicinity of Mile 6 on the White Pass 
Railway led to the discovery of the lodes in place. The yein, known 
as the Combination lode, is said to crop out 3,000 feet north of 
Denyer station. It is composed of wliite ąuartz and is inclosed in 
“ granite gneiss trayersed by diorite dikes.” A mile and a half north 
of this lode is the Combination No. 12 lode, a 50-foot ledge of ąuartz- 
feldspar pegmatite impregnated with molybdenite.

The region north of the east fork of Skagway River extending from 
Mile 6 eastward for 8 miles is said to contain molybdenite-bearing 
float. Molybdenite lodes are known in British Columbia at Lakę 
Bennett, where several veins have been opened.

N O N M E T A L L IC  P R O D U C T S .

M ABBLE.

The marble ąuarry of the Vermont Marble Co., at Tokeen, was 
operated as usual. This company has recently opened a ąuarry on 
claims bonded from Woodbridge & Lowery. The new camp, known as 
Skyrus, is on the west shore of Red Bay, on the north end of Prince of 
Wales Island.

Interest in the deyelopment of marble properties continues, espe- 
cially in the Ketchikan district. The Alaska Marble Co. did con- 
siderable deyelopment work on its claims at Calder, also some pros- 
pecting on Dry Pass, with satisfactory results.

Marble prospecting has been continued at other places on Dali 
Island, Long Island, and Reyillagigedo Island, and some commercial 
marble of yery good grade has been located. These marble deposits 
will be described in morę detail in a forthcoming bulletin.1

Assessment work is being continued by Lhote, Ickis, and others 
on marble deposits near the head of Waterfall Bay, on the west coast 
of Dali Island. The property comprises 20 claims, including the 
Eurus, Marble Heart, St. Augustine, and Marble Bay groups. The 
claims are on the steep lńllside only a short distance from the head of 
the bay.

The geology of the region is simple. South of the bay tho rock is 
limestone. The dominant color is blue to black, but the marmarized 
portions are lighter. Schistose greenstone overlies tho limestone with 
apparent conformity; it contains conglomerate beds and occupies 
the north shore of the bay. The contact extends about N. 75° E. 
from the cabin at the head of the bay. Both limestone and green­
stone beds stand nearly vertical but dip northwest at high anglcs 
except where they are oyerturned. The best marble noted occu­
pies a belt of varying width along the greenstone contact. At one

1 Burchard, E. F ., Marble resources of southeastern Alaska: U. S. Geol, Survey Buli. — (in prepara- 
tion).



locality the outcrop has a measurable width of 400 feet, besides a 
considerable thickness of semicrystallinc limestone. The marblo 
has been exposed by surface stripping for several hundred feet from 
tlie head of the bay. At an altitude of 220 feet the following section 
is exposed:

Section o f  marble on Waterfall Bay SOOfeet from cabin.
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Greenstone. Feet.
Bluish-gray marble (occasional outcrops oniy)...........................................  300 (?)
Blue and wbite mottled marble............................................................... 4
Dike............................................................................................................... |
Thin-bedded wbite marble, with black specks and white mica..........  4
Pink-mottled white marble......................................................................  13
Blue and white mottled marble, base concealed.

The finest commercial marble in this section is the 13-foot bed 
of pink-mottled white marble. The upper and lower parts of the 
bed are even-textured, medium to fine grained white marble, mottled 
with a very delicate pink tint and veined with irregular threadlike 
vcinlets of yellow. In the central part of the bed the pink color is 
morę pronounced and the rock contains much white mica, a com- 
bination that produces a handsome rock.

A short distance beyond this point, at an altitude of 400 feet, 
the following section is exposed:

Section o f marble on Waterfall Buy 600 feet from cabin.

Schistose greenstone. Feet.
Bluish-gray marble, in part mottled and veined with black..................... 300
Fine-grained white marble with brown veinlets carrying mica and

pyrite........................................................................................................... 26
White marble with green patches and brown yeinlets...................   7
White marble with brown and green yeinlets carrying mica and

pyrite, fine-grained, with lew large crystals of calcite........................  9
White and pink marble with green areas............................................., .  11
Fine-grained white marble with pyrite in tiny yeinlets and dis-

seminated in particles.............................................................................. 16
Quartz schist containing pyrite.................................................................  1
White marble with pyrite and much chlorite in tiny stringers and

yeinlets.......................................................................................................  10
Dike................................................................................................................  2
Concealed....................................................................................................... 15
Blue limestone with beds of white marble and schistose beds, grading 

downward into fossiliferous limestone.

The beds of white and pink marble with mottled green areas aro 
vcry handsome and are susceptible of a high polish exccpt wliere 
the green minerals predominate. The greater part of the bod is wliite 
and pink marble, composed of nearly pure calcite of very fine grain, 
the individual minerals averaging about 0.05 millimeter in diameter. 
The base and top of the bed are varicgated with green areas which,
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combined with the pink-mottled white rock, give a yery striking 
effect. Under the microscopo the green areas are seen to be sericite, 
quartz, and chlorite; the white and pink rock is essentially calcite. 
The thick mass of bluish-gray marble at the top of the measured 
sections contains beds of ornamental marble of commercial value. 
These beds are black and white, mottled in very intricate pattern, 
and bluish white with black yeinlets. This rock takes a smootli 
polish.

Marble crops out at several places along the south shore of the bay 
between the cabin and the greenstone contact. Near the cabin 
an opening has been madę on a bed of fine-grained, even-textured 
white marble carrying flakes of white mica. Another commercial 
marble on this bay is a fine-grained black yariety that takes a good 
polish. The polished surface shows a black field with white-mottled 
areas and irregular yeinlets of white calcite that give it a pleasing 
appearance.

Marble deposits occur at a number of places on the east coast of 
Dali Island. Near the head of View Cove a stream that enters from 
the Southwest flows in a gorge following joint planes in the marble. 
This stream was traversed from the beach for half a mile, and for 
that distance the beds strike about northwest, directly across the 
course of the stream, and stand nearly yertical. Most of the marble 
seen is pearl to gray in color, mottled and yeined with white. At 
one locality occurs a 4-foot band of yellow marble with a green stripe, 
and bordering it is white marble, mottled with yellow. The yellow 
marble takes a good polish and has a warm, soft tonę. Associated 
with these beds is a łittle bluish-black marble. A polished specimen 
shows a black field yariegated with dark-gray areas and tiny yeinlets 
of white calcite.

Marble was also noted on the northwest side of Coco Harbor, half 
a mile from the head. Where it crops out along the beach it is eyi- 
dently faulted against gray limestone. Back from the beach the out- 
crops are too few to determine its relations accurately. The marble 
is white to gray. Much of it is very fine grained and pure white, 
and some parts are coarsely crystalline, with large fłashing crystals 
of calcite. Pyrite is not abundant but was noted in places as yeinlets 
and disseminated particles.

Marble claims are held at a number of other localities on Dali 
Island, but they were not yisited in 1915.

Deposits of marble have recently been located near the northwest 
end of Long Island, 3 to 4 miles north of Howkan, on two smali 
bays known locally as Waters and Gotsongni bays. At this locality 
the brush is very thick along the shore and outcrops are few, making 
prospecting difficult, but the physical conditions favor the exploita- 
tion of the deposits. The shore of the island rises abruptly from



tho beach, the timber is plentiful and of an exceptionally good grade, 
and the deposits occur on sheltered harbors which afford. easy access 
to boats.

On Waters Bay three claims, the Lily, Long Island, and White 
Cloud, have been located, and assessment work has been done on 
them. Most of the marble exposed has a bluish-wliite field with 
white-mottled areas and blue-black stripes. Under the microscope 
the rock is seen to be composed essentially of twinned calcite crystals 
ranging in size from 0.25 to 0.7 millimeter, inclosed in a network
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F igurę 6.—Sketcłi map of Dickinson & Bell marble claims, on Carroll Inlet.

of finely granular calcite averaging about 0.05 millimeter in diameter 
and forming with the large calcite crystals an intersertal fabric. The 
largo calcite crystals are bent and fractured. They are evidently 
crushed fragments around which the fine-grained calcite has recrys- 
tallized. The black stripes are composed of opaque particles of 
carbonaceous materiał, probably graphite. Associated with the 
striped marble are beds of medium-grained white marble of even 
texture and also beds of blue-clouded white marble with yellow 
patches. This rock takes an excellent polish.

On Gotsongni Bay marble occurs on the east shore three-quarters of 
a mile from tho head. On the beach are outcrops of coarse-grained, 
even-textured white marble. A short distance back from the beach 
and separated from the white marble by a brush-concealed area is 
a large body of bluish-white marble with black stripes. The rock



1 0 4 MINERAŁ RESOURCES OE ALASKA, 1915.

is medium grained and even textured, It takes a good polish and 
is apparently free from quartz.

A deposit of wbite marble is being deyeloped near Carroll Inlet 
by G. E.' Dickinson and B. Bell. The claims are located on Marble 
Greek, a stream entering a cove on Carroll Inlet from the east about 
10 miles from its head. From this cove a trail leads to the claims, 
a distance of about lł- miles. (See fig. 6.) The rock is exposed by 
surface cuts at several places and along Marble Creek for half a mile, 
the width coyered by the claim locations. For this distance the 
rock shows little yariation. It consists of white crystalline marble 
of even texture and of very fine grade. No analysis was madę of the 
rock, but to j udge from its slight efferyescence witli acid it is prob- 
ably dolomite.

Timber suitable for cabins and other construction work grows on 
the claims. The fali of 300 feet between the claims and beach in a 
distance of 11 miles offers no serious difficulty in tram construction.

BARITE.

A deposit of barite recently discoyered in the Ketchikan district is 
now being exploited. It occurs on Limę Point, the south end of the 
peninsula between Hetta and Nutkwa inlets, on the west coast of 
Prince of Wales Island. The country rock is semicrystalline blue- 
weathering white limestone, interbedded with tale schist. The lime- 
stone has a generał northerly strike and dips about 80° W. An 
opening has been madę along the deposit for 100 feet, exposing a 
body of barite about 30 feet wide. It is roughly tabular in shape 
and stands nearly yertical, conforming to the bedding of the inclosing 
limestone. The barite appears to be a replacement of the limestone. 
It is a finely crystalline white rock containing practically no yisible 
impurities. Some of the barite was shipped to San Francisco and 
tested with satisfactory results.

GYPSUM.

Details regarding the operations of the Pacific Coast Gypsum Co. 
at Gypsum, Chichagof Island, are lacking, but it is reported that the 
minę was operated on about the usual scalę.

GARNETS.

The minę of the Alaska Garnet Mining & Manufacturing Co. on 
Stikine Kiver near Wrangell was operated part of the year. The 
garnets are almandite, the iron-magnesium variety (Fe, Mg3)Al2(Si04)3. 
The best stones are used for gems and the waste materiał for foundry 
powder. A shop for the sale of gem garnets from the minę is main- 
tained on the wharf at Wrangell.



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN
ALASKA.1

By G eorge H. Can field .

IN T R O D U C T IO N .

The streams of Alaska havo been important, factors in its industrial 
growth. The success of placer mining in northern and central 
Alaska lias depended primarily on the water available for liydraulick- 
ing and dredging, and in southeastern Alaska water power has long 
been used by mines, canneries, sawmills, and other industries, although 
until recently most of the plants have been smali.

Since 1906 the United States Geological Survey has madę system- 
atic studies of the water resources of Alaska. Investigations with 
special reference to placer mining have been madę in Seward Pen- 
insula2 and the Yukon-Tanana region,3 and reconnaissance surveys 
for water powers have been madę about Prince William Sound, 
Coppor River, Kenai Peninsula, and in other parts of southeastern 
Alaska.

In the summer of 1914 Leonard Lundgren, central district engineer 
of the Forest Seryice, madę a reconnaissance of water-power sites in 
southeastern Alaska to determine the possibility of establishing the 
pulp industry in the Tongass National Forest, which covers a large 
part of southeastern Alaska. In connection with this reconnaissance 
a census of water powers was taken (see following table), which has 
been rcvised by Mr. Lundgren to January 1, 1916, and is here pub- 
lislied by courtesy of the Forester.

1 In cooperation with the United States Forest Seryice.
2 Ilenshaw, F . F ., and Parker, G. L., Surface water supply of Seward Peninsula, with a sketch of the 

geography and geology by  P. S. Smith, and a description of methods of placer mining by  A. II. Brooks: 
U. S. Geol. Survey Water-Supply Paper 314,1913.

3 Ellsworth, C. E., and Davenport, R . W ., Surface water supply of the Yukon-Tanana region, Alaska: 
U. S. Geol. Survey Water-Supply Paper 342, 1915; A  water-power reconnaissance in south-central 
Alaska, with a section on southeastern Alaska b y J . C. H oyt: U. S. Geol. Survey Water-Supply Paper 
372, 1915.
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Deeeloped water powers in southeastern Alaska Jan. 1, 1916, in horsepower. 

[Prepared by Leonard Lundgren, district engineer, U. S. Forest SeryiceJ

MINERAŁ RESOURCES OF ALASKA, 1915.

Ketchikan region:
Citizens Light, Power & Water Co................................  2,000
New England Fish Co......................................................  2,200
Miscellaneous plants.........................................................  1,000

-----------5,200
Wrangell region....................................................................................... 0
Sitka region:

Sitka Wharf & Power Co.............................. / .................  350
Chichagof Mining C o .......................................................  500
Miscellaneous plants.........................................................  150

----------  1,000
Juneau region:

Alaska-Treadwell Mining Co.:
Douglas Island plant.....................................  4,000
Sheep Creek plant......................................... 4,100
Nugget Creek plant....................................... 5, 700

---------  13, 800
Alaska-Gastineau Mining Co.:

Salmon Creek plant, No. 1 ..........................  4,000
Salmon Creek plant, No. 2 ..........................  4, 000
Annex Creek plant........................................ 5, 000

---------  13,000
Alaska Electric Light & Power Co................................... 1, 000
Miscellaneous plants...........................................................  1; 000

-----------  28, 800
Skagway region.......................................................................................  100

35,100

During the last few years some large water-power plants have been 
installed near Juneau to supply power for mining, and attention has 
been called to the feasibility of improving other power sites in that 
region and elsewhere in southeastern Alaska, to meet the increasing 
demand for power to be used in mining, lumbering, and fisheries, and 
the possible futurę demand for its use in the manufacture of wood 
pulp and electrochemical products. The streams on which it is 
possible to develop power and the bays or other water bodies into 
which these streams discharge are listed in the following table and 
shown on the map (PI. IV ):

Streams affording power sites in southeastern Alaska, with position or water bodies into
which ihey Jlow.

Mainland.
Porcupine River, near Porcupine.1
Endicott River, west coast of Lynn Canal.
Cowie and Davies creeks, Berners Bay.
Lemon Creek, near Juneau.2
Carlson Creek, Taku Inlet.3

1 Gaging station maintained in 1909 by  Porcupine Gold Mining Co.
2 Gaging station being maintained b y  mining company of Juneau.
2 Gaging station being maintained b y  Alaska-Gastineau Mining Co. of Juneau.
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Turner Lakę outlet, Taku Inlet.1
Speel River, Speel River project, Port Snettisham.2 3
Grindstone Creek, north shore of Stephena Passage.2
Rhein Creek, north shore of Stephena Passage.2
Long Lakę outlet, Speel River project, Port Snettisham.’
Crater Lakę outlet, Speel River project, Port Snettisham.2 3 
Tease Lakę outlet, Speel River project, Port Snettisham.
Sweetheart Falls Creek, south arm of Port Snettisham.4 
Port Houghton, Stephens Passage.
Farragut Bay, Frederick Sound.
Mili Creek, near Wrangell.4
Bradfield Canal, upper end of Cleveland Peninsula.
Smugglers Cove, southeast shore of Cleveland Peninsula.
Heim Bay, southeast shore of Cleveland Peninsula.
Shclockham Lakę outlet, Bailey Bay.4 
Cliickamin River, east shore of Behm Canal.
Rudyerd Bay, east shore of Behm Canal.

Baranof Island.
Port Conclusion, southeast coast.
Patterson Bay, east coast.
Red Bluff Bay, east coast.
Cascade Bay, east coast.
Baranof Lakę outlet, Warm Spring Bay, east coast.4 
ICasnyku Bay, east coast.
Green Lakę outlet, Silver Bay, west coast.4 
Necker Bay, west coast.
Deep or Redoubt Lakę, west coast.

Chichagof Island.
Slocum Arm, west coast.
Suloia Bay, Peril Strait.
Khaz Bay, west coast.
Freshwater Bay, east coast.
Sitkoh Bay, southeast coast.
Basket Bay, southeast coast.

Admiralty Island.
Kootznahoo Inlet, west coast.
Ilood Bay, west coast.

Kosciusko Island.
Davidson Inlet.

Prince o f Wales Island.
Karta River, Karta Bay.4
Whale Passage, behind Thorne Island, northeast coast.
Myrtle Lakę outlet, near Niblack post office.
Reynolds Creek, near Coppermount.2

RevilIagigedo Island.
Orchard Lakę outlet, at Shrimp Bay.4 
Beaver Falls, George Inlet.

1 Gaging station maintained in 1908 and 1909 by Alaska-Treadwell Gold Mining Co.
2 See list of miscelianeous measurements at end of report.
3 Gaging station maintained sińce January, 1913, b y  the Speel River project of Jimeau.
4 Gaging station maintained by  Geological Survey.
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Wliite River, George Inlet.
Greek, east shore near head of Carroll Inlet.1
Fish Creek, Thorne Arm.2
Gokatchin Creek, Thorne Arm.1
Ketchikan Creek, at Ketchikan.2

Annette Island.
Tamgas Harbor.

Lack of definite information in regard to the ąuantity of water 
ayailable and other physical factors that determine tho feasibility of a 
power site has boen one of tbe principal impediments to development. 
For this reason a systematic investigation, designed to determine 
the location and the feasibility of water-power sites in southeastern 
Alaska, was bcgun by the Geological Survey, in cooperation with 
the Forest Seryice, in the spring of 1915.

The practicability of a water-power site depends on (1) the ąuantity 
of water available, (2) the fali, and (3) the possibility of storing water. 
Information in regard to fali and storage can be obtained by surveys 
at any time, but the yolume and distribution of flow can be deter- 
mined only by obseryations extending over several years, as futurę 
flow must be predicted from that of the past. In beginning the 
investigations, therefore, the collection of stream-flow data was given 
precedence and constituted the principal work of the year. Some 
generał information, however, has been obtained, and in the fali of 
1915 a few rainfall stations were established at higher elevations to 
supplement obseryations at mean sea level by the United States 
Weather Bureau. As a result of the inyestigations records of flow 
aro now ayaiłabłe for nine gaging stations, as shown by the following 
list, and indicated by corresponding numbers on Platę IV. The 
datę of establishment is indicated in parentheses.

1. Fish Creek near Sea Level, Revillagigedo Island (May 19, 1915).
2. Ketchikan Creek at Ketchikan (established Nov. 1, 1909, discontinued June 30, 

1912; reestaljlished July 1,1915).
3. Karta River at Karta Bay, Prince of Wales Island (July 16, 1915).
4. Orchard Lakę outlet at Shrimp Bay, Revillagigedo Island (May 28, 1915).
5. Shelockham Lakę outlet at Bailey Bay (June 4, 1915).
6. Mili Creek on mainland near Wrangell (June 17, 1915).
7. Sweetheart Falls Creek near Snettisham (July 31, 1915).
8. Baranof Lakę outlet at Warm Spring Bay, Baranof Island (June 28, 1915).
9. Green Lakę outlet at Silver Bay, near Sitka (Aug. 22, 1915).

The available power sites in each area were carefully considered, 
and gaging stations were established at those which apparently 
afforded the greatest opportunitios for development.

The records have been collected in accordance with the standard 
methods used elsewhere in the United States by the Geological Suryey.

1 See list of miscellaneous measurements at end of report.
2 Gaging station maintained by Geological Survey.
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Owing to the inaccessibility of the stations, water-stage recorders were 
used at all the stations except that on Ketchikan Creek, and cables 
have been installed from which discharge measurements are madę. 
Special arrangements were madę for observations through the winter 
to obtain a record of the low-water flow which occurs at that season.

The data collected at the gaging stations are presented in the fol- 
lowing pages, and include a generał description of each station and 
tables showing the results of discharge measurements and the com- 
puted daily discharge.

Much of the work has been madę possible by the use of the Forest 
Service launches, on which transportation lias been furnished to the 
engineers and others engaged in installing and maintaining the 
stations. The local knowledge of the Forest Seryice employees has 
also been of great assistance in carrying on the work, and special 
acknowledgment is due to Mr. W. G. Weigle, forest superyisor at 
Ketchikan, who has represented the Forest Seryice in the cooperation; 
to Leonard Lundgren, district engineer; and to George L. Drakę,
J. W. Wyckoff, C. T. Gardner, George Ii. Peterson, James Allen, 
W. H. Babbitt, Lyle Blodgett, and Milo Caughrean, who have 
assisted in yarious ways.

Assistance in measuring streams in the yicinity of Speel Riyer has 
been furnished by W. P. Lass. The gage readings for Ketchikan 
Freek were furnished by J. C. Barber, manager of the Cit.izens Light, 
Power & Water Co., of Ketchikan.

S T A T IO N  R E C O R D S .

K A R T A  R IY E R  A T  K A R T A  B A Y , P R IN C E  OF W A L E S ISLAN D .

kocATioN.—In latitude 55° 34' N., longitude 132° 37' W., at head of Karta Bay, au 
arm of Kasaan Bay, on east coast of Prince of Wales Island, 42 miles by water 
across Clarence Strait from Ketchikan.

P r a in a g e  a r e a .— 49.5 sąuare miles (U. S. Forest Seryice reconnaissance map of 
Prince of Wales Island, 1914).

R e c o r d s  a v a i l a b l e .—July 1, 1915, t o  February 29, 1916.
G a g e .—Stevens water-stage recorder on left bank, lialf a mile above tidewater, at 

head of Karta Bay and 1J miles below outlet of Little Salmon Lakę. Two per 
cent of total drainage of Karta River enters between outlet of lakę and gage. 

D is c h a r g e  m e a s u r e m e n t s .—At medium and high stages mado from cable across 
river 50 feet upstream from gage; at Iow stages by wading at cable section. 

C h a n n e l  a n d  c o n t r o l .—From Little Salmon Lakę, l f  miles from tidewater, the 
riyer descends 180 feet in a series of rapids in a wide, shallow channel, the banks 
of which are Iow but do not overflow. The bed is of coarse gravel and bowlders; 
rock crops out only at outlet of lakę. Gage and cable are at a pool of still water 
formed by a rifile of coa^e gravel that makes a well-defined and permanent control. 

E x t r e m e s  o f  d i s c h a r g e .—Maximum stage recorded during period, 4.4 feet, October 
16 (discharge, 3,340 second-feet); minimum flow, estimated from discharge meas- 
urement, gage record, and climatic data, 21 second-feet, February 11.

W i n t e r  f l o w .—Discharge relation affected by ice.
A c c u r a c y .— Results apparently good, as control is permanent and rating curve 

fairly well defined.

WATER-PO WER INVESTIGATIONS IN SOUTHEASTERN ALASKA. 1 0 9
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The combined area of Little Salmon Lakę at elevation 180 feet, and Salmon Lakę 
at elevation 185 feet, is 1,600 acres. The slopes along the right shore of lakes and at 
head of Salmon Lakę are gentle, and the area included by the 250-foot contour 
above lakę outlet is 5,500 acres. The drainage area to elevation 2,000 feet is 
heavily covered with timber and dense undergrowth of ferns, brush, and alders. 
The upper parts of the mountains are coyered with thin soil and brush. Only a 
few peaks at an elevation of 3,500 feet are bare. This large lakę and fiat area and 
thick vegetal cover afford considerable natural storage, which, after heavy precipi- 
tation, maintains a good run-off. The snów usually melts by the end of June, 
and the run-off becomes very Iow during a dry, hot summer.

Discharge measurements o f Karta River at Karta Bay during the period July 1, 1915,
to Feh. 29, 1916.

Datę. Madę by— Gage
height.

Dis­
charge. Datę. Madę by— Gage

height.
Dis­

charge.

July 6 
16

Sept. 7 
17

G. H. Canfield...............
........d o ...............................
........d o ...............................
H oyt and Canfield........

Feet.

1.00 
1.49 
1.06

Sec.-ft.
90
85

283
109

'O ct. 20 
Jan. 29 
Feb. 29

G. H . Canfield...............
....... d o ..............................

Feet. 
2.94 

a 1.45 
1.38

Sec.-ft.
1,500

31
229

a Discharge relation affected b y  ice.

Daily discharge, in second-feet, o f Karta River at Karta Bay for the period July 1 , 1 9 1 5
to Feh. 29, 1916.

Day. July. Aug. Sept. Oct. Nov. Dec. Jan. Feb.

1............................................................... 48 150 540 1,920 1,020
2............................................................... 46 200 385 1,340
3 ............................................................... 44 300 290 1,000 1,540
4................................................. 44 285 987
5............................................................... 44 510 305 1,000
6............................................................... 44 350 296 834
7............................................................... 118 283 258
8............................................................... 356 278 416 489
9............................................................... 695 253

10............................................................... 1,200 215 316 517
11............................................................... 1,080 180 299
12............................................................... 1,170 160 750 278 305
13............................................................... 1,170 138 882
14............................................................... 1 130 125
15............................................................... '987 115 2 120

16............................................................... 88 695 109 3,000 960 351 97 58017............................................................... 88 524 103 1,960 870 375 94 679
18............................................................... 83 419 100 1,240 843 475 88 56619............................................................... 76 328 91 1,150 671 601 83 60820............................................................... 74 268 88 1,490 653 852 81 679
21...........................  ................................. 69 220 81 1,310 987 987 74 56622............................................................... 74 184 78 1,010 852 915 71 447
23............................................................... 76 156 76 1,000 843 738 66 36324............................................................... 76 135 71 1,050 746 679 60 334
25............................................................... 71 121 74 960 655 531 54 328
26............................................................... 66 112 120 1,170 531 426 48 29927............................................................... 64 97 197 1,170 440 433 44 27328............................................................... 60 88 360 1,620 432 363 39 25329............................................................... 58 81 830 1,460 789 305 32 224
30..................................................... ........ 54 88 770 1 050 754
31............................................................... 52 135 1,350 238 30

NoTE.--Diseharge determined from a rating curve well defined between 60 and 1,600 second-feet. Dis­
charge July 1-15 estimated as 95 second-feet on basfis of discharge measurement and climatic records. 
Sept. 1-6 and Sept. 23toOct. 18,gageclocknotrunning; discharge estimated from maximuin and minimum 
stages indicated b y  recording pencil and from comparison of hydrograph for this station with that for Fish 
Creek near Sea Lovel, Alaska. Jan. 8 to Feb. 16, discharge estimated because o f ice, from climatic records 
and one discharge measurement.
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Monthly discharge of Karta River at Karta Bay for the period July 1, 1915 to Feb 29
1916.

Month.
Discharge in second-feet.

Run-off 
(totalin 

acre-feet).Maximum. Minimum. Mean.

July...................................................... 52
44
71

258
278
206
30
21

82.5 
382 
227

1,020
822
732
91.5 

245

5,070
23.500
13.500 
62,700 
48,900 
45,000
5,630 

14,100

August........... 1,200
830

3,000
1,920
1,980

206
679

^eptember........................................
October___
JJovember___
Oecember..
January.
F ebruary.

The period....................................... •21$, 000
—

FISII C R E E K  N E A R  SEA L E V E L , R E V ILLA G IG E D O  ISLAN D.

L o c a t io n .— In latitude 55° 24' N ., longitude 1 31 ° 1 2 ' W .,  near outletof Lower Lakę 
on Fish Creek, G00 feet from tidewater at head of Tliorne Arm, 2 milea northwest 
of minę at Sea Level, and 25 miles by water from Ketchikan.

D r a in a g e  a e e a .—Not measured.
R e c o r d s  a v a i l a b l e .—May 19, 1915, to February 29, 1916.
G a g e .—Steyens water-stage recorder on right shore of Lower Lakę. 200 feet above 

outlet.
D is c h a r g e  m e a s u r e m e n t s .— At medium and high stages madę from cable across 

creek, 1 mile upstream from gage and 500 feet above head of Lower Lakę; at Iow 
stages madę by  wading at cable. Only one smali creek enters Lower Lakę, at 
point opposite gage, between the cable site and control section.

Ch a n n e l  a n d  c o n t r o l .—The lakę is about 500 feet wide opposite the gage. Outlet 
consists of two channels, each about 60 feet wide, separated by an island 40 feet 
wide. From the lakę to tidewater, 200 feet, the creek falls 20 feet. Bedrock ex- 
posed at the outlet of the lakę forma a well-defined and permanent control.

E x t r e m e s  o f  d i s c h a r g e .—Maximum stage recorded during period, 4.94 feet at 3 
a. m. October 15 (approximate discharge, computed from an extension of the 
rating curve, 3,700 second-feet); minimum stage recorded, 0.50 foot February 11 
(discharge, 21 second-feet).

W i n t e r  f l o w .— Lower Lakę freezes over, but as gage is set back in the bank ice does 
not form inwell, and the relatively warm water from the lakę and the swift current 
keep the control open.

A c c u r a c y .—Results apparently good, as control is permanent, rating curve fairly 
well defined, and gage-height record nearly unbroken.

There are three large lakes in the upper drainage basin: Big Lakę, 2 miles from 
beach at elevation 275 feet covers 1,700 acres, Third Lakę, 250 acres, and Mirror Lakę, 
at elevation 1,000 feet, 800 acres. Two-thirds of the drainage basin is covered with a 
thick growth of timber and brush interspersed with occasional patches of beaver swamp 
and muskeg. Only the tops of the highest mountains are bare. This large area of lakę 
surface and vegetation, notwithstanding the steep slopes and shallow soil, affords a 
little ground storage and after a heavy precipitation maintains a good run-off. During 
a dry, hot period in summer, however, after the snów has melted, the flow becomes 
very Iow because of lack of ice or glaciers in the drainage basin.
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Discharge measurements o f Fish Creeh near Sea Level dwring the period May 19, 1915, to
Feb. 29, 1916.

Datę. Madę by— Gage
height.

Dis­
charge. Datę. Madę by— Gage

height.
Dis­

charge.

May 20 
July 10 
Sept. 13

G. H. Canfield...............
Feet.

1.48
1.01
1.04

Sec.-fł.
328
118
129

Oct. 13 
Jan. 26

Feet. 
2.53 
.64

Sec.-ft.
1,120

42
Hoyt and Canfield........

Daily discharge, in second-feet, o f Fish Creeh near Sea Level,for the period May 19, 1915,
to Feb. 29, 1916.

Day. May. June. July. Aug. Sept. Oct. Nov. Dec. Jan. Feb.

1................................. 270 143 84 127 632 1,010
2................................. 312 134 78 455 l ' 070
3................................. 324 134 73 346 780
4................................. 384 130 69 590 329 660
5................................. 425 127 67 700 362 639 625
6................................. 413 124 69 569 351 583 780
7................................. 401 124 334 455 772
8................................. 548 124 152 334 488 413 569 91
9................................. 507 124 340 285 764 285 425 84

10................................. 407 120 1,190 235 756 230 334 76
11................................. 351 117 1,720 190 265 73
12................................. 312 117 1,470 174 876 178 217 71
13................................. 285 112 1,620 143 178 69
14................................. 255 104 1,170
15.................: .............. 250 99 1,060 117 2 510 154 65
16................................. 285 96 892 124 3,160 455 158 65
17................................. 296 91 632 130 1,950 500 204 64
18................................. 270 84 474 130 1,230 534 250 64
19................................. 362 245 82 378 127 999 488 290 62 576
20................................. 340 270 78 307 117 1,320 455 329 60 724
21................................. 356 660 76 250 112 1,520 494 395 58 604
22................................. 356 716 117 204 101 1,220 407 462 55 488
23................................. 334 541 178 170 96 884 362 437 51 407
24................................. 307 413 204 140 91 732 318 425 48 351
25................................. 285 340 194 127 94 668 270 340 45 302
26................ ................ 290 285 170 104 166 812 226 285 41 260
27................................. 334 245 147 101 235 945 226 340 40 230
28................................. 362 199 127 107 445 1,120 260 275 38 204
29................................. 351 178 112 104 945 1,170 312 226 38 174
30.................. .............. 307 158 96 96 900 884 520 204 37
31................................. 275 91 96 772 182 35

N otę,—Discharge determined from a rating curve well defined between 40 and 1,500 second-feet. Sept. 
6-12, gage clock not running, and Nov. 23 to Dec. 1 , Jan. 2-5, Feb. 7-11, Feb. 18-29, paper not feeding; dis­
charge estimated from maximum and minimum stages indicated b y  recording pencil and from climatic 
records.

Monthly discharge o f  Fish Creeh near Sea Level for the period May 19,1915, to Feb. 29,1916.

Month.
Discharge in second-feet. Run-off 

(totalin
acre-feet).

Accu-
racy.

Maximum. Minimum. Mean.

May 19-31......................................................................... 362 275 328 8,460 A.
Jurie.................................................................................. 716 158 352 20,900 A.
July................................................................................... 204 76 122 7,500 A.
August.............................................................................. 1,720 67 433 26,600 A.
September....................................................................... 945 91 274 16,300 A.
October............................................................................. 3,160 329 988 60,800 B.
November........................................................................ 1,070 178 455 27,100 13.
December......................................................................... 804 154 393 24,200 A.
January............................................................................ 158 35 73.5 4,520 B.
February.......................................................................... 1,170 22 295 17,000 C.

213,000
i



WATER-POWER INYESTIGATIONS IN SOUTHEASTERN ALASKA. 1 1 3

S H E L O C K IIA M  L A K Ę  O U T L E T , B A I L E Y  ISAY.

L o c a t io n .—In latitude 56° OCK N., longitude 131° 36' W. on mainland near outlet of 
Shelockliam Lakę, three-fourths mile by Forest Service trail from tidewater at 
north end of Bailey Bay, and 52 miles by water north of Ketchikan.

D r a i n a g e  a r e a .—Not measured.
R e c o r d s  a v a i l a b l e .— June 1, 1915, to February 29, 1916.
G a g e .—Steyens water-stage recorder on right shore of lakę 250 feet above outlet. 
D is c h a r g e  m e a s u r e m e n t s .—Madę from cable across outlet of lakę, 200 feet below 

gage and 50 feet upstream from crest of falls.
Ch a n n e l  a n d  c o n t r o l .—Opposite the gage the lakę is 600 feet wide; at the outlet 

bedrock is exposed and the water makes a nearly perpendicular fali of 150 feet. 
Tliis falls forms an excellent and permanent control for the gage. At extreme 
high stages, the lakę has another outlet about 200 feet to left of main outlet. 

E x t r e m e s  o f  d i s c h a r g e .—Maximum stage recorded during period, 6.5 feet (esti- 
mated) October 15 (discharge, 2,440 second-feet); minimum flow, estimated 
from gage record and climatic data 8 second-feet February 11.

W i n t e r  f l o w .— Ice forms on Shelockliam Lakę and at gage, but because of the swift 
current and relatively warm water from lakę, the control remains open and dis­
charge relation is not affected by ice.

A c c u r a c y .— Eating curve well defined; results apparently fair.

Shelockliam Lakę, at elevation 344 feet, is only 350 acres in area. The drainage basin 
above the lakę is rough and precipitous and is covered with little soił or yegetation. 
There are no glaciers or ice fields at the sources of the tributary streams. Therefore, 
as there is little natural storage, after a heavy rainfall, the run-off is rapid and not 
■well sustained, and during a hot, dry summer the flow becomes very Iow. The large 
amount of snów that accumulates during the winter months maintains a good flow 
during April, May, and June.

Discharge measurements o f Shelockham Lakę outlet at Bailey Bay durinn the period June 1,
1915, to Feb. 29, 1916.

Datę. Mado by— Gage
height.

Dis­
charge. Datę. Madę by— Gage

height.
Dis­

charge.

June A-i
July 9 
Aug. 6 
Sept. 14

G. II. Canfield...............
........do...............................
Gardnerand Williams.. 
H oyt and Canfield........

Feet.
2.78
1.78 
1.20 
1.35

Scc.-ft.
294
87
22.5
42

Sept. 15 
Oct. 15 

17

Iloyt and Canfield........
G. H . Canfield...............

Feet.
1.75
6.32
3.47

Scc.-ft.
86

2,280 
484

« Measureinent madę from boat at cable sito.

41354°—Buli. 642—16-----S



1 1 4  MINERAŁ RESOURCES OE ALASKA, 1915.

Daily discharge, in second-feet, o f Shelockham Lalce outlet at Bailey Bay for the 'period 
June 1, 1915, to Feb. 29, 1916.

Day. June. July. Aug. Sept. Oct.

1 325 91 24
2................................................ 310 91 21
3 .............................................. 300 89 20
4 ............................................ 295 85 18

278 91 18

6 ................• ............................ 265 102 22 I
7 ................................................ 312 109 39
8........ 352 96
9 . . 270 86

10 . . 222 75 i

11........ 216 64 "  '1
12........ 216 55
13.............. 206 50
14............................ 185 44 33
15.............. 198 41 75 2,220

16................................................ 255 36 94 1,030
17....................................... 227 34 99 510
18....................................... 187 31 96 347
19................................................ 158 28 80 250
20.......................................... 258 27 72 338

21........................................... 448 27 379
22........................................... 325 43 325
23........................................... 232 57 262
24................................................ 179 60 320
25................................................ 166 339

26................................................ 158 47 580
27................................................ 131 42 450
28................................................ 113 37 620
29................................................ 102 32 456
30................................................ 94 28 288
31________ _____ ___________ 26 292

i

480
334
248
258
241

191
144
104
81
G4

57
51
86

175
179

158
156
177
154
127

121
110
91
97

102

88
81
69
68
64

Dec. Jan. Feb.

94 33 10
222 28 10
268 27 10
245 25 10
200 25 9

250 24 9
280 23 9
187 21 9
125 20 9
88 20 8

66 18 8
50 18 19
41 1S 107
39 17 172
35 17 393

44 16 407
50 15 183
56 15 120
59 17 227
66 18 450

89 18 325
101 17 216
91 14 136
83 14 96
66 13 63

56 12 55
60 12 51
52 12 48
42 11 45
40 11
39 11

No t ę —Discharge determined from a rating curve well defined above 25 second-feet. June 1-3, dis­
charge estimated; Aug. 8 to Sept. 14 and Sept. 21 to Oct. 4, gage clock stopped; discharge estimated by com- 
parison of hydrograph for this station with that for station at Orchard Lakę outlet; Jan. 23 to Feb. 29, ice 
m gage well; discharge estimated from climatic records at Ketchikan and from comparison of hydrograph 
for this station with that for Orchard Lakę outlet.

Monthly discharge o f  Shelockham Lakę outlet at Bailey Bay for the period June 1, 1915,
to Feb. 29, 1916.

Month.
Discharge in second-feet.

Itun-off 
(totalin 

acre-feet).
Accu-
racy.

Maximum. Minimum. Mean.

June................................................................................... 448 94 233 13,900 A.
109 26 57.4 3,530 A.

128 7,870 C.
100 5', 950 C.

2,220 401 21,700 IŁ
November......................................................................... '480 51 145 8 6̂30 A.
December....................................................................... 280 35 103 6,330 A.
January............................................................................ 33 11 18.1 1,110 B.
F ebruary.......................................................................... 150 8 111 6.380 D.

78,400



*
W A T E R -P O W E R  IN Y E ST IG A T IO N S IN  SO U T H E A ST E R N  A L A SK A . 115 

B A R A N O F L A K Ę  OU TLET A T  W AR M  SPRIN G  B A Y , B A R A N O F  ISLAN D .

L o c a t io n .— In latitude 57° 5' N., longitude 134° 54' W., at townsite of Baranof, at 
head of Warm Spring Bay, east coast of Baranof Island, 18 miles east of Sitka 
across island, but 96 miles from Sitka by water througli Peril Strait.

D r a i n a g e  a b e a .—Not measured. .
R e c o r d s  a v a i l a b l e .—June 28, 1915, to February 29, 1916.
G a g e .—Stevens water-stage recorder on right bank 700 feet below Baranof Lakę and 

800 feet above tidewater at liead of Warm Spring Bay.
D is c h a r g e  m e a s u r e m e n t s .—Madę from cable across stream 100 feet below lakę and 

600 feet above gage.
C h a n n e l  a n d  c o n t r o l .—From Baranof Lakę, at elevation 130 feet above sea level, 

and 1,500 feet from tidewater, the stream descends in a series of rapids and smali 
falls and enters tire bay in a Cascade of about 100 feet concentrated fali. Tlie 
bed is of glacial drift, bowlders, and rock outcrop. Tire gage is in an eddy 50 feet 
downstream from the foot of a smali fali and 100 feet upstream from a riffle which 
forms a well-defined control.

E x t r e m e s  o p  d i s c h a r g e .—Maximum stage recorded during period, 5.3 feet August 
10 (approximate discharge, computed from extension of rating curve, 3,350 
second-feet); minimum flow estimated by discharge measurement and climatic 
data, 28 second-feet on February 13.

W i n t e r  p l o w .— Because of the swift current and flow of relatiyely warm water from 
the lakę, the stream remains open.

D i v e r s i o n s .—The flume to 01sen’s sawmill diverts from the stream 200 feet below 
gage only sufficient water to operate a 25-horsepower Pelton water wheel. 

A c c u r a c y .—Rating curve well defined, control permanent and not affected by ice in 
winter; results apparently good.

The drainage area is rough and precipitous, and the vegetable and soil coveristhin, 
even on the foothills of the mountains. The run-off is rapid and the ground storage 
is smali. During a dry, hot period, however, the flow is greatly augmented by 
ttolting ice from seyeral smali glaciers and ice-capped mountains.

Discharge measurements o f  Baranof Lale outlet at Baranof during the period June 28,
1915, to Feb. 29, 1916.

Datę. Madę by— Gage
height.

Dis­
charge. Datę. Madę by— Gage

height.
Dis­

charge.

June 28 
oept. 4 

27

Canfield and Drakę........
Canfield and Peterson... 
Canfield and Gardnor. . .

Feet. 
2.70 
2. 78 
3.12

Sec.-ft.
608
621
833

Sept. 28 
Dec. 9 
Feb. 13

Canfield and Gardner—  
G. H. Canfield.................

Feet. 
4.05 
1. 79
.35

Sec.-ft.
1,700

255
28.5



1 1 6  M IN E R A Ł  RESOURCES OF A L A S K A , 1915.

Daily discharge, in second-feet, o f  Baranof Lalce outlet at Baranof for the period June 28,
1915, to Feb. 29, 1916.

Day. June. July. Aug. Sept. Oct. Nov. Dec. Jan. Feb.

1 ................................................ 725 615 400 650 433 125 70 28
2 ................................................ 820 525 1,000 485 375 185 64 28
3 ................................................ 788 477 1,000 437 405 361 56 28
4 ................................................ 788 453 640 900 497 525 52 28
5 ................................................ 1,100 453 497 892 453 473 50 28

6 ................................................ 1,480 477 425 548 335 525 46 28
7................................................ L050

788
636 457 495 269 473 42 28

8 ................................................ 867 453 695 222 335 40 28
9 ................................................ 695 2,100

3,000
405 5S6 185 248 40 28

10................................................ 615 357 505 161 208 39 28

11 .................................... 568 326 725 141 163 40 28
640 305 755 125 133 39 28

13 .............................................. 668 397 926 200 112 39 27
695 616 764 299 101 39 27

15 ............................................ 66S 890 1,050 296 94 39 34

16 .......................................... 695 788 755 269 114 39 39
17 .................................... 695 615 615 284 118 40 41
18.......................................... . 640 485 485 255 119 40 62
19 .............................................. 640 445 3S9 215 131 40 102
20 .............................................. 640 525 378 212 195 38 145

21 .......................................... 695 525 305 266 190 37 137
725 425 255 235 179 36 120

23 ........................................ 695 344 304 220 161 35 107
24 .................................... 640 430 615 190 161 33 90

615 920 568 167 141 33 80

695 1,100 453 147 120 32 73
27 ............................. 788 890 405 122 116 31 66
28 .............................................. 590 820 1,420

1,480
545 119 102 30 62

2 9 .............................................. 590 890 525 125 90 30 57
640 855 liooo 385 122 88 29

725 344 80 28

N otę.—Discharge determined from a rating curve well defined below 800 second-feet. Aug. 11 to 
Sept. 3 gage clock stopped; discharge estimated b y  comparison of hydrograph at this station with those 
for other Alaska stations, from climatic data, and from minimum stage indicated by recording pencil. 
Aug. 11-31 estimated 886 second-feet. Jan. 20 to Feb. 13 water frozen in well; discharge estimated from 
climatic records and discharge measurement of Feb. 13.

Monthly discharge o f Baranof Lalce outlet at Baranof for the period June 28, 1915, to
Feb. 29,1916.

Month.
Discharge in second-feet. Run-off 

(totalin 
acre-feet).

Accu-
racy.

Maximum. Minimum. Mean.

June 28-30........................................................................ 640 590 607 3,610
1,480 568 759 46,700 A.
3,000 910 56,000 C.

Śeptember........................................................................ 1,480 305 652 38,800 A.
1,050 . 255 572 35,200 A.

November........................................................................ 497 119 245 14,600 A.
525 80 199 12,200 A.

January............................................................................ 70 28 40.2 2,470 B.
February.......................................................................... 145 27 55.3 3,180 B.

! 213,000
■ i



WATER-POWER lNYESTIGATIONS IN SOUTHEASTERN ALASKA. 1 1 7

O RCH ARD I.A K E  O U TLE T A T  SH RIM P B A Y , R E V ILLA G IG E D O  ISLAN D .

L o c a t io n .—In latitude 55° 50' N., longitude 131° 27' W., at outlet of Orchard Lakę, 
one-third mile from tidewater at liead of Shrimp Bay, and arm of Behm Canal, 46 
miles by  water from Ketcliikan.

D r a i n a g e  a r e a .—Not measured.
R e c o r d s  a v a i l a b l e .—May 28, 1915, t o  February 29, 1916.
G a g e .— Stevens water stage recorder on right bank 300 feet below Orchard Lakę and 

100 feet above site of timber-crib dam, which was built in 1914 for proposed pulp 
mili, and washed out by high water August 10, 1915. Datum of gage lowered 2 
feet September 15. Gage heights May 29 to August 10 referred to old datum; 
August 11 to February 29, 1916, to new datum.

D is c h a r g e  m e a s u r e m e n t s .—At medium and high stages madę from cable 50 feet 
downstream from gage; at Iow stages by wading near cable.

C h a n n e l  a n d  c o n t r o l .— From Orchard Lakę, at elevation 134 feet above high tide, 
the stream descends in a series of rapids for 1,000 feet through a narrow gorge, then 
divides into two channels and enters the bay in two cascades of 100-foot vertical 
fali. Opposite the gage the water is deep and the current sluggish. At the site of 
the old dam bedrock is exposed, but for 30 feet upstream the channel is filled in 
with loose rock and brush placed during construction of dam. This materiał forms 
a rifile which acts as a control for water surface at gage and is probably permanent. 

E s t r e m e s  o f  d i s c h a r g e .— Marimum stage recorded during period, 8.4 feet at 2 
a. m. October 16 (discharge, 6,230 second-feet); minimum, estimated, 20 second- 
feet February 11.

W i n t e r  f l o w .—Ice forms on Orchard Lakę, hut because of swift currentand relatively 
warm water from lakę the outlet and control remain open.

A c c u r a c y .—Results apparently good. Rating curve for new datum well defined for 
all stages; position of curve for old datum estimated by means of the new curve; 
three discharge measurements madę before dam went out.

The highest mountains on this drainage basin are only 3,500 feet above sea level 
and are covered to an elevation of 2,500 feet by a heavy stand of timber and a thick 
Undergrowthof brush, ferns, alders, and devil’s-club. The topography isnot sorugged 
as that of the area surrounding Shelockham Lakę, and the proportion of vegetation, soil 
cover, and lakę area is greater, so that morę water is stored and the flow in the Orchard 
Lakę drainage basin is better sustained.

Discharge measurements o f  Orchard Lakę outlet at Shrimp Bay during the period May
28, 1915, to Feh. 29, 1916.

Datę. Madę by— Gage
height.

Dis­
charge. Datę. Madę by— Gage

height.
Dis­

charge.

May 29 
July 8 
Aug. 7 
Sept. 15 

16

G. H. Canfield...............
Canfield and Gardner.. 
Gardner and Williams.
Hoyt and Canfield........

........do...............................

Feet. 
2.88 
1.96 
.90 

o 1.40 
1.71

Sec.-ft.
444
248
145
341
428

Oct. 16 
16 
17

Jan. 20

G. H. Canfield...............
........do ..............................
........d o ..............................
........do ..............................

Feet. 
7.58 
6.78 
5.22 

-  .34

Sec.-ft.
5,280
4,270
2,720

36

<* Datum of gage lowered 2 feet Sept. 15 previous to making discharge measuremeut.
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Daily discharge, in second-feet, o f  Orchard Lalce outlet at Shrimp Bay for the period May
28, 1915, to Feb. 29, 1916.

6.
7..
8..
9..

10..

11..
12..
13..
14..
15..

16..
17..
18..
19..
20..

21..
22..
23..
24..
25..

26..
27..
28..
29..
30..
31..

Day. May. June.

465
450
422
373

362
362
373
422
450

495
580
620
528
480

480
495
480
436
450

800
700
580
480
465

700
680
545
465
410

410
350
308
280
271

July.

271
271
280
263
263

271
263
252
242
227

219
209
202
196
193

194
197 
191
183
178

176
262
385
373
318

271
248
224
208
195 
183

Aug.

170
161
151
145 
135

134
146 
240 
792

3,480

4,700 
2,550 
1,980 
1,200 
1,250

1,020
616
418
334
272

228
198
178
159
150

142
136
133
126
133
198

Sept.

159
239
488
610
570

453
374
310
257
208

188
180
159
161
317

427
368
329
276
232

202
178
155
138
232

354
385

1,010
1,720
1.090

Oct.

640
406
299
372
478

385
336
806

1,280
930

1,400
1,260
1,520
1,300
4,140

4,990 
2,430 
1,170 

830 
1,260

1,320
1,010

880
930
955

1,570
1,260
1,840
1,480

951
805

Nov.

1,260
1,000

710
710
690

630
551
460
412
382

382
368
570
710
532

421
444
551
460
412

525
444
346
344
336

294
241
204
218
239

Dec.

320
974 

1,130
930
690

975 
944 
611
403
299

232
192
157
138
124

135
142
174
208
283

434
450
403
354
290

235
232
214
174
157
140

Jan.

122
118
116
112
108

103
98
94
88
84

79
75
70
65
60

54
48
43
41
37

36
36
36
35
35

35
34
34
33
32
30

Feb.

29
28
28
27
25

24
23
22
22
21

20
62

150
240
781

1,040
672
478
726

1,130

7S0
570
418
336
301

272
239
212
184

Notę.—Discharge May 28 to Aug. 10 determined frora a rating curve well delined below 2,000 second- 
feet, and Aug. 11 to Feb. 29, frora a well-defined rating curve, except as foliowa: Float resting in bottom 
of well Aug. 22 to Sept. 2; discharge estimated from precipitation records and slope of hydrographs for 
penods pnor to Aug. 22 and after Sept. 2. Counterpoise caught Nov. 3-16; discharge estimated frora 
chmatic records and minimum stage indicated b y  the recorder. Ice in well, Jan. 3 to Feb. 13; discharge 
estimated from climatic records and one discharge measurement.

Monthly discharge o f Orchard Lakę outlet at Shrimp Bay for the period May 28, 1915
to Feb. 29, 1916.

May 28-31..
June............
July...........
August.......
September..
October___
November.. 
December. .
January___
February...

Month.
Discharge in second-feet.

Maximum. Minimum. Mean.

The period.

465
800
385

4,700
1,720
4,990
1,260
1.130 

122
1.130

373
271
176
126
138
299
204
124
30
20

Run-off 
(total in 

acre-feet).

428
482
239
699
392

1,270
495
392
64.2

306

3,400
28.700
14.700 
43,000 
23,300
78.100 
29,500
24.100 
3,950

17,600

266,000

Accu-
racy.



W A T E R -P O W E R  IN Y E ST IG A T IO N S IN  SO U T H E A STE R N  A L A S K A . H O

K E T C H IK A N  C R E E K  A T  K E TC IIIK A N .

L o c a t io n .— Ohe-fourth mile below power house of Citizens Light, Power & Water 
Co., one-third mile northeast of Ketchikan post office, downstream 200 feet from 
mouth of Schoenbar Creek, entering from right, 1J miles from mouth of Granito 
Basin Creek, entering from left, and l ł  miles from outlet of Ketchikan Lakę.

D r a in a g e  a r e a .— Not measured.
R e c o r d s  a v a i l a b l e . November 1, 1909, to June 30, 1912; June 9, 1915, to February 

29, 1916.
G a g e .— Vertical staff fastened to a telephone pole near board walk on left bank at 

bend of creek 200 feet downstream from mouth of Schoenbar Creek; read once 
daily between 7 and 8 a. m. by employee of the Citizens Light, Power & Water 
Co. The gage used sińce June 9, 1915, consists of the standard United States 
Geological Survey enameled gage section graduated in hundredths, half-tenths, 
and tenths from zero to 10 feet. The original gage established November, 1909, 
and read until June 30, 1912, is at same location and same datum. It is a staff 
with graduations painted every tenth.

D is c h a r g e  m e a s u r e m e n t s .—At medium and high stages from footbridge about 500 
feet upstream from gage; measuring section poor, as the bridge makes an angle of 
20° with the current, and at high stages the flow is broken by large stumps near 
left bank and at middle of bridge; at Iow stages, by wading 50 feet below bridge 
or at another section 100 feet above gage. The flow of Schoenbar Creek has been 
added to obtain total flow past gage.

C h a n n e l  a n d  c o n t r o l .— Gage is located in a large doep pool of still water at a bend 
in creek. The bed of the stream at the outlet of this pool is a solid rock ledge, 
which forms an excellent permanent control at the gage.

E x t r e m e s  o f  d i s c h a r g e .—Maximum stage recorded during year (June 9 to December 
31), 7 feet August 10 (discharge, 2,140 second-feet); minimum stage recorded, 
0.28 foot September 24 (discharge, 34 second-feet).

1909-1915: Maximum stage recorded, 8.2 feet December 2, 1911 (discharge, 
2,700 second-feet); minimum stage recorded, 0.28 foot September 24, 1915 (dis­
charge, 34 second-feet).

W in t e r  f l o w .— Ice forms along banks but control remains open.
D i v e r s i o n s .—A smali ąuantity of water is diverted above the station for the use of 

the town of Ketchikan, the New England Fish Co., and the Standard Oil Co.
R eg  u l a t io n .— Smali timber dam and lieadgates are located at outlet of Ketchikan 

Lakę. Water diverted through power house is returned to creek above gage but 
causes very little diurnal fiuctuation. During Iow water the flow is increased by 
water from the reservoir.

A c c u r a c y .— Results apparently fair. Control is well defined, but the conditions for 
making discharge measurements are poor. The rating curve is defined by dis­
charge measurements only to gage height 3.0 feet but is extended to gage height 
8.2 feet.

C o o p e r a t io n .—Gage read by the Citizens Light, Power & Water Co.

Discharge measurements o f Ketchikan Creek at Ketchikan during the period June 9, 1915,
to Feb. 29, 1916.

Datę. Madę by— Gage
height.

Dis­
charge. Datę. Madę by— Gage

height.
Dis­

charge.

June 9 
July 17 
Sept. 12 
Oct. 27

G. II. Canfield...............
Canfield and Drakę___
Hoyt and Canfield........
Canfield and W yckoff. .

Feet. 
1.15 
.60 
.43 

2.82

Sec.-ft.
145
64
63

522

Oct. 30 
Jan. 15 

27

Canfield and W yck off.. 
Canfield and Gardner.. 
G. II. Canfield...............

Feet.
1.58
.35
.44

Sec.-ft.
232
38
50

Notę.—Discharge measurements includo either measured or estimated flow of Schoenbar Creek.



1 2 0 MINERAŁ RESOURCES OE ALASKA, 1915.

Daily discharge, in second-feet, o f Ketchikaa Creek at Ketchikan for years ending Sept. 30, 
1910-1912, and July, 1915, to February, 1916.

Day. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept.

1909-10.
1 ...................... 635 77 54 77 40 146 155 255 266 300 213
2 518 77 54 224 44 98 155 277 234 1,320 164
3........................ 300 60 54 155 70 90 174 255 213 635 137
4........................ 200 50 44 174 100 80 174 234 244 323 184
5 . 200 49 77 323 130 70 244 234 369 255 164

121 44 70 193 160 60 260 193 369 203 155
7........................ 84 44 49 121 190 44 288 193 277 193 213
8 ...................... 70 44 59 91 200 70 213 518 244 203 105
9........................ 59 40 59 85 213 105 184 492 266 164 98

10 49 40 80 84 270 77 234 323 277 137 98

11 .................... 44 44 244 60 323 44 234 277 323 121 77
1 2 ...................... 44 44 105 49 442 105 288 277 865 121 77
13........................ 44 64 77 45 323 121 417 442 1,690 137 77
14 ........... 44 266 60 44 288 98 266 544 635 213 64
15 ............. 44 50 320 277 417 442 346 213 64

16........................ 44 40 369 210 417 467 234 213 70
44 • 137 518 155 266 442 203 213 174

18. ......... 44 70 520 137 255 277 193 213 234
19 .................... 44 60 518 105 203 255 184 137 244

44 50 369 121 234 277 184 121 193

21........................ 44 49 40 266 160 266 277 193 121 155
22 .................... 44 45 36 213 203 255 300 467 121 193
23........................ 44 44 36 137 277 266 255 417 105 146
24 .................... 44 40 40 36 160 137 266 300 288 91 121

44 36 193 121 255 288 442 91 193

100 49 137 137 312 300 234 91 164
193 113 174 492 266 288 155 164
300 40 203 442 255 213 137 234

29....................... 200 77 164 417 277 234 417 467
30....................... 105 98 121 146 369 323 234 442 635

54 70 155 300 203 277

1910-11.
1........................ 417 121 77 288 40 60 70 121 288 288 155 174
2........................ 795 346 64 417 40 50 64 174 266 266 164 184
3........................ 635 214 54 442 40 50 64 288 224 244 155 129
4 ....................... 467 155 54 467 40 40 64 312 193 234 155 121
5........................ [ 442 244 54 277 80 40 64 244 288 266 155 121

6........................ 369 146 54 234 80 40 64 184 266 277 146 98
7........................ 312 121 54 121 80 40 64 121 224 277 155 91
8 ........................ 635 137 64 91 80 40 64 121 369 266 137 98
9 ....................... 417 105 64 91 80 40 59 346 323 277 121 91

10.............. ......... 323 98 64 91 80 60 49 323 234 288 121 91

11........................ 213 64 77 91 70 60 49 213 1,040 266 121 91
12....................... 146 64 442 91 70 150 49 174 900 203 121 91
13....................... 467 442 224 91 60 200 54 164 518 193 121 98
14........................ 417 467 467 90 60 200 54 155 369 193 105 492
15....................... 346 244 900 90 50 180 244 234 323 203 105 346

16....................... 244 277 830 80 40 170 213 255 312 213 98 323
17....................... 164 312 492 80 40 160 70 346 266 244 98 213
18....................... 417 193 1,240 60 80 146 121 255 255 255 98 346
19....................... 1,440 105 760 50 80 137 346 213 244 255 98 255
20........................ 665 369 518 50 60 98 795 442 213 255 98 213

21........................ 727 417 255 40 50 84 727 300 224 213 91 174
22........................ 417 369 224 40 50 91 213 213 224 234 91 137
23........................ 369 346 255 40 120 121 174 174 224 1,120 91 129
24........................ 234 255 312 40 100 91 164 193 213 695 91 174
25........................ 213 105 255 40 80 91 146 213 213 417 91 193

26........................ 234 98 266 40 80 77 121 234 224 255 84 224
27........................ 1,120 91 203 , 40 80 84 105 213 277 193 121 184
28........................ 1,820 64 193 40 70 121 105 193 266 174 174 266
29........................ 544 64 492 40 105 105 346 266 164 174 193
30 .. . 369 54 518 45 121 121 346 266 164 146 146

203 255 45 84 381 155 164
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Daily discharge, in second-feet, o f Ketchikan Creek at Ketchikan, for years ending Sept. 30, 
1910-191$, and July, 1915, to February, 1916—ćontinued. * 14

Day. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. June.

1911-12.
i . . 137 121 570 91 277 77 174 91 1932 .. 121 155 2,700 91 213 77 105 84 174

105 121 1,480 84 155 64 121 146 1554 .. 213 137 518 77 129 64 105 203 1215__ 277 155 300 77 121 64 155 244 129
6 .. 393 105 213 77 105 54 164 323 1217 . . . 346 105 442 77 105 54 121 255 1378 . . . 277 105 417 77 174 54 98 164 1059 .. 174 91 234 70 234 54 91 155 1131 0 ... 174 77 255 64 300 54 98 146 84

1 1 ... 155 64 442 64 312 54 70 155 77
12___ 155 64 518 61 393 49 77 184 105
13.. 121 64 323 64 467 49 64 213 113
14.. 155 54 277 64 544 49 77 244 113
15___ 213 54 255 64 570 44 77 234 105
1 6 . . . . 137 121 164 64 164 44 84 203 105
17___ 155 255 193 64 137 44 77 193 105
1 8 . . . . 121 277 213 64 121 44 77 174 113
19.. 323 113 203 64 105 44 64 184 105
20.............................................. 193 113 193 84 105 44 64 184 105
21..................................... ........ 155 105 234 417 300 44 64 193 105
22................................................ 121 213 224 323 174 44 64 174 113
23.......... 121 442 203 174 121 44 64 174 91
24................................................ 121 393 174 193 121 44 64 155 91
25................................................ 121 300 121 417 155 40 64 174 91

26................................................ 105 224 105 234 121 44 64 193 84
27................................................ 105 213 98 213 91 193 91 184 84
28................................................ 105 174 98 255 91 105 121 137 77
29................................................ 105 213 91 224 64 64 77 121 77
30................................................ 91 277 91 213 91 137 155 77
31................................................ 91 91 417 105 174

Day. July. Aug. Sept. Oct. Nov. Dec. Jan. Feb.

1915-16.
1................................................. 83 58 325 69 234 492 80 40
2................................................. 83 58 518 54 203 518 72 40
3................................................. 80 60 544 77 213 492 69 40
4................................................. 77 54 213 213 288 417 66 40
5................................................. 85 44 115 105 346 288 66 40

6................................................. 83 41 77 83 277 346 60 40
7................................................. 105 64 85 64 193 234 57 40
8................................................. 193 442 99 266 184 164 54 40
9................................................. 137 369 77 174 155 111 51 40

10................................................. 121 2,140 60 155 105 99 47 40

11................................................. 99 795 54 266 99 83 43 40
12................................................. 83 492 48 266 77 58 40 80
13................................................. 77 518 44 760 518 54 40 200
14................................................. 72 277 42 300 442 60 40 570
15................................................. 69 1,600 54 1,320 300 62 40 417

16......... ....................................... 64 300 46 900 518 105 40 137
17................................................. 64 121 42 369 300 88 40 120
18................................................. 60 99 41 467 300 155 40 100
19................................................. 60 69 41 234 224 164 40 100
20................................................. 60 62 39 635 184 193 40 100
21................................................. 58 46 38 695 277 193 40 100
22................................................. 193 46 36 417 234 213 40 100
23................................................. 105 46 34 255 174 193 40 100
24................................................. 77 44 34 277 193 193 40 100
25................................................. 64 41 64 288 174 155 40 100
26................................................. 64 41 56 288 137 99 45 80
27................................................. 62 41 41 277 9° 94 48 80
28................................................. 60 41 56 467 10̂ 83 45 80
29................................................. 60 41 77 492 244 83 40 80
30................................................. 58 41 83 234 91 80 40
31............................................................... 58 255 277 80 40

N otę.—Discharge determined fromaratingeuryefairly well defined between 40 and 800 second-feet. No 
gage readings Nov. 3-5, 8, 13-15, 17, 20, 21, 23-26, 28, 29, Dec. 3, 4, 6, 7, 9, 21, 25, 26 and 28, 1909; Jan. 2, 10,
14, 15, 19, 20, 22, 24, Peb. 9, 11.13,15,19, 26-28, Mar. 1,3-8,10,15,18, 24; Apr. 3, 4, 6, 8,16, 21, and May 6, 
1910; discharge estimated. Discharge estimated from climatic records as follows: Jan. 14 to Mar. 17,1911; 
Jan. 2-14, 16-26, Jan. 28 to Peb. 13, Feb. 17 to Mar. 3, and Mar. 5-7, 1916.
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Montlily discharge of Ketchikan Creek at Ketchikan for years ending Sept. 80, 1910-1912, 
and July, 1915, to February, 1916.

Month.
Discharge in second-feet.

Run-ofF 
(total in 

acre-feet).Maximum. Minimum. Mean.

1910-11.
635 44 126 7,500

4,620288 40 75.2
244 36 75 4,610
323 36 80.5 4,470
518 40 230 14,100

7,800
17,300

277 44 131
492 155 281
544 193 317 18,900

21,500July............................................................................................... 1,690 184 349
1,320

635
91 241 14,800

10,50064 176

126,000

1911-12.
1,820 146 503 30,900

467 54 204 12,100
1,240 54 316 19,400

467 40 121 7,440
120 40 67.1 3,730
200 40 97.8 6,010
795 49 153 9,100
442 121 241 14,800

1,040
1,120

193 317 18,900
155 282 17,300

174 81 124 7,620
492 91 183 10,900

1,820 40 219 158,000

1912-13.
393 91 167 10,300
442 54 164 9,760

2,700 91 369 22,700
'417 64 146 8,980
570 64 206 11,800
193 40 61.3 3,770
174 64 92.4 5,500
323 64 181 11,100
193 77 109 6,490

90,300

Julv_______________
1915-16.

193 58 84.3 5,180
2,140

544
41 268 16,500 

6,13034 103
1,320 54 347 21,300
'518 77 224 13,300
518 54 182 11,200
80 40 47.8 29,400

570 40 106 6,100

109,000

SW E E T H E A R T  FA LLS C R E E K  N E A R  SNETTISH AM .

L o c a t io n .— In latitude 57° 5 6 } '  N., longitude 133° 4F W., on east shore 1 mile from 
head of south arm of Port Snettisham, 3 miles south of mouth of Whiting ltiver, 7 
miles by  water from Snettisham, and 42 miles by  water from .Tuneau. No large 
tributaries enter river between gaging station and outlet of large lakę, miles 
upstream.

D r a in a g e  a r e a .— 27 sąuare miles, measured on the United States Geological Survey 
topographic map of the Juneau Gold Belt, 1905.

R ecords a v a i l a b l e .— July 31, 1915, to February 29, 1916.
G a g e .— Stevens water-stage recorder on right bank 300 feet upstream from tide- 

water on east shore of Port Snettisham.
D is c h a r g e  m e a s u r e m e n t s .— Madę from cable across river one-fourth mile upstream 

from gage.
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Ch a n n e l  a n d  c o n t r o l .—From the outlet of lakę at an elevation of 520 feet above sea 
level and 2J miles from tidewater, the river descends in a series of rapids and falls 
through a narrow deep canyon. Gage is in a pool at foot of two falls, each 25 feet 
high, which are known as Sweetheart Falls; outlet of pool is a natural rock weir, 
which forma a well defined and permanent control for gage.

E x t r e m e s  o f  d i s c h a r g e .—Maximum stage recorded during period, 4.2 feet August 14 
(approximate discharge, computed from an extension of tlie rating curve, 2,100 
second feet); minimum flow, estimated from discharge measurement and climatic 
data, 15 second-feet February 11.

W in t e r  e l o w .—Discharge relation not seriously affected by  ice.
A c c u r a c y .—Results apparently excellent for stages below 2 feet, those for higher 

stages only approximate, as the rating curve is extended by estimation.
In the fali and winter the run-off is smali because the precipitation is in the form of 

snów and because of the smali amount of ground storage; during a hot, dry period 
the Iow run-off from the ground and lakę storage is augmented by  melting ice from one 
glacier.
Discharge measurenients o f Sweetheart Falls Creek near Snettisham, during ■period July 31,

1915, to Feh. 5. 1916.
[Madę by G. II. Canfleld.]

Datę. Gage
height.

Dis­
charge. Datę. Gage

height.
Dis­

charge. Datę. Gage
height.

Dis­
charge.

1908.
July 31...............
Aug. 29..............

Feet. 
1.95 
1.49

Sec.-ft.
520
329

1909.
Nov. 13..............
Dec. 14...............

Feet. 
1.07 
.53

Sec.-ft.
195
82

1911.
Feb. 5................

Feet. 
a 0. 33

Sec.-ft.
17.8

a Discharge relation affected by  ice.

Daily discharge, in second-feet, o f Sweetheart Falls Creek near Snettisham for the period 
July 31, 1915, to Feh. 29, 1916.

Day. July. Aug. Sept. Oct. Nov. Dec. Jan. Feb.

1. .................................. .............. 478 298 825 180 105 55 22
2.............................................................................. 412 595 545 188 140 50 21
3............................................................... ............... 361 1,060 424 234 145 48 21
4 ......................... ............................. 335 955 585 280 136 48 19
5............................................................... 328 661 639 260 124 49 19

6............................................................... 328 495 466 240 134 47 18
7............................................................... 324 412 380 220 161 43 18
8............................................................... 31G 335 346 200 132 42 18
9............................................................... 335 284 284 180 106 45 18

10............................................................... 453 247 324 160 87 47 18

11............................................................... 535 222 530 140 94 47 18
12............................................................... 955 202 617 130 87 45 18
13............................................................... 1,740 194 717 188 82 46 18
14............................................................... 1,940 247 922 270 81 43 18
15............................................................... 1,740 432 1,460 247 82 42 20

16............................................................... 1,460 612 1,160 205 82 39 23
17............................................................... 890 606 825 170 87 38 26
18.................. ............................................ 622 510 545 165 99 38 29
19. ............................................... 482 515 400 140 105 36 33
20............................................................... 400 722 316 130 97 34 36

21............................................................... 354 922 257 143 99 31 40
22............................................................... 316 666 211 138 108 30 45
23............................................................... 291 474 180 124 116 29 56
24............................................................... 284 • 453 158 114 99 29 54
25.......................................................... 354 678 147 105 86 29 47

26............................................................... 420 825 147 101 82 29 36
27.................. 384 678 151 97 90 28 29
28.................. 354 922 163 94 79 26 29
29.................................... 335 1,500 194 87 69 25 32
30...................... 328 1,300 180 99 70 25
31.................. 525 305 158 65 23

Notę.—Discharge determined from a rating curve well defined between 70 and 600 second-feet. Nov. 
5-11, gage clock not running; discharge estimated. Jan. 19 to Feb. 29, discharge estimated because of 
ice, from ono discharge measurement and climatic records.
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Monthly discharge of Sweethearł Falls Creek near Snettisham, for the period July SI,
1915, to Feb. 29, 1916.

Month.
Discharge in second-feet.

Run-off 
(totalin 

acre-feet).Maximum. Minimum. Mean.
racy.

Jnly 31............................................................................... 525 1,040
1.940 284 586 36^000 

35,800 
28,300 
10,000 
6,210 
2,360 
1,590

1,500 194 601
1,400

280
147 460 A.
87 168

161 65 101 A.
B. 
D.

55 23 38.3
56 18 27.6

121,000
i

M ILL  C R E E K  N E A R  W R A N G E L L .

L o c a t io n .— In latitude 56° 28' N., longitude 132° 12' W., near outlet of Lakę Vir- 
ginia on east shore of Eastern Passage, a narrow channel between Wrangell Island 
and mainland, 6 miles by water fi'om Wrangell.

D r a in a g e  a r e a .— 48 sąuare miles (measured on U. S. Coast and Geodetic Survey 
chart No. 8200).

R e c o r d s  a v a i l a b l e .— June 17, 1915, to February 29, 1916.
G a g e .— Stevens water-stage recorder on left bank one-fourth mile below Lakę Virginia 

and three-fourths mile above tidewater.
D is c h a r g e  m e a s u r e m e n t s .—Madę from cable across creek, 10 feet upstream from 

gage.
C h a n n e l  a n d  c o n t r o l .— From the outlet of the lakę, at an elevation of 100 feet above 

sea level and at a distance of 1 mile from tidewater, the creek descends in a series 
of rapids and falls. The bed is glacial drift and bowlders at the rapids and rock 
outcrop at points of concentrated fali. The gage is in a pool of still water created 
by a smali fali at a contracted point of channel. This fali makes a well-defined, 
permanent, and very sensitive control.

E x t r e m e s  o f  d i s c h a r g e .—Maximum stage recorded during period, 8.0 feet October 
16 (approximate discharge, computed from extension of rating curve, 3,160 
second-feet); minimum stage recorded, 0.02 foot February 11 (discharge, 15 
second-feet).

W i n t e r  f l o w .— Ice forms on the lakę, at gage, and along the banks, but the swift cur- 
rent and flow of relatively warm water from the lakę keeps the control open. 

A c c u r a c y .—Records apparently fair. The rating curve is well defined to a stage of 
2.5 feet, above which it is extended by estimation and the recorded discharge 
is only approximate.

The drainage basin is covered with a heavy stand of timber to an elevation of 2,500 
feet and a dense undergrowth of ferns, brush, alders, and devil’s club, but because of 
the steep slopes and thin soil the run-off after heavy rains is rapid and the ground 
storage is smali. During a dry, hot period in summer the flow is augmented by 
melting ice from glaciers at the headwaters of two of the tributary streams.

Discharge measurements of Mili Creek near Wrangell during the period June 19, 1915, to
Feb. 29, 1916.

Datę. Madę by— Gage
height.

Dis­
charge. Datę. Madę b y— Gage

height.
Dis­

charge.

June 19 
July 1 
Nov. 3

Canfield and Allen..........
........d o ................................
G. H. Canfield.................

Feet. 
2.54 
2. 30 
1.94

Sec.-ft.
477
421
318

Feb. 1 
24

G. H. Canfield.................
........d o ................................

Feet. 
0.10 
1.32

Sec.-ft.
19

164
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Daily discharge, in second-feet, o f Mili Creek near Wrangell for  the period June 17, 1916,
to Feb. 29, 1916.

i
2 .
3.
4.
5.

6 .
7.
8 . 
9.

10.

U.
12.

13.
14.
15.

16.
17.
18.
19.
20 .

21.22.
23.
24.
25.

26.
27.
28.
29.
30.
31.

Day. June. July. Aug.

418
469
492
466
510

421
370
325
294
278

575
454
394
394
325

355
451
610
870

1,610

291
331
376
385
349

1,510
1,560
1,910
1,310
1,460

662
575
492
525

358
373
355
340
358

850
540
540
460
394

645
525
451
424
445

469
397
349
346
382

409
510
525
492
454

525
610
610
558
525
463

355
325
320
340
385

409
331
312
340
355
394

Sept.

421
610

1,810
1,310

770

558
492
406
355
309

268
236
236
409
872

830
592
492
379
400

698
492
343
312
790

715 
510 
830 

1,460 
1,040

Oct.

575
370
294
510
645

415
286
427
610
475

850 
810 

1,240 
1,110 
2,120

2,620 
1,480 

715 
575 
540

510
475
445
415
385

355
325
325
325
299
299

Nov.

299
273
299
400
430

325
236
294
142
128

118
109
153
286
312

243
190
194
190
170

212
212
160
139
137

130
118
107
102
114

Dec.

125
376
525
454
340

253
370
340
219
156

128
110
100
87
87

82
90

105
120
135

150
164
144
124
107

98
97
88 
83 
80 
74

Jan.

69
62
57
55
54

54
51
45
43
41

41
42 
40 
42 
40

40
37
36
32
32

30
30
29
29
28

28
27
25
25
24
22

Feb.

21
19 
18 
18 
18

17
17
16
15
14

14
20 
22 
26 
72

253
205
168
376
715

412
263
200
170
168

160
140
124
109

N otę.—Discharge determined from a rating curve well defined below 600 second-feet. Gage not work- 
ing properly Oct. 5 to Nov. 2 (paper not feeding); discharge estimated from maximiim and minimum 
stages indicated by recorder, from comparison of hydrograph for this station with those for Orchard Lakę 
outlet and Sweetheart Falls Creek, and from climatic records. Dec. 18-21 (paper wound on drum and 
clock stopped), discharge interpolated. Water frozen in well Jan. 23 to Feb. 11; discharge estimated 
from one discharge measurement and climatic records.

Monthly discharge o f  Mili Creek near Wrangell, for the period June 17, 1915, to Feb. 29,
1916.

Month.
Discharge in second-feet. Run-olT 

(total in 
acre-feet).

Accu-

Maximum. Minimum. Mean.
racy.

662 346 478 13.300 
27,200 
39,700 
37,600
41.300
12.300

A.
610 291 442 A.

1,940
1,780
2,620

430

278 647 B.
236 632 B.
286 672 D.
102 207 B.

525 74 175 10 800 B.
69 22 39.0 2,' 400 B.

715 14 131 7,540 B.
1 192,000

'  1...................
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GREEN LAKĘ OUTLET AT SILYER BAY, NEAR SITKA.
L ocation.— In latitude 56° 59' N., longitude 135° f /  W., at outlet of Green Lakę, 

at head of Silyer Bay, 10J miles by  water south of Sitka.
Drainage area .—Not measured.
E e c o r d s  a v a i l a b ł e .—August 22, 1915, to February 29, 1916.
Gage.—Steyens water stage recorder on right bank at outlet of lakę, reached by  a 

trail which leayes the beacb one-fourth mile north of mouth of stream, ascends 
a 600-foot ridge, and then drops down to the outlet of the lakę.

Discharge measurements.—Madę from cable across outlet 30 feet below gage. 
Ciiannel and control.—From Green Lakę, 24® feet above sea level and 1,800 feet 

from tidewater, the stream descends in a series of falls and rapids through a nar- 
row canyon whose exposed rock walls rise perpendicularly morę than a hundred 
feet.

Extremes of stage.—Maximum stage recorded during period, 8.15 feet at midnight 
October 15; minimum stage, estimated from known stage January 15, and cli- 
matic data, —1.5 feet February 4.

W inter flow.—Ice forms on lakę and at gage, but because of current and flow of 
relatiyely warm water from the lakę the control remains open.

Data insufficient for estimate of daily and monthly discharge.
In the fali and winter, the flow is Iow because there is little ground storage and on 

most of the drainage area the precipitation is in the form of snów. This accumu- 
lated snów produces a large run-off during the spring, and the melting ice from the 
glacier and the ice-capped mountains augment the run-off from precipitation during 
the summer. The area of Green Lakę is estimated to be only 70 acres.

Discharge measurements o f  Green Lakę outlet at Silver Bay, near Sitka, during the period 
Aug. 22, 1915, to Feb. 29, 1916.

Datę. Madę by— Gage
height.

Dis­
charge. Dato. Madę by— Gage

height.
Dis­

charge.

Aug. 22 
Nov. 22

a  TT Canfield
Fcct. 
a 2.39 

1.18

Sec.-ft.
259
136

Dec. 6 
Feb. 16

G. II. Canficld...............
Feet.
2.15

.47

Sec.-ft.
261
96

a A  tree top lodged on the control causod backwater of 0.2 loot at gage.

Day. Aug. Sept. Oct. Nov. Dec. Feb. Day. Aug. Sept. Oct. Nov. Dec. Feb.

2.50 4.09 0.31 16......... 5.51 4.55 0.10 0.50
5.52 2.85 .98 17......... 3.88 .15 .12
4 75 2.78 1.90 18......... 3.18 .42 1.32

2.27 19......... 2.76 .72 2.42
2.47 6. 00 1.80 20......... 3.70 1.40 2.39

2.12 3.56 2.00 21 ......... 3.54 .98 1.43
7 2.05 2.37 2.25 22......... 2.40 2.64 1.25 .83 .90

1.93 2.73 1.50 23......... 2.50 1.98 .97 .85 .58
1.79 3.04 .90 2 4 ......... 2.59 2.00 .82 .50 .41

10 1.60 2.60 .55 25......... 2.78 5.30 .67 .27 .40

11 1.50 5.28 .33 26 ......... 3.12 6.80 .55 .18 .36
1.46 5.12 .19 27......... 2.72 4.60 .40 .22 .32
2.50 6.10 .08 2 8 ......... 3.07 4.16 .27 .17 .22
5.37 5.88 .05 29......... 3.48 7.25 .24 .22 .08
7.30 6.40 .05 0.50 3 0 ......... 3.60 5.80 .26 .02

31 ......... 2.96 .00

Notę.—No gage records Oct. 17 to N or. 21; gage clock stopped. Water helów bottom of well Jan. 1 to 
Feb. 14; gage read —0.70 foot Jan. 15.

/
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M IS C E L L A N E O U S  M E A S U R E M E N T S .

Miscellaneous discharge measurements in southeastern Alaska, 1915-16.

Datę.

1915. 
July 14

Aug. 3 

4

Stream.

Reynolds Creek..

Crater Lakę outlet.. 

Long Lakę outlet...

Tributary to or dis- 
charging into—

Copper Harbor..

Port Snettisham. 

SpeelR iver.........

Locality.

Just above stream entering 
from right near tidewater, 
threc-fourths mile from 
Coppermount, Prince of 
Wales Island.

Gaging station at outlet of 
Crater Lakę, Speel River 
project.

Gaging station at outlet of 
Long Lakę, Speel River 
project, on mainland.

Gage
height.

Fcct.

2.49

2.82

Dis-
charge.

Sec.-ft.
15

397

981

1916. 
Jan. 11

26

Feb. 4

4

5

7

7

Unnamed Creek.

Gokatchin Creek 

Long Lakę outlet 

Crater Lakę outlet 

Speel River

Grindstone Creek 

Rhein Creek........

Carroll Inlet.........

Thorne A rm ........

Speel R iver..........

Port Snettisham. 

d o ...................

Stephens Passage 

____do....................

1 mile upstream from beccli, 
on east shoro and 1 mile 
from head of Carroll Inlet, 
Revillagigedo Island.

Low tide at mouth of creek 
one-fourth mile east of Sea 
Level, RevillagigcdoIsland.

New gaging station belo w 
Second Lakę, Speel River 
project.

Low tide at mouth of stream 
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River project.

Low tide at mouth of stream 
between Point Salisbury 
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shore Stephens Passage, 11 
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MINERAŁ RESOURCES OF THE UPPER CHITINA YALLEY.1

By F r e d  II. M o f f it .

IN T R O B U C T IO N .

Upper Chitina Valley is a part of tlie Copper River drainage 
basin, which has been visited infreąuently and concerning which not 
much is known. A  few prospectors and hunters have gone into it 
nearly every year sińce gold was discovered in the Nizina district 
but have found little aside from gaine to reward their labor. In 
1912 and 1913, however, members of the Alaskan Boundary Delimi- 
tation Commission, while determining and marking the international 
boundary between Mount Natazhat and Mount St. Elias, spent sev- 
eral months in the district. After carrying their system of triangu- 
lation from the upper White to the upper Chitina by way of Skolai 
Pass and Nizina River tliey establislied a base camp near the foot of 
Chitina Glacier, from which they completed their surveys of tliis 
section of the boundary. As part of the work they madę a topo- 
graphic map, still unpublished, of Chitina Glacier and part of 
Chitina River. The map includes Chitina Yalley eastward from 
Canyon Creek to the boundary linę but represents only a narrow 
strip of territory adjacent to the river and the tliree principal 
branches of the glacier. Tliis survey constitutes the only work done 
by the Federal Government in the upper Chitina Yalley until 1915.

The work that serves as a basis for tliis report was undertaken in 
order to extend the knowledge of tliis part of Alaska by a study of 
its geology and by making such additions to the topographic map 
just mentioned as were found necessary to represent the distribution 
of geologie formations and the minerał resources. Both the topo­
graphic and geologie mapping were of a reconnaissance naturę.

The district examined has an area of about 900 sąuare miles. It 
does not include all the territory shown on the map madę by the 
Alaskan Boundary Delimitation Commission, but on the other hand 
it includes a considerable area not shown on that map. The addi-

1 A morę extended account of tliis district will appear in a futurę bulletin.
41354°— Buli. 642— 16------9 129
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tions represent the topographic mapping done in 1915, which covered 
an area of about 360 sąuare miles. Most of this newly surveyed area 
lies north of Chitina River at the head of Young Creek, on Canyon 
Greek, and in the glacier valleys east of Canyon Creek. High water 
madę it practically impossible to cross Chitina River with horses 
during most of the summer, and the lack of time and eąuipment for 
traveling on glaciers prevented a visit to the higher parts of the 
yalley later in the season.

The field party consisted of five men and was eąuipped with a 
pack train and with prorisions for 90 days. The party landed at 
McCarthy June 14 and left that place, after completing its work, on 
September 22. It thus had a field season of nearly 100 days, 17 of 
which were spent in arranging packs at the beginning of the season 
and repacking at its end, in traveling to and from the Chitina, and 
in yisiting the placer mines of Dan and Chititu creeks.

The weather during the summer was exceptionally favorable. The 
days were warm and elear and little rain fell. Conditions, however, 
were favorable for forest fires, and for two weeks in July topographic 
work was carried on with difficulty owing to the dense smoke that 
was brought up the yalley by westerly winds.

Mr. R. M. Overbeck assisted the writer with the mapping in the 
field and with the preparation of this report.

G E O G R A P IIY .

The map (PI. V ) represents the region under discussion and shows 
its location with reference to McCarthy and the Copper River & 
Northwestern Railway. A  trail leads from McCarthy to Clarkins 
Road House at the mouth of May Creek on the east side of Nizina 
River, from which point either one of two routes to Chitina River 
may be chosen. The route commonly used follows Chititu Creek 
to Blei Gulch, crosses the ridge to Young Creek and then, after 
ascending Young Creek to the bend, passes over the mountains south 
of Young Creek to the bars of the Chitina. This trail is well marked 
and good, except that it necessitates Crossing two high ridges. A 
second trail ascends Young Creek from the Nizina for 5 or 6 miles 
and there crosses a Iow wooded ridge to the Chitina. It has been 
used principally by prospectors going to or returning from Kiagna 
River, one of the Southern tributaries of the Chitina. Because it is 
shorter and has easier grades this trail would probably become the 
Principal route to Chitina River if any considerable travel should 
develop, in that direction in the futurę. No well-defined trail connects 
the Chitina ends of these two trails, and although the river bars 
furnish good traveling for part of the distance the river swings in 
against its north bank in places so that considerable timber and
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brush would have to be cut if  tlie connection were madę. The only 
obstructions to travel on the north side of Chitina Biver above the 
Chitina-Young creek trail are glacial streams. Travel is not possi- 
ble up the south side of the river above Canyon Creek.

The upper Chitina Valley is a region of rngged mountains. On 
the north the highest peaks rise to a heiglit of 15,000 feet or morę. 
To the east and southeast Mount Logan and Mount St. Elias reach 
heights of 19,539 feet and 18,024 feet respectively. Many lesser 
peaks stand well above the snów linę. The relief of the region is 
great, for Chitina Biver at its source is only 2,000 feet above the sea.

Ali the larger valleys tributary to Chitina Yalley above Canyon 
Creek are occupied wholly or partly by ice. For this reason it is 
impracticable or impossible to travel with horses any considerable 
distance away from tlie bars of the main river. For this reason, 
also, travel is difficult jn warm weather, when the streams are flooded 
by the melting ice

Chitina Biver follows a course slightly north of west from the 
glacier almost to the Tana, its largest tributary above the Nizina. 
There it swings nearly to the northwest and so continues to the 
mouth of the Nizina. Kiagna liivcr, Goat Creek, and an unnamed 
stream coming into the main valley near the glacier are the largest 
Southern tributaries above Tana Eiver. They are torrential streams, 
fed by melting snów and ice and llowing in deep, canyon-like valleys. 
Canyon Creek and the short streams flowing from beneath the “ first ” 
and the “ second ” glaciers are the principal northern tributaries 
above the Nizina. Canyon Creek flows out from its upper valley to 
the Chitina through a cliasm morę than 2,000 feet deep. This stream 
and the “ first glacier” stream can be forded with little difficulty 
where they spread out on the bars just before joining the Chitina. 
The “ second glacier ” stream, freąuently called Short Biver, is a rag- 
ing tori’ent, wholly impassable with horses in times of high water 
lilie midsummer in 1915, though a Crossing, difficult and at times 
somewhat dangerous for horses, can be madę on the ice at its head.

The flood plain of upper Chitina Biver is from 3 to 4 miles wide 
and is brolcen only by a few spruce-covered islands, the tops of rocky 
points that project through the deep gravels. Nearly all this wide 
flood plain was covered by the river during high water in the late 
part of July and the early part of August, 1915. Along the margins 
of the plain are Iow benches, parts of an older flood plain, overgrown 
with pea vine and brush or with scrubby timber. The gravels of the 
flood plain and the Iow benches are saturated with water, which flows 
through them with a strong current and issues at the surface in nu- 
merous clear-water streams that unitę to form deep channels and 
finally lose themselves again in the milky water of the river.
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The experience of a few weeks in one summer does not warrant 
a very definite statement about the climate of tliis region. The 
valley is a basin hemmed in on all sides but the west by high moun- 
tains. The precipitation takes place in large part on the mountains 
themselves and there maintains the snów fields and supplies ice to 
the glaciers. No evidence was seen in the lower valleys to indicate 
much snowfall in winter or much rain in summer. On the other 
hand, it is believed that the precipitation is light in both winter and 
summer. The streams, howerer, are kept fuli in summer by water 
from melting snów and ice in the high mountains. It is reported 
that very little snów fell in Chitina Valley in the winter of 1914-15.

The summer of 1915 was remarkably dry and warm. Practically 
no rain fell till late in August, and for ten days in July the ther- 
mometer indicated a temperaturę near or above 85° F. in the middle 
of the day.

Spruce timber covers the lower slopes of the mountains to an 
elevation of morę than 4,000 feet, fully 1,000 feet higher than the 
timber linę in most of the Copper Kiver basin. Probably no better 
timber can be found in the interior of Alaska than that which grows 
in parts of the upper Chitina Valley. Fine, straight trees from 18 
inches to 2 feet in diameter and from 75 to 90 feet high were seen 
at a number of places. This timber seems to indicate that the winds 
are less severe here than on Copper River, but the members of the 
Alaskan Boundary Delimitation Commission’s party report that 
they experienced such winds early in the spring. Spruce also grows 
on the benches bordering the river, but for the most part it is neither 
large nor of good ąuality. Areas of dead trees, untouched by fire, 
were noticed, and are thought to have resulted from the ravages of 
insects.

Grass is not at all plentiful in this part of Chitina Yalley, even 
at timber linę, where in most of the Copper Piver basin it grows 
abundantly, yet excellent feed for horses is provided by the pea vine 
that covers many acres of the old river flood plain. This plant 
furnishes forage not only in summer but throughout most of the 
year, so that horses are driven here and turned loose for wintering.

G E O L O G Y .

The principal rocks in the upper Chitina Yalley include shale, 
siatę, arkose, limestone, conglomerate, sandstone, altered basaltic 
lava, tulfs, and granite. They rangę in age from Carboniferous to 
Cretaceous. Their generał distribution is represented on the sketch 
map (PI. V, p. 130). All the rocks are folded and much faulted. 
Some of them are locally schistose. Deformation and alteration, 
however, are much greater in the older formations than in the 
younger.
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So far as known the oldest rocks are coarse fossiliferous arkose, 
ffiore or less altered limestone, tuffs, and lava flows. Possibly some 
of the conglomerate should be included with them. They are the 
Prevailing rocks east of Canyon Creek and north of Chitina I\iver, 
and of them the lava flows and their associated tuff beds are the 
most abundant. The arkosic beds and much of the massive limestone 
are belieyed to underlie the lava flows and if this conclusion is cor­
rect are probably the oldest rocks of the region. Large exposures of 
the limestone are present near Chitina Glacier and along the “ second 
glacier.” In places the limestone is recrystallized and it nowhere 
yielded fossils. The arkose lies deep within the high mountains and 
is imperfectly known, although it must have considerable develop- 
ment there, for the glaciers bring down numerous fossiliferous 
bowlders derived from it.

Tlie lava flows and closely associated rocks represent in part if not 
wholly the eastward continnation of the Nikol a i greenstone of the 
lower Chitina Yalley. They are well exposed between Canyon 
Creek and Chitina Glacier and show a lower part that consists of 
fine-grained basalts and tuffaceous beds overlain by an upper part 
madę up of coarser-grained amygdaloidal flows. This corresponds 
well with the section of the Nikolai greenstone and underlying tuffs 
and basalts of the Kotsina-Kuslmlana district. Like the greenstones 
in that district, tliese rocks are copper bearing.

The next younger rocks are limestone (the Chitistone limestone) 
and shale (McCarthy formation), botli of which are of Upper Tri- 
assic age.

The known Jurassic rocks are gray and brownish sandstones, ex- 
posed in a few isolated areas. They were not distinguished in the 
field from the lithologically similar Cretaceous sandstones found 
near them and were separated from the Cretaceous rocks on the evi- 
dence of the fossils. Their principal exposures occur west of the mouth 
of Canyon Creek and on the tops of the high mountains between the 
“  first glacier ” and Chitina Glacier. They rest unconformably on 
the older rocks and are of unknown thickness.

The sandstones west of Canyon Creek are folded and faulted, but 
those east of the “ first g l ac i e r l i e  horizontally and appear to be 
little disturbed.

The rocks definitely known to be Cretaceous include brown and 
grayish sandstone and a great thickness of black and red shales. 
These rocks are best exposed on Young Creek. With them are in­
cluded a succession of conglomerates, sandstones, arkoses, and shales 
that have their greatest development in the ridge between Young 
Creek and Chitina River but are exposed in some of the higher 
mountains north of Yonng Creek. These rocks overlie the black°and 
red shales, but their age is not definitely determined. They liave a



thickness of not less than 2,000 feet south of Young Creek. This snc- 
cession of coarse fragmental beds is the youngest of the hard-rock 
formations that has been recognized in the district.

The prevailing structural lines of the sedimentary rocks in this 
district in generał parallel the course of Chitina Ili vcr, but have a 
tendency to swing a little morę to the northwest. The principal 
fault lines also have this direction.

Granite is the prevailing rock south of Chitina River and east of 
the Kiagna. It forms most of the mountains there, but is associated 
in places with lava flows that are correlated witli the basalts north 
of the river. Intrusions of granite in the sedimentary rocks and 
lava flows north of the river form several granitic bodies of large 
size. The numerous ąuartz porphyry dikes of Young Creek are of 
TJpper Cretaceous or later age and are believed to be younger than 
the large granite bodies north and south of Chitina River to the east. 
They are thought to have a genetic relation to the gold mineraliza- 
tion of the Cretaceous shales.

Immense ąuantities of gravel have been spread over the floor of 
Chitina Yalley, forming the present flood plain and older flood 
plains only a few feet above it. The larger tributary streams also 
have built up wide fan-shaped accumulations of gravel at their 
mouths, yet elevated bench gravels are singularly absent in the 
yalley. It is evident that if they ever existed they were swept out 
by the former Chitina Glacier. Morainal deposits are present at the 
ends of the glaciers, but other than these are not conspicuous in the 
yalley.

M IN E R A Ł  R E S O U R C E S .

Upper Chitina Yalley has not given particular promise of becoming 
an important mineral-producing district, yet it should be stated that 
the valley has not been well prospected. Both gold and copper have 
been found there, but neither has been produced in paying ąuantity.

Natire copper and copper sulphides, such as chalcocite, chalcopy- 
rite, and bornite, are present in fracture planes and shear zones in 
the basaltic lava flows. These minerals were seen in places distant 
from the contact of the flows with the limestone and also near the 
contact. In their occurrence they resemble the deposits of the same 
minerals in the Nikolai greenstone farther west in Chitina Yalley. 
Copper minerals were noted in greenstone on the west side of the 
“ first glacier ” near its foot, between the “ first ” and “  second 
glacier,” and east of the lower end of the “ second glacier.” A  num- 
ber of claims have been staked, but so far as tlie writer knows only 
those west of the “ first glacier ” have had assessment work done on 
them. Native copper and sulphides are found in fractured green­
stone at this place.
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Gold is reported from at least tliree localities in the district— 
Kiagna River, the mouth of Canyou Creek, and the first Southern 
tributary of Chitina River below the glacier. The writer was in- 
formed that float gold ore had been taken from the bars at the mouth 
of Canyon Creek, and that coarse gold had been obtained from the 
rim rock in the canyon. Efforts were madę to sink a shaft to bed- 
rock in the gravel a short distance below the mouth of the canyon. 
This was attempted both in winter and in summer, but was not suc- 
cessful.

The Indians who hunt in this region have reported gold in the ' 
gravel of the unnamed creek near Chitina Glacier, previously men- 
tioned. It appears that no attempt has been madę to confirm this 
report.

The presence of placer gold on Kiagna Kirer has been known for a 
good many years, prohably as early as 1901 or 1903, or shortly after 
the Nizina rush took place. A  few men who crossed the glacier 
from Yakataga Beach worked on the head of Kiagna River for sev- 
eral summers after that time in the espectation of discovering gravel 
rich enough to be mined with profit. A  smali stampede took place 
to the Kiagna in the fali and winter of 1911, but these efforts met 
with disappointment and the men left the stream, so that it was 
deserted in the summer of 1915.

The prevailing rocks of the mountains east and south of Kiagna 
River are granite. The granite, howerer, is associated with green- 
stone and with shales, some of which are locally altered to schist. 
Most of the prospecting has been done on streams that cut the shales, 
yet gold is reported from the granite. The location of the shale sug- 
gests that possibly it may be the eastward extension of the gold-bear- 
ing sedimentary beds of Golconda Creek in the Bremner River dis­
trict, but this, however, is no morę than a conjecture.

A  vein of molybdenite was found in the summer of 1915 about 8 
niiles up the glacier of the largest eastern tributary to Canyon 
Creek. The country rock is granite. The valley is narrow and 
inclosed by steep walls, so that the property is somewhat difficult of 
access. According to the statement of the locators, the vein is 8 feet 
wide and consists of quartz and molybdenite. The molybdenite 
occurs as a solid vein-12 inches thick between the quartz and the 
hanging wali, as stringers and bunches through the quartz, and as 
disseminated flakes in the quartz. There is no timber near the prop­
erty, and the best source of supply is Young Creek, which is sepa- 
rated from Canyon Creek by a Iow, fiat divide that is easily traversed. 
Any ore produced from this vein will have to be brought out in 
winter and hauled to McCarthy in sleds unless the value of the prop­
erty should prove sufficiently great to warrant the construction of 
wagon roads or a railroad.
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Although no mining projects have yet been established in upper 
Chitina Valley, it may be said that sonie important conditions are 
favorable to mining in this district. The transportation of freight 
into any part of Chitina Yalley is now much simpler than it was 
before the railroad was constructed, and if there were traffic to war- 
rant it a branch of the railroad could be built to the river and 
extended to the glacier without having to solve any unusual engineer- 
ing problems. The chief difficulty probably would be found in 
Crossing Nizina Eiver. Excellent timber for mining is found all 
along the north side of the valley and would supply all probable 
needs for many years. The length of the summer season and the 
generał climatic conditions also appear favorable.



MINING ON PRINCE WILLIAM SOLNI).

B y B ertrand L . J ohnson.

G E N E R A Ł  F E A T U R E S .

The mineralization of the Prince William Sound region followed 
the intrusion of granitic rocks (Jurassic?) into the closely foldecl 
sediments (Mesozoic?) bordering Prince William Sound. These 
sedimentary rocks may be gathered into two great groups—one con- 
sisting dominantly of graywacke and argillite, and the other in- 
cluding black slates, dark-colored limestones, cherts, greenstones, 
argillites, jasper, and graywacke. The minerals introduced during 
this period of mineralization included gold, silver, chalcopyrite, 
pyrite, pyrrhotite, arsenopyrite, galena, sphalerite, stibnite, quartz, 
epidote, albite, chlorite, calcite, and siderite. The valuable metals 
of the ores are copper, gold, and silrer. The gold is natire. The 
copper occurs chielly as chalcopyrite, but another copper-iron sul- 
pliide containing about IG per cent of copper has been recognized 
at Landlock. Silver has been noted only as an alloy with the native 
gold.

The ore deposits of this region may be broadly grouped into two 
classes—copper deposits and gokl-bearing ąuartz lodes. The min­
erał associations in both gold and copper deposits are in generał the 
same, the dominant characteristics of the deposits depending on the 
relative abundance of the different minerals. The copper mines pro- 
duce large amounts of gold or silver, or both, and chalcopyrite is 
present in smali amounts in many of the gold ąuartz veins.

This separation of the waluable minerał deposits into two classes 
is carried further by the natural grouping of each of the classes 
m certain districts that correspond closely with the bipartite group­
ing of the rock formations of the region. The gold ąuartz lodes 
occur in the areas of folded and broken graywacke and argillite, 
whereas the sulphide ores are restricted to the areas of sheared siatę, 
limestone, and greenstone. The gold ąuartz lode districts occur in 
a belt concave soutliward, bordering the inner shores of the Sound 
and surrounding the Southern belt, which contains the copper camps.

The gold ąuartz ores are free milling. Tliey are treated locally 
in smali stamp or roller mills, with amalgamation. The concentrates

137
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iire shipped to the smelter at Tacoma, Wash. The copper ores are 
base and reąuire smelting, with or without previous concentration. 
No local smelters being available, the copper ores and copper-bearing 
concentrates are shipped to Tacoma by water. Their gold and silver 
content is recovered in the smelting process.

The productive mines on Prince William Sound in 1915 so far as 
known included four copper mines and five gold mines. A  much 
larger tonnage of copper ore than of gold ąuartz was mined and 
treated, and the total value of the metals produced from the copper 
ores was about five times that obtained from the gold ąuartz ores. 
The value of the total minerał production of the Prince William 
Sound region in 1915 was $1,340,996, compared with $1,198,742 in 
1914.

CO PPER M IN IN G .

GENERAL CONDITIONS.

An increased activity in copper mining over the preceding year 
was evident in 1915, and although no appreciable boom occurred 
there was also considerable interest manifested in copper prospect- 
ing, and it is reported that a few new discoveries were madę in 
Passage Canal and in the district between Valdez and Port Wells. 
Some of the old copper properties on Knight Island were restaked. 
Both of the regul&r producers, the Beatson Copper Co., at Latouche, 
and the Ellamar Mining Co., at Ellamar, madę large shipments as 
usual. The Threeman Mining Co., on Landlocked Bay, resumed 
shipments after two years, and the Fidalgo Mining Co., on Port 
Fidalgo, also shipped ore to the smelter. Development work was 
done on some of the nonproducing copper properties on Solomon 
Gulch, Landlocked Bay, Port Fidalgo, and Knights Island, and 
assessment work is reported on many others. Ali the copper ore 
shipped consisted of crude sulphide ore, in which the copper-bearing 
minerał was dominantly chalcopyrite. Much of the copper ore 
mined also carries either gold or silver, or both.

An increased ąuantity of copper ore was mined on Prince William 
Sound in 1915, but the arerage grade of the ore fell from $12.60 a 
ton in 1914 to about $8.07 in 1915. The total production of copper, 
gold, and silver from the copper ores was for eacli metal less than 
in 1914, but because of the high price of copper the total value of 
the metals recovered from the copper ores in 1915 was slightly 
greater than in the preceding year.

The futurę position of Prince William Sound as an important 
copper producer appears to depend on the successful treatment of 
the lower-grade copper ores by concentration or by a marked lower- 
ing of the mining or metallurgic costs through some radical change 
from the metliods in use in the past. The completion and operation
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of a mechanical concentration process, cliiefly by flotation, at the 
Beatson-Bonanza minę, on Latoucłie Island, for tlie recovery of the 
valuable metals in the ore marks a step in this direction.

LATOUCHE ISLAND.

The Beatson Copper Co. operated the Beatson-Bonanza minę, on 
Latouche Island, throughont the year. Abont 150 men were employed 
at the camp, half of whom were at Work at the minę. Development 
Work was continued as usual by open cuts, tunnels, and drifts, and 
morę ore was mined than in previous years. A  large plant for the 
concentration of the lower-grade ores, chiefly by an oil flotation 
process, is reported to have started operations early in the spring of 
1915 and to have been in fuli operation dnring the later part of the 
year. Considerable crude sulpliide ore was shipped to the Tacoma 
smelter, as in previous years, but a much larger ąuantity was put 
through the concentrating plant at Latouche, and the concentrates 
from this plant were shipped to Tacoma. One large cargo of con­
centrates was lost at sea on tlie way to the smelter.

On the property of tlie Latouche Island Copper Mining Co. (Ltd.), 
on Latouche Island, only assessment worlc was done in 1915, and 
this work was restricted to surface development.

KNIGHT ISLAND.

Derelopment work is reported to have been started in August, 
1915, on the Pandora property, on the Bay of Isles, and to have 
continued steadily during tlie fali witli a crew of seyeral men. The 
work done in 1915 included tlie deepening of the shaft C6 feet and 
the driring of 10 feet of crosscuts and 11 feet of drifts on the 90-foot 
level. The total underground developments now are reported to 
include a 90-foot shaft, 132 feet of drifts, and a 75-foot adit. A  
wide chalcoDyrite-bearing ore zonę is said to be developed by tliese 
workings.

On a copper property on Drier Bay considerable open-cut work 
is said to have been done and GO feet of tunnel driven during 1915.

Only open-cut assessment work was done in 1915 on the property 
of the Knight Island Copper Mining Co.

PORTAGE BAY.

The disco cery of a copper lode on the nortli side of the Portage 
Glacier Pass is reported, but no development work is known to liave 
been done on it. •

U N A K W IK  INLET, WELLS BAY, LONG BAY, AND GLACIER ISLAND.

Only assessment worlc is reported on the copper prospects on 
Unakwik Inlet, Wells Bay, Long Bay, and Glacier Island.



VALDEZ DISTRICT.

No development work was in progress at the Midas minę of the 
Granby Consolidated Mining, Smelting & Power Co. (Ltd.),onSolo- 
mon Gulch, during the winter of 1914-15. Such work as was neces- 
sary to complete the aerial tramway, the minę terminal of the tram­
way, and the bnildings at the minę and to fili in abont the pile 
foundations of the shipping bins at the wharf was started in April, 
1915, and was about completed at the end of the season. The aerial 
tramway was completed late.in August and run intermittently dur­
ing the fali. Considerable ore from the minę and dump was sent 
down on the tramway and stored in the ore bunkers on the wharf, 
but no shipments to smelters were madę. About 50 men were em- 
ployed on the property. Underground development work at the 
minę started late in June, and an average force of 10 men were 
at work in the minę during the rest of the season. Two shifts 
were at work all sum mer, the niglit shift consisting of two men. 
The lowest tunnel on the lode was extended to a length of about 
410 feet (Oct. 21, 1915), and a 50-foot crosscut was driven on the 
next higher level. The buildings at the minę, besides the minę 
terminal of the tramway and the ore bunkers and blacksmith shop, 
include a large cook and bunk house, three cottages, three sheds, and 
an air-compressor building.

A  large low-grade copper prospect, known locally as the Addison 
Powell property, situated on Sulphide Gulch about 4 miles from its 
junction with Lowe Uiver, was relocated in the spring of 1915. 
About 150 feet of open cuts and stripping and 100 feet of tunnel 
are reported to constitute the development work done during the year. 
The principal copper minerał in the ore from this property is chal- 
copyrite, but some malachitu is found. A  little gold is also reported.

A  copper lode is said to have been found on the soutli side of 
Lowe Iviver about 15 miles east of Yaldez.

B L IA M A S  DISTRICT.

Only assessment work was done in 1915 on the property of the 
Galena Bay Mining Co., near the head of Galena Bay.

At Ellamar the plant of the Ellamar Mining Co. was operated 
throughout the year, and a large ąuantity of ore wTas mined and 
shipped. The underground work included the driving of additional 
crosscuts. Itaises in the siatę country rock at this minę in recent 
years are reported to have encountered explosive gases, the exact 
composition of which has not been determined.

The Threeman Mining Co. carried on operations from June to 
December and madę several shipments of ore. Crosscuts were also 
driven on the Keystone and A. C. claims. A  force of 10 men are 
reported to liave been workiug for this company.
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Two men are said to have been engaged in development work at 
the minę of the Landlock Bay Copper Mining Co. (Dolan & Rystrom 
property), on Landlocked Bay, but no shipments are known to have 
been madę during 1915.

No work was done on the Standard Copper Mines ground on Land­
locked Bay.

PORT FIDALGO.

Some development work was in progress in 1915 at all three of the 
copper mines on Port Fidalgo. The Fidalgo Mining Co. worked a 
smali crew of men from June 1 to December 15, and shipped several 
hundred tons of ore to the Tacoma smelter. Mining was restricted to 
the footwall pay shoot.

Underground development work was started in the fali on the 
Scldosser property. The wharves and ore bunkers are reported to 
have been rebuilt, and a shipment of ore is said to have been sent to 
Tacoma near the end of the year.

The Mason & Gleason minę, now the property of the Dickey 
Copper Co., was operated only during November and December, 
1915. Ore bunkers and a wharf were erected on Irish Cove.

G O L I) M IN IN G .

GENERAL CONDITIONS.

The gold produced in the Prince William Sound region, other 
than that from the gold-bearing copper ores, comes from botli gold 
quartz lodes and gold placers. The placer deposits, because of the 
recent intense glaciation of the region and the conseąuent lack of 
concentration of the widely distributed gold, are few, smali, and 
irregularly distributed. They are worked only intermittently, on a 
rery smali scalę, and contribute little to the gold production. The 
producing gold ąuartz lodes are in the Port Wells and Port Valdez 
districts. In 1915 the Port Wells district was the larger producer, 
although most of the producing properties are in the Port Valdez 
district. The Granite minę, on Port ATells, madę the largest con- 
tribution to the gold output of the region, and second place was held 
by the Ramsay-Rutherford minę, in the Port Valdez district.

PORT WELLS DISTRICT.

The geology and economic features of the gold deposits of the 
Port Wells district, togetlier with the developments up to and in- 
cluding 1914, have been described in recent reports.1 The Granite 
minę is the most productive property in the district and the largest

1 Johnson, B. L., The Port Wells gold lodc district: U. S. Geol. Survey Buli. 592, pp. 
195-236, 1914 ; Mining on Prince William Sound : U. S. Geol. Survey Buli. 622, pp. 131-139, 
1915.
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producer among the gold ąuartz mines of the Prince William Sound 
region. Underground development and assessment work was done 
on several other properties in this district in 1915, and a few new 
lode discoveries are reported. Ocean-going steamers continued tlieir 
visits to Port Wells, and a regular mail and passenger service was 
maintained between Valdez and several points on Port Wells. The 
district was not visited by Survey parti.es in 1915, and few notes have 
been obtained regarding the developments of the year.

The Granite minę was under development througliout the year. 
Besides the work necessary to take out ore for the mili, a crosscut 
tunnel, reported to be 800 feet in length, was run at a lower level, 
and a long raise was madę from this tunnel to the vein. In addition 
to the underground work at the minę, a substantial wharf was built 
for large boats, a new oil-burning power plant was installed on 
Hobo Bay, and a power linę 4,800 feet long was erected between this 
plant and the auxiliary power plant near the mili. A  10-stamp 
mili, added to the milling plant in the spring of 1915, was in oper- 
ation about seren months. The Lane mili wTas also reported in oper- 
ation for several months. From 50 to 70 men were employed on the 
property during the year.

Considerable development work is reported on properties adjacent 
to the Granite minę.

Development work is reported on the North Star claim, on Avery 
Eiver.

The Cordova Mining & Development Co. started the installatiori 
o f a 5-stamp mili and an aerial tram on the Nugget and Golden 
Wonder No. 9 claims, near Golden, with a forco of about 25 men. 
Some underground development work is also reported to have been 
done by this company on these claims. Later in the year, after the 
erection of the mili house, operations were discontinued, and the 
plant is reported to have been moved off the ground.

The Golden Eagłe mili, at Golden, was idle in 1915, but some 
underground development work is said to have been done on this 
claim during the preceding winter. A  tunnel was driven on the 
Wagner prospect near Golden, and in the spring a crew of 15 men 
started to sink a shaft on the Keynote claim.

On Hummer Bay surface stripping and opencut work is reported 
on the prospect of Bennett, Bailey & Heinz. On Pigot Bay 100 feet 
of tunnel is said to have been driven on the Hamilton property. 
Other properties on this bay were under development.

The Thomas Culross Mining Co. did some underground develop- 
ment work on its claims on Culross Island and is reported to have 
madę a smali shipment of ore to Tacoma.
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PORT VALDEZ DISTRICT.1

The number of producing gold ąuartz properties in the Port 
Yaldez district in 1915 was less than in the preceding year, bnt the 
total value of the bullion produced appears to have been about the 
same. The mills operated included only the Ramsay-Rutherford, 
Cliff, and Gold King. A  smali additional output is reported to 
have been obtained by mortar from the National claim, on the Co­
lumbia Glacier. Only assessment worlc was done over most of the 
Port Yaldez district, but a smali amount of additional derelopment 
work is reported on a few of the properties. In all only about 45 
men were employed at the producing properties throughout the year, 
but numerous others were emp 1 oye( 1 for short times in the annual 
assessment work on the many claims scattered throughout the district.

The mili and plant at the Ramsay-Rutherford minę were operated 
from June 2 to December 31, 1915. After the completion of a 742- 
foot mill-level crosscut tunnel, whicli cut the vein about 310 feet 
below the outcrop, and the connection of the shaft from the upper 
workings to this level a change was madę in the metliod of handling 
the ore, whicli is now lowered to the mill-level tunnel and trammed to 
the mili. The aerial tram connecting the shaft liouse with the sur­
fa ce tram to the mili was taken down, and this surface tram is no 
longer used. Underground work was in progress throughout the 
winter of 1914-15 and in 1915. The principal work was the com­
pletion of the long crosscut tunnel at the mili level. Early in July, 
1915, tlie underground developments consisted of the 742-foot cross­
cut tunnel with 80 feet of drifts and a 25-foot raise on the 300-foot 
lerel, 50 feet of drifts on the 150-foot level, 210 feet of drifts and a 
crosscut on the 100-foot level, about 220 feet of drifts on the 50-foot 
lerel, a 70-foot crosscut tunnel, a raise from the 300-foot lerel to the 
surface, and stopes between the 50-foot and 100-foot levels and be- 
tween the 50-foot lerel and the surface. At the end of the year it 
was reported tliat additional drifting was done on the 300-foot lerel. 
A  total of 480 feet of drifts were opened in 1915. An arerage force 
of 16 men were employed on the property during the year.

The Yaldez Mining Co. extended its lower tunnel 83 feet, drore a 
40-foot crosscut, and after cutting the vein drifted along the footwall 
for 34 feet and then crosscut the vein again. Where first crosscut 
the rein is reported to liare had a width of 10J feet. The work was 
done under two contracts, four men being employed on the first and 
three men on the second.

On the Pinochle claim the lower tunnel is said to have been ex- 
tended 60 or 70 feet and to have cut the vein. No work was done in 
the upper tunnel. Three men were at work on the property in July.

3A  detailed report on the P ort Yaldez d istrict  is now  in  preparation .
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Only assessment w orle was done on the Minerał Creek lodes in 
1915, and the mills on the Mountain King and Big Four properties, 
which had been in operation the previous year, lay idle.

On Gold Creek some underground development work was done on 
the McCallum claims, near the head of the creek, where the owner 
was at work during part of the summer.

The upper workings of the Clili' minę were under lease to John E. 
Hughes, and the property was operated from May to December. A 
new vein, occupying a well-defined fissure and showing from 1 to f> 
inches of ąuartz, was discovered on the crest o f the hill. An adit 
175 feet in length was driven, and the vein was stoped for about 
75 feet. Several tons of the ore were milled in the Cliff mili, three 
stamps and two tables being used. Some underground work was 
also done under the original discoverer of the property, II. E. Ellis, 
in the old workings on the 100-foot and 200-foot levels, and some ore 
from these workings is said to have been milled. An average force 
of 20 men were employed during the season.

No work was done on the Three in One group during the first 
half of the year, but late in the summer two men were at work 
developing the property.

On the Sealey-Davis Mining Co.’s claims, on Shoup Bay, one man 
was at work during the summer and is reported to have done 200 
feet of drifting in the middle tunnel, extending this tunnel to a total 
length o f about 815 feet.

Four men were engaged in driving a 25-foot raise near the end 
of the long tunnel on the property of the Seacoast Mining Co. in the 
summer of 1915. A  41-foot vein was cut in this raise about 18 feet 
above the tunnel.

On the Bald Mountain group one man was engaged in development 
work.

On the claims of the Cameron-Johnson Gold Mining Co. from 
two to six men were employed for a short time during the later part 
of the summer. The mili on the property was not operated during 
the year and no production was madę. In the fali the company was 
placed in a receiver’s hands and later was reorganized as the Valdez 
Gold Co.

Assessment work is reported on the Alice, Nymond, and Bence- 
McDonald claims.

The Gold King claims reverted to the original owners, and the 
property was worked by them during the summer. The mili was run 
for about a month during the spring, and seven or eight men were 
employed on the property at that time. During most of the summer, 
however, but one man remained on the property, and the develop- 
ment work was restricted to the driving of a crosscut in the long
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lower tunnel. In October three men were reported at work on the 
property.

Assessment work is reported on the Mayfield and National claims.
A  lCO-foot tunnel is said to liave been driven during the winter of 

1914-15 on a gold ąuartz property on the soutli side of Port Yaldez, 
about a mile back from the Eiglit Mile Beach.

The entire valley of Lowe Iliver from Keystono Canyon to tlie 
head of the river was located in the spring of 1915 as possible placer 
ground, and some of the ćlaims were tested with a churn drill, ap- 
parently with unsatisfactory results, as no- further work is reported 
to have been done. The Bud Mining Co. on Gold Creek did not 
operate in 1915, and only assessment work is known to have been 
done on the Minerał Creek placers.

A N T IM O N Y  M IN IN G .

Some prospecting for antimony was in progress on Prince W il­
liam Sound in 1915, and some new stibnite-bearing prospects are 
said to have been located in the Port Yaldez and Port Wells dis- 
tricts. No antimony sliipments are known to have been madę, and 
no extensive developments of antimony lodes were in progress.
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THE TURNAGAIN-KNIK REGION.

By S t e p h e n  R. C a p p s .

IN T R O D U C T IO N .

LOCATION.

The Turnagain-Knik region, as here defined, includes the area 
bordered on the north and northwest by Knik Iliver and Knik Arm 
and on the south by Turnagain Arm, Portage Creek, and Portage 
Glacier. As thus outlined the region is roughly triangular in shape 
and lies between latitude 60° 45' and 61° 30' and longitude 148° 30' 
and 150° 5'. (See PI. VI.) On its eastern edge the area studied 
is bordered by rugged unexplored mountains with glacier-filled val- 
leys, in which travel is slow and difhcult. The area of the present 
mrestigation was limited in that direction to the morę accessible 
valleys, with the object of covering as much ground as possible 
witliin the field season.

PREVIOUS INVESTIGATIONS.

The first geologie inrestigation in this region was madę in 1898, 
wlien W. C. Mendenhall,1 wlio was attached to a War Department 
expedition in charge of Capt. E. F. Glenn, crossed froin Portage 
Bay over Portage Glacier and descended Portage Creek for a few 
miles before retuming by the same route. A  few weeks later he 
trareled up Glacier Creek and its tributary Crow Creek to the divide 
and descended Eaven Creek and Eagle River (Yulrla Creek) to its 
mouth. In 1904 F. H. Moflit, while studying the gold placers of 
the Turnagain Arm region2 visited the placer mines on Crow 
Creek and prepared a fuli description of the mining developments 
at that time. In 1911 B. L. Johnson and later A. H. Broolts, G. C. 
Martin, and B. L. Johnson madę observations from Kern Creek to 
the head of Crow Creek and for a few miles into the head of Raven 
Creek valley. The information then obtained by them and procured 
from other sources was embodied in a description of the mining

1 Mendenhall, W . C„ A reconnaissance from Resurrection Bay to Tanana River, Alaska : 
U. S. Geol. Surrey Twentieth Ann. Rept., pt. 7, pp. 265—340, 1900.

2 Moflit, F. II., Gold lields of the Turnagain Arm region : U. S. Geol. Suryey Buli. 277. 
PP. 7 -52 , 1907.
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openitions in the Glacier Creek basin.1 Topographically a large 
part of tliis district is still unmapped. In 1898 Mendenhall2 
sketched the topography along his route, and in later years Ti. A. 
Hamilton, R. H. Sargent, and T. G. Gerdine sketched the portions 
of the mountain front that were visible from tidewater. B. L. 
Johnson also elaborated MendenhalPs mapping of the Crow Creek 
basin.

FIELD WORK.

With the announcement that the Seward-Fairbanks route li ad been 
chosen for the Government railroad, attention was immediately at- 
tracted to those portions of Alaska that would be directly served 
by this railroad. The route, following the north side of Turnagain 
Arm and the southeast side of Knik Arm, will bring railroad trans- 
portation within easy reach of the entire Turnagain-Knik region, 
and a large influx of people attracted both by the work incident to 
building the railroad and by the agricultural possibilities was readily 
foreseen. It was determined, therefore, to survey the entire region, 
both topographically and geologically. For this purpose two parties 
were organized, one in charge o f J. W. Bagley to eon duet the topo- 
graphic surveys, and the other in charge of the writer to carry on the 
geologie work. Mr. Bagley landed at Ship Creek on June 3, 1915. 
At that time a tent town had already sprung into existence, and 
active construction on the railroad had begun. In buming the tim- 
ber and vegetation on the right of way, however, a great amount of 
smoke was formed, and this was inereased by numerous forest fires. 
The smoke was so serious a detriment to topographic work that on 
June 13 Mr. Bagley transferred his party to the Talkeetna Moun- 
tains. He returned to Anchorage in September and succeeded in 
extending the topographic mapping up Ship Creek, down Indian 
Creek to Turnagain Arm, eastward along the arm to Glacier Creek, 
up that stream and its tributary Crow Creek to the divide, and 
thence down Raven Creek and Eagle River to Knik Arm.

The writer, with a party consisting of a packer and a cook and 
five pack horses, arrived at Anchorage June 14, 1915, and remained 
in the district until September 1. Although the thick smoke caused 
considerable annoyance and delay, an area of about 1,400 sąuare 
miles was mapped geologically. Unfortunately no topographic 
base map was available for a part of this area, and the mapping of 
the rock formations, as shown on Platę VTII, is the result of work 
on sketch maps madę under unfavorable conditions. The outlines 
are therefore subject to modification when a morę accurate base map

1 Martin, G. C., Johnson, B. L., and Grant, U. S., Geology and minerał resources of Kenai 
Peninsula, Alaska : U. S. Geol. Survey Buli. 587, pp. 173-176, 188-193, 1915.

2 Op. cit., map 16.
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becomes available. The microscopic study of the rocks liere described 
was madę in the oflice by J. B. Mertie, jr.

GEOGRAPHIC EEATURES.

The Turnagain-Knik region may be divided into two provinces of 
distinctive and sharply contrasting topography. The smaller 
province consists of the lowland that borders Knik Arm throughout 
its length and Turnagain Arm for 12 miles southeast of Point Camp­
bell. The lowland area has a maximum width of about 10 miles at 
its Southwest border, near Point Campbell, but narrows gradually 
northwestward to the mouth of Knik River, where the river flows 
directly against the base of the mountains. This lowland is in fact 
an extension of the great lowland of the lower Susitna Valley, 
though separated from it by the shallow waters of Knik Arm. It 
consists of tidal flats near the water’s edge and terraces and Iow rolling 
hills, commonly not exceeding 500 feet in elevation, farther inland. 
The tidal flats may be divided into two classes—tliose inundated at 
ordinary flood tides and tliose covered only at extreme tides but gener- 
ally above tide level. The flats within the rangę of the average tides are 
expanses of blue-gray, sticky silt, bare of regetation and cut by 
canyon-like gullies. In this area the extreme tidal rangę is great, 
being 33.6 feet at Fire Island and 38 feet at Anchorage, and as both 
Knik and Turnagain arms are shallow, wide areas along tlieir shores 
are laid bare at Iow tide. Above the height reached by ordinary 
tides but below the level of the extreme tides there are, especially 
near the mouths of streams, flats that are inundated only at long 
intervals. These flats form grassy meadows or marshes but carry 
little or no timber. The remainder of the lowland area consists of 
flat-topped terraces and rolling hills, which gradually increase in 
elevation toward the mountains but show a sharp topographic break 
along the mountain face. They are generally timbered, though the 
forests are broken by marshes and meadows in the areas of poor 
drainage.

The other topographic prorince, which is much the larger of the 
two, consists of the mountainous part of the area. Turnagain Arm, 
on its south border, is a glacial fiord along which the mountains 
descend precipitously to sea level, there being practically no lowland 
except along the lower courses o f the larger streams. However, a con- 
siderable area of bare tidal flats is exposed during Iow tide. The moun­
tains are the westward extension of the Chugacli Mountains, which 
reach from Cook Inlet to Mount St. Elias and which are continued 
to the east by the St. Elias Mountains and to the southeast by the 
Kenai Mountains. They are distinctly alpine in character, all the 
larger streams that flow from them heading in glaciers. The higher
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peaks in the center of the district reach elevations of 5,000 to 7,000 
feet or morę.

As the district is bordered on the south and northwest by tide- 
water, the streams in generał have direct courses to the sea, are of 
steep grade, and have few tributaries. The valleys all show plainly 
the etfects of severe glaciation. Knik River is much the largest 
stream, although only about 30 miles long. It heads in the great 
Knik Glacier and flows in a westerly direction to the head or Knik 
Arm. Ali its tributaries from the south, except one unnamed stream 
7 miles below the glacier, are comparatively smali. Eklutna Creek, 
Peters Creek, and Eagle River (Yukla Creek) all fłow northwest- 
ward to Knik Arm. Each heads in ice fields, and the waters of 
Eklutna Creek and Eagle River are predominantly of glacial origin. 
A  few smaller streams, the largest of which is Ship Creek, flow from 
this mountain mass into either lower Knik Arm or Turnagain Arm. 
Turnagain Arm has several large tributaries from the north and 
east. Portage Creek drains Portage Glacier and several smaller ice 
tongues and, although only 6 miles long, carries at times a large 
volume of water. Twentymile River emerges from two large ice 
tongues and joins Turnagain Arm at its head from the northeast. 
Glacier Creek, as its name implies, is fed by a number o f smali gla- 
ciers, and Bird and Indian creeks also carry portions of the drain- 
age from the mountain mass to Turnagain Arm. In generał the 
streams tributary to Turnagain Arm are much shorter tlian those 
flowing to the northwest.

ROUTES OF TRAVEL.

This part of Alaska is accessible only by ocean steamsliip, and two 
lines maintain regular schedules between Seattle and ports on the 
Gulf of Alaska. During the summer season steamships make regular 
calls at Anchorage, on Knik Arm, and although no docks had yet 
been constructed in 1915, passenger and freight were discharged at 
receiving barges and taken ashore by smali boats. From Anchorage 
smali launches connect with all upper Cook Inlet points and make 
trips up Susitna River as far as the mouth of Talkeetna River. 
Anchorage is the summer terminus of the new Government railroad 
from the coast to Fairbanks, by way of Susitna Yalley. The rails on 
this linę were laid from Anchorage to Eagle River in 1915. The 
ultimate Coastal terminus of this railroad is Seward, and during the 
winter, when ice forms in upper Cook Inlet and navigation is closed, 
all travelers bound for the Knik-Turnagain district land at Seward. 
The old Alaska Northern Railroad, now incorporated into the Gov- 
ernment railroad system, extends from Seward northward for 71 
miles to Kern Creek, on the north side of Turnagain Arm, beyond 
which it had not been completed in 1915. When in operation this
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road could be used by travelers from Seward to Kern Creek, but for 
the last two or three years it has not been regularly operated. The 
route of the railroad linę was used, however, by winter travelers 
journeying afoot or by dog sled from Seward to upper Cook Inlet 
and thence across the Alaska Rangę to Kuskokwim and lower 
Yukon rivers, and the mail was carried by dog sled over this route. 
From the terminus of the railroad at Kern Creek the winter trail 
follows the north shore of Turnagain Arm eastward to Indian 
Creek, ascends that stream to its head, crosses the divide to Ship 
Creek, follows that stream down to the base of the mountains, and 
thence goes around the shore of Knik Arm to the town of Knik. 
The old winter trail ascended Glacier and Crow creeks to Crow 
Creek Pass and thence followed Raven Creek down to Eagle River 
and that stream down to Knik Arm. This trail was well graded, 
at the cost of much labor, but the high winds prevailing at Crow 
Creek Pass in the winter led to its abandonment in favor of the 
Indian Creek and Ship Creek route. In the fali of 1915 the work 
of reopening the railroad from Seward to Kern Creek was begun, 
and as soon as the linę is built between Kern Creek and Anchorage 
the district will have raił communication witli Seward the year 
around. A  telephone linę from Seward to Anchorage is already in 
operation.

As throughout the winter foot travel to this district has been slow 
and difficult and the cost of transporting freight almost prohibitive, 
and as even water transportation during the summer has until 
recently been irregular and unreliable, the completion of a railroad 
with continuous service to the region will be of inestimable value in 
the development of its agriculture and minerał resources.

VEGETATION.

Within the area hcre described timber occurs throughout the low- 
lands, in the valleys of the larger streams, and on the lower slopes of 
the mountains. No generał statement of the height of timber linę can 
be madę, for it varies greatly from place to place. The lowland 
between Point Campbell and the head of Knik Arm consists of tim- 
bered areas interspersed with treeless meadows and marshes. Tim­
ber in generał extends up the mountain slopes to altitudes between 
1.500 and 2,000 feet. The prevailing trees are spruce and birch 18 
inches or less in diameter. Locally there are cottonwood groves, 
some of the trees in which attain a diameter of 4 or 5 feet. Timber 
is found along the lower slopes of Knik River valley almost to the 
glacier and also extends up the valleys of Eklutna, Peters, and Ship 
creeks and Eagle River for many miles above the mountain front. 
Tn generał it may be said that the timber of the Knik Arm basin is 
too smali to furnish lumber for other than local needs. In the Turn
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gain Arm basin the timbered area is smali, but the trees are of much 
greater size. Along the lower slopes of the mountain and in the 
larger tributary valleys there is a good stand of spruce and hemlock, 
in which individual trees attain 4 feet in diameter. Platę Y II shows 
the distribution of timber in this region.

A  list of the trees and larger bushes seen includes spruce (two 
species), birch, hemlock, cottonwood, aspen, several yarieties of wil- 
lows, alder, and mountain ash, and the smaller bushes include devils 
club, currant, high-bush cranberry, raspberry, buck brush, blueberry, 
and roses.

Grass for forage is abundant on the highest tidal flats but is scarce 
in the timbered and marshy lowlands. On the timbered mountain 
sides sufficient grass of the yariety known as red top can nearly every- 
where be found and near timber linę is usually present in great 
abundance. At still higher altitudes bunch grass is to be found 
locally, so that pasturage for stock is plentiful in all the larger 
mountain yalleys.

GAMĘ.

Some big gamę still exists in this district, although it is not par- 
ticularly abundant. Moose rangę the Knik lowland and its tributary 
yalleys, although it is to be expected that they will rapidly disappear 
from the yicinity of the railroad. Mountain sheep were seen in the 
rugged mountains at the heads of Peters and Eklutna creeks and of 
Eagle and Knik rivers, and goats occupy much the same rangę-as the 
sheep. Black, brown, and grizzly bears are occasionally seen. Trout 
may be caught from nearly any elear stream, and grouse are fairly 
abundant in the spruce forests. Both willow and rock ptarmigan 
occur in great numbers above timber linę; the willow ptarmigan 
haunt the areas of willow brush and high grass, and the rock 
ptarmigan prefer the high, nearly barren talus slopes and glacial 
moraines.

NATIVES.

Yery few Indians were seen during the summer, as at that season 
they move to their fayorite streams to catch and dry salmon for win- 
ter use. At Old Knik, near the head of Knik Arm, there is a yillage 
containing a few dozen houses and a church, all deserted at the time 
of the writer’s yisit. The natives are said to return to their homes. 
in the fali and to spend the winter in trapping and hunting.

G E O L O G Y .

PBINCIPAL EEATUEES.

The rocks of the Turnagain-Knik region comprise a wide yariety 
of materials and include sedimentary rocks in large volume and also 
abundant materiał of igneous origin, ranging from coarsely granular
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intrusive rocks to surface lava flows and beds of fragmental yolcanic 
materiał. A  study of the field relations of tlie rock formations lias 
yielded some definite data in regard to tlieir relative age, but actual 
age determinations have not yet been madę. The accuracy with 
which any rock formation can be placed in its proper position in the 
geologie time scalę must depend upon the fossils found in it or upon 
its relation to other fossil-bearing rocks. Unfortunately, the rocks 
of the region here discussed are peculiarly barren of fossils. Fossils 
have been found in only one formation and only a smali area wliere 
specimens of a single species of doubtful diagnostic value were 
obtained. The age of the hard-rock formations is therefore still 
uncertain and must remain so until either satisfactory fossil collec- 
tions are procured or the structural relations to some other associated 
formations, the age of which lias been determined, are madę out.

Platę V III (p. 188) is a sketch map showing the geology of the 
region here discussed.

What are apparently the oldest rocks of the region occur along the 
west end of the mountains, in a belt that varies in widtli from north 
to south, being narrowest at its north end, near the mouth of Knik 
River, and widest toward Turnagain Arm. Tliis belt probably con- 
tinues southward on the south side of Turnagain Arm, but its exten- 
sion in that direction is only surmised. The rocks in tliis belt can not 
be referred to any single rock type, for they comprise a wide variety 
of materials, all morę or less metamorphosed. They include basie 
intrusive rocks, locally altered to serpentines, and altered intrusive 
rocks of a morę acidic character, associated with much altered and 
crushed materials that are probably of sedimentary origin and some 
less altered slates. This whole assemblage has apparently been meta­
morphosed together, so that its structure is obscure. It comes into 
contact with both the siatę and graywacke series and the greenstone 
tuffs described later and appears to be older than either.

Succeeding the metamorphic series is a great aggregation of argil- 
lites, slates, and graywaclres, with minor amounts of conglomerate. 
These beds prevail along the north shore of Turnagain Arm from 
Indian Creek eastward to Portage Glacier and extend northward to 
the basins of Peters and Eldutna creeks and Knik Rirer. They com- 
monly strike in a northeast direction, have steep dips, and have 
locally been closely folded and faulted. They are known to contain 
beds of Mesozoic age, but their age limits have not been determined.

Next younger than the argillites and graywackes is an assemblage 
of greenstone and rhyolite tuffs, agglomerates, and flows, with some 
included elastie sediments. They oceupy an area in the headward 
basins of Eagle River and Peters and Eldutna creeks and also occur 
on the south side of lower Knik River. These rocks are several 
thousand feet thick and lie with apparent unconformity upon both



the argillite and graywacke series and tlie older undifferentiated 
rocks.

The youngest deposits of the region consist of unconsolidated ma- 
terials, including morainal and outwash deposits laid down by the 
greater glaciers that formerly occupied the region and by the exist- 
ing ice streams and also the gravels, sands, and silts of the present. 
streams and the silts now accumulating in Knik and Turnagain 
arms. The unconsolidated deposits are most abundant in the low- 
lands of Knik River and Knik Arm, where they mantle the surface 
and attain a considerable thickness. It is not unlikely, however, that 
bedded materials of Tertiary age occur within this area, although 
for the most part covered by younger beds. Reports have been re- 
ceived that coal beds crop out along the shore of Knik Arm between 
Ship Creek and Point Woronzof, but these reports have not been 
confirmed.

UNDIFFERENTIATED METAMORPHIC ROCKS.

DISTRIBUTION AND CHARACTER.

The western part of the mountainous province of this region is 
occupied by an undifferentiated assemblage of rocks all of which 
show the effects of regional metamorphism. The area in which they 
occur is widest at the south and narrows gradually toward the north, 
ending in a point along the south side of lower Knik River. It in- 
cludes all the mountainous portions of the basins o f Rabbit, Camp­
bell, and Chester creelts, most of the basin of Ship Creek, and parts 
o f the lower basins of Eagle River and Peters and Eklutna creeks. 
The south shore of Turnagain Arm, west o f Hope, has not been 
studied geologically, but such information as could be obtained indi- 
cates that this belt of undifferentiated rocks extends southwestward 
across Turnagain Arm. It is entirely possible that the area of these 
rocks shown on Platę V III includes also some rocks that should prop- 
erly be classified with the greenstones and greenstone tuffs described 
on pages 161—165, for time was not available in the inyestigation on 
which this report is based to follow out accurately the contracts of 
the several lithologic units.

The undifferentiated rocks of this assemblage comprise a wide 
variety of materials. They include altered igneous rocks of acidic 
composition that under the microscope prove to be altered andesites 
and andesite porphyries and basie rocks consisting of peridotite, 
dunite, serpentine, pyroxenite, altered gabbros, and tuffs and ag- 
glomerates of igneous origin. They also include altered argillites, 
graywackes, and cherts of sedimentary origin. This whole assem­
blage has been cut by both basie and acidic dikes and probably by the 
bosses of diorite that project tlirough the unconsolidated deposits 
near the mouth of Knik River.
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STRUCTURE AN D  T H IC K N E S S.

As a whole this assemblage of rocks is difficult to study in the field, 
for even in the members of sedimentary origin the structure is 
obscure, and the igneous members have apparently no consistent rela- 
tion to the sediments. Furthermore, all the rocks are generally so 
altered and weathered that determinable specimens are not easily 
obtained. As seen from a distance, however, the mountains com- 
posed of these rocks locally display a semblance of structure, due in 
part to jointing and possibly in part to the bedding of the included 
sediments, that seems to parallel in strike the linę of contact with the 
younger bordering formations. On close inspection this structure is 
less evident. Along the shore of Turnagain Arm west of Indian 
Creelc the contact between this assemblage of rocks and the argillites 
and graywackes to the east has been the site of intense deformation, 
with shearing and brecciation. Bunches of argillite and graywacke 
are apparently sąueezed and infolded into the metamorphic rocks, 
and the linear arrangement of these included materials is roughly 
parallel to the linę of contact.

No definite figures for the thickness of these materials were ob­
tained. The belt which they occupy has a maximum width of 10 to 
12 miłes, and near Turnagain Arm mountains composed entirely of 
them reach altitudes of 5,000 feet. The rocks certainly have a thick­
ness of several thousand feet, even though the present surface area 
is the result of reduplication by faulting and folding.

AGE AN D  CORRELATION.

The age of this assemblage of undifferentiated rocks is still unde- 
termined. The most that can now be said concerning their age is that 
they lie with apparent unconformity below rocks of the Sunrise 
group, which are known to be in part of Mesozoic age. The Sunrise 
group may, however, contain also some Paleozoic sediments, though 
as yet no Paleozoic fossils have been certainly identified. As the Sun­
rise group is known to contain fossils of either Jurassic or Cretaceous 
age, the undifferentiated rocks here discussed may be said to be cer­
tainly older than the late Mesozoic, and so far as the evidence now 
available goes they may be Paleozoic or even older.

UNDIFFERENTIATED ARGILLITES, SLATES, AND GRAYWACKES.

GENERAL CIIARACTER.

That part of the Turnagain-Ivnik region lying east of a linę con- 
necting the moutli of Indian Creek and the mouth of Knik Eiver 
consists predominantly of metamorphosed sedimentary rocks, includ- 
ing argillites, slates, and graywackes, with minor amounts of conglom- 
erate, ąuartzite, and limestone. (See PI. V III.) Within this area

TURNAGAIN-KNIK REGION. 1 5 5



there are some smaller areas of younger igneous rocks, but the sedi- 
inents form the base upon which the igneous rocks were poured out 
or the host into which they were intruded, and the sedimentary series 
is believed to be continuous throughout the area outlined, although it 
is locally covered by the younger deposits.

The materiałs of this great sedimentary series were laid down in 
comparatively shallow water, and with the exception of a very smali 
amount of impure limestone, they represent the clastic materiałs de- 
rived from some old land mass, the position of which is not now 
definitely known. The sediments as deposited consisted of muds, 
feldspathic sands, and gravels, but these materiałs were later con- 
rerted through the agencies of heat and pressure, by cementation and 
by regional metamorphism, into shales and slates, graywackes, and 
conglomerates, with here and there smali areas of schist.

The commonest member of this series consists of tliinly interbedded 
argillites and graywackes. The graywackes are of lighter color than 
the argillites and the two present a banded, r.ibbon-like appearance. 
Locally the alternating bands are thin, ranging from a fraction of an 
incli to a few inches in thickness, but every gradation from thinly 
bedded materiałs to massive beds of argillite or of graywacke 100 
feet or morę in thickness may be found. Within certain smali areas 
either the argillite or the graywacke may predominate, but the series 
as a wliole contains argillites and graywackes in approximately equal 
amounts.

The sediments of this series have been metamorphosed in yarying 
degrees and are now all hard rocks. The metamorphism is mostly 
that resulting from cementation and from regional folding and tilt- 
ing, and only locally has there been notable contact metamorphism 
along the margins of bodies of intrusive rocks. The rocks resulting 
from the metamorphism of the originally incoherent shallow-water 
sediments are ąuite different in appearance from the materiałs as 
they were first laid down. The feldspathic sands have been changed 
by cementation to hard graywackes, the muds to dense argillites, and 
the gravel beds to conglomerates. Deformation has produced in 
places a secondary siaty cleavage, and the group term “  slates and 
graywackes ” has been much used to describe this great series of rocks. 
Taken as a whole, howeyer, rocks with a well-developed siaty cleav- 
age form only a smali proportion of the series, so that the term 
“ slates”  as applied to this series is not well chosen. The term 
“ argillite,” used to denote a hard siliceous mud stone, without well- 
developed siaty cleavage, is believed to be morę appropriate, and the 
group term “ argillites and graywackes” is therefore here used to 
describe this series of sediments. The local development of siaty 
cleawage in rocks within this region can in most places be attributed 
to the position of the siaty bed in relation to folds. In generał, the
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fine-grained mudstones łiave received a secondary cleavage morę 
readily than the coarser graywackes, and a well-developed bed of 
siatę may be bordered, both above and below, by massive graywacke 
beds that show no such cleavage. Within smali areas, however, all 
the rocks have become somewhat schistose, and a secondary cleavage 
is present in the slates, graywackes, and conglomerates.

GRAYWACKES.

The graywackes of the Tumagain-Knik region are similar in all 
essential characteristics to those in the Prince William Sound and 
Kenai Peninsula regions, wliich have been so often described. They 
consist chiefly of angular grains of quartz and a varietv of feldspars 
with fragments of other minerals and of bits of rock of various 
kinds, inclosed in a matrix of clayey materiał and containing morę 
or less secondary silica as a cement. In texture they grade iinper- 
ceptibly from the finer argillites through fine and medium grained 
sands to coarse gritty beds and conglomerates. The freshness of 
many of the particles of feldspar and ferromagnesian minerals and 
the relative abundance of particles of these rather easily decomposed 
materials indicate that the detritus from which these clastic deposits 
were derived came from a land mass in which erosion was morę 
active than Chemical decay. From particles of rock found in the 
graywackes and from pebbles in the interbedded conglomerates it 
is known that this land mass contained andesites, diorites, banded 
argillites, graywackes, and a good deal of quartz. The graywackes 
are generally of a grayish color.

In some places within this region the graywacke beds are so 
numerous and are individually so thick that the argillites form only 
an inconsiderable proportion of the beds exposed. In working out 
the structure of the rocks the attempt was madę to use certain mas- 
sive graywacke beds as horizon markers and by following their out- 
crops to decipher the structure of the whole series of sediments, but 
the result was disappointing, for eacli massive bed of graywacke 
was found not to be continuous along the strike for any great dis- 
tance but to thin out laterally, giring place to other similar lenticu- 
lar beds. Presumably the argillite beds also are lenticular. Along 
the edge of the stream fiat south of Knik Eiver, near Knik Glacier, 
graywacke beds are present in great abundance and form prominent 
bluffs. At this place, however, as well as along other stream valleys 
and on the north shore of Turnagain Arm, the graywacke beds are 
morę conspicuous with relation to the argillites than their actual 
proportion in the series would justify, for they resist erosion morę 
strongly than the softer argillites and stand out in prominent cliffs 
and bluffs, whereas the argillites have been eroded, and their areas 
are now represented by depressions.
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The graywackes contain secondary calcite, both as a constituent of 
the rock mass and in the form of veinlets lilling fractures. Quartz 
occurs also as a vein filling, and some veinlets consist of an inter- 
growth of ąuartz and calcite. At the locality near the head of 
Knik Eiver already mentioned, the massive graywacke blulfs are cut 
by an intricate network of weinlets of ąuartz and calcite. In places 
the graywacke carries scattered grains of sulphides, chiefły pyrite 
and arsenopyrite.

AKGILLITES A N D  SLATES.

The argillites and slates of this group of sediments consist of the 
finer clastic materials driven from the same source as that which 
yielded the graywackes, and in composition they are not unlike the 
coarser associated sediments. In generał the argillites and slates are 
darker than the graywackes, ranging in color from dark gray to 
black, and the contrast in color is especially conspicuous where roclis 
of the two types are interbedded in thin layers. The darker color is 
due to the fact that the typical argillites and slates contain morę 
carbonaceous materiał than the graywackes. They also contain morę 
clayey materiał, but they grade imperceptibly througli increasingly 
coarser phases into fine graywackes, so that no sharp lines of distinc- 
tion can be drawn.

The proportion of argillites and slates to graywackes necessarily 
varies from place to place. Locally the argillites are predominant 
and the graywackes almost or entirely absent. At other places the 
argillites and slates are present only in thin, widely spaced beds, the 
graywackes forming the greater part of the series. Considerable 
areas were seen in which the slates or argillites were almost unmixed 
with the coarser sandy materials, and in this respect the rocks of the 
Turnagain-Knik region are like those of adjoining areas in the 
Prince William Sound region, to the east.

The bedding of the argillites is usually clistinct wherever they are 
well exposed. In the siaty phases, however, the secondary cleavage 
generally obscures tlić bedding, and the structure of the series at 
places where these phases occur must be determined from the morę 
massive graywackes. The metamorphic processes that have caused 
the development of siaty clearage in the fine, clayey sediments have 
generally left the morę resistant graywackes little altered, and it is 
apparent that the rock flowage has taken place primarily along the 
less resistant fine-grained beds. The cleavage planes in the slates in 
many places run at angles across the bedding and terminate against 
an adjoining graywacke bed.

Both the slates and the graywackes are cut at many places by dikes 
and intruded by sills of acidic crystalline rocks. They also carry 
many veins and veinlets of ąuartz and calcite, which are especially
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abundant in the vicinity of the intrusive masses. A  very few veins 
whose thickness can be measured in feet were seen, but most of the 
veins are smali stringers varying from the thickness of a knife blade 
to an inch or morę and reticulated through the whole mass of rock. 
At some places the argillites and graywackes are mineralized with 
smali disseminated specks of sulphides, principally pyrite.

CONGLOMERATES.

The less prominent elements of the series, the conglomerates, 
ąuartzites, and limestones, constitute a very smali proportion of the 
total volume. Of these the conglomerates are most abundant and 
occur in many parts of the district, but usually in beds of no great 
thickness. They are generally of a gray color, and most of their 
pebbles are argillite, but quartzite, ąuartz, and various igneous rocks 
are also represented. In most of the conglomerates seen the pebbles 
are less than 2 inches in cliameter, although at a few places conglom­
erates with pebbles having a maximum diameter of 8 inches were seen. 
The matrix in generał consists of a sandy argillite. The conglom­
erates apparently represent no important unconformities in the series, 
for wherever their relations to the adjacent beds could be madę out 
they lie parallel to the underlying argillites and graywackes and show 
a gradation from the underlying bed, by a gradual increase in the 
abundance of pebbles, to a distinct conglomerate, and a similar grada­
tion, by a decrease in the number of pebbles, to the overlying bed. 
As the whole series consists of distinctly shallow-water sediments, in 
which the coarseness of the beds depends largely on depth of water 
and nearness to the shorc, the presence of a conglomerate bed at any 
locality does not necessarily mean an interruption in the deposition 
of the sediments and an unconformity, but it may mean only the 
deposition of unusually coarse materials near shore, without strati- 
graphic break.

Although conglomerates are by no means abundant in this district, 
they liave been noted in place at a few localities and occur in the 
stream or glacial gravels in other valleys in which the actual outcrops 
were not observed. On the west side of Glacier Creek, about half a 
mile south of the mouth of Crow Creek, there are outcrops of a some- 
wlaat sheared conglomerate, composed of smali, Hat pebbles of shale 
and graywacke in a sandy matrix. On lower Crow Creek some con­
glomerate occuis in association with the argillites and graywackes. 
In the Eagle Biver basin half a mile above the mouth of Baven Creek 
there is a conglomerate composed of smali fragments of siatę in a 
coarse, gritty matrix. About 2 miles east of Kern Creek, along the 
railroad, there is an outcrop of massiye conglomerate composed of
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argillaceous and cherty pebbles as much as G inclies in diameter in- 
closed in a matrix of graywacke. The moraines of Raven Greek 
Glacier contain blocks of conglomerate composed of smali pebbles 
o f graywacke, argillite, quartz, and several types of igneous rocks 
inclosed in a matrix of argillite. Similar conglomerate bowlders 
were seen in tlie basin of Peters Greek, both in the valley of the main 
stream and on several tributaries.

STRUCTURE AN D  T IIIC K N E SS.

Structurally the beds of the argillite, siatę, and graywacke series 
are tilted, folded, and faulted, and in generał they have high dips. 
The best linę of nearly continuous exposures across the beds is that 
olfered by the wave-cut clilfs and steep mountain slope just north 
of Turnagain Arm. From a point 2 rniles west of the mouth of 
Indian Greek to the head of the Arm and thence up Portage Creek, 
across Portage Glacier, and down to Passage Canal, a straight-line 
distance of 23 miles, the beds liave a fairly uniform northeasterly 
strike and an average dip of about 70° either to the north west or to 
the southeast. At many places smali folds in the beds may be seen, 
but these are minor wrinkles on much larger folds that probably 
involve several thousand feet of beds. The prevailing high dips also 
show that the major folding was close, the two limbs of the fold 
opproaching parallelism. Many smali faults were observed, and 
larger faults of great displacement might well be present without 
being conspicuous. Great difficulty has been encountered by all geol- 
ogists who liave studied these rocks in attempting to work out the 
structure of the beds, for the series contains no beds sufficiently dis- 
tinctive to serve as horizon markers, but appears to be monotonously 
alike in all parts; little assistance can be obtained from fossils, which 
are almost entirely lacking; and the normal attitude of the beds has 
been greatly altered by faulting, folding, and tilting. The mountains 
composed of these rocks have a relief of over 5,000 feet, and the beds 
along the 23-mile section above referrcd to have average dips of 
about 70°. As both faulting and folding have disturbed them, it is 
not possible now to estimate the total thickness of the beds involved 
cther than to say that the original thickness must have been several 
thousand feet.

In the northern half of the Tumagain-Knik region the structure 
of the argillite and graywacke series is not so irregular as along the 
Southern border. The average dip of the sediments is morę moderate, 
folding has been less intense, and there is less uniformity in the gen­
erał structural trend. In the Peters and Eklutna creek basins the 
dominant structure trends nearly east, but at the west edge of Knik 
Glacier the trend is north.
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AGE AN D  CORRELATION.

The age of this group of secliments has not yet been determined. 
Mendenhall,1 who in 1898 studied the rocks within the region here 
considered, named tliem the Sunrise series. Other geologists, work- 
ing in the Prince William Sound region, have divided the rocks there 
into two groups, the Yaldez and the Orca. It is now known that 
the rocks of these two groups extend westward into Kenai Penin- 
sula and that in part, at least, they are the equivalent of the Sunrise 
“ series.” The Sunrise “ series ” can, therefore, be considered an 
undifferentiated group of rocks, probably containing parts of both 
the Yaldez and Orca groups and possibly also materials not repre- 
sented by either of these groups.

Neither the age of the Sunrise group nor that of any of its sub- 
divisions has been definitely determined. The rocks are largely de- 
void of fossils, and although a few localities have furnished collec- 
tions of invertebrate remains, these have been so imperfectly pre- 
served or are so lacking in diagnostic value that no definite age deter- 
minations have been madę by the paleontologists. Fossils procured 
by G. C. Martin and B. L. Johnson from the rocks at the heads of 
Crow and Itaven creeks were identified by T. W. Stanton as follows :2

These consist entwely o f imprłnts o f a smali Inoceramus, which is possibly 
identical with the Yakutat fossil described by Ulrich as Inoceramya concentrica. 
There is also a elosely related form in Martin’s [Upper] Cretaceous collections 
from the Matanuska region. * * * There is no essential difference in
generał type between the Jurassic species of Inoceramus and some o f those in 
the Cretaceous, hence it is impossible to make positive discriminations on the 
eyidence o f Inoceramus alone, unless species o f known stratigraphic rangę 
can be positiyely identified.

It appears, therefore, that at least a part of the Sunrise group is 
of Mesozoic age, though it can not yet be stated positiyely whether 
this part is Jurassic or Cretaceous. On the other hand, on purely 
stratigraphic grounds it appears that the Sunrise includes some rocks 
of the Valdez group, believed to be probably of Paleozoic age. In 
the present investigation no further eyidence was procured that 
throws light on the age of these sediments, and the problem of dif- 
ferentiating this great group of rocks of similar lithology but 
perhaps of a wide rangę in age is likely to be finally solved only 
when determinative fossils are discovered.

VOLCANIC TUFFS.
DISTRIBUTION AN D  CHARACTER.

An area including the central basin of Eagle Biver and the upper 
basins of Peters and Eklutna creeks and a smaller area along the

1 Mendenhall, W . C., A reconnaissance from Resurrection Bay to the Tanana River, 
Alaska, in 1898 : U. S. Geol. Suryey Twentieth Ann. Rept., pt. 7, pp. 305-307, 1900.

2 Johnson, B. L., The central and northern parts of Kenai Peninsula, Alaska : U. S. 
Geol. Survey Buli. 587, p. 118, 1915.

41354°— Buli. 642— 16------11
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south side of lower Knik River are occupied predominantly by frag- 
mental volcanic materials, here referred to as tullsi These areas are 
shown on the accompanying sketch map (PI. V III ) , but the tuffs 
doubtless extend eastward into the unmapped area. Bowlders of 
these characteristic rocks have been found along the shores of Port 
Wells, showing that they occur in the Prince William Sound basin, 
though the outcrops there have not been observed.

Although this series of rocks contains minor amounts of siatę and 
graywacke and doubtless also sonie lava flows, it consists essentially 
of the products of violent volcanic eruption, the materiał having been 
ejected from the vents by explosions and the comminuted fragments 
having fallen into bodies of water in which they sank and were laid 
down as thick beds of tuff. In generał the supply of volcanic ma­
teriał was so abundant that the ordinary forms of sediments, sucli 
as the sands and muds derived from stream erosion upon the land 
and brought down to be deposited in the waters to which the streams 
were tributary, constituted only a smali percentage of the materiał 
being laid down, and these normal sediments form only an incon- 
spicuous element in the series. In places thin shaly beds separate 
the tuff layers and so indicate the water-laid cliaracter of the tuffs. 
Here and there shale beds several feet thick were seen interbedded 
with the tuffs, but in most of the sections observed the tuffaceous 
materials are present almost to the exclusion of the ordinary sedi­
ments.

The tuffs vary in appearance from fine-grained rocks of green or 
gray color to coarser materials that might well be called agglomer- 
ates. Most of the exposures examined had a decided dark-green cast, 
although locally lighter shades prevail. At some places the rock is 
gray and its finer phases closely resemble graywackes. In fact, some 
of the tuffs resemble certain graywackes so closely in appearance, 
both in the hand specimen and under the microscope, that it is diffi- 
cult or impossible to distinguish them. The most common phase of 
tuff, however, is so characteristic in appearance that it can be immedi- 
ately identified. It consists of a fine to coarse grained matrix through 
which are scattered abundant angular fragments of black argillite or 
siatę. In different beds or in different parts of the same bed the argillite 
fragments may vary greatly in size, but in any one błock of rock the 
fragments show a generał uniformity of dimensions. The uniformity 
in size of these fragments and in the way in which they are dis- 
tributed throughout a great thickness of the tuffs and over large areas 
is not easily explained. The argillites and slates probably formed 
the vents through which the explosive materiał reached the surface, 
and no doubt ąuantities of sucli rocks were broken and thrown out 
with the materials of igneous origin, but it is interesting to speculate 
how the supply of these materials should have been maintained so
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steadily throughout what must have been a considerable period of 
time, and how they sliould have been broken to so nearly a uniform 
size and distributed so evenly through many cubic miles of tutfs.

As examined in thin section under the microscope the fragmental 
rocks prove to be dominantly greenstone tutfs and in minor degree 
rhyolite tutfs. The constituent particles consist of angular to sub- 
angular or rounded fragments of igneous rock in which aro com- 
nionly inclosed fragments of argillite, siatę, graywacke, and other 
materials. In the greenstone tutfs the rock minerals composing the 
pailicles are commonly altered, but in the groundmass original 
plagioclase feldspar, hornblende, pyroxene, and quartz have been 
identified, and secondary ąuartz, calcite, chlorite, serpentinous 
Products and zeolites are generally present. The rhyolite tutfs show 
some ąuartz and orthoclase phenocrysts in a fine-grained, feebly 
polarizing groundmass.

Some rhyolite flows are associated with the rhyolite tutfs, and some 
basaltic flows occur with the greenstone tutfs, but the fragmental 
rocks preponderate greatly over the lavas.

STRTJCTURE AND T IIIC K N E SS.

The rocks of the tuff series have been somewhat folded and faulted, 
but as a whole they are less deformed than the underlying forma- 
tions. The beds are generally massive, interbedded clastic sediments 
are present only in smali amounts, and in most places the jointing is 
morę conspicuous than the bedding, so that the structure is not 
easily determined. From a study of the contact relations with the 
underlying rocks and of such sediments as are present in the series, 
however, it appears that the large area of tutfs that occupies the 
central part of this region is in the form of a rather simple synclinal 
basin, in which the prevailing strike is parallel to the outer border 
of the tuff area and the beds dip from the margins toward the center 
of the basin. This relation exists in Eagle Biver valley and in 
both Peters and Eklutna creek basins, where the dips near the border 
rangę from 20° to 30°. At some places the tutfs seem to lie con- 
formably upon the slates and graywackes, but at other places there is 
a distinct angular unconformity, and the two series are believed to 
be generally unconformable. On account of the great variety of 
strikes and dips obseryed in the argillites and graywackes it is prob- 
able that in some places the bedding of the tutfs parallels that of 
the underlying argillites and graywackes, although the unconformity 
doubtless represents an erosion interval between the two formations. 
Purthermore, if the fragments of argillite and siatę found so abun- 
dantly in the tutfs were derived from the underlying formation it is 
certain that they had been indurated and somewhat metamorphosed



before the beginning of the period of volcanic actirity that gave rise 
to the tuffs.

In the smaller area of tuff bordering lower Knik Eiver on the 
south side the tuffs are either nearly fiat or dip to the north. This 
area was apparently once continuous with the larger area’ to the 
south and has been separated by the erosion of the tuffs from the 
intervening district.

It is impossible now to estimate accurately the thickness of the 
tuffs. In the center of the main area of tuff, mountains having a 
relief between 4,000 and 5,000 feet are madę up entirely of these 
rocks, and as no overlying materials are present, an unknown thick­
ness of tuffs has been removed from these mountains by erosion. 
Even if allowance is madę for possible reduplication by folding, the 
series can not well be less tlian a mile thick.

A GE A N D  CO R RE LA TIO N .

Although no fossils were found in the rocks of the tuff series, cer- 
tain conclusions respecting their age may be madę. The tuffs overlie 
argillites and graywackes in the upper basin of Eagle Kiver and 
are therefore younger than those beds. As already stated (p. 161) 
fossils have been collected from the argillites and graywackes at 
the heads of Crow and Raven creeks, and these fossils have been 
provisionally assigned to the Jurassic or Cretaceous. Apparently 
the sediments lying beneath the tuffs of upper Eagle lii ver are con­
tinuous with and a part of the same group of rocks as those from 
which the fossils were obtained. I f  this is true, then the tuffs are at 
least of post-Jurassic and possibly of post-Cretaceous age.

In seyeral places around Cook Inlet and the Susitna basin there 
are lignite-bearing beds of Eocene age, known as the Kenai forma- 
tion. These beds consist largely of shales, sands, arkoses, and con- 
gloinerates, with lignite. In their induration, metamorphism, and 
generał character they seem quite clearly to be younger than the 
tuffs liere under consideration, although so far as known the two 
formations nowhere come into contact. I f  it is assumed that the 
tuffs are older than the Kenai and are younger than the argillites 
and graywackes of Crow Creek Pass, then they must be placed some- 
where in the geologie column between the Jurassic and the part of the 
Eocene represented by the Kenai. It should be added, however, that 
the only formations found in this generał province which resemble 
these Yolcanic rocks are some partly altered breccias, agglomerates, 
and tuffs described by Martin and Katz 1 as occurring in the Mata- 
nuska basin. These rocks carry Lower Jurassic fossils. The nearest

1 Martin, G. C., and Kat z, F. .T., Geology and coal fields of the lower Matanuska Yalley, 
Alaska : U. S. Geol. Survey Buli. 500, pp. 17 -19 , 1912.
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known outcrop of these beds is about 30 miles nortlieast of the 
Tumagain-Knik region, and the interyening area has not been 
inapped. A  defmite correlation between these two volcanic forma- 
tions is therefore not justified, especially as the local evidence indi- 
cates that the volcanic rocks of the Turnagain-Knik region are of 
post-Jurassic age.

INTRUSIVE ROCKS.

Intrusire rocks occur within all the hard-rock formations of this 
region. The oldest group of rocks, which in this report is not cliffer- 
entiated into its constituent elements, contains a large proportion 
of intrusive materials, including diorites and ąnartz diorites, perido- 
tites, pyroxenite, dunite, and their altered equivalents. These have 
already been briefly described. The series as a whole, as well as the 
overlying argillites and graywackes, have in places been intricately 
cut by younger dilces and sills of acidic character. These younger 
intrusire rocks harc been found on microscopic study to include 
andesite porphyry, dacite, and diorite. Projecting through the un- 
consolidated deposits. near the yillage of Old Knik are some smali 
hills of coarsely crystalline quartz diorite. No other considerable 
bodies of granitic intrusire rocks were obserred in this district, but 
in not far distant areas on Prince William Sound, in the Talkeetna 
Mountains, and at many other places in Alaska there are similar 
granitic intrusives that are generally beliered to be of Mesozoic age. 
It was probably during this generał period of granitic intrusion and 
in relation to larger masses of granitic rocks, some of which did not 
penetrate near enough to the surface to be ret rerealed by erosion, 
that the numerous acidic dikes and sills of this region were injected.

GUTATERNARY SYSTEM.

FREGLACIAL CONDITIONS.

The youngest hard rocks that hare been recognized in this region 
are the greenstones and greenstone tuffs, and they are rery old 
compared with the unconsolidated Quaternary materials, the next 
younger deposits. It may be that after the deposition of the green­
stones and greenstone tuffs the region was snbmerged and corered 
with younger sediments, but in the absence of younger rocks it is 
unlikely that such a submergence took place. During early Tertiary 
time a great lowland is known to hare existed along the present 
Cook Inlet and Susitna Yalley depression, and from this lowland 
valleys reached back into the surrounding upland. In the lowland 
and its tributary ralleys much sedimentary materiał, comprising 
muds, sands, grarels, and arkoses derired from the surrounding 
highlands, and considerable beds of peat were laid down as lowland



or estuarine deposits. Locally, these materials accumulated to a 
thickness of several thousand feet. Tliey were tliickest in the lowest 
depressions and thinned out laterally as they overlapped the lower 
slopes of the bordering hills. Their accumulation was ended by the 
uplift of the snrrounding mountains, and the beds were in many 
places tilted, folded, and faulted. Deposits representing tliis period 
of Tertiary deposition are present in Matanuska Yalley; in the 
Willow Creek district, only 10 miles north of the region here con- 
sidered; at many places on the efist shore of Cook Inlet; and in 
the areas bordering the Susitna lowłand. The major uplift and tilt- 
ing of the Tertiary beds, wliich doubtless affected the mountains of 
the Tumagain-Knik region also, was followed by a long period 
during which the ordinary processes of land erosion were active. 
Great trunk ralleys were formed or reexcavated, and the mountains 
were dissected to a maturę topography. It is believed tliat at the 
end of this period of stream erosion all the main valleys now present 
were established. The streams in removing the rock waste from 
their basins had handled great ąuantities of materiał, and in some 
of this materiał there was a smali ąuantity of native gold, contained 
in ąuartz veins and veinlets. The gold, being chemically inert and 
of high specific gravity, remained in the stream beds, and in those 
basins in which gold-bearing veins were especially abundant gold- 
placer deposits were formed.

GL A CIAŁ EPOCH.

ADVANCE OF TH E ICE.

The glacial epoch was ushered in by a cliange in climatic condi- 
tions that resulted in increased snowfall. The accumulation of snów 
and ice naturally took place first in the higher mountains, and smali 
glaciers were formed. These grew and lengthened down the valleys, 

• tributary glaciers joined the main drainage lines, and the larger ice 
streams pushed onward as they increased in thickness until all the 
mountain valleys contained vigorous glaciers. As the ice advance 
approached its climax tlie mountains were so deeply submerged by 
glacial ice that only the higher peaks and ridges projected above 
its surface. The ice streams from Turnagain Arm and from Knik 
and Matanuska river valleys pushed into upper Cook Inlet, there 
joined the southward-moving glacier from the Susitna basin, and 
advanced down Cook Inlet an unknown distance but at least as far 
as the forelands. Some idea of the magnitude of these great glaciers 
may be gained from the facts that at the mouth of Glacier Creek the 
Turnagain Arm depression was filled with ice to a height of at least
3,400 feet above sea level, and at the point where Peters Creek leaves 
the mountains the surface of the Knik Arm glacier stood nearly

1 6 6  MINERAŁ RESOURCES OF ALASKA, 191Ś.
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3,000 feet above sea level. From tliese surfaces the slopes of the 
tributary valley glaciers upstream were steep, probably morę than 
100 feet to the mile, so that little of the mountain mass was visible 
above the ice surface.

The last great period of glaciation in Alaska is believed to have 
been contemporaneous with the Wisconsin stage of glaciation in the 
United States and Canada. In the main body of the continent 
there were several periods in Quaternary time during which the 
glaciers reached large size and moved southward into the Northern 
States. It is now known that in Alaska also there were at least two 
and possibly morę distinct stages of glaciation, and the last great ice 
advance has been rather definitely correlated with the Wisconsin 
stage.1

In the Turnagain-Knik region evidences of only one great ice 
advance have been recognized. There may have been earlier glacial 
stages, but the last great glaciers became so large and thcir erosive 
effects were so profound that they went far toward obliterating the 
evidence of any former glaciers that may have been present.

The flooding of a mountain region, such as that here discussed, 
by glacial ice involves great clianges in the shape of the land surface. 
The preglacial topography of this region was of the type resulting 
primarily from stream erosion. The valleys were broadly V-shaped 
in cross section; the streams flowed in soijiewhat devious courses 
around the ends of the mountain spurs that projected into the val- 
lejrs from either side; Chemical decomposition and physical disin- 
tegration had joined forces in breaking down the rocks and in causing 
the accumulation of extensive deposits of residual soils and of prod- 
ucts of rock disintegration; and each stream flowed over a bed in 
which the gradient was adjusted to the size of the stream and to 
its load.

When the glacial epoch had begun the newborn mountain glaciers 
in advancing down the valleys found them adjusted to stream cutting 
and degradation but not at all adjusted to occupancy by glaciers. 
To these glaciers, therefore, fell the task of remodeling the valleys to 
shapes best suited to ice movement, and for this work they were well 
eąuipped. In their forward and downward progress they pushed 
before them or overrode such loose materials as they encouńtered and 
rapidly stripped away soil, talus, and stream grarels. kluch of this 
detritus was incorporated into the body of the glaciers themselves, 
and each fragment, held firmly in the ice, served as a tool with which 
the moving glacier could attack its bed. By the removal of obstruct- 
ing spurs and by undercutting the yalley sides the glaciers tended

1 Capps, S. R., An estiraate o f  the age o f  the last great glaciation  in A laska : W ashington 
A cad. Sci. Jour., vol. 5, pp. 108-115, 191 5 ; T w o glacia l stages in A la sk a : Jour. G eology, 
vol. 23, pp. 748—750, 1915.
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to develop straight, wide-floored, troughlike yalleys. Cirąues were 
formed at the yalley heads, and as the cirąues were cut headward 
the divides within the higher mountain masses were attacked and 
reduced to sharp-peaked ridges.

Although the topography was greatly modified by the glacial 
erosion, nevertheless it is believed that most of the glaciers, in spread- 
ing downward from the higher mountains, followed the preexisting 
valleys. Locally ice poured over divides and reduced them, so that 
new yalleys having courses at yariance with those of the preglacial 
streams were formed, but in the main the present drainage lines, 
although bearing unmistakable evidence of ice erosion, are believed 
to follow the valleys established by the streams before the glacial 
cpoch.

Within the lowlands beyond the borders of the mountains the 
effects of the ice invasion were also notable, but of a very dilferent 
character. No longer confined within restraining walls, the glaciers 
spread out laterally to form great, comparatively fiat ice plains. 
With lower gradients and greater width the ratę of movement was 
also decreased, and the ice, no longer able to erode vigorously, began 
to deposit its burden of detritus as a sheet of glacial till. Still 
farther down, at the ice front, the surface debris and that within 
the main ice mass was dropped as a terminal moralne or supplied to 
the streams to be deposi£ed as glacial outwash.

R E T R E A T  OE TH E ICE.

After the glaciers had reached their greatest development there 
came about another change in climate, with increase in mean annual 
temperaturę and decrease in snowfall. As the supply of snów in the 
headward portions of the glaciers became less, they became progres- 
sively shorter and tliinner. The lower ends shrank back and bared 
ground previously covered by ice. The upper valley walls, scored 
and smoothed by glacial erosion, began to emerge along the flanks of 
the ice tongues. As melting and shrinkage continued the yalley 
glaciers became separated from the lowland glaciers and from one 
another, the lowlands gradually became free from ice, and glaciers 
were able to maintain themselres only in the high mountains and in 
basins somewhat protected from the sun’s rays.

As the glaciers retreated, streams fed by the melting ice at once 
began to flow over the uncovered areas. The yalleys were, however, 
no longer adjusted to stream drainage, and the streams inunediately 
commenced to make this adjustment, which is still far from accom- 
plished. Low, ice-eroded basins became lakes, many of which were 
later filled with stream gravels. Rock barriers were intrenched and 
now form canyons. The amount and character of this readjustment 
are discussed under the heading “ Postglacial erosion ” (p. 172).
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The higher mountains of this region still support vigorous glaciers. 
The largest of these is Knik Glacier, at the heacl of Knik River. 
It is 3 miles wide at its terminus, and about 4 miles above that point 
it divides into two large tributaries, one heading eastward and the 
other southward. The upper portion of this glacier is unsurveyed 
and its area is unknown, but without doubt it includes the ice from 
part of the northern front of the high mountain rangę that supplies 
so many southward-moving glaciers to College Fiord. It is likely 
also that it receives ice from an'extensive glacial field lying southeast 
of the heads of Peters and Eklutna creek basins and northeast of the 
bead of the Eagle River basin. Natives and prospectors report a 
lakę many miles łong that occupies a valley along the east side of the 
Southwest fork of Knik Glacier. This lakę fills gradually and at 
intervals of six or seven years breaks out through Knik Glacier and 
sends great floods of water down Knik River and Knik Arm. Sucli 
s flood took place early in September, 1915, deeply inundating the 
fiat ralley floor of Knik River and causing considerable damage at 
the construction camps of the Government railroad, at the Knik 
River Crossing.

Ko facts were observed that would indicate any great amount of 
iecent retreat of Knik Glacier. In July, 1915, tliere were no large 
streams flowing along the western edge of the ice front, yet the dump 
moraine was very smali, indicating that there may have been a recent 
readvance of the ice. The rock bluffs on the valley wali 200 feet 
from the ice edge and below the level of the frontal ice cliffs are 
covered with brusli, and scraggy old dead spruce trees stand on the 
bluffs 50 feet above the gravel bars and 200 yards beyond the ice edge. 
The presence of these bushes and trees so near the ice front shows 
conclusively that the glacier is now almost as far advanced as it has 
been for many years.

Eklutna Creek abore the lakę forks into two branches, both of 
which are glacier fed. The soutli forlc emerges from beneatli a long, 
narrow ice tongue, and the volume of the stream indicates that the 
headward portion of the glacier is much larger than the lower por­
tion, wliich can be viewed from the terminus. The southeast fork of 
Eklutna Creek is also large, and its turbid waters are certainly of 
glacial origin, though the glacier at its source was not seen.

The Peters Creek basin contains at least four glaciers, all smali.
Eagle River heads in Eagle River glacier, an ice field 10 or 15 miles 

long and between a ąuarter and half a mile wide at its lower end. It 
shows white ice throughout its length, but has one prominent and 
another less conspicuous linę of surface moraine on its lower portion. 
Erom half to three-quarters of a mile below the glacier there are two 
distinct crescentic lines of terminal moraine Crossing the yalley, and 
a strong lateral moraine appears along the northeast margin of the
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glacier. Within these moraines there is little vegetation, and the ice 
has apparently retreated, possibly as much as three-ąuarters of a mile, 
within recent years.

Eaven Creek, the largest headward tributary of Eagle Eiver, heads 
in a smali but vigorous glacier. The bare slopes along its lower 
flanks and beyond its terminus indicate a moderate amount of recent 
retreat.

The southeast fork of Ship Creek and the main branch of Bird 
Creek originate in smali glaciers, the westernmost within this dis- 
trict. Glacier Creek, as its name implies, has its source in several 
smali glaciers, as has also its principal tributary, Crow Creek.

The Twentymile Eiver basin contains two vigorous ice streams, 
and Portage Eiver is fed by several smali ice tongues and by Portage 
Glacier, which also sends sonie of its drainage eastward to Passage 
Canal.

The eastern, unsurveyed portion of the district includes the highest 
mountains and the largest glaciers, a number of which flow eastward 
into Harriman Fiord.

GLACIAL DEPOSITS.

Within the mountain ralleys the ancient glaciers had compara- 
tively steep gradients and were confmed within abrupt valley walls, 
and their movement was conseąuently morę rapid than in the low- 
lands. The characteristic effect of glaciation upon the mountains is 
therefore to be observed from the erosional results produced rather 
than from the constructional topographic forms built from the de- 
posits of glacial debris. There are, however, certain distinctive gla- 
cial deposits left by the ice during its retreat or built by the glaciers 
after they had taken their stands near the positions in which tliey 
now remain. The most easily recognizable glacial deposits in the 
mountains are the lateral and terminal moraines. They form dumps 
of great blocks and bowlders mixed promiscuously with finer mate- 
rials and having an irregular surface. They are not present in all 
the glaciated ralleys, but are well developed at the edges of some of 
the existing glaciers and may be seen at some distance from the ice 
edge in a few yalleys, notably in Crow Creek basin and near the 
head of Eagle Eiver. The morę prevalent but less conspicuous gla­
cial materiał occurs as a sheet or veneer of glacial till coating the 
floors and sides of many valleysvbut presenting no easily recognizable 
topographic form. It can be best identified in the cut banks of 
streams and gulches; elsewhere it is likely to be obscured by a cover- 
ing of vegetation.

The lowland areas received the greater part of the detritus re- 
moved from the mountains and transported downward by the mov- 
ing ice, and practically all the surface deposits in the lowlands are 
oomposed of materiał supplied directly by the ice or by streams that
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issued from the glaciers and brought down tlie products of glacial 
erosion. Thus the fiat valley of Knik Iliver, from the glacier to the 
point at which the tides are effective, is floored with heavy deposits 
of gravel and sand. The materiał supplied to the river by the ice is 
so abundant that the stream is constantly loaded to its capacity, and 
it is slowly aggrading its valley floor. The finer materials, consist- 
ing of some sand and abundant silt, are carried down to tidewater 
m Knik Arm and deposited as mud fłats. Like Knik River, all the 
other glacier-fed streams have morę or less extensive fłood-plain 
deposits of glacial outwash gravel. Similar gravel deposits occur 
throughout much of the Knik Arm lowland, though locally they 
attain altitudes of several hundred feet above sea level. This out­
wash gravel could not have been deposited in its present position 
under the existing drainage conditions, but was laid down in front 
of the retreating glacier that once filled Knik Arm, in much the 
same way as the present deposits in Knik Kirer valley. The grading 
operations along the linę of the new railroad through the lowland 
show that the gravels are present in great abundance. In the basin 
of Eldutna Creek, between Eklutna Lakę and the rock canyon, 5 
miles below, the stream is intrenched to a depth of several hundred 
feet in stratified gravels, probably deposited at a time wheri tlie 
mouth of this valley was blocked by the great glacier in the basin of 
Knik Arm and when Eklutna Glacier had retreated to about the 
present position of the lakę. The next stream Southwest of Eklutna 
Creek shows similar thick deposits of gravel. Glacial till, laid down 
directly by the ice, is also present in tlie lowland and probably occurs 
in extensive sheets beneath the covering of gravel outwash. Both 
the gravel-covered areas and those occupied by glacial till have fer- 
tile soils and give promise of productive farms along the railroad.

The results of the ice inrasion, including erosion in the moun- 
tains and deposition in the lowlands of the materiał removed from 
the mountains, have had a very great influence on the economic de- 
velopment of this district. Within the mountains the ice, in over- 
riding the preglacial stream gravels, remored them and the gold 
placer concentrations that they contained, and the gold was scattered 
far and wide in the morainal and outwash deposits of the lowlands. 
In a few especially protected localities some smali areas of the pre­
gla ciał stream grawels, with their included gold, may have been pre- 
serred and may some time adcl to the gold production of the district. 
In most of the stream basins, howTever, no preglacial placers were 
left, and such placer deposits as are now present are the result either 
of postglacial stream concentration of gold from the glacial deposits 
or of original concentration from bedrock.

In the lowland areas the results of glaciation, although of a dif- 
ferent character, will exercise an even greater influence on the eco-
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nomie development of the district. The futurę development of the 
lowlands is largely concerned with their agricultural possibilities. 
From the mouth of Knik River to Turnagain Arm the lowland lying 
southeast of Knik Arm is coyered with gravels, silts, and glacial 
clays deposited directly by the ice or in the rivers and embayments 
beyond the ice front. In generał these materials are fertile, are well 
drained, and afford good soil for the production of crops. Climatic 
conditions also appear to be farorable, so that there is a strong prob- 
ability that this lowland, now tapped by the new Government rail- 
road, will support a considerable agricultural population.

FO ST G L A C IA L  E RO SION .

Upon the finał retreat of the glacial ice from any part of the area 
which it had covered, the agencies of subaerial erosion immediately 
became operative, and these agencies have continued to be effective 
in greater or less degree ever sińce. Neyertheless, in terms of earth 
history, the period sińce the waning of the ice has been short, and 
in its larger f  eatures the land surf ace now to be seen is that developed 
and modified by the action of the glaciers. As the ice first retreated 
from the lowlands of upper Cook Inlet and gradually withdrew up 
each tributary valley, the lowlands and the lower parts of the yalleys 
have been subject to postglacial erosion much longer than the upper 
parts. In fact, as the remnants of the old ice sheet still occupy con­
siderable areas in the higher yalleys, these areas may be considered 
to be still in the glacial epoch, and beneath the ice there has been 
no postglacial erosion.

Naturally erosion has been greatest along the lines of the major 
streams and along the margins of tidewater. The glacial widening 
and deepening of the floor of Knik Arm and Knik Kiver valley left 
all the tributary streams from the south and southeast occupying 
hanging yalleys, with yery steep gradients at the mountain front. 
In these oversteepened portions the streams have cut canyons in the 
unconsolidated materials and in bedrocks, in their efforts to reestab- 
lish normal gradients. Higher up the yalleys there are also places 
at which the streams, in Crossing rock barriers, have cut canyons, 
and their minor tributaries likewise, occupying hanging yalleys of 
the second order, have cut their beds deeply in readjusting their 
grades. Locally between the oversteepened and canyoned portions 
of the yalleys there are basins that now contain lakes, as, for ex- 
ample, Eklutna Lakę, or are filled with stream gravels.

The larger tributaries of Turnagain Arm from the north and east 
generally lie in yalleys the lower portions of which were eroded by 
the ice to or below tide level, and the typical hanging yalleys are 
not abundant. In fact, the lower yalleys of Glacier, Twentymile, and
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Portage creeks were fiords when first bared of ice, as Turnagain 
Arm is now, but were filled to sea level by detritus from tlie glacial 
streams that discharged into them.

Marinę erosion has succeeded in postglacial time in cutting back 
the unconsolidated deposits between Point Possession and the mouth 
o f Knik River, so that the shore linę is generally bordered by steep 
gravel bluffs. At Point Woronzof the bluff stands 200 feet above 
mean tide. At the town of Anchorage the top o f the bluff has an 
altitude of 110 feet. The distance horizontally that the bluffs have 
retreated before the cutting of the waves is not known. On Turn­
again Arm similar gravel bluffs extend from Point Campbell south- 
eastward for 12 miles, and thence to Twentymile River there are 
nearly continuous sea cliffs cut into the hard slates and graywackes. 
It is apparent, however, that wave cutting has done no morę than to 
notch the base of the rocky walls that border this basin.

In addition to the work of streams and waves, the mechanical dis- 
integration of the rugged mountains, especially in those places where 
they reacli altitudes above the linę to whicli vegetation grows freely, 
has been rapid, and considerable quantities of talus have accumu- 
lated at the bases of steep slopes. Chemical decay, however, has 
been relatirely ineffectire in postglacial time. No residual soils have 
been formed, and many glacially scoured rock surfaces still show the 
smoothness of contour given to them by the ice.

P R E S E N T  ST R E A M  A N D  M A R IN Ę  DEPOSITS.

Most of the large streams within this region have their sources 
in glaciers, and their gravels are derived in part from materiał sup- 
plied by the ice, and in part from materiał supplied by the direct 
erosion of the streams upon their beds and banks. On such streams 
it is impossible to separate the present stream gravels from those of 
glacial origin, and no attempt has been madę to discriminate between 
them on the accompanying map (PI. V III). Likewise the marinę or 
estuarine silts and sands now accumulating so rapidly in Knik and 
Turnagain arms are in part of glacial origin and in part the prod- 
uct of stream erosion. The amount of fine materiał brought down 
to tidewater by the larger glacial streams is great, and the filling 
in of these arms of the sea must be proceecling at a rapid pace. The 
estuarine deposits now accumulating, if Consolidated and somewhat 
metamorphosed, would yield a group of sedimentary rocks re- 
sembling in many ways the argillites and graywackes so abundantly 
represented in this generał region.

The tidal variation in Knik Arm is great, and the waters are slial- 
low, so that at Iow tide many scfuare miles of tidal flats are laid bare. 
In addition to the areas within rangę of the daily tides there are 
mud flats, particularly at the mouth of Knik Eiver, between the In­



dian village of Old Knik and Knik River, at the moutiis of Peters 
Creek and Eagle River, and on Turnagain Arm along lower Glacier 
Creek, Twentymile River, and Portage Creek, that are covered by the 
sea during periods of extreme high tide but are dry most of the time. 
These flats support a luxuriant growth of grass and in summer 
would afford valuable pasturage for live stock.

M IN E R A Ł  R E S O U R C E S .

GENERAL FEATURES.

The minerał resources of the Turnagain-Knik region that have so 
far received the attention of miners and prospectors are the gold 
placers and the gold ąuartz lodes. From 1896 to 1898 a large niunber 
of placer claims were staked on the streams tributary to Turnagain 
Arm from the north, and on a few of these claims, notably those on 
lower Crow Creek, mining has been carried on each year sińce. The 
entire output of placer gold has been derived from the Turnagain 
Arm slope of the mountains. In 1915 some placer claims were staked 
on tributaries of lower Knik Arm, but nonę of these have yet been 
demonstrated to contain workable ground. Development work on 
gold ąuartz lodes has also been confined largely to the Turnagain 
Arm basin, although a few claims in the valley of Peters Creek and 
in the upper basin of Eagle River liave received attention. In 1915 
no gold had been produced from any of the gold ąuartz lodes.

The following description of the mines and prospects is based on 
observations madę by the writer in 1915, with additional materiał 
already published in the reports of W. C. Mendenhall, F. H. Moffit, 
and B. L. Johnson, to which reference has already been madę.

GOLD PLACERS.

GLA C IER  C RE E K  B A S IN .

GENERAL FEATURES.

Glacier Creek is one of the larger tributaries of Turnagain Arm 
from the north and joins the Arm about 10 miles below its head, at 
a point 75 miles from Seward by way of the Alaska Northern Raił- 
road survey. The main valley is a straight, broadly U-shaped trough 
and heads in a wide basin into which several smali glaciers drain. 
A  number of these glaciers are plainly visible from Turnagain Arm 
and have given the stream its name. Below the mouth of Crow Creek 
the stream flows through a gravel-floored valley, bordered in its 
lower reaches by a lowland in which marshes alternate with heavily 
timbered areas.. Its larger tributaries are California and Crow 
creeks, from the northwest, and Winner Creek, from the southeast. 
Yirgin Creek flows into the same broad valley but joins Turnagain 
Arm a short distance southeast of the mouth of Glacier Creek.

1 7 4  MINERAŁ RESOURCES OP ALASKA, 1915.
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Crow Creek is economically tlie most important tributary of 
Glacier Creek. The mountains at its head are high and rugged and 
form the' divide between the waters tliat fiow to Turnagain Arm 
and those tributary to Knik Arm. They are broken at the head of 
Crow Creek by Crow Creek Pass at an altitude of about 3,400 feet, 
which affords a fairly good route from Crow Creek to Kaven Creek, 
a tributary of Eagle Biver. From its source in the pass to its mouth 
Crow Creek is about 5 miles long. Near its head it is precipitous, 
descending in waterfalls and rapids for a vertical distance of over
1,000 feet within 1 mile of the pass. It is fed by several smali 
glaciers, and during the summer its waters are turbid. Below the 
pass the stream emerges from its narrow stream-cut gorge into a 
gravel-filled basin. The basin is bordered at its lower end by a 
terminal moraine from a lateral valley, and the gravel fili is the 
result of the lessened gradient behind this morainal dam. Through 
its bowldery channel across the moraine the stream descends in 
rapids, to emerge into a narrow gravel-floored valley bordered by 
benchlike terraces of gravel and showing no rock outcrops. These 
conditions prevail to a point within half a mile of the mouth of the 
valley, where the stream enters a rock canyon, with nearly vertical 
walls, that extends to its mouth.

Throughout the basin of Crow Creek the bedrock consists predomi- 
nantly of interbedded argillites or shales and graywackes, with some 
conglomerates, cyt by numerous granitic dikes and sills. Locally the 
shale beds have been metamorphosed, with the development of siaty 
clearage, and in places the metamorphism has been intense enough to 
produce a somewhat schistose structure. The prerailing strike of the 
beds in this basin is northeast, but locally the beds diverge consid- 
erably from this generał trend. Near the mouth of Crow Creek they 
dip prevailingly at high angles to the southeast, but at the head of 
the valley folding has occurred, and the generał trend of the structure 
swings around to an easterly direction.

PH YSIO G RA FH Y.

The physiographic hi story of Crow Creek is highly complex, but 
fortunately the deep excavations madę during the progress of mining 
have yielded much valuable information concerning it. As the dis- 
tribution and concentration of placer gold are in large measure de­
pendent on the erosional history of the areas in which they occur, 
and as the basin of Crow Creek contains the most productive mining 
camp of this region, it seems proper to discuss here in some detail 
the main physiographic events that have had an influence on the 
development of this stream basin and on the formation of its gold- 
bearing gravels.
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For about half a mile above its mouth Crow Creek flows through a 
very narrow, steep-walled canyon cut into bedrock. The cutting of 
this canyon is, however, a very recent event in the erosional history 
of the valley, for the canyon is conspicuously younger than the valley 
above it. Its history is discussed on page 179. The rock canyon is

bordered on the 
nortlieast by 
high benches of 
unconsolidated 
m ateriał, and 
for over a mile 
above the head 
of the canyon 

^50 jooFeet th e  s t r e a m
F igurę  7.— Section exposed in placer w orliings o f  low er Crow f l o w s  O V e r  

Creek, show ing interbedded stream  gravels and g lacia l t ill over- o r a V 6 l  b a r s  a n d  
ly in g  steeply tilted  argillite  and grayw acke. f 5 .

b e t w e e n  h ig h

gravel benches. Prospecting above the canyon lias shown that the 
stream bed thronghout this distance lies 50 feet or morę above the 
rock floor of the valley.

During the season of 1901 mining developments near the middle of 
the rock canyon showed the lower end of a distinct gravel-filled 
channel east of the present channel and joining it from aboye.1 Since 
that year this old channel has been sluiced out to obtain a water 
grade to the bedrock val- 
ley floor above the canyon.
This cut reąuired the re- 
moval of materials liaving 
a maximum thickness of 
over 230 feet and forming 
a complicated section com- 
posed of assorted beds of 
coarse and fine gravels and 
glacial till. Some of the 
gravel beds are horizon- 
tally bedded, some are 
cross-bedded, and others 
are contorted. (See fig. 7.) The excavations also show that this 
buried rock channel itself is joined by other old channels in bed­
rock. (See figs. 8 and 9.) Mining in one of these has exposed 
a section (fig. 10) which differs considerably from that shown in 
figurę 7 but which also shows deposits of glacial origin interbedded

1 Moffit, F . II., Gold flelds o f  the T urnagain Arm  region : U. S. Geol. Survey Buli. 277 
p. 41, 1906.

F igurę 8.— Cross section  o f a p art o f  low er Crow 
Creek valley, sliow ing size and position  o f  pres­
en t canj^on, the deepest buried canyon (now  ex- 
ca ya ted ), and another sm aller buried canyon. 
This section is a t righ t angles to  that shown in 
figurę 10.

MuckFine^yellow gravel
Cross-bedded gravel ■ Sand

=ć»;Blue glacial till; 
Yellow gravel 

Biue glacial till 
Fine yellow gravel

^N^y^J^^.Fine cross-bedded 
gravel and sand
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with water-laid sands and gravels. The erosional history at this 
place is important, as it has been largely influential in determining 
the location and richness of gold placer deposits, but data are not 
yet available for a complete in- 
terpretation of the succession of 
events. Apparently the old chan- 
nel through the “  big cut ” is the 
deepest rock channel draining the 
Crow Creek valley, though this 
has not yet been definitely estab- 
lished. Moreover, it has not yet 
been determined whether this old 
channel was the preglacial course 
of the stream or whether it was 
carved in the interval between 
two glacial advances. Its steep 
sides and high gradient, however, 
indicate that it was formecl after 
the Glacier Creek valley had been 
deepened by glacial scour and 
ihat it was cut by Crow Creek in 
its endearor to reduce its valley to 
grade with Glacier Creek. This 
suggests at least the possibility 
that there may have been two dis- 
tinct periods of glaciation, sepa- 
rated by an interglacial period 
long enough for the cutting of 
the deepest old channel.

The history of the drainage 
changes in lower Crow Creek, as 
madę out from the facts now 
a va i labie, is given below. In de- 
tails the description of the suc­
cession of eyents here given may 
be open to some ąuestion, but it 
is believed that this description 
reasonably accounts for the con- 
ditions as they now appear.
With further mining additional 
facts will be obtained that will 
throw morę light on the complex drainage history of this place, 
and the necessary modifications in the interpretation can tlien be 
madę.

41354°— Buli. 642— 16------12

F igdbe  9 .— Sketch map o f  cla im s o f A laska 
Crow Creek M in ing Co. A dapted from  
sketch by Frank H. Lascy.
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Before the earliest of the Pleistocene glacial advances had taken 
place the ordinary processes of stream erosion had carved deep val- 
leys into the mountains. These valleys lay in much the same posi- 
tions as those now occupied by Glacier and Crow creeks and their 
tributaries, but instead of being wide, straight V-shaped troughs 
such as we now see, each was a narrower V-shaped valley with a 
normal stream gradient and followed a somewhat sinuous course be- 
tween the spurs that projected into it from either side. It seems 
certain that during this long period of preglacial stream erosion 
stream placer deposits were formed containing the gold that had 
been present in the rocks which the stream had removed.

In Pleistocene time glaciers formed in the valley heads and 
gradually extended downstream, uniting to form an ice tongue that 
filled the Glacier Creek valley and reached Turnagain Arm, there 
to join the great ice stream moving westward to Cook Inlet. In 
other parts of Alaska there have been at least two distinct ice ad-

F igurę 10.— Section on northeast side of the “ big cut,”  lower Crow Creek, sbowing the 
relations of the glacial till and gravels to bedrock.

vances,1 and there may have been morę. It is probable that the 
upper Cook Inlet region also has been glaciated two or morę times, 
but this has not been conclusively proved, for the last glaciers by 
their severe erosion removed the conspicuous evidences of the worlc 
of any glaciers that may have preceded them. It is therefore pos- 
sible that the record of many early events of great importance in 
the erosional history of the region is now so obscure that their influ­
ence can not at present be properly estimated. The record of the 
morę recent events is still distinct enough to be read with some 
confidence.

The first glaciers by their erosion profoundly altered the shape of 
the basins through which they moved. They widened and straight- 
ened the valley floors and steepened the side slopes, giving the val- 
leys a broadly U-shaped cross section. They also had a tendency to 
erode morę rapidly at the basin heads than below, thus developing 
cirąues, and left the gradient flattened below the cirąues. During

1 Capps, S. R., Two glacial stages in Alaska: Jour, Geology, vol. 23, pp. 748, 75G, 1915,
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the glacial erosion and reshaping of the valleys tlie unconsolidated 
stream gravels were readily removed by the ice, and with them the 
contained placer gold, which was scattered among all the glacier- 
borne debris. It is presumed that such alterations were madę in the 
Glacier and Crow creek valleys before the present rock canyon of 
lower Crow Creek was cut and also before the cutting of the old bed- 
rock cliannels now exposed by the placer workings.

With the retreat of these earlier glaciers the valley floors were 
again exposed to stream erosion. Apparently the floor of the Glacier 
Creek basin had been deepened by glacial scour at the mouth of the 
Crow Creek valley, and Crow Creek thus had an oversteepened 
gradient in its lower course and began to intrench itself in that por- 
tion of its valley and cut a deep canyon into bedrock. That canyon 
now appears as the deepest old channel uncovered by the placer-min- 
ing operations. It appears to be too steep walled and to have too 
narrow a floor to be the bottom of the pręgi acial outlet from the Crow 
Creek basin. The suggestion is therefore madę that it was eroded 
in the interglacial stage between the last great ice advance and 
another that preceded it. Evidently, howerer, the cutting of the old 
canyon was not accomplished without interruption, for associated 
with it are other buried cliannels, similar to the deepest one, but not 
so well developed or so continuous. They represent episodes in the 
derelopment of the main old channel, but indicate that during its 
erosion it was at times dammed somewhere below, probably by the 
oscillating edge of the Glacier Creek glacier. When obstructed the 
bedrock canyon was filled by stream gravels. When the obstruction 
was removed the stream again intrenched itself along the same gen­
erał course, first cutting through the gravel fili and then into the bed­
rock. Throughout most of its course each successive canyon coincided 
in alignment with the original one, and when bedrock was reached the 
deepening of the old canyon continued. Locally, however, loops of 
the later canyons departed somewhat from the course of the main 
channel, and in this way a network of buried canyons was developed. 
(See fig. 9.) Within these rock canyons and along the stream bed 
above and below them the placer gold from the eroded glacial till and 
the outwash gravel was again concentrated, though probably in de- 
posits much less rich than those of preglacial time.

After the deepest old channel was eroded to its present dimensions 
this region was again subjected to intense glaciation, in which the 
ice further modified the land forms, in some places widening and 
deepening the valleys and in others depositing ąuantities of glacial 
debris either as morainal materiał or as stream-borne outwash gravel. 
Under the influence of the advancing Crow Creek glacier and im- 
peded by a dam formed by the ice tongue in Glacier Creek valley, 
the rock canyons on lower Crow Creek were filled with stream



gravels and later completely overridden by the great glaciers that 
filled this whole basin.

Tlie finał retreat of the glaciers to their present positions was not 
a single continuous process but consisted of a long series of oscilla- 
tions backward and forward, the sum total of the recessions being 
greater than that of the advances. The critical stage during this 
retreat, so far as the unconsolidated deposits of lower Crow Creek 
are concerned, was the time during which the Glacier Creek and 
Crow Creek glaciers had separated but were still not far apart. At 
this time an advance of only moderate extent by the ice in Glacier 
Creek was sufficient to impede the drainage from Crow Creek, and 
similarly a moderate recession of that ice tongue allowed the free 
escape of the Crow Creek waters. That sjich oscillations actually oc- 
curred is plainly shown by the section exposed on lower Crow Creek. 
(See fig. 7.) There the deposits of glacial till can mean only that the 
ice advanced over this area at least tliree times and that in the inter- 
vals between the advances stream gravels were laid down. Further- 
more, it is believed that the unconsolidated materials there represent 
only the deposits madę during the last great glaciation, and most of 
them were doubtless laid down during the finał stages of retreat of 
the glaciers, the successive till deposits representing minor oscilla­
tions of the ice tongues. Whether the till beds were laid down by 
the ice lobe from Glacier Creek or by that from Crow Creek, or 
whether they came in part from one of these sources and in part 
from the other, can not now be determined. The included bowlders 
and blocks of rock might have come from either basin, as rocks of 
all the observed types are present in both Crow Creek and Glacier 
Creek basins.

Upon the finał withdrawal of the glaciers Crow Creek flowed over 
a broad valley floor of gravels and glacial materials that completely 
filled the bedrock channel of that stream and buried the rock canyons 
near its mouth. These unconsolidated materials locally had a thick- 
ness of over 250 feet. As the former obstruction to Crow Creek 
caused by the ice in Glacier Creek had been permanently removed, 
lower Crow Creek had a Tery steep gradient to its junction with 
Glacier Creek and descended in a series of rapidsand falls. Erosion 
by the swift stream was rapid, the channel was soon cut to bedrock, 
and the excavation of the present bedrock canyon began. Except 
in that portion of its course which lies in the present rock canyon, 
Crow Creek had the same alignment as it had before the channel 
was deeply filled with glacial till and gravels. In reducing its yalley 
again, urider the stimulus of a lowered and unimpeded outlet, it 
ąuicldy cleared away the surficial deposits near its mouth, but in 
the hard rock of its canyon it madę slower progress, and that canyon 
at its upper end still lacks about 80 feet of being cut down to the

1 8 0  MINEBAL BESOUECES OF A L A S K A /1915.
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level of the adjoining buried rock channel. Above the canyon the 
stream gravels could be removed only as fast as the canyon bed was 
lowered, and the presence of a heavy fili of gravel in the valley 
bottom, extending from the head of the canyon up to the mouth of 
Crow Gulch, is the result of the protection from erosion given to it 
by the resistant rocks of the canyon.

UNCONSOLIDATED DEPOSITS.

The unconsolidated deposits of Crow Creek basin may be roughly 
diyided into three classes, which differ in age as well as in appear- 
ance. The oldest deposits are the lowest gravels found in the valley 
bottom above the canyon and in the bottoms of the old, buried rock 
canyons, and are observable only in the excavations madę durmg 
the progress of placer mining. They consist primarily of rather 
coarse stream gravels and represent the materiał in process of trans- 
portation by the stream at the time wlien it occupied the deepest 
buried channel. They are thought to be older than the time of 
the last great ice adyance, or at least to have been laid down during 
periods of temporary retreat during that glaciation. Next younger 
and lying immediately above the lowest gravels is a tliick, irregular 
series of gravels, sands, and morainal materials. These materials form 
the bulk of the unconsolidated deposits, were laid down as glacial 
outwash or by the ice directly, and are to be correlated witli the last 
stage of glaciation. Above the rock canyon they now appear at the 
surface as high benches on both sides of the stream channel which 
has been eroded into them and in one place as a distinct morainic 
ridge.

The third class of deposits comprises the gravels of the present 
stream. In generał they are only a few feet thick and form the floor 
of the trench cut by the stream into the high bencli gravels. They 
consist of a mixture of reworked bench gravels with whatever new 
materiał the stream has derived by erosion in its upper basin or 
from the glaciers in which it heads.

MINING.

A  few claims hare been staked in the main valley of Glacier Creek, 
but little or no actual mining has been done on them. The economic 
importance of tliis basin now lies in the tributaries of Glacier Creek, 
three of which—Crow, Winner, and California creeks—have pro- 
ducecl gold in commercial ąuantities, and Crow Creek has been the 
scene of extensive mining.

Crow Creek.

The first claims to be located on Crow Creek are said to have been 
staked in 1897, near the mouth of the stream and on the site o f the
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present placer workings. The early liistory of this ground is not 
elear, but it is known that eight partners, locally known as the “ Crow 
Creek boys,” were mining in 1904 in the vicinity of the rock canyon 
on the lower portion of the stream. Later the Crow Creek Consoli­
dated Mining Co. was organized and operated until 1906. In 1907 
the property was sold to the Nutter-Dawson Co., and in 1914 this con- 
cern was reorganized into the Alaska Crow Creek Mining Co. The 
sixteen claims now included in this property extend in a double tier 
from Glacier Creek, at the mouth of Winner Creek, up Crow Creek 
for the length of seven claims, with two additional oyerlapping claims 
above. (See fig. 9.)

In the years preceding 1903 most of the mining was done by pick 
and shovel on the most easily accessible gold-bearing gravels. The 
ground mined included the so-called Eagan bar, near the mouth of 
the stream, the present rock canyon, and some of the surface gravels 
above the canyon. In 1903 and 1904 hydraulic methods were used, 
but difficulty was experienced in reaching bedrock above the rock 
canyon. Late in 1904 an old, deeply filled rock channel lying north- 
east of the present canyon was discovered, and from 1905 to 1914 the 
efforts of the several companies operating at this place were in large 
part directed to removing the gravels above and in this old channel 
for the purpose of obtaining a bedrock drain to the gravel basin above 
the present canyon. This was a large undertaking, for the gravel 
filling contained little gold and the necessary excavation had a length 
of over 1,000 feet and a maximum depth of nearly 250 feet. During 
the work of clearing this old channel other buried rock channels 
branching from the main one were disclosed, and these have not yet 
been completely excavated.

The areas of gravels that had been mined by the fali of 1915 are 
shown in figurę 9. At the time o f visit mining was being done at but 
two localities—the lower at the junction o f two subsidiary buried 
channels and the upper in the gravel-filled basin of Crow Creek, a 
few hundred feet above the camp. The underlying bedrock consists 
of black slates interbedded with graywacke and conglomerate, and 
these beds strike in a generał northeasterly direction and dip at angles 
approaching the vertical. In the lower workings the unconsolidated 
materials above the bedrock form a complex series of interbedded 
gravels, sands, and glacial till. The upper workings in the present 
creek bed show 80 feet of gravels and sands.

Mining is now carried on by hydraulic methods. The water is ob- 
tained from Crow Creek near the upper end of this group of claims 
and conducted for about a mile to the penstock through an open ditch 
having a capacity of 4,500 miner’s inches. From the penstock it is 
distributed by a 24-inch steel pipę to the workings. A head of about 
300 feet is ava duble at the upper cut and about 360 feet at the lower
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workings. In 1915 and for several preceding years the creek was 
carried around the edge of the valley floor by a diversion ditch that 
emptied into the upper end of the rock canyon. Mining in 1914 and 
1915 lowered the cut so far below the level of this ditch that there 
was danger of its breaking over into the placer workings. Further- 
raore, it was found that the richest gravels extended over beneath the 
ditch. It was therefore decided to build a long diversioja flume to 
remove the water permanently from the stream fiat for a distance of 
about three claim lengths. To obtain the necessary lumber a sawmill 
was installed in the spring o f 1915 at a point in the canyon South­
west of the big cut. A  dam 37  ̂feet high was built across the canyon, 
giving a liead of 19 feet to a 24-inch turbinę wheel. Over 250,000 
feet of lumber was sawed in 1915, and the diversion flume was com- 
pleted. It has a length of about 3,400 feet, is 8 feet wide and 3 feet 
deep, and has a 2.2 per cent grade. It is built on 4 by 6 inch sills and 
is 2 inches thick on the bottom and 1 inch on the sides. This flume is 
thought to be amply large to carry the stream even during floods. 
It discharges into the canyon about 500 feet above the sawmill. 
The sluice linę and discharge flume for the mines estends from a 
point near the upper end of the workings down through the big 
cut and discharges into the canyon at its junction with the main old 
channel, covering a total distance of over 1,800 feet. The boxes are 
5 feet wide and 4 feet deep. For the lower 400 feet the sluice linę 
is set on a grade of 9J inches to the 12-foot box length, and above 
this stretch a grade of 7 inches to the box length is maintained. 
The upper ten lengths of boxes are lined with 40-pound railroad 
rails as riffles, and the lower portion of the sluice linę with hem- 
lock błock riffles cut to a height of 13 inches. The arrangements 
for the disposal of the tailings are ingenious and are said to work 
in a highly satisfactory manner. As often as the tailings accumu- 
late below the end of the sluice linę in sufficient ąuantity to threaten 
to impede the discharge the gate in the mili dam is opened and 
fhe waters from the mili pond rush down through the narrow can­
yon and ąuickly remove the accumulated tailings.

The gravels are moved almost altogether by hydraulic means, 
hand methods being used only for cleaning bedrock. Between 20 
and 30 men were employed throughout the season of 1915, but the 
greater part of their labor was expended in getting logs to the 
mili, in sawing and transporting lumber, and in building the diver- 
sion flume. The working day is 10 hours, and the men receive from 
$105 to $120 a month and board.

At the upper workings two hydraulic giants were used. The 
larger, eąuipped with an 8-inch nozzle, was placed at the liead of the 
cut and was used in caving down the gravels and driving them for- 
ward to the wings. A  smaller giant, with a 5-inch nozzle, was placed
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on the high bank a short distance above the wings and was used for 
moving the gravels directly into the boxes. At this place the stream 
gravels have a maximum thickness of about 80 feet in alternating 
beds of varying coarseness. Bowlders over 2 feet in diameter are 
sent through the sluice boxes, but some coarser bowlders are broken 
with powder and then handled by the giants. Everything in the cut 
is disposed of through the boxes. Three distinct pay streaks are 
reported in this ground. The lowest, on bedrock, is only a few feet 
thick, but is said to be the richest. It consists of rather coarse mate- 
rials and contains considerable sticky clay tliat breaks up with diffi- 
culty and is likely to resist disintegration in the sluice boxes, and so 
fail to give up some of the placer gold it contains. A  second pay 
streak is 8 to 12 feet thick, and its bottom is 15 feet above bedrock. 
The third comprises the upper 10 feet of the stream gravels and is 
the result of concentration by the present stream. The excavation 
discloses the fact that at the time the stream flowed over its bedrock 
floor, during the erosion of the deepest buried channel, it occupied a 
steep-walled rock canyon, and its gravel deposits were smali. Upon 
the obstruction of this canyon by the Glacier Greek ice tongue a deep 
gravel deposit filled the old excavation, and the stream has sińce been 
able to remove these gravels only to a depth controlled by the rock 
floor in the present canyon. The bedrock thus far uncovered consists 
of steeply tilted beds of siatę, graywacke, and conglomerate. In gen­
erał it affords a rough surface well adapted to retain the placer gold, 
but locally it has been cut into potholes and worn so smooth that 
little gold has remained upon it. The gold penetrates to a depth of 
2 feet or morę in the cracks of the siatę, and the broken surface of 
the bedrock must be removed to a considerable depth in order to 
obtain this gold.

At the lower workings on this property, on a branch of the deepest 
old channel, one giant with an 8-inch nozzle was used in caving 
down a high bank of gravel, sand, and glacial till and in driving 
it into the main sluice linę.

The gold is bright in color and assays about $15 an ounce. It 
would certainly be classed as coarse gold, although only a smali 
proportion is in nuggets having a yalue of 50 cents or over. Although 
Mendenhall1 reports a nugget worth $50 from this stream, the 
largest two nuggets that have been found by the present operators 
had values of $26 and $25. Pieces worth from $1 to $10 are common. 
The sluice-box concentrates show abundant black sand.

At the close of the mining season of 1915 a large amount of tedious 
and expensive dead work had been completed. The diversion flume 
was finished and ready to be opened, the sluice linę had been reset and

1 Mendenhall, W . C., op. cit., p. 320.
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relined, and the pipę lines were in position. The owners stated that 
within a few hours after the stream opened in the spring active min- 
ing would be under way, and they confidently expected the most 
prosperous season in the history of these claims.

Plans have been drawn and bids called for by the owners of this 
ground on specially constructed high-carbon steel plates to be used 
instead of błock riffles in the sluice boxes. With the large volume and 
bowldery character of the gravels mined at this place, błock riffles, 
although comparatively inexpensive to install, have so short a life 
that maintenance charges are high. It is believed that plates 1 inch 
tliick of very hard steel, although of much higher lirst cost, will 
ultimately effect a great saving. Furthermore, they are thought to 
offer a great advantage in that they will render it unnecessary to shut 
down the minę for some three wecks in midseason in order to reblock 
the sluice boxes, as has been done in past years.

A  second group of claims on Crow Creek, known as the Girdwood 
property, begins at the upper end of the Alaska Crow Creek Mining 
Co.’s ground, about 2 miles above the mouth of the creek, and extends 
northward to the head of a moraine-dammed, gravel-filled basin. The 
most complete description of the workings at this place is that of 
Paige and Knopf,1 written as the result of their examination in 1906, 
at a time when the minę was in operation. The claims at this place 
have been patented, and in recent years no mining has been done. 
The plant is provided with several buildings, still in good condition, 
and considerable eąuipment, including steel hydraulic pipę and der- 
ricks. Cables, sluice boxes, and other apparatus are scattered over 
the property in various stages of preservation. A  brief summary of 
the mining done is given here. The data are for the most part taken 
from the published descriptions by Moffit and by Paige and Knopf, 
to which reference has already been madę.

The ground to be ihined was the gravel filling of a basin lying 
behind a well-defined glaciał moraine that stretches across the valley, 
its convex side downstream. This moraine impounded the waters 
of the stream and caused them to deposit their load of gravels until 
the basin was filled to the level of the stream outlet across the 
moraine. According to Moffit, the filling consists of interbedded 
layers of fine sand, angular wash, and coarse bowlders. The angular 
materiał had been brought down and deposited during freshets. 
The beds abut against the upper side of the moraine, and in order 
to minę the gravels in this basin it was necessary to make a 60-foot 
cut through the moraine. This was a slow and expensive undertaking, 
as the rock piles on either side of the old cut still testify, for the

1 Paige, Sidney, and Knopf, Adolph, Reconnaissance in the Matanuska and Talkeetna 
basins, with notes on the placers of the adjacent region : U. S. Geol. Suryey Buli. 314, 
pp. 121-122, 1907.
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moraine was composed of exceedmgly abundant and large bowlders 
and blocks of rock, with a relatively smali amount of fine materiał. 
Many of the bowlders were hoisted from the cut by a derrick and 
stacked at the sides, but those too large to be handled reąuired blast- 
ing. Paige reports that about 50,000 cubic yards of gravel was 
washed in 1906, but in this operation bedrock was not uncovered. 
It is said that a number of holes to bedrock were madę with a Key- 
stone drill and that highly encouraging amounts of gold were found 
in the drill holes, but the expense of opening the cut to bedrock 
proved too great, and mining there was discontinued in 1906. In 
1907 and 1908, it is reported, sluicing was done on the upper end of 
the property with fairly satisfactory results. Since 1908 little actual 
mining has been done.

Winner Creek.

Two claims on lower Winner Creek have been mined in a smali 
way for several years by one man. The first gold was recovered 
from this creek in 1898, when two men took out 36 ounces. The 
present owner first located the ground in 1902, but soon relinąuished 
it. It was later staked by another man and then abandoned, to be 
finally restaked by the present owner in 1908. A  cut 150 feet long, 
14 feet wide, and 8 feet deep was first worked out, and later an area 
100 feet long, 34 feet wide, and 5 feet deep was mined on a high rim. 
Difiieulty has been experienced in conducting water to the gold- 
bearing gravels under sufficient łiead for hydraulic mining. A  ditch 
to acquire such a water supply is in process of construction.

Other prospects in Glacier Creek basin.

California Creek received a good deal of attention from pros- 
pectors in the years between 1898 and 1902 and yielded some gold. 
Since 1902 no mining has been done there, but tentative plans have 
been madę to continue prospecting in 1916. Paystreak Creek, the 
first tributary of Glacier Creek above Crow Creek, has also been 
prospected, but no paying ground was found. The main valley of 
Glacier Creek below the mouth of Crow Creek has been staked for 
several years, though nothing morę than assessment work has been 
done.

PROSPECTS IN  TURNAGAIN AEM  BASIN.

It is reported that some placer claims are held on the west side of 
Twentymile River, about 4 miles above its mouth, but no mining has 
been done on them. Peterson Creek, the first tributary of the Arm 
west of Twentymile River, is said to have yielded some placer gold 
many years ago, and one man is still doing the assessment work on 
some claims in the upper basin of that stream. Kern Creek was
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prospected both in 1898 and in 1903, and some gold was found on it, 
but not enough to warrant mining. The gravels on Bird Creek have 
been prospected by different persons at different times sińce 1898. 
One outfit is said to have found ground that would yield as high as 
$6 a day for each man employed, but the bowlders were so large and 
so abundant that mining was discontinued. Two men were engaged 
in 1915 in driving a tunnel on the east side of Bird Creek, about 8 
miles above its mouth, in the hope of opening an old gravel-filled 
channel there. In August, 1915, the tunnel was reported to be 144 
feet long, driven through siatę, and the old channel had not yet been 
reached.

Considerable work was done a number of years ago on lower 
Indian Creek. A  flood dam was built and a cut ground-sluiced out, 
but the operators were unable to reach bedrock, and the ground was 
abandoned.

At a point near the beach, 1 mile west of Indian Creek, one man 
bas been engaged in prospecting for a number of years.. An open 
cut, extending northward for about 270 feet from the beach and 
from 15 to 20 feet deep at the face, has been excavated by ground 
sluicing. The bedrock, a black siatę striking S. 6° W. and standing 
nearly vertical, was encountered 170 feet back from the beach. At 
the face o f the cut the section comprises 2 feet of mucky soil under- 
lain by 2 feet of blue glacial till, between which and bedrock there 
is 12 to 15 feet of well-rounded, rather fine gravel, with a few bowl­
ders. No sampling of the ground was done, but the owner reports 
abundant black sand, with some gold. A  lack of water has retarded 
prospecting, but a ditch 1| miles long, to take water from Indian 
Creek, has been laid out, and the lower mile has been completed.

PROSPECTS ON TRIBUTARIES OP K N II i ARM .

Prospecting for gold placers on the tributaries of Knik Arm was 
stimulated by the beginning of construction on the Government rail- 
road. Gold strikes were reported on Ship, Chester, and Campbell 
creelrs and on other streams near Anchorage, and a few persons stam- 
peded to these streams, but the smali amount of prospecting done by 
them failed to confirm the rumors. At only one place was any actual 
attempt to minę noted. At a point where one of the tributaries of 
Ship Creek from the Southwest emerges from the mountains one man 
had built a smali flood dam and had ground-sluiced a smali open cut, 
but had not uncovered bedrock. Ile reports smali amounts of gold, 
but at the time of visit, late in August, 1915, he had found no work- 
able placer.
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GOLD AND SILVER LODES.

T U R N A G A IN  AR M .

GLACIER. CREEK BASIN.

As a result of the early discovery of workable gold placer deposits 
in the Glacier Creek basin, that locality was also cbosen by prospec- 
tors in search of the lodes from which the stream gold was originally 
derived. The first discovery of a gold-bearing ąnartz lode was not 
madę until 1909, morę than 10 years after the first placer gold was 
mined. The only lode prospects in the basin on which any consid- 
erable amount of development work has been done lie in the upper 
yalley of Crow Creek and in Crow Creek Pass, about 9 miles from 
Turnagain Arm. They include two separate groups of claims. At 
the time of the writer’s visit, in August, 1915, no one was seen on 
these claims, though one man was said to be prospecting there. The 
Principal workings were visited by B. L. Johnson in the fali of 1911, 
and at that time active work was underway. Developments were dis- 
continued the following year, so that Johnson’s description1 is still 
essentially correct and is here ąuoted.

BARNES 1'KOPEETT.

Location.— The property o f tlie Alaska Gold Exploration & Deyelopment Co., 
lsnown locally as the Barnes property, is at the head of Crow Creek, 9 miles 
from Girdwood, at the mouth o f Glacier Creek. (See fig. 11.) * * *

H istory and development.— Although the first discovery o f gold-bearing 
ąuartz on this property was madę in September, 1909, by Conrad Hores, little 
work was done to open up the veins prior to August 1, 1910. Since that datę, 
however, underground development has been actively carried on, all o f it on 
the Stella claim. Three veins had already been found at the time this prop­
erty was visited, and a fourth was discovered on the Kutii claim late in the 
fali o f 1911. The developments on the Stella claim to January 1, 1912, con- 
sisted o f 560 feet o f adit levels, 56 feet o f crosscut tunneling, 14 feet o f drifts, 
and. 52 feet o f winzes, together with several open cuts on the different veins. 
These developments include three adit levels, two o f which are on the south 
vein, one 100 feet vertically above the other. The upper of these two tunnels 
was 267 feet in length; two winzes, 42 and 10 feet in depth, have been sunk 
on the vein in this tunnel. The lower tunnel, started late in the fali, was 
only 50 feet long. On the northern vein, which is nearly parallel to this one, 
an adit level, 243 feet in length has been driven. A  56-foot tunnel intersects 
the third or crosscutting vein on the Stella claim. (See figs. 12 and 13.) 
Yery little work has been done on the Ruth lode. Developmenł work on this 
property ceased early in the spring of 1912.

Country rock .— The country rock o f the ore deposit consists o f dark siatę, 
banded argillite, fine-grained graywacke, and conglomerate, folded and later 
intruded by several bosses o f light-colored fine-grained granites and fine-grained 
to aphanitic acidic dikes, offshoots from the granitic masses. The strike and

1 Johnson, B. Ł., The central and northern parts ot ICenai Peninsula : U. S. Geol. Survey 
Buli. 587, pp. 173-176, 1915.
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dlp o f the sedimentary beds vary, but in generał tbe strike is easterly and the 
dip northerly. Fossils are not abundant. Imprints o f a smali Inoceramus 
o f Jurassic or Cretaceous age were found during 1911 on the bedding planes 
o f tbe banded argillite in bowlders on tbe moraines o f tbe Crow Creek and 
Itaven Creek glaciers and in place on the west side o f the Raven Creek glacier.

Inclusions o f the banded argillite are found in some o f the granlte bosses, 
Sharp contacts appearing between the igneous and sedimentary rocks. No de- 
yelopment o f contact minerals is noticeable. The angularity of the fragments 
o f  the talus, the appearance o f the weathered surfaces, and the density of 
the rocks, as well as the reddish, rusty discoloration of the sedimentary rocks

F igurę 11.— Map showing location of minę. workings on the Barnes property, Crow Creek. 
From map by C. H. Ballard (August, 1911).

of the area, suggests considerable lieat action and mineralizing actm ty. Faults 
are numerous, the displacement, however, being usually only a few feet.

Ore deposit.— The ore body on the Stella claim consists o f two parallel veins, 
a little over 100 feet apart, striking eastward, and a third vein Crossing these 
with a strike o f S. 18° E. The southernmost o f the two parallel veins strikes 
S. 83° E., dips 55° N., and varies in widtli from 8 to 46 inches. 'The nortliern 
vein yaries in width from 10 inches to 3 feet, strikes N. 87° E., and dips 68° N. 
The outcrops o f these yeins liave been traced only a few liundred feet. The 
third or crosscutting vein ranges in width from 2 to 10 inches and dips 80° W. 
The veln on the Ruth claim is reported to strike eastward and to liave a width 
o f 6 to 8 inches.
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Ore.— The gangue minerał of the gold veins is predominantly ąuartz, but it 
includes also some calcite. The vein ąuartz varies slightly in character. In 
some places it is coarsely crystalline and the vein contains numerous smali 
vugs. Secondary banding parallel to the walls is noticeable in places, and 
sulphides have been deposited along some o f the fractures. The ąuartz is 
jointed in some parts o f the vein.

Arsenopyrite, pyrite, sphalerite, and galena are the principal sulphides. 
Chalcopyrite also occurs in smali ąuantities. Pyrite and arsenopyrite occur as 
disseminated crystals in the metasomatically altered wali rock o f the veins, 
as well as in association with the other sulphides in the vein ąuartz. In the 
open cuts the galena is often altered to cerusite. The crosscut tunnel on the 
Stella claim passed through a smali vein containing molybdenite, pyrrhotite,

Figukk 12.— Plan of workings on north and south yeins, Stella claim, Barnes property,
Crow Creek (1911).

and chalcopyrite in a gangue o f yitreous-looking ąuartz. Pyrrhotite and chalco­
pyrite also occur in narrow seams in the banded argillite near the igneous rocks.

The ores are free milling. Tests on some of the morę highly mineralized ore 
are reported to have saved 80 per cent o f the gold by amalgamation and 16.4 
per cent in the concentrate. The gold is found free in the ąuartz and occurs 
also in close association with the sulphides. It is also in places included in the 
grains o f galena and arsenopyrite. Along some o f the joint planes where the 
auriferous iron sulphides have been osidized the gold is especially noticeable. 
Nuggets worth up to 63 cents have been found in the yeins.

The ore from the larger yeins on the Stella claim is reported by the owners 
to average $35 to $40 a ton for the Southern vein and $12 a ton for the northern
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vein. Much higher assays liave been obtained, howeyer, in single samples. The 
limits o f the ore shoots are not yet defined. About midway of the upper tunnel 
on the Southern vein a stringer runs out into the hanging wali, and at this point 
sulphides are said to have been much morę abundant and assays much higher 
than in other parts o f the vein. Esceedingly high assays are reported from 
the crosscut vein on the Stella claim and from the vein on the Kutii claim. 
The wali rocks o f nonę o f the veins are said to carry gold.

TREASURE BOX CLAIM.

The Treasure Box quartz claim, in Crow Creek Pass, was located September 
7, 1910, by James Patchell. The ore body consists o f a quartz vein a foot wide, 
striking N. 11° E. and dipping 70° E. The vein is traceable for about 50 feet. 
No deyelopment work liad been done at the time the lode was seen, and no 
data are ayailable as to the gold content o f the vein.

F igurę 13.— Longitudiml seetion along piane of South yein, Stella claim, Barnes property, 
Crow Creek, loolcing nortli (August, 1911).

It is reported that in 1915 one man was engaged at Crow Creek 
Pass in driving a tunnel on a promising gold ąuartz vein, but the 
property was not visited.

BIRD POINT.

Two gold ąuartz claims were located along the Turnagain Arm 
beaeh just west of Bird Point in 1911. The vein outcrop was below 
extreme high-tide level, and in order to protect the mouth of the 
shaft from the tides a log cribbing, filled with clay, was erected around 
it. The shaft is reported to have been sunk to a depth of 22 feet, 
but after that depth had been reached an exceptionally high tide 
shifted the cribbing and flooded the workings, so they could not be 
examined at the time of the writer’s visit. The ąuartz vein is said 
to rangę from 2 to 16 inches in thickness and to cut siatę country 
rock. Both the vein and the slates strike about magnetic north. The



quartz carries pyrite, chalcopyrite, galena, and copper carbonates in 
addition to the gold. A  mili test of 4,200 pounds o f ore, madę in 
1912, is said to have yielded gold at the ratę of $52.75 a ton. Acidic 
dikes cut the slates and graywackes of the mountain north of Bird 
Point, and there may ivell be a genetic connection between the gold 
ąuartz veins and these intrusives. The dikes themselves and the 
neighboring portions of the quartz-veined sediments are said to 
carry gold in encouraging amounts.

OTHER PROSPECTS.

It is reported that assessment work lias been done on soine gold 
quartz claims about 4 miles above the mouth of Twentymile Biver, 
and also on claims in the upper part of the Peterson Creek basin, 
but only a smali amount of development work has been accomplished, 
and the ground was not visited.

A  number o f claims have been staked and a smali amount of devel- 
opment work is reported to have been done on a mineralized dike 
that cuts the slates, graywackes, and greenstones of the mountain 
west of lower Indian Creek. The claims were not visited, but at the 
point where the same dike crops out on the beach it appears as a 
fine-grained gray acidic rock, weathering to a rusty red. The con- 
taining slates and graywackes, as well as the dike itself, have been 
twisted and faulted, so that the dike rock now appears as discon- 
nected bunches 12 to 18 inches thick and 1 foot to 6 feet long. Asso­
ciated with the dike and locally cutting it are bunches and yeinlets 
of calcite and quartz showing some pyrite and iron oxide, and the 
associated graywacke is mineralized with disseminated pyrite and is 
somewhat rusty.

K N IIC AK M .

PETERS CREEK BASIN.

Active prospecting has been done for several years on a group of 
claims near the head of Peters Creek. The country rock in this 
vicinity consists of a massive series of greenstone and greenstone tulf, 
with smali amounts of interbedded shale. A  characteristic phase of 
the greenstone is a dense, fine-grained green rock inclosing abun- 
dant smali angular fragments of siatę. Two cabins have been built 
near these claims, which are several miles from the nearest available 
timber. One cabin is in the main valley of Peters Creek, near the 
point at which it emerges from beneath the glacier, and the other is 
high on the edge of the glacier some 2,000 feet above the lower cabin. 
On the mountain side northeast of the lower cabin and at an altitude 
about 1,100 feet above it a tunnel 37 feet long was driven on a frac- 
ture zonę containing a quartz vein 2 inches or less in thickness. This 
vein strikes N. 60° W. and dips 75° SW. At a point 30 feet from the
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portal the tunnel cuts an intersecting ąuartz vein striking N. 77° W. 
and dipping 60° N., and showing a maximum of 2 inches of ąuartz. 
At the breast of the tunnel a second intersecting vein, parallel with the 
first, was encountered. It lies in a fracture zonę that shows about 1 
foot of gouge, broken greenstone, and ąuartz, in which the ąuartz 
reaches a greatest thickness of 8 inches. The ąuartz is sugary and 
somewhat banded and shows vugs lined with tiny, needle-like ąuartz 
prisms. It is cut in places by thin veinlets of calcite. Little miner- 
alization other than sonie rusty stains was seen, but the ore is said to 
carry pyrite and lesser amounts of galena and chalcopyrite. The 
only assay madę from this tunnel is said to have yielded $12.60 a ton 
in gold.

The other tunnels on this property lie on the steep mountain wali 
above the upper edge of the Peters Creek glacier, over 2,500 feet 
above the lower cabin. To reach them it is necessary to cross a 
portion of the glacier. At the time of visit—in June, 1915—there 
was no one resident on the property, and the snów banks on the 
mountain were so abundant that the tunnels could not be found 
and probably were covered with snów. It is reported that four 
tunnels have been started there, on two separate claims. On one 
claim is a 12-foot crosscut tunnel, not yet driven far enough to cut 
the main vein. Above the crosscut is a 45-foot tunnel on a ąuartz 
vein said to reach a thickness of 10 inches and to carry a smali 
amount of pyrite. Assays from this vein are reported to show an 
average gold content of $38 to the ton. On the other claim one 
tunnel 8 feet long and another 18 feet long are said to have been 
driven on reticulated gold-bearing ąuartz veins.

EAGLE RIVER BASIU.

The only lode deposit so far discovered in this region whose chief 
value lies in some metal other than gold is at the head of Eagle 
River, near the foot of the glacier in which that stream has its 
source. This lode is known as the Mayflower lode. The claim was 
visited by B. L. Johnson,1 in 1911, and, as no considerable amount 
of development work has been done on this property sińce that year, 
Johnson’s description is here ąuoted in fu li:

The Mayflower lode, on the south side o f Eagle River, at the foot o f the 
Eagle River glacier, was discovered June 1, 1911, by J. P. Frisbie, William 
Murray, and M. S. McMelan. The outcrop o f the ore body is •well -exposed on 
the recently glaciated surface o f the massive graywacke country. The ore 
body consists o f  mineralized sheeted zones in the massive graywacke. These 
zones have a north-south strike, dip vertically, and have been traced about 
400 feet on the south side of the river. Their continuation on the north bank

1 Johnson, B. L „ The central and northern parts of Kenai Peninsula, A laska: U. S. 
Gepl, Suryey Buli. 587, p. 178, 1915.

41354“— Buli. 642— 16------13
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is reported. They have a rusty appearance, resulting from the decomposition 
o f tlie iron sulphides. Two o f the zones, 50 feet apart, carry a few  mineralized 
quartz stringers o f variable widtli. The easternmost and widest o f these 
sheeted zones has a width o f about 50 feet, only part o f which is much frac- 
tured. The largest quartz stringer observed lies near the eastern edge of this 
zonę. It has a width of 1 to 6 inches, but in places it widens to 10 or 12 
inches. The gangue of the veins is quartz with a little calcite. Smali calcite 
veins also occur along joint planes in the graywacke. Tlie metallic minerals 
o f the ore deposit are galena, pyrite, sphalerite, arsenopyrite, chalcopyrite, 
and a little malachite. The minerał association is similar to that o f the gold 
quartz yeins o f Kenai Peninsula. Galena is morę abundant than in most of 
the gold quartz prospects, and an assay from this ledge reporting 0.05 ounce 
gold and 24.80 ounces silver to the ton was probably madę on a specimen con- 
sisting principally o f galena. No free gold was seen in any o f the specimens 
examined.

/



GOLD MINING IN THE WILLOW CREEK DISTRICT.

By S t e p h e n  E. C a p p s .

IN T R O D U C T IO N .

Mining in the Willow Creek district was continued in 1915 on 
about the same scalę as in the preceding year. The output was de- 
rived mainly from the three mines that have been in active operation 
for several years, although a smali single stamp mili was erected on 
one claim that has heretofore not been among the producers. As a 
result of the beginning of construction on the new Government rail- 
road, which will pass along the edge of this district, prospecting was 
active, and plans are under way for active mining on several proper- 
ties. A  report on the Willow Creek district, describing the develop- 
ments up to the fali of 1913, has recently been published.1 In Sep- 
tember, 1915, the writer spent about a week in the Willow Creek 
district, and visited all the working mines and many of the morę 
promising prospects. The following notes on the various properties 
are not intended to be complete in themselves, but to supplement 
the morę complete report by carrying the account of mining derelop- 
ments up to the fali of 1915.

In the following table the figures for 1914 show a larger apparent 
than actual increase in the production of the mines over 1913, for in 
1914 a considerable proportion of the output was obtained by cyani- 
dation of tailings that had been accumulated during milling in 
earlier years. The output in 1915 came in large part from ores mined 
during that year.

Gold and silver produced at lode mines in Willow Creelc district, 1908-1915.

Gold. Silyer. a

Year.
Quantity
(ounces). Value. Quantity

(ounces).
Commer- 

cial value.

1908 .......................................................................................... 87.08 $1,800
21,000

6.88 $3.64
1909 .......................................................................................... 1,015.87 

1,320.15 
2,505.82

80.25 41.73
1910.......................................................................................... 27,290

51,800
96,600

104.29 56.31
1911 .......................................................................................... 197.95 109.91
1912.......................................................................................... 4,673.02 

4,883.94 
14,376.28 
11,961.55

369.07 226.97
1913............................................................................................ 100,960 385.83 233.42
1914............................................................................................ 297,184 1,330.00 

811.00
735.00

1915.. ________________________________  ____________ 247,267 421.00

40,823.71 843,901 3,285.27 1,827.98

a The silver con tent recovered from  the gold  bullion is estim ated.

1 Capps, S. R., T he W illow  Creek d istrict, A la s k a : U. S. Geol. Survey B uli. 607, 1915. 
See also abstract in  U. S. Geol. Suryey B uli. 592, pp. 255—272, 1914.
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A L A S K A  F R E E  G O L D  M IN IN G  CO.

The Alaska Free Gold Mining Co. operated throughout the open 
season and employed on an average about 50 men. The mili was run 
in three shifts o f eight hours each, as was also a part of the minę. 
In other parts of the minę two shifts only were worked. The ca- 
pacity of the mili has been greatly increased by the installation, in 
1914, of an additional Lane mili of 40 tons capacity and a 40-ton 
cyanide plant and by the elevation of the flume to give a head of 
54 feet at the Pelton wTheel, instead of the 35-foot head formerly 
used. During the season of 1915 both mills were in operation only 
a part of the time, there being either not enough water available to 
operate both or not enough ore mined to keep both working to their 
capacity. Ali the tailings from the mili are now treated by cyanida- 
tion. It is reported that even with the greater depth below the sur- 
face from which the ore is now taken the tenor of the tailings after 
amalgamation remains fairly constant and is much the same for 
tailings from rich and poor ores alike. This fact indicates that 
even at considerable depth the gold in the veins is likely to be pres- 
ent predominantly in the form of free gold, and the ore from even 
deeper levels will probably be free milling. Three aerial tramways 
are in operation—two extending to openings on the Smuggler-Union 
vein and one to the Eldorado vein.

Since this minę was last visited, in 1913, much underground work 
has been done on the upper of the two main veins on the property. 
On this vein, referred to previously as the Skyscraper vein but now 
known as the Smuggler-Union vein, the main tunnel has been driven 
along the vein to its outcrop on the southeast side of the mountain, a 
total distance of 380 feet, and from it stopes and winzes have been 
madę. Two additional tunnels on the same vein have been driven. 
The upper one, about 100 feet below the main tunnel, is over 250 
feet long, and the lower one, 175 feet below the main tunnel, is 175 
feet long. Both the vein and the ore shoots have been shown to be 
continuous between the several levels. The vein, so called, in reality 
consists of two nearly parallel veins, of which the upper is locally 
referred to as the hanging-wall vein and the lower as the footwall 
vein. These veins are in most places separated from each other by 
several feet of diorite, though they are connected by numerous ąuartz 
stringers. Locally they diverge somewhat or approach rather 
closely, but in generał each of the two maintains its own individu- 
ality.

On the Eldorado vein, which is apparently the southward continu- 
ation of the Smuggler-Union vein, an incline now 40 feet long has 
been driven, and from it an aerial tram leads to the mili. It is 
expected that considerable. ore will be supplied to..the mili from this 
claim.
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It is proposed to install a tramwaje from the mili to the Rosenthal 
property, on the high ridge tliat borders the Fishhook Creek basin on 
the northeast, in the spring of 1916, in order to provide an additional 
supply of ore to the mili.

G O LD  B U L L IO N  M IN IN G  C O .

The Gold Bullion minę was operated in 1915 throughout the open 
season, beginning June 3. During that period the stamps were drop- 
ping for 24 hours a day, and two shifts were worked at the mines. 
About 60 men were employed. No increases were madę in the mili 
capacity, but a 45-ton cyanide plant, installed in 1914, was operated, 
all the tailings from the mili and a ąuantity of stored tailings being 
treated by cyanidation. As the length of the milling season is con- 
trolled mainly by the period of adeąuate run-olf in Craigie Creek, 
from whicli water for power is taken, a dam 13 feet high was built 
across the basin of that stream, thus forming a storage reservoir of 
13J acres. Two smaller dams above give additional storage capacity, 
and the water thus impounded was expected to be sufficient to keep 
the mili in operation for a season several weeks longer than hereto- 
fore.

A  large amount of underground work has been done sińce the 
property was last visited in 1913. In the fali of 1915 the No. 2 tun- 
nel had over 930 linear feet of underground workings, not including 
considerable stopes. From this tunnel about half the ore mined in 
1915 was taken.

The new Gold Dust tunnel was 360 feet long in 1915, and the near- 
by No. 1 Gold Dust tunnel 200 feet long, and a large area of the vein 
between them was stoped out, furnishing about half the season’s 
supply of ore. The No. 3 Gold Dust tunnel had been driven to a 
length of 139 feet, the No. 4 Gold Dust tunnel about 45 feet, and the 
No. 2 Gold Dust, which contains a large stopę, 65 feet.

The result of this underground development has been to keep the 
mili supplied to capacity with ore during the 1915 season, and to 
błock out considerable ore bodies for futurę mining. The Gold Dust 
No. 3 tunnel follows a thick, strong vein said to be exceptionally high 
in gold.

IN D E P E N D E N C E  G O LD  M IN E S  CO .

The property of the Alaska Gold Quartz Mining Co. was taken 
over by the Independence Gold Mines Co. in 1914. Since the trans­
fer no important changes have been madę in the surface eąuipment, 
altliough plans have been madę for the installation of a new crusli- 
ing mili. In 1915 the mili was put into operation on May 19 and, 
except for some short stops for repairs, was run continuously until 
the cold weather cut off the water supply. About 18 men were em-
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ployed in two shifts. Although sufficient ore to keep the mili run- 
ning was mined, the developments of the year were directed pri- 
marily to blocking out ore, in order to determine whether or not the 
installation of a new mili would be justified. The main tunnel, on 
the Granite Mountain vein, was driven to a total length of 540 feet 
along the vein, and at a point 400 feet from the portal a winze follows 
the vein down the dip for 70 feet. These additional developments 
show little change in character or gold tenor of the vein with in- 
crease in depth, although the breast of the main tunnel is now esti- 
mated to be 300 feet below the surface. The veins show the same 
tendency to pinch and swell that they display nearer the surface; the 
ore shoots continue, and the ore is apparently as free milling as that 
talren from shallower parts of the vein. The driving of a long tun­
nel, to tap the vein at a lower level, is among the plans now being 
considered.

The upper or Independence vein was opened in 1914 and 1915 by 
one tunnel 105 feet long and another 15 feet long, and 240 feet of 
stripping was done on the vein outcrop. The vein is in places 3 feet 
thick, but in generał has not been found to contain as much gold as 
the Granite Mountain vein.

M A B E L  M IN Ę .

At the Mabel minę development work has been continued. The 
adit tunnel, begun in 1913, was driven about 75 feet to the vein, and 
short drifts were run along the vein in both directions. In these 
workings the vein pinches and swells within short distances, and 
the quartz ranges from a mere stringer to a band 1 foot wide. On 
the surface the vein has been exposed by stripping and open cuts 
almost continuously for a distance of about 2,000 feet and shows a 
persistent quartz vein from a few inches to about 2 feet in thickness. 
The assay values are said to be encouraging. An aerial tramway to 
extend from the vein croppings to the mili site is on the ground, 
and it was said that a 20-ton mili was to be installed during the 
winter of 1915-16, to be run by water taken from Reed Creek.

R O S E N T IIA L  C L A IM S .

The Rosenthal claims, on the ridge between the basins of Fish- 
hook Creek and Little Susitna River, promise to become productive 
soon. Some additional underground work has been done sińce 1913, 
and the extent of the ore body is now fairly well known, as the 
fiat-lying vein crops out around the mountain top and tunnels pierce 
almost through the center. The ore broken in driving the tunnels 
has been banked at the portal and in the drifts, and a considerable



amount is leady to be trammed to tlie mili. Control of tlie property 
has recently been acąuired by the Alaska Free Gold Mining Co., and 
it. is planned to erect an aerial tramway from this ground to the 
mili in the valley of Fishhook Creek.

S H O U G H  C L A IM S .

Prospecting has been yigorously carried on during 1911-15 on 
the claims of the Oregon group. A  winding tunnel with a total 
length of 150 feet has now been driven along an irregular ąuartz 
vein. The ąuartz is said to contain only moderate ąuantities of 
gold, but the main objective of the tunnel is to crossćut a fault zonę 
that may be traced along the surface for some distance. It is esti- 
mated by the owner that a distance of 50 to 70 feet still remains be- 
tween the breast of the tunnel and this fault zonę. It is said that 
at a point about three-eighths of a mile Southwest of the tunnel the 
fault zonę was ground-sluiced off to a depth at which the clayey 
gouge began to give place to solid pieces of ąuartz. The whole zonę, 
to a width of 60 feet, is said to carry several dollars a ton in gold.

JAJP C L A IM S .

Prospecting has been done for some years on ground locally known 
as the Jap claims, lying on the northwest side of upper Willow 
Creek, opposite the Gold Bullion minę. No one was resident on this 
property at the time the district was yisited, in September, 1915, but 
it is reported that a smali 1-stamp mili, with a daily capacity of 200 
to 300 pounds of ore, was installed and in operation part of the 1915 
season, milling ore of encouraging gold tenor.

M A M M O T H  C L A IM S .

Some additional underground development work has been done 
on the Mammoth claims, in the upper Willow Creek basin, sińce 
that property was visited in 1913. It is reported that a crosscut 100 
feet from the portal of the main tunnel has been driven an additional 
distance of 30 feet, and from it a 40-foot raise has been madę. About 
30 feet of miscellaneous raises and drifts were also opened.

M c C O Y  C L A IM S .

The McCoy claims, on the east slope of the mountain west of 
lower Beed Creek, were further prospected in 1914 and 1915. The 
work done was confined for the most part to stripping the surface 
croppings of the vein. It is said that the thickest part of this vein, 
as now uncovered, shows 9 to 10 feet of ąuartz, some of which con- 
tains much gold. Yery little underground work has yet been done 
on this property.
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O T H E R  P R O S P E C T S .

Brief reports on the developments during 1914-15 at a number 
of properties not visited in 1915 were obtained from a number of 
sources and are given below.

On the ground of the Matanuska Gold Mining Co. only assess- 
ment work was done.

The Gold Quartz claims, on the Archangel Creek side of the point 
lying between that stream and Reed Creek, have been prospected by 
two tunnels 20 and 30 feet long. The vein is said to reach a maxi- 
mum thickness of 2 feet and to contain considerable gold.

A  short tunnel is said to have been driven on the Hatcher claims, 
in the Archangel Creek basin.

Some further underground work is reported on the claims known 
as the Arch prospect, between lower Sidney and Archangel creeks. 
Four claims called the Archangel group, lying on the mountain east 
of lower Reed Creek, have been prospected by two tunnels, each 
about 35 feet long, one on the Reed Creek side and one on the oppo- 
site side of the same ridge. It is said that the vein shows a maximum 
thickness of 38 inches of gold-bearing quartz.

G O LD  P L A C E R S .

The only placer-mining operations of notę within this district in 
1915 were those on lower Grubstake Creek and on adjoining por- 
tions of Willow Creek. These operations were directed to prospect- 
ing the gravel benches, and hydraulic methods were available, as the 
hydraulic plant formerly used for mining on this creek is still in 
working condition. Work was carried on for only a part o f the 
season.



PRELIMINARY REPORT ON THE TOLOYANA DISTRICT.

B y A l f r e d  H. B rooks.

IN T R O D U C T IO N .

The Tolovana district1 lies in the headwater region of Toloyana 
River, which flows southward into the Tanana, and in the upper 
basin of Hess Creek, which flows westward into the Yukon. (See 
map, PI. IX .) In this region, notably within the Tolovana basin, 
gold placers have been found and are being developed. Production 
has thus far been confined chiefly to the placers of Livengood Creek, 
but sonie gold has been found on other tributaries of the Tolovana, 
as well as in adjacent creeks which flow into Hess Creek. Placer 
gold was found in the Hess Creek basin as early as 1892 by Mikę 
Hess, after whom the creek was named, and this may have been near 
the scene of the recent discovery. The present importance of the 
region is due, however, to the discovery of placers on Livengood 
Creek by Jay Livengood and N. R. Hudson on July 24, 1914. 
Much excitement was aroused at Fairbanks and other Yukon camps 
by their discovery, and during 1914 and 1915 hundreds of people 
went to the district.

Systematic mining began in the summer of 1915. While there 
was a large amount of prospecting, only about 10 mines were 
commercially productive, but these madę a gold output to the 
value of $80,000. Considering the isolation of this new camp and 
the fact that much of the placer ground is deep, reąuiring boilers 
and hoists for proper development, the results of the first season’s 
work are very encouraging.

The entire area within which gold placers and prospects are 
known was mapped topographically by Witherspoon and 01iver2 in 
1901 and 1908, and the geology of a part of the region has been 
studied by Prindle, Hess, and Katz,3 but these investigations did ont

1 D escriptions o f  boundaries o f  T oloyana  record ing p recin ct are not available at this 
w riting.

2 W itherspoon, D. C., and Oliyer, R. B., R econnaissance map o f  Fairbanks quadrangle : 
U . S. Geol. Survey A laska m ap No. 642. P rice, 5 0  cents.

3 Prindle, L. M., The Fairbanks and R am part quadrangles, Alaska, w ith  a section on 
the  R am part placers, by F . L . H e s s : U. S. Geol. Survey B uli. 337, 1908.

Prindle, L . M., and K atz, F. .T., A  geologie reconnaissance o f  the  Fairbanks quadrangle, 
A la s k a : U. S. Geol. Suryey B uli. 525, 1913.
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cover the scene o f the actual mining on Lirengood Creek and its 
tributaries. A  large amount of information is, liowever, available 
from the operators and prospectors, and it was the writer’s good 
fortunę to meet a number of these men. Therefore, while the follow- 
ing statements are not based on the actual observation of the geol- 
ogists, they are believed to be accurate. The writer was the better 
able to interpret these statements because of his personal familiarity 
with the region lying immediately to the south of the scene of the 
discorery.1

The information contained in the reports above referred to has 
been supplemented by morę detailed notes furnished by Jay Liven- 
good, N. R. Hudson, Harry Patterson, W. Allmark, J. P. Yorich, 
Allister McMillan, Falcon Joslin, C. W. Joynt, and C. P. Keen.

T O P O G R A P H Y .

The Tolovana district belongs topographically to the Yukon- 
Tanana upland, having the characteristic flat-topped ridges and in- 
terstream areas of that province. The generał summit level stands at 
about 2,000 feet, and many flat-topped spurs, sonie of lesser altitude, 
radiate from the summits. Several rounded domes and ridges stand 
above the generał summit level, with elerations of 2,100 to 2,600 feet. 
Of similar character, but of far greater relief, are the White Moun- 
tains, which lie about 20 miles east of the center of the district. 
This rangę, one of the most rugged features of the whole Yukon- 
Tanana region, being from 3,000 to nearly 5,000 feet in altitude, has 
a sharp crest linę trending Y. 20° E. In the Tolovana district 
proper there are no definite trends to the ridges, for these are 
irregular interstream areas blocked out by a complex drainage 
system.

The streams draining the area form an intricate system. The mas­
ter streams, such as the Tokmma, occupy broad alluvium-filled 
valleys through which they flow in tortuous courses. The lower 
reaches of the Tolovana meander through a lowland which near the 
mouth of the river is over 25 miles in width, but which gradually 
narrows upstream, so that at the mouth of Livengood Creek the 
valley floor is less than 4 miles wide, and farther up it becomes still 
narrower. The tributary valley slopes rise gently from the Tolovana 
floor to the upland surface above. They are broken here and there 
by terraces, in part well defined, in part masked by talus.

Hess Creek, the second important watercourse of the region, flows 
in a westerly course to the Yukon through a valley whose floor is 
some 5 miles in width. It receives numerous tributaries that also

1 B rooks, A . H., The M ount M cK in ley region, A laska : U. S. Geol. Survey P rof. P aper 70, 
1911.



have broad valley floors. Prindle lias mapped terraces along tlie 
slopes of Hess Creek and its tributaries, and others are reported by 
prospectors as occurring in the unmapped areas.

The upper basin of the South Fork of Hess Creek, called Gold- 
stream by the miners (PI. I X ) ,  lies directly east of the headwaters 
of Liyengood Creek, and is a wide, flat-bottomed valley through 
which the stream meanders. Its valley slopes are gentle, but are said 
to be broken by benches. This part of the valley of Goldstream is a 
mile or morę in width. About 2 miles above the mouth of Willow 
Creek the valley floor narrows to 600 or 800 feet, the walls are steep 
and lack benches, and the stream maintains a rather straight course. 
At the mouth of Willow Creek the valley widens again into a broad 
basin and the stream again takes a tortuous course. Here the valley 
slopes are broken by broad gravel benches. There is a very Iow, ap- 
parently gravel-filled divide, between the head of Pedro Creek, tribu- 
tary to South Fork below Willow Creek, and the head of the west 
fork of Myrtle Creek, tributary to Livengood Creek. In fact, these 
streams head in the same fiat with Excelsior and Lost creeks. Liven- 
good Creek heads in a Iow, gravel-filled divide which separates it 
from Goldstream. Its yalley, like many of the other stream yalleys 
of this region, is unsymmetrical in cross section, having a gentle 
talus-covered slope on the northwest and an abrupt slope on the 
southeast. Below Myrtle Creek, a northerly tributary, the valley 
broadens. From this point to its junction with Tolovana Itiver the 
stream meanders over a fiat yalley floor 2 miles or morę in width.

There is a very Iow divide between the head of Pedro Creek, which 
flows into the South Fork of Hess Creek, and the head o f the West 
Fork of Myrtle Creek. The facts in hand indicate that there have 
been extensive changes of drainage in this region. Alabam Creek 
may have been the former head of Liyengood Creek, and a single 
creek may have occupied the yalleys of what are now Myrtle and 
Pedro creeks. It appears probable that the Lost Creek basin for- 
merly drained northeastward to the South Fork of Hess Creek. 
Whether the South Fork was then tributary to Hess Creek or found 
a morę direct route northeastward to the Yukon Flats it is not 
possible to determine from the facts now known, but the latter inter- 
pretation of the old drainage lines seems the most likely. An alter- 
nate hypothesis is that at this time the West Fork of the Tolovana 
found an outlet through the Liyengood Valley, across the Iow divide 
at its head, and into Goldstream. It is also suggested that a former 
watercourse connected the upper Tolovana and the Beaver Creek 
yalley and probably discharged into the Tolovana Flats. This 
former drainage system, however, has not yet been sufficiently inves- 
tigated to permit a definite statement. The direction of even the
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master streams of the old drainage system is indeed by no means 
certain. I f  such differences of drainage were in existence at the 
times of the deposition of the deep placers, as they may have been, 
the former courses of the waterways become a matter of economic 
importance.

G E O L O G Y .

B edroch .—The oldest rocks of the Yukon-Tanana. region are 
those of the Birch Creek schist, which occupies extensive areas in 
the Fairbanks, Birch Creek, and other placer districts. This forma- 
tion is not represented in the Tolovana district. The Birch Creek 
schist is overlain by a great thickness of sediments, including feld- 
spathic sandstones, conglomerates, and graywackes, with slates and 
some limestones and cherts. Interbedded with these sediments are 
some ancient lavas and deposits of volcanic ash which have been 
morę or less altered and can now be collectively termed green- 
stones. This whole series, which on detailed surveys will undoubt- 
edly be separated into several formations, has been placed together 
under the name Tatalina group and provisionally assigned to the 
Ordovician period. In the White Mountains there is a great series 
of heavy limestones that, so far as known, succeed the Tatalina group 
and rangę in age from Ordovician to Silurian. Some of these rocks 
are very siliceous, and they are in part highly crystalline. These 
limestones are believed to be separated by an unconformity from the 
older Tatalina group. They are in turn succeeded by a series of red, 
green, and black slates, sandstone, and conglomerates called by 
Prindle the Tonzona group. Middle Devonian blue limestones, with 
some siatę, make up the next higher series, and these are succeeded 
by greenstones with some interbedded cherts and limestones, which 
are provisionally assigned to the Devonian. These rocks are overlain 
by Carboniferous gray and black shales and siliceous slates with 
some cherts. The whole Paleozoic seąuence is cut by granitic and 
related igneous rocks, probably of Mesozoic age.

The formations of the Tolovana district are believed to belong to 
the several series above named. It appears that the bedrock of the 
gold-bearing area consists chiefly of cherty crystalline limestone and 
black and red slates, with some chert beds. The greenstone is re- 
ported to be in part altered to serpentine. Quartz veins occur in the 
greenstones and are believed by many to be the source of the gold. 
Dikes of granitic rocks are common in the sediments, and there are 
some large stocks, as in the dome at the head of Amy Creek. The 
formations south of the Tolovana, including the Wilbur Creek basin, 
are said to consist of black shales, sandstone, and limestone.

The limestone disintegrates after being mined. It appears that 
the gold-bearing gravels are largely greenstone and chert, as well as
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ąuartz. Tlie cherts are reported to be black and reddisb. These 
rocks appear to have puzzled some of the miners, who have misnamed 
them “ argillites.”

A lluvium .—The information at hand indicates that the alluvial 
deposits of the district belong to four different classes—deep gravels, 
bench gravels, creek gravels, and talus or slide materiał. The deep 
grarels are usually covered by a considerable thickness of muck or 
talus. Some layers of clay have been found with the deep gravels. 
The alluvium will be discussed in greater detail under the descrip- 
tion of the placers.

G O LD  P L A C E R S.

Auriferous gravels are widely distributed in the Tolovana district. 
The area in which gold prospects have thus far been found is about 
10 miles sąuare and includes Livengood Creek and its tributaries, 
some streams flowing into the Tolovana above the mouth of Liven- 
good Creek, and the upper basin of the South Fork of Hess Creek.

The auriferous gravels occur in the beds of the present streams, 
in buried channels, and in bench gravels. Up to the present time 
most of the gold has been won from the deep channels of Livengood 
Creek, which have proved to be far richer than either the stream or 
the bench placers. Some shallow placers have also yielded gold, 
notably on Olire Creek, but only prospects have been found in the 
benches.

The only deep channel which has been opened is on Livengood 
Creek, where it lies underneath the talus slope on the north side of 
the valley. This channel is in generał parallel to the axis of the 
valley. It appears to have been pretty definitely traced for at least 
2 miles, and some evidence of it has been found along a distance of 
4 miles or morę. As in other districts claims are staked under two or 
morę names. First there are the creek claims staked along the 
present watercourse. Parallel to them are the bench claims, which 
may be on the valley fłoor or on the talus slope. Where the valley is 
wide there may be one or two or even three or four tiers o f bench 
claims. These so-called bench claims on Livengood Creek are not on 
stream terraces, as the name would imply, but on the talus slope of 
the valley, underneath which, it is suspected, lies a buried channel. 
The claims are numbered from Discovery claim up and down stream 
and are designated “ No. 1 below,” “ No. 1 above,” etc.

A  shaft was sunk at “ No. 9 below” to a depth of morę than 200 
feet without reaching bedrock. So far as known to the writer the 
farthest point downstream that gold has been found in the deep chan­
nel is at bench claim No. 4 below Discovery, where a shaft 125 feet 
deep was sunk to bedrock and was in gravel for the entire distance. 
At “  No, 2 below ” a shaft was sunk 230 feet, which did not reach
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bedrock. This shaft also was chiefły in gravel but pierced tliree layers 
of sticky clay, or “ gumbo,” as the miners describe it. One o f the 
layers was 17 feet, one 70 feet, and one 120 feet below the surface. 
Prospects of gold were found on these clay strata, the highest value 
being about 1 grain to the pan. At Discoyery claim on Livengood 
Creek the valley is broken by a central ridge of hard rock which 
stands about 12 feet above the slope on the north and 40 feet above the 
present stream on the south. This ridge separates the deep channel 
from the present stream valley. It is traceable downstream for
1,000 to 1,500 feet and upstream for about 3,000 feet. At “ No. 2 
above ” the ridge merges into the north slope of the valley, or, in 
other words, it is covered by talus above this point. Upstream from 
the upper end of this ridge the north slope of Livengood Creek is 
rather gentle, but there is sonie evidence near the creek that a rock 
scarp is buried under the talus. At Discovery claim Livengood Yal- 
ley is about a mile wide. At “ No. 5 above ” it narrows to about half 
a mile, and farther upstream it broadens out again.

There has been much prospecting near Discoyery claim, and holes 
have been sunk on the creek claims as well as on the first and second 
tiers of bench claims. It is said that by this work and by the dis- 
coveries in creek gravels some gold has been found over a width of
3,400 feet. At Discoyery bench the deep channel is from 100 to 110 
feet below the surface. Of this about 50 to 60 feet is silt or muck. 
The shafts sunk on the first and second tiers of bench claims near 
Discovery show the bedrock to be from 40 to 90 feet deep. Here 
the overburden consists of muck, which contains fragments of wood 
and some yertebrate remains. At “ No. 5 above, fourth tier bench,” 
there has been considerable mining. Here the ground is 90 feet 
deep. Productive mining has also been done on “ No. 5 above, first 
tier” ; on “ No. 4 above, third tier” ; on “ No. 3 above, third tier” ; 
and on “ No. 19 above.”

Halfway between Wonder and Franklin creeks a hole 78 feet deep 
was sunk to bedrock, and 300 feet away, higher on the slope, another 
shaft 28 feet to bedrock; still higher it is only 7 feet to bedrock. The 
deep hole contained no “ slide” materiał; the shallow holes consider­
able. On “ No. 19 above” on Livengood Creek sonie deep ground 
has been found, but the writer did not learn the depth to bedrock.

On the “ fourth tier bench No. 5 above,” the bedrock on the north 
is said to rise by a series of benches with 2 to 3 foot scarps. A  shaft 
was sunk on the “third tier bench No. 3 above,” where the alluvium 
is 40 to 50 feet deep. On the Red claim, a short distance above 
Wonder Creek, a hole has been sunk 60 feet to bedrock. This is the 
farthest up Livengood Creek that holes had been put down to bed­
rock in September, 1915.



Not enougli work has been done on other tributaries of Tolovana 
River to indicate the presence of deep channels. On the South Fork 
of Hess Creek, however, two localities of deep ground have been 
found. Just across the divide from Livengood Creek, about half a 
mile below Alabam Creek, a hole has been sunk 100 feet to bedrock. 
This is on the upper part of South Fork of Hess Creek, here called 
Goldstream, on claim “ No. 7 above.” It is probable that 40 or 50 
feet of this 100 feet was gravel. About l f  miles below this point 
three holes have been sunk. In one no gravel was found, only talus; 
in the other two about 25 feet of gravel with no gold. Below this 
locality the gravels do not seem to exceed 25 feet in depth except at 
the mouth of Pedro Creek, where the depth to bedrock is 90 feet. 
Of this, 80 feet is gravel, all carrying colors of gold, and the top 10 
feet is muck. At this locality there seerns to be no concentration of 
gold on bedrock. Above this deep ground is the narrow part of the 
yalley, and here the alluvium is only 20 to 25 feet deep. A  hole has 
been sunk on Alabam Greek, on No. 1 below Disco very, about 1 mile 
above the mouth, where it is 52 feet to bedrock. Half a mile above, 
on the slope, a hole was sunk 125 feet. It was said to be chiefły in 
gravel, but bedrock was not reached.

Information about the bench gravels is not very definite, except 
that they occur at several localities. Thick beds of gravel have been 
found on the east side of Hess Creek below Willow Creek, as high 
as 200 feet above the stream, and are said to carry gold. It is re- 
ported that there are at least four well-marked benches on the south 
side of Livengood Creek, but no grayels have yet been found on 
them.

The present stream grayels include those of the ma.in stream and 
the tributary gulches. On Livengood Creek the creek grayels are 
separated from the deep gravels by the bedrock rim already de- 
scribed. At Discovery claim the creek grayels are 18 to 20 feet deep. 
The section includes 6 to 10 feet of green silt or clay and 10 to 12 
feet of gravel. The grayels in the creek seem to be of the same 
character as those on the bench, but the gold is brighter. Many of 
the tributaries of Livengood Creek carry worlrable placers, and so 
do some of the streams flowing directly into the Tolovana from the 
diride between Livengood Creek and Tolovana River. In the opin- 
ion of the miners the streams flowing over the bench ground north of 
Lirengood may have derived a part of their gold from deep placers. 
As a matter of fact, howeyer, this can be true only where the work- 
ings have actually reached the depth of the old channel, in which 
case they are not properly creek placers, but deep placers.

The creek placers of Livengood Creek proper have been opened 
at Discovery claim, but have not been mined on a commercial scalę. 
Their gold content seems to be too Iow to warrant exploitation under
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the conditions existing in 1915. As a result the creek has been but 
little prospected. Several of the tributaries, however, have yielded 
workable placers in groiuid that was shallow enough to work by 
open cuts.

At “ No. 4 above ” the creek has been crosscut and the pay streak is 
reported to be 60 feet wide. Shallow placers have been mined on 
Lillian, Gertrudę, and Franklin creeks, tributary to Livengood 
Creek.

The gravels on the streams flowing directly into Tolovana River 
above Livengood Creek are shallow. In 1915 productive mining 
was done on 01ive Creek, and prospects were found on Ester, Cleary, 
and Wilbur creeks.

Most of the data relating to the distribution of gold in the other 
creeks are contained in the account of the alluvial deposits already 
presented. Auriferous gravels seem to be widely distributed in the 
Hess Creek basin, but in 1915 no definitely workable placers had 
been located. Good prospects of fine gold arre reported on Alabam 
Creek, and gold has been found in the bars of Hess Creek 40 miles 
below its forks. On “ No. 7 above,” on the South Fork of Hess 
Creek, “  pay streak ” gold with 7 to 8 cent nuggets is reported.

The gold of the deep channel on Livengood Creek is dark colored. 
Although nuggets worth as much as $20 have been found, the aver- 
age of the gold thus far mined is not coarse. It has the appearance 
of what the miners cali “  pay-streak ” gold and includes both rounded 
and Hat nuggets. The finer gold from this source is Hat, but not 
flaky. Its fineness ranges from 0.907 to 0.914, and its value is there- 
fore from $18.75 to $18.90 an ounce. The gold from the present 
stream channels is brighter colored and appears to be not so coarse. 
Nuggets worth $4 and $5 have been found.’ But little gold has been 
mined from the present creek channel, and therefore it is not pos- 
sible to give the fineness, which appears to be less than that of the 
gold from deep placers.

C O M M E R C 1A L  C O N D IT IO N S .

The town of Lirengood, near Discovery claim on Lirengood 
Creek, is the commercial center of the district. It has a post office, 
a wireless station, the recording office of the district, and a United 
States commissioneFs office. A  settlement at the mouth of the West 
Fork of Tolovana River contains two sawmills. The region is well 
timbered, but the water for sluicing is not abundant. Livengood 
Creek is said to carry three sluice heads of water. Plans have been 
madę for bringing water in from adjacent drainage basins to minę 
the placers on Livengood Creek. Water is morę abundant in the 
Hess Creek basin.
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A  winter sled and summer horse trail has been built from Olness, 
a station on the Tanana Yalley Railroad, to Livengood, a distance 
of about 55 miles. Road houses have been built along this trail. 
Another route of approach is by launch or smali steamer up Tolo- 
vana River, a deep, winding, sluggish stream. It is reported that 
smali steamers can be taken within 10 or 15 miles of the new camp. 
Livengood is about 40 miles due east of the Yukon at the mouth of 
Hess Creek, which can be ascended in smali boats to points within 
about 15 miles of the camp.

Though the district is not very difficult of access, it will be rather 
expensive to reach with heavy machinery. In the summer of 1915 the 
freight ratę from Fairbanks to Livengood by launch up the Toloyana 
was about $110 to $140 a ton. It is probable that the winter freight 
ratę by way of Olness will be lower.

S U M M A E Y .

The deep channel on Livengood Creek seems to constitute the most 
continuous placer deposit which has been developed in this district. 
It has by no means been traced continuously, but what seem to be 
parts of the same channel have been opened at several places for 3 
to 4 miles. The richest gravels thus far deyeloped lie in this deep 
channel and in the streams cutting across it. The present channel of 
Livengood Creek also carries placers which will be mined when the 
conditions become a little morę settled. Outside of Livengood Creek 
and its tributaries there has been no productive mining except on 
01ive Creek, but prospects have been found on several other tribu­
taries of the Toloyana. Interest of the prospectors is at present 
centered in what they cali the “ Promised Land,” including the basin 
of upper Hess Creek. On the South Fork of Hess Creek some ex- 
cellent prospects have been found but not much coarse gold. Only a 
few holes have been sunk to bedrock. It is fair to say that this region 
was practically unprospected in the fali of 1915, except for surface 
pannings. Prospects are also reported on Moose and Grouse creeks, 
which lie nortlieast of the Liyengood region.
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EXPLORATION IN THE COSNA-NOWITNA REGION.

By H e n r y  M. Eakin.

INTRODTJ C T IO N .

The area horę called the Cosna-Nowitna region extends southward 
from Yukon and Tanana rivers to Lakę Mincłramina and the North 
Fork of Kuskokwim R,iver. It reaches from the longitude of Cosna 
on the east to Nowitna River on the west. (See index map, fig. 14.)

Prior to 1915 the topography and geology of this region were 
practically unknown except its eastern margin, which had been

F igurę 14.—Index map showing location o f Cosna-Nowitna region.

trayersed by Herron.1 Fe w prospectors had yisited it, and so far as 
known the region had no particular economic importance. In the 
summer of 1915 a smali Geological Survey party in charge of the 
writer madę a rapid exploratory trip from the Tanana at Cosna to 
the headwaters of Nowitna River, following in a generał way the

1 Herron, J. S., Explorations in Alaska, 1899: War Dept., A djt. General’s Office, No. 31, pp. 1-77, 
maps, 1901.
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Yukon-Kuskokwim diyide. A  pack train of seyen horses was used 
on this trip, which took from June 12 to August 26. The horses 
were abandoned on the upper Nowitna and the party proceeded 
down the river on a raft, arriying at Huby September 3.

Topographic work was carried on by plane-table method, and 
most of the uplands between the plains of the Yukon and Kuskokwim 
were mapped. Geologie mapping was extended oyer practically the 
same area. The resulting maps will be published in connection 
with a morę complete report on the region now in preparation.

R E LIE F.

The topography of the region shows two contrasting typcs—the 
plains and the uplands occupying about eąual areas.

The plains are deyeloped on unconsolidated deposits at yarious 
altitudes up to about 1,200 feet above sea level. Their relief is 
generally Iow, as they have only minor surface irregularitics such as 
dunes and hollows, terraces and canyondike yalleys of locally in- 
trenched drainage lines. The plains border the uplands on the 
north, east, and south, extend broadly into the principal yalleys of 
the upland areas, and in places continue through Iow passes from one 
drainage basin to another, diyiding the uplands into seyeral morę or 
less distinct areas.

The uplands are bedrock features. They vary in contour from 
strongly rolling hills and ridges to fairly rugged moimtains. The 
summits reach altitudes of 3,000 feet or morę above sea level. Their 
relief is generally strong, measuring from 1,000 to 2,000 feet within 
short distances. They are higher and are continuous oyer broader 
areas in the western part of the region than in the eastern part. 
Still farther east, beyond the area surveyed, seyeral smali isolated 
ranges and hills were seen, rising above the plains like islands from 
the seas.

D R A IN A G E .

The region is drained by streams of the Yukon and Kuskokwim 
river systems. The main diyide in the central and western parts of 
the region has a generał northeasterly trend and lies very close to the 
course of the North Fork of Kuskokwim River. The northeasterly 
trend continues to a point about 40 miles north by northeast of 
Lakę Minchumina. Here the diyide turns abruptly around the 
liead of North Fork and runs south by Southwest past the west end 
of the lakę and then in a generał southerly direction to the Alaska 
Rangę.

The drainage of the upland area northeast of Lalce Minchumina is 
divided among an extraordinarily large number of distinct streams. 
The south, east, and north slopes clrain into the Kantishna, Zit- 
ziana, Cosna, and Chitanana riyers, tnbutaries of the Tanana; the
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west slopes into a brancli of Titna Riyer, tributary to the Nowitna, 
and into the North. Forlc of Kuskokwim Riyer. Thus there are six 
streams, all of considerable size, that head within a few miles of the 
same point.

The upland of the western part of the region for the most part 
drains northward into the Nowitna through Titna and Sulukna 
riyers. The North Fork of Kuskokwim Riyer receiyes only short 
northerly tributaries in this part of the region.

The Kantishna Rivcr basin includcs only a smali arca in the south- 
eastern part of the region. Several smali streams that drain south- 
ward from the upland flow out upon the alluyial plains and empty 
cithcr into Lakę Minchumina or into the Kantishna a short distancc 
below the outlet. The Kantishna flows northeastward from Lako 
Minchumina to Tanana Riyer, a direct distance of about 80 miles. 
The distance along the course of the stream is probably morę than 
twice as great. The Kantishna receives most of its water from a 
number of largo southcrly tributaries that head in the Alaska Rangę. 
It is said to be nayigable for launches or smali steamboats from its 
mouth to Lakę Minchumina.

Zitziana River has not been shown hitherto on the maps of this part 
of Alaska and has been known only to the natives and a very few 
hunters and prospectors. Its basin lies east of that of Cosna River 
and north of the area drained by the Kantishna. A few soutliwesterly 
headwater tributaries head against the North Fork of Kuskokwim 
Riyer. The basin lies almost entirely in the area of alluyial plains, as 
only the extrcme soutliwesterly headwaters drain any part of the 
uplands. The main stream flows northeastward for a direct distance 
of about 40 miles to Tanana Riyer in the yicinity of Hot Springs. Its 
yalley, which is deeply intrenchcd in the silt plains, is a puarter to 
half a mile wide. The stream has an extreme meandering habit, so 
that the distance along it from mouth to source is several times as 
great as the distance by a direct linę. It is nayigable for canoes or 
poling boats well up to its head. The gradient is very Iow and the 
current correspondingly slow.

Cosna Riyer is of about the same size as the Zitziana. Its tributa­
ries head against thoso of the Zitziana on the east, the North Fork of 
Kuskokwim River on the south, and the Chitanana on the west. The 
westcrly and,southerly tributaries head in the uplands and flow out 
upon the silt plains, which haye a broad extent in the basin. In its 
lower course the stream has a Iow gradc and is sluggish and meander­
ing. Toward the uplands the gradc steepens and the courses of the 
tributaries are morę direct. The Cosna is nayigable only for canoes 
or poling boats.

Chitanana (Redlands) River drains an area lying west of the Cosna 
River basin and about twice as large. Its southerly tributaries head
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against those of the Titna, and its westerly tributaries against those 
of Nowitna River below the Titna. The greater part of the drainage 
basin is in the area of the silt plains. Uplands partly border the basin 
on the east and south only. The extreme distance in a direct linę 
from the mouth of the Chitanana to the rim of its basin is probably 
less than 50 miles. Yet, owing to its yery deyious generał courso and 
meandering habit the distance along the stream is probably at least 
three times as great. The main stream is deeply intrenched in the silt 
plains, exposing in places sheer bluffs of silt 400 to 500 feet high. The 
stream is said to be excellent for canoes or poling boats far up its 
course.

Nowitna River drains considerably morę than half of the central 
and western parts of the region, through Sulukna, Titna, and Big 
Mud rivers, its chief easterly tributaries, named in order going down- 
stream. ■ The Sulukna has its source in the highest uplands of the 
region, the limestone mountain rangę about 50 miles Southwest of 
Lakę Minchumina and near the North Fork of Kuskokwim K iver. 
It flows in a generał northerly direction for an air-line distance of 
about 45 miles to its junction with the main river, 10 miles above the 
hcad of the canyon. Its easterly tributaries head against two large 
southerly tributaries of the Titna; its westerly tributaries against 
those of the uppcr Nowitna. Ali its tributaries head in prominent 
uplands, but the lower course of the main stream is through a broad 
silt-filled basin which marks the western limit of the present survey. 
Poling boats have been taken up the Sulukna to points well back in 
the mountains, 30 to 35 miles in a direct linę from its mouth. To 
do this, however, reąuired numerous portages around beaver dams.

Titna Kiyer drains a broad area bounded on the west by the 
Sulukna basin, on the south by the North Fork of the Kuskokwim, 
on the east by the Cosna and Chitanana basins, and on the north by 
the Big Mud Riyer basin. Its extreme easterly headwaters head 
against the Cosna and it flows in a generał westerly direction a 
straight distance of about 45 miles to the Nowitna 20 miles below 
the mouth of Suluka Riyer. In this distance it receives three large 
and seyeral smali southerly tributaries. The upper southerly tribu- 
tary is called the main head of the Titna, although smaller than the 
easterly branch or the other two southerly branches, all of which haye 
headwaters farther from the mouth of the Titna. The next southerly 
tributary below this stream is the Sethkokna, a large clear-water 
stream that heads against the North Fork of the Kuskokwim and 
Sulukna River 40 miles Southwest of its mouth. The other southerly 
tributary, the Telsitna, joins the Titna 15 miles downstream from 
the Sethkokna and heads 25 miles to the Southwest, against an east­
erly tributary of Sulukna River. Thus the Titna has four large 
branches that are nayigable for poling boats well toward their



heads. AU flow through rather broad yaUeys with a strongly mean- 
dering w&oLt; ! The Sethkokna and Telsitna have relatiyely steep 
grades and swirt water on numerons riffles. Tbere are said to be 
rapids on tbe Telsitna near its moutb and also on tbe Titna below tbe 
Telsitna. Tbe Titna rapids are reported to be ratber difficult at Iow 
stages, but easily traversed by skiUful boatmen at medium or liigh 
stages.

Big Mud Riyer is an easterly tributary of tbe Nowitna and joins 
it about 8| miles below the Titna. Its easterly tributaries head 
against the Chitanana and its soutberly tributaries against tbe 
Titna. It is somewbat smaUer than tbe Titna, but can be trayersed 
by pobng boats for a considerable distance. Tbe Big Mud drains a 
large area of silt plains and deriyes its name from tbe great amount 
of silt wbicb it carries during high stages.

Tbe main upper brancbes of Nowitna Riyer head against Nixon 
Fork of Kuskókwim Riyer. The moutb of tbe Nowitna is about 14 
miles above Kokrines yiUage, on tbe Yukon. Tbe direct distance 
between its moutb and the diyide at its extreme head is about 125 
miles, but the actual course of the stream between tbese points is 
about 360 miles long. Below the Sulukna the riyer flows for 166 
miles to coyer an air-bne distance of 57 miles. In its lower course 
tbe grade is yery Iow and tbe current is correspondingly slow, from 
half a mile to 2 miles an hour at ordinary stages. For a long distance 
aboye its mouth the depth of water at mean stages is from 20 to 40 
feet. It is nayigable for launches, scows, and sbaUow-draft steam- 
boats for at least 100 miles.

Tbe Nortb Fork of Kuskókwim Riyer heads against Cosna, Zitzi- 
ana, and Kantishna rivers in tbe nplands of the eastem part of tbe 
region. It flows in a generał southwesterly direction beyond tbe 
area of tbe present suryey witbout receiying any large tributaries. 
Tbe northem limit of its drainage basin is near tbe south margin of 
tbe principal upland area, wbicb is drained mainly by the tributaries 
of tbe Nowitna, already described. The southerly tributaries of tbe 
Nortb Fork liead against streams that belong to tbe Kantishna 
system. It is fayorable for the use of canoes or poling boats to 
a point witliin a few miles of its head.

F O R E S T S  A N D  Y E G E T A T IO N .

Tbe Cosna-Nowitna region is almost entirely forested, owing to its 
generaUy Iow altitude. Only a few smaH areas lie aboye timber linę. 
which is about 2,000 feet above sea level. Below timber linę there 
are smaU untimbered areas in places wbere soil conditions are appar- 
ently unfayorable. Howeyer, such areas are of only negligible 
extent, so that tbe entire region, so far as ordinary users are con- 
cerned, may be regarded as forested.

kXPLÓRATIÓN IN THE COSNA-NOWITNA REGION 2 1 5
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Spruce and birch are generally the dominant species, but in some 
places cottonwood and tamarack are the morę rabdnhc Vk The 
largest specimens of spruce grow along streams and at the heads of 
yalleys, where trees 2 feet or morę in diameter may be found wi t h i n 
any considerable area. Along the main riyers there are large areas 
of heayy spruce timber. Stunted spruce trees grow generally over 
poorly drained areas and are the chief form of forest growth in the 
swampy areas of the alluyial plains. Birch, on the other hand, does 
better on well-drained slopes and finds a fayorable habitat on the 
scarp faces and dunelike liillocks of the alluyial plains, where it vies 
with the cottonwood. The tamarack grows sparingly in all parts 
of the region, but appears in perfection only in the areas underlain 
by limestone, especially on northerly slopes. In some such areas 
tamarack trees form the forest growth exclusively, and the largest 
specimens are a foot or morę in diameter.

Willow and alder are the most uscfuł of the smaller species grow- 
ing in the region. They thrive along water courses and at timber 
linę. The alder is yaluable for fuel for high camps and is to be had 
in all parts of the region. The willow is less yaluable for fuel, but 
supplies agreeable forage for horses and browsing animals. In 
some places the pack horses subsisted on willow for days at a time 
and showed a preference for this food even when grass was avail- 
able. The willow growth along some of the low-lying streams is 
remarkably heavy, attaining heights of 30 to 40 feet. Some very 
old trees, 18 inches in diameter, were seen on a branch of the 
Sethkokna.

The vegetation of the region, besides trees, consists of mosses, 
grasses, shrubs, and a great yariety of herbaceous plants. The 
sphagnum yarieties of moss are prevailingly abundant and, growing 
in company with bunch grass, blueberry bushes, and trailing birch, 
give a soft, laborious footing over the whole region except in the lime­
stone areas. Grass is not plentiful in the region, but outside of the 
areas underlain by limestone it can be found in ąuantities sufficient 
for the needs of pack animals, provided camp is held only a day or 
two at any one place. The scarcity of grass in parts of the region 
was of considerable inconvenience to the Survey party, and had 
it not been for the willow used as forage in the limestone belts the 
horses would have fared still worse than they did.

Blueberries, currants, raspberries, and cranberries are found in 
the region. The blueberries and cranberries are to be had in unlim- 
ited amount, but the others are rather scarce.

F IS H  A N D  G A M Ę .

Food fishes aro fairly abundant in the streams and some of the 
lakes of the region. Salmon were seen on the North Fork of Kusko- 
kwim River near its head and on the Sethkokna near the middle of
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its coursc. Grayling are plentiful in both large and smali streams. 
Trout were taken only in the clear-water streams that drain the 
limestone mountains. Pickerel and other species are said to be 
found in the larger lakes that havc outlcts.

Large gamę is very abundant in parts of the region. Moose and 
bear wero seen almost daily in the area between Lakę Minchumina 
and Sulukna River, and bright gamę trails indicate this to be an 
unusually favorable gamę country. No brown bear were scen, 
but the black bear is so numerous in most of the region as to be 
morę or less of a nuisance. Caribou were not so plentiful, a single 
specimen shot on a tributary of North Fork being the only one seen. 
However, well-worn caribou trails in the eastern part of the region 
and old Indian fences, now in disrepair, show that this animal fre- 
ąuents the region, at least during its migrations.

Waterfowl, including ducks, geese, cranes, and swans, were seen 
on the lakes and streams. Land fowl were almost entirely lacking, 
but this is probably a temporary condition, as these species are 
said to disappear and grow numerous again morę or less periodically. 
They were formerly plentiful and undoubtedly will be so again in a 
few years.

Fur animals, including fox, lynx, martin, mink, and beaver, were 
seen in different parts of the region, and trappers report good 
catches during the last few years. Beaver are very numerous on 
the tributaries of North Fork and of Nowitna River. Their dams 
so obstruct some of the valleys that it is difiicult to travel tlirough 
them with a pack train.

IN H A B IT A N T S .

The region is practically uninliabited during the summer, but in 
winter half a dozen white prospectors and trappers and a few natiyes 
sojourn for a longer or shorter period within its boundaries. The 
nearest native settlement is Cosna, on Tanana R iyer, which consists 
of but a few families. Formerly there was a considerable native 
population in the region of North Fork and Lakę Minchumina, but 
they have been so depleted by measles and other diseases that there 
are now said to remain scarcely 50 indiyiduals—mostly adults. 
Parts of the region serve as hunting grounds for natiyes of both 
Tanana and Kuskokwim tribes,but there are large areas that appar- 
entły are seldom if ever yisited by cither natives or whites.

R O U T E S  O F T R A Y E L .

The most ayailable routes of trayel in summer are those furnished 
by the principal streams of the region. Winter trayel across the 
region from the yicinity of Lakę Minchumina to Yukon and Tanana 
River settlements mainly follows two principal routes, which are
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marked by morę or less definite trails. These trails are apparently 
very old, and at present where seen they are somewłiat oyergrown 
and in disrepair.

The route from Cosna to Lakę Minchumina leads up Cosna Riyer 
for about 25 miles, thence eastward across a Iow divide to the head- 
waters of the Zitziana, and thence aronnd the east margin of the up- 
lands through another Iow pass into the yalley of a stream flowing 
southwestward into the lakę. The other winter route from the 
lakę to the Yukon leads northwestward across the upper basin of 
North Fork across a Iow divide to the Titna, down this stream to a 
point below the mouth of the Sethkokna, and thence northward 
across the Iow country to the Yukon aboye Ruby.

A number of other trails were seen, chiefly those madę by trappeis 
for short distances along their trap lines. These follow the crests 
of many of the timbered ridges in the eastern part of the region. 
Farther west, where the upland ridges and divides are morę uneven 
and lack timber, the trails are located chiefly along the streams in 
the yalley bottoms.

The trappers and prospectors who freąuent the region generally 
outfit at Tanana or Ruby and get their supplies to their base camps 
during the open season by poling boat, going up Nowitna Riyer. 
They bring out their furs in the spring by the same means, following 
the break-up of the ice on the nayigable streams.

G E N E R A L  G E O L O G Y .

The geology of the region is rather complex. The rocks are of 
many different kinds and ages, as is indicated on the accompanying 
geologie sketch map (PI. X ). They are here separated into 11 
different groups, according to their lithologic and structural affinities. 
The ages of some of these groups are definitely known from the fossils 
which they furnish; the relative ages of other groups may be inferred 
from their structural relations; and still other of the groups can not, 
from the data at hand, be assigned with any great assurance to even a 
generał position in the geologie column.

Fossils were collected from limestone beds at three different locali- 
ties. Two of the collections represent a Middle Deyonian and one an 
Ordoyician horizon. The Ordovician fossils were taken from a single 
bed in a thick limestone series that occupies a large area in the 
southwestern part of the region. One of the Deyonian collections 
was madę on the headwaters of Chitanana River, and the other near 
the North Fork due west of Lakę Minchumina. The Deyonian 
rocks include, besides the fossiliferous limestones, calcareous and 
carbonaceous slates. These rocks crop out at interyals along a zonę 
lying between the two fossil localities.

MINERAŁ RESOURCES OF ALASKA, 1915.
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The Ordovician limestones are underlain unconformably by a 
metamorpbic series, which is separated into two groups—an upper 
group composed chiefly of schists and ąuartzites and a lower group 
composed chiefly of limestones and greenstones. These metamorphic 
rocks extcnd northward from the Ordovician limestone area to the 
margin of the silt plains.

The eastern part of the region is occupied mainly by a thick series 
of sedimentary rocks that are separable into three different groups. 
The lower group is composed dominantly of banded ąuartzites and 
phyllites; the middle group of grits, sheared sandstones, and slates, 
and the upper group of cherts and slates.

Two groups of yolcanic rocks are distinguished on the map. The 
older group consists of morę or less altered diabase and basalt flows 
which form the highest part of the Cosna-Chitanana diyide, east of 
the Deyonian fossil locality. The younger group includes an assem- 
blage of layas, tuffs, and breccias that are extensively deyeloped 
along the same generał belt with the Deyonian rocks. There are two 
other smali areas of yolcanic rocks near the head of Telsitna Riyer, 
coyering part of the fault contact between the Ordovician limestones 
and the schist and ąuartzite group.

Intrusiye igneous rocks occur in large masses at seyeral localities 
indicated on the map and also in the form of dikes that are too smali 
to be shown on a map of this scalę. The larger masses are batholithic 
in form and typically haye the composition of monzonite. The dike 
rocks are mainly rhyolite or rhyolite porphyry, although morę basie 
rocks that are probably in the form of dikes were found.

The rocks noted in the foregoing descriptions constitute ten sepa- 
rate groups and include all the igneous and Consolidated sedimentary 
rocks noted in this region. Their masses form the upland features 
that cover about half the area of the region. The other ii alf is occu­
pied by unconsolidated sedimentary deposits, chiefly of silt, which 
formbroad terraces and plains at different altitudes up to about 1,200 
feet above sea leyel. These deposits extend broadly up the principal 
yalleys and spread ovcr large areas to the north, east, and south of the 
immediate region under discussion.

E C O N O M IC  G E O L O G Y .

VEINS AND MINERALIZATION.

Quartz veins or other signs of mineralization are not generally 
abundant in the region. Veins were noted only locally about the 
granitic intrusives, in the area of the ąuartzite-phyllite group of 
rocks between the forks of Cosna Riyer and in the pre-Ordovician 
metamorphic rocks. At nonę of these places, howeyer, were tliey 
very abundant or highly mineralized, so far as could be noted in the 
field examination.
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Sulphide mineralization has affected the rocks of the ąuartzite and 
phyllite group to some extent,. but not in a manner that suggests any 
economic possibilities. These rocks in places carry brudy dissemi- 
nated granules of pyrite, and they are cut by rhyolita dikes tbat are 
similarly mineralized. Weathered surfaces of these rocks in places 
show iron and copper stains.

Auriferous mineralization is nowhere eyident from the study of 
rocks in place. Howeyer, placer gold is known to occur at two 
localities within the region— on Baker Creek, a westerly tributary of 
Sethkokna Kiyer near its mouth, and on American Creek, a westerly 
tributary of the Telsitna about the middle of its course. Placer gold 
has been reported also from the head of Our Creek, a tributary of the 
Nowitna noxt above the Sulukna, and from a tributary of the Sulukna 
that heads against Our Creek.

HROSPECTING.

A great deal of time has been spent by a few prospectors in the 
search for placer gold on the tributaries of Nowitna Kiver, and the 
occurrences enumerated abcve have been known for a long time. 
Exaggerated reports of gold placers in the region have been circulated 
among the river settlements at different times, and seyeral so-called 
stampedes have occurred, when large numbers of people hurried 
away to this or that locality. So far the occurrence of commercial 
placers in the region has not been demonstrated, and during the 
summer of 1915 the creeks were entirely deserted. Howeyer, it should 
be noted that new discoyeries on the tributary of the Sulukna heading 
against Our Creek were reported during the summer, and a number 
of prospectors were on their way to that locality.

Except in the Our Creek locality, where the alluyial deposits are 
comparatiyely shallow, the region holds out great difficulties and 
little promise to the prospector, owing to the great depth and breadth 
of the alluyial biling of the larger yalleys. This condition has 
limited prospecting to the smaller streams, which lie relatiyely 
high in the uplands. Such streams naturally haye narrow yalleys 
and steep grades and, as they have performed only a smali amount 
of erosion, large concentrations of placer gold in their grayels are 
not to be expected. The concentrations that might have been mado 
by the larger streams can be looked for only in the broad depressions 
that are now boored with deep alluyial deposits. The distribution 
of the alluyial deposits is shown on the map. They extend up all 
the larger yalleys well toward their heads. Whercyer these yalleys 
were occupied, prior to their alluviation, by streams of considerablo 
size, such as might have formed large placer concentrations, these 
deposits probably measure scores if not hundreds of feet in thickness. 
Furthermore, the present streams generally do not follow the exact
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courses of the original streams, and tliere is no definite indication as 
to the position of the earlier deposits. Under these conditions it 
seems that erratic prospecting in the broad, deeply filled yalleys is 
not justified.

As gold is known to occur on some of the smali and rclatiycly" 
shallow streams of the region, it is likely that prospectors will con- 
tinue, in some measure, the search for profitable placers. The most 
intelligent plan to follow would appear to be that of tracing the 
known auriferous deposits down the smaller streams and out in the 
broader yalleys by meanś of successiye crosscuts. Once the trend 
of the auriferous grayels is established the hazard of succeeding 
operations will be reduced to a minimum. Whether a systematic 
plan of prospecting, such as this, is justified will depend on the 
showings in the smaller streams where work might be begun. Upon 
this point the writer was unable to obtain any data. The occurrence 
of any large concentrations in the major yalleys is, of course, an opon 
question.

In this connection mention should be madę of the relation of 
auriferous mineralization to intrusiye igneous rocks that is eyident 
in the Innoko and Iditarod districts, to the Southwest of this region. 
It seems clearly proved that the introduction of gold into the rocks of 
those districts was a phase of the same igneous actiyities that pro- 
duced the granitic intrusiyes, and areas in the yicinity of such 
intrusiyes haye proved to contain the most yaluable placers. The 
monzonites and granites of the Cosna-Nowitna region are probably 
closely related to the intrusiyes of the Innoko and Iditarod districts 
in age and character, and it would not be surprising if auriferous 
mineralization were to be found associated with them also. Iloweyer, 
it is eąually possihle that such mineralization may not have occurred, 
for there are granites and monzonites in many places in interior 
Alaska that apparently have no such association. Still, on the whole, 
the yicinity of igneous intrusiye rocks would seem to be a morę logical 
place for prospecting than the areas moro distant from them.





MINERAŁ RESOURCES OF THE RUBY-KUSKOKWIM REGION.

By J. B. M ek tie , Jr., and G. L. H arrin gton .

IN T R O D U C T IO N .

The region here described is an irregular area lying between Yukon, 
Nowitna, Tucntna (Nixon Fork of the Kuskokwim), Kuskokwim, 
Takotna, Iditarod, Innoko, and Yuko riyers, or between meridians 
153° 40' and 158° 20' west longitude and paraUels 65° and 61° 40' 
north latitnde. The index map on Platę X I shows the location of the 
region with respect to the surrounding territory.

Portions of the area discussed in this paper h ave been visited pre- 
yiously by a number of- Survey geologists. Spurr,1 in his trip down 
the Yukon in 1896, passed the present site of Buby and madę sonie 
geologie observations on the crystalline limestones that crop out along 
the south bank of the river, near the mouth of Melozi River. In 1898 
also Spurr,2 in the course of his exploration of Kuskokwim River, 
skirted the Southern edge of this region. His notes on the geology 
along that part of Kuskokwim River shown on Platę X I remain still 
the only geologie data bearing upon that stretch of the rirer. The 
Suryey has also in its possession sonie unpublished notes on the Ruby 
Bluff madę by Collier in 1902, incidental to his study of the coal re- 
sources of the Yukon.3 In 1907 Gilmore 4 ascended Nowitna and 
Yuko rivers for considerable distances from the Yukon and madę 
sonie geologie notes. In 1908 a portion of the field season was spent 
by Maddren in an investigation of the region about the headwaters 
of Innoko River, and in 1910 he yisited the Innoko and Iditarod 
distriets.5 & In 1910 C. G. Anderson carried a topographic reconnais- 
sance from the present town of Ruby to the Innoko and Iditarod 
distriets. H. G. Birkner, who was attached to the Anderson party, 
collected geologie data along the route, and these data wero used in

i Spurr, J. E ., Geology of the Yukon gold district, Alaska: U. S. Geol. Survey Eighteenth Ann. Rept.,
pt. 3, p. 173, 1898.

3 Spurr, J. E., A  reconnalssance in southwestem Alaska in 1898: U. S. Geol. Survey Twentieth Ann. Rept. 
pt. 7, pp. 31-264, 1900.

s Collier, A . J., The coal resources of the Yukon, Alaska: U. S. Geol. Survey Buli. 218, 1903.
* Gilmore, C. W ., Smithsonian Misc. Coli., vol. 51, No. 1807, 1908.
& Maddren, A. G., The Innoko gold-placer district, Alaska: U. S. Geol. Survey Buli. 410, 1910; Gold 

placer mining developments in the Innoko-Iditarod region: U. S. Geol. Suryey Buli. 4S0, pp. 236-270, 1911; 
The R uby placer district: U. S. Geol. Suryey Buli. 520, pp. 287-296, 1912.
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the reports prepared by Maddren. In 1912 Eakin 1 spent about eight 
weeks in a geologie reconnaissance of the Iditarod-Ruby region and 
an examination of the placer-mining operations in the Ruby, Innoko, 
and Iditarod districts, and in 1913 he yisited the Ruby district again 
and reported on the mining developments there. The region between 
Georgetown, on the Kuskokwim, and Iditarod was mapped topo- 
graphically and geologically on a reconnaissance scalę in 1914 by 
Sargent and Smith.2

During the summer of 1915 a strip of country extending from Ruby 
to Iditarod by way of McGrath and adjoining on the east the area 
examined by the Anderson party in 1910 was surveyed topographi- 
cally and geologically on a reconnaissance scalę. In all, about 8,000 
sąuare miles of territory was covered, of which, however, about 2,100 
sąuaro miles was resurveyed, haying been covered by the work done 
in 1910.

Two Geological Surrey parties were engaged in this work. The 
northern party was in charge of. C. E. Giffin, with G. L. Harrington 
attached as geologist. Mr. Harrington devoted his attention to the 
geology and mining operations in the vicinity of Ruby, Long, and 
Poorman. A topographic map was prepared, which supersedes the 
older map of this district and covers an area extending eastward to 
NowitnaRiver and adjoining there an area mapped by tl.M. Eakin.3 
On the south connection was madę with the work of the Southern 
party. All the producing creeks were yisited by Mr. Harrington 
and the geology and minerał resources were studied in such detail as 
the time and character of the country permitted.

The Southern party, in charge of R. H. Sargent, began work at 
Poorman and carried the suryey through to Iditarod, passing through 
the mining districts at Candle Creek and Moore Creek. To this party 
J. B. Mertie, jr., was attached as geologist. The mining properties 
on these two creeks, together with most of those in the Iditarod dis­
trict, were yisited and examined by Mr. Mertie. A. H. Brooks also 
spent 10 days in the Iditarod district, and the results of his observa- 
tions and study are incorporated in the present paper.

This paper airns chiefly to sketch the progress of mining in 1915, 
and to present a brief discussion of the minerał resources of the 
Ruby-Kuskokwim region. It will be followed by a morę complete 
report, dealing in greater detail with the geology of the region. 
The writers, however, have yisited only a portion of the area included 
on the map that accompanies this report (PI. X I). Hence, with the

1 Eakin, H. M., Gold placers of the R uby district and the Innoko-Iditarod region: U. S. Geol. Survey 
Buli. 542, pp. 279-303, 1913. The Iditarod-Ruby region, Alaska: U. S. Geol. Survey Buli. 578, 1914; Gold 
placers of the R uby district: U : S. Geol. Buli. 592, pp. 363-369, 1914.

2 Smith, P. S., Minerał resources of the Lakę Clark-Iditarod region: U. S. Geol. Survey Buli. 622, pp. 
247-271, 1915; The Lakę Clark and central Kuskokwim region: U. S. Geol. Survey Buli. (in preparation).

3 Eakin, H . M., The Cosna-Nowitna region: U. S. Geol. Survey Buli. (in preparation).



view of presenting all thc available information about the area, the 
observations of the carlier workers liave been frecly used.

Special acknowledgments arc due to Messrs. Sargent and Giffin, 
in charge of the field parties, for their ready assistance and coopera- 
tion in furthering the geologie work; and to thc other members of 
the field parties, who showed at all tinies a willingness to help that 
was very gratifying.

Without exception thc operators and prospoctors in the region 
displayed an unfailing hospitality and evinced a desire to assist the 
writers so far as lay within their power. Information sought of them 
was given freely. To Mr. Yance McDonald, of Long, and Mr. David 
Strandberg, of Fiat, the writers are particularly indebted for courte- 
sies extended in this and other ways.

G E N E R A L  C H A R A C T E R  O F T H E  R E G IO N .

GEOGR.APHIC FEATURES.

The underlying conception of the Ruby-Kuskokwim topography 
should be that of a rolling country of Iow ridges, from wliich long, 
llat-topped spurs extend laterally into broad stream yallcys.- The 
monotony of this topography is broken at a number of localities by 
higher mountain groups, wliich, howeyer, aro not connected but 
stand out in isolated relief from thc surrounding country. This 
region is a part of the great central plateau region of interior Alaska 
and is in reality the southwestward continuation of the Yukon- 
Tanana belt, at a lower level.

Yukon and Kuskokwim rivers, the trunk streams of central 
Alaska, drain this region, but the watershed betwcen the two streams 
is near the southeastern limit of the region, so that most of the sur- 
face water finds its way to the Yukon. Nowitna, Sulatna, and 
Yuko riyers, the Innoko and its yarious headwaters, and Iditarod 
Riycr drain into the Yukon; Nixon Fork, Takotna River, and Tata- 
lina Riycr are the main tributaries of the Kuskokwim.

The region comprises two rather distinct physiographic provinces. 
The northern provinco lics between Poorman and Ruby, extcnding 
east and west to the limits of the area mapped. It is drained mainly 
by Sulatna and Nowitna riyers. The Southern province begins at 
the hills south of Poorman and continues south and west to Ophir 
and Iditarod and south to thc Kuskokwim. The northern province 
is distinguished from the Southern by its generally lower eleyation 
and relief, by the extremo width and flatness of its stream divides, 
by tlio tortuous courses of the streams, and by the abnormally wide 
spacing of the headwater tributaries.

The character of the drainage is worthy of notę. The larger 
streams meander in broad, open yalleys, over much aggraded flood 
plains, which contain many swamps and oxbow lakes. In their 
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uppcr reaches the streams characteristically flow in deep, narrow 
channels, between cut banks, with a generał absence or marked 
scarcity of gravel bars. This is particularly true of Sulatna and 
Nowitna rivers, which drain tbe northem' part of the region. To 
the south, where mountain groups tend to steepen the headwatcr 
grades, this characteristic is not so marked.

In two areas within the region local glaciation has been pronounced 
enough to leave a record of its existence in the present topography. 
About 15 miles east of Ophir there is a high mountain group, the 
highest peak of which has an altitude of 4,600 feet. The arca about 
the headwaters of one of the tributaries of Folger Creek which hcads 
in this group shows a well-developcd glacial topography. Seyeral 
glacial cirąues, one of which forms a hanging valley, drain into a 
U-shaped vallcy, in the lower part of which are undoubted glacial 
deposits. The other locality in which glaciation played an impor- 
tant part is in the Boaver Mountains. This locality was visited by 
Maddren and later by Eakin, both of whom report the presence of 
cirąues, U-shaped yalleys, and glacial deposits.

TIMBER AND FORAG-E.

Timber grows in the yalleys and on the upland slopes oyer much 
of this region. Nowhere is the growth yery thick or the trees very 
large, but in most places the supply is sufficient for the local demand. 
Along the yalley floors may be seen trees as much as 24 inches in 
diameter, which are available for lumber and for use in mining. 
The smaller trees serve a useful purpose as fuel.

Spruce is the most common yariety and occurs from the yalley 
bottoms up to timber linę. With it are associated birch, tamarack, 
and cottonwood. Along the creek banks and near timber linę, 
especially along smali drains, akler and willow brush grows very 
thickly.

The upper limit of timber is a yariable linę in the country between 
Buby and Iditarod, which is a transition zonę between the wooded 
portion of the interior and the treeless tundra of southwestern 
Alaska. In the yicinity of Buby and Long little timber grows above 
an altitude of 1,800 feet, and in the country around Iditarod and 
Fiat there is little above the 1,500-foot linę. Untimbercd spurs 
extending well down into the yalleys are common everywhero, yet 
in some especially favored gulchos timber is found at altitudes above
2,000 feet. In generał, timber becomes scarcer toward the South­
west, as indicated by the figures given above.

Forage for stock is plentiful along the yalley floors of some of the 
larger streams, such as the Sulatna, the Nowitna, and the Takotna, 
but on the upland slopes grass is scarce. Where the country has 
been burnod over and the moss destroyed, however, good grass 
may usually be found.
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GAMĘ AND FISH.

Gamę is by no means plentiful, especially near the settlements. 
In thc mountain areas, back from the mining camps, caribou may 
be seen occasionally, but nothing comparable to the immense herds 
of the Yukon-Tanana region is known in this region. A few bears 
are present. Moose are soldom seen.

Smali gamę, such as rabbits, ptarmigan, and grouse appears to 
vary in abundance from year to year. Occasionally a porcupine is 
encountered. During the summer of 1915 very littlc smali gamo 
was in the country, but earlier travelers record an abundance of it.

Salmon, pikę, and other large fisli aro taken in Yukon and Kus- 
kokwim rivers. In the uplands between these rivers grayling are 
caught in many streams, and in the mountain areas trout inhabit 
the creeks.

SETTLEMENTS AND POPULATION.

The principal settlements in this region are Ruby and Long in the 
northern part, Ophir in the central part, and Iditarod and Fiat in the 
Iditarod district. There are smaller settlements at Poorman, 
Cripple, Takotna, McGrath, and Discovery (Iditarod district).

In ali, the white population probably does not exceed 1,900, of 
whom about 500 are at Ruby, about 100 at Ophir and on the creeks 
in the Innoko district, about 700 in the Iditarod district, including 
Iditarod, Fiat, Discovery, and the near-by creeks, and the rest in the 
smaller settlements and on the producing creeks, including a smali 
number of men who are prospecting in the region. According to 
Eakin,1 there are also several smali Indian settlements along Innoko 
River, the largest of which is Dishkakat, about 20 miles below the 
mouth of Dislina Rivcr. Another smali Indian settlement is at the 
base of Joaąuin Mountain on Takotna River.

In 1912 the population was estimated by Eakin at 3,100, which 
is 1,200 morę than the present estimate, showing a decrease of nearly 
40 per cent. Elimination of the floating population that accom- 
panies the opening of a new mining district and the concentration 
of producing ground in the hands of larger companies, accompanied 
by the inevitable introduction of modern mining machinery and 
labor-saving methods, have brought about this decrease in popula­
tion.

TRANSPORTATION.

River steamboats ply on Yukon, Kuskokwim, Innoko, and 
Iditarod rivers during the summer. A regular passenger and freight 
service is maintained on the Yukon from Whitehorse and from St. 
Michael. On the Kuskokwim one river boat madę three round trips

i Eakin, H . M., The Iditarod-Ruby region, Alaska: U. S. Geol. Survey Buli. 578, p. 18,1914.
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from Bethel to McGrath during the summer of 1915. From McGrath 
freight is carried by gasoline launches up Takotna River to Takotna. 
The Innoko is nayigated by smali river steamboats up to the mouth 
of the North Fork, whence supplies are brought up to Ophir by horse 
scows and poling boats. At ordinary stages of water the Yukon 
Riyer boats ascend Iditarod Riyer to Dikeman, and gasoline boats 
relay the passengers and freight up to Iditarod. Smali launches go 
on up the Iditarod as far as the mouth of Otter Creek.

A wagon road and a winter trail connect Ruby with Long and 
Poorman. Smali launches, howeyer, nayigate Sulatna Riyer up to 
the mouth of Tamarack Creek, where the wagon road crosses. Most 
of the supplies intended for summer deliyery at Poorman are there- 
fore brought up to this point by boat and freighted the rest of the 
way.

In the Innoko district therc is a wagon road between Ophir and 
Gaines Creek, and summer and winter trails connect Ophir with the 
othcr creeks near by and with Takotna.

A tram road eąuipped with wooden rails and with an automobile 
rebuilt on a railroad truck transports passengers between Iditarod 
and Fiat. In addition, wagon roads connect Iditarod with Fiat 
and Discoyery. The wagon road to Fiat continues up to the head 
of Fiat Creek, serving the mining properties on the creek and at the 
summit. The Goyernment winter trail between Iditarod and Seward 
passes through the mining camp on Moore Creek, and through 
Takotna and McGrath. Moore Creek also lias communication with 
Discoyery over a summer trail.

SUPPLIES.

Ruby is the distributing point of supplies for Long, Poorman, and 
the creeks in the noighborhood. The ayerage freight ratę from 
Seattle to Ruby is about $45 a ton. The winter freighting charge 
from Ruby to Long is from 11 to 2 cents a pound, and to Poorman 
from 4 to 5 cents (1915). In summer it costs from 6 to 7 cents 
a pound to bring supplies from Ruby to Long, and about 9 cents to 
Poorman by way of Sulatna Riyer (1915).

Candle Creek receiyes its supplies from McGrath. The winter ratę 
is l i  cents a pound. In summer supplies are brought down the 
Kuskokwim from McGrath, landed at a point about 4 rniles from 
the creek, and brought over the hill by a pack train, at a total cost 
of 6 cents a pound. The freight ratę from Seattle to McGrath is 
probably not greatly different from that to Ruby.

Ophir, the central point for the Innoko district, obtains supplies 
by way of both the Yukon and the Kuskokwim routes. The latter 
in time will probably be the morę used, because of the relatiyo cheap-



ness of supplies at Takotna, compared with tlie cost of boating up 
Innoko River from Iloly Cross.

Iditarod is the supply point for Discovery, Fiat, and thc surrounding 
creeks. According to Eakin1 freight from Seattle may be laid down 
at the mines along Fiat and Discovery creeks at a total cost of 4 to 
6 cents a pound (1912). Supplies are taken to Moore Creek on the 
main Seward trail in winter at a cost of 6 cents a pound from Iditarod. 
During the summer the ratę by way of Discoyery is 24 cents a pound.

OTHER MINING FACTORS.

The generał wages paid for labor in 1915 were $5 a day and board, 
but men performing work that reąuires experience or special knowl- 
odge, such as winohmen or cngineers, receiyed as much as $7. In 
1915 labor was plentiful.

Wood has been so far the only fuel used. Around Long and 
Poorman it is fairly plentiful and sells at $7.50 to $9 a cord, and 
16-foot tree trunks about 1 foot in diameter cost ,$1.25 laid down at 
Long. In tbe Iditarod district the supply is smaller and the cost 
higher, and much of the neighboring country has been deforested to 
supply the demand. In another year or two it will be necessary to 
bring wood from the head of the Ditna or from the Iditarod Rivor 
yalley above Otter Creek. It is possible that some smali coal seams 
between Fiat and Iditarod may be developed and provo useful as 
fuel.

The problem of obtaining an adequate supply of wafcer for mining 
purposes is scrious at some localities, especially where the producing 
ground lies in the upper basin of a creek. The owners of the proper- 
ties that surround tlie monzonitic mass at the head of Fiat Creek 
have dug many ditches along the upper slopes to catch the surface 
water, and this supply is augmented by the construction of snów 
fences, which cause the snów to pile up in liuge drifts in the winter 
and last late in the summer. At Candle Creek, where the workings 
are also close to the head of the creek, a bedrock basin has been 
excavated to collect the surface and underground water. Along 
creeks where many oporators are at work, as at Long, the water sup­
ply is somotimes insufficient, especially during a dry spell of weather. 
Where the pay streak is seyeral miles down the creek, however, and 
too many aro not tapping the supply, it is usually adeąuate, because 
the hcavy carpet of moss over the country acts as a sponge, preyenting 
the rapid run-off of surface water after hard rains.
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G E N E R A L  G E O L O G Y .

SUBDIVISIONS.

Between Ruby and Iditarod occur a number of geologie formations, 
including rocks of many yarieties. These formations aro of widely 
differing ages, ranging from the ancicnt rocks of the Ruby district 
down to the recent fillings in the present stream yalleys. Lava flows 
and intrusive rocks of several kinds add further cłiversity to the 
geologie seąuence. On the geologie map (PI. X I) six mappable units 
of sedimentary rocks and five yarieties of igneous rocks are recog- 
nized. These divisions may be modified or further subdivided in 
the finał report on this region.

The sedimentary seąuence consists of Paleozoic and older rocks, 
a chert formation of uncertain age, the Cretaceous rocks, and the 
unconsolidated deposits. The Paleozoic and older rocks are treated 
under three subdivisions— the undifferentiated metamorphic rocks, 
the crystalline limestone, and the Deyonian limestone and siatę. 
The igneous rocks include greenstone, presumably of Paleozoic age, 
and intrusiye and extrusive rocks of later datę.

PALEOZOIC AND OLDER ROCKS.

.U N D IF F E R E N T IA T E D  M E TA M O R P H IC  R O C K S.

The rocks grouped under the head of undifferentiated metamorphic 
rocks predominate in three generał localities— the area extending 
from Ruby south to the Sulatna-Innoko divide, the area encirding 
Mount Hurst, and the Iditarod Yalley near Iditarod.

This group includes schist, phyllite, siatę, ąuartzite, chert, and 
Paleozoic limestone. In the present report certain areas of green­
stone and of crystalline limestone, which really form a part of this 
complex, haye been mapped separately, so far as possible, but 
much of the bedrock is concealed by a mantle of unconsolidated 
deposits and yegetation, so that the series as grouped doubtless 
includes unknown areas of greenstone and crystalline limestone. 
The scalę of the map forbids the delineation of certain smali areas of 
Paleozoic limestone in the Ruby district, but these will be shown on 
the map accompanying the finał report.

The rocks of this series are dominantly recrystallized and represent 
in large part ancient sediments which have been brought to their 
present condition through severe and long-continued metamorphism. 
The complcx history of the series is indicated by the intricacy of the 
folding and faulting, by the secondary structure which has been 
developed, and by the amount of ąuartz and calcite yeining whereyer 
these rocks occur.

2 3 0  MINERAŁ RESOURCES OF ALASKA, 1915.
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The intensity of the metamorphism and the thoroughness of tlie 
recrystallization in some of these older rocks is comparable with 
that shown by the Birch Creek schist (pre-Ordovician and possibly 
pre-Cambrian) in the Yukon-Tanana country, and it is quite likely 
that sediments as old as this are present. Yet the degree of meta- 
morphism is inadeąuate as an ultimate criterion for correlating 
geologie formations. It is therefore unsafe, in the absence of fossils, 
to make any definite correlation of this complex as a whole. The 
present grouping should be understood to represent a composite 
treatment of Paleozoic and older rocks, which it has been found 
impracticable to divide into separate units or true geologie formations.

Little information is available as to the structure of the metamorphic 
rocks, for exposures showing their attitude are unknown except along 
the riyer sections and a few of the creeks. Some indication of trends 
may be obtained from these sections and from the joining of isolated 
outerops of similar rocks. It is thus found that the principal struc- 
tural direction is about N. 25° E., with variations of from 20° to 30° 
to the east and west from this direction. The dip is generally to the 
west at a moderate angle. Folding and faulting along axes parallel 
to the main trend of the rocks are indicated by the shattered naturę of 
some of the heavier beds and by the deformation and brecciation of 
ąuartz veins; and in places the fault planes are distinctly eyident. 
From the generał structure, the oldest beds should crop out, the 
farthest to the east in the yicinity of Buby, and that this is the case 
seems to be borne out by the lithology, for the rocks on the east show 
greater metamorphism, being in fact garnet schists, while the rocks 
on the west contain less of the metamorphic minerals.

C R Y S T A L L IN E  L IM E S T O N E .

At two localities in the Buby district erystailine limestone has been 
found in sufficient ąuantity to warrant its representation on tho 
accompanying map (PI. X I). One is along the south bank of the 
Yukon aboye Buby; the other is at Sulatna Bluff, on the east fork 
of Sulatna Biver.

This limestone is a dark to light gray granular erystailine, non- 
dolomitic rock and is so distinct in appearance from the Devonian 
limestone described helów as to justify its separation from the meta­
morphic complex as a distinct unit. Along the Yukon it is asso- 
ciated with gametiferous mica schists, phyllites, and other recrystal- 
lized rocks; and at Sulatna Bluff it is 'bordered by quartz-mica 
schist. It should therefore be considered as belonging with the older 
members of the metamorphic complex. No morę exact statement 
of ago is justified by present knowledge.
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D E V O N IA N  L IM E S T O N E  A N D  S L A T E .

Under the designation Tachatna series Spurr1 describes a series 
ol *“ gray limestones (generally thin-bedded and fissile) having car- 
bonaceous and chloritic slatos and occasional generally flne-grained 
arkoses, wliich outcrop along Kuskokwim Riyer from a point 20 
miles aboye the present town of McGrath down to below Yinasale.’ ’ 
He says further tbat theso rocks liave been considerably folded, con- 
tain numerous ąuartz yeins, and are cut by granitic dikes. Middle 
Dcyonian fossils were collected by Spurr in this series at one locality.

Certain smali areas of Paleozoie limestone, not here separatcly 
mapped, exist within the metamorphic complex in the Ruby district. 
From a limestone bed at one locality Deyonian fossils were collected 
by Eakin in 1912. The limestone in the other areas is similar in 
appearance and is likewise belieyed to be of Deyonian age. The 
writers haye reasons, however, to be set forth in morę detail in the 
finał report, for belieying that these limestones and certain other 
rocks closely associated with them represent sediments infolded with 
older rocks.

C H E R T  A N D  A R G IL L IT E .

A formation consisting essentially of chert and argillite begins on 
the hills just south of Poorman and continues southward almost to 
the Cripple Creek Mountains. It is bounded on the east largely hy 
the rhyolitic and basaltic layas of the Sulatna hasin. Its western 
limit is unknown. Another band of chert borders the Mount Hurst 
metamorphic complex on the southeast. Rocks of this naturę also 
occur in association with the greenstones near Yuko Mountain.

The rocks of this formation are distinct from the rocks north of 
Poorman and do not resemble the Cretaceous beds to the south. 
Green and white chert and a liard dark-gray argillite constitute the 
typical exposures. Here and there are bands of thin-bedded sand- 
stone and grit. Banding is very common, and in many places the 
chert and argillaceous beds finger out laterally into one another. 
Brecciation is noticeable at certain places, but recrystallization is 
absent. The generał structural trend of these rocks is about N. 55° 
E., but the dips are markedly inconstant. Both northwest and 
southeast dips were obseryed within short distances, and eyidently 
close folding is common.

No definite statement as to the age of this formation can bo made) 
for determinabłe fossils haye not been found in it, and its relation to 
surrounding rocks is obscure. The rocks, ałthough they are closely 
folded, differ markedly from the complex of the Ruby district in their 
lack of recrystallization. They are apparently much younger even

1 Spurr, J. E ., A reconnaissance in southwestem Alaska in 1898: U. S. Geol. Suryey Twentietli Ann. 
Rept., pt. 7, p. 158, 1900.



than tlie infolded areas of Deyonian rocks to the nortłi. On the other 
hand, tlioy are much older than the Cretaceous rocks to the south. 
It seems best to rogard thom tentatiyely as early Mcsozoic without 
making any moro definite correlation.

CRETACEOUS ROCKS.

Rocks thąt are assigned generally to the Cretaceous system form 
the bedrock ovcr morę than half of the area treated in this paper. 
Bcginning at the Southern limit of the clierts, argillites, and layas in 
the Susulatna Yallcy, they continue south and west through Opliir 
to Iditarod and thence south to Kuskokwim River.

The Cretaceous beds consist dominantly of sandstone, with consid- 
erahle areas of grit and conglomerate in certain localities. Locally, 
near intrusiye masses or along zones of compression, the sandstone 
lias been highly indurated, forming ąuartzite, and the shalo bas been 
altered to argillite and siatę. As a rule the sandstone is impure, 
plagioclase feldspar and finc-grained igneous materiał being the con- 
stituents other than ąuartz. Tlie conglomerate pebbles are usually 
chert, vein ąuartz, and a dark siaty rock. Bowlders as much as 3 
feet in diameter were noted by Eakin 1 in the conglomerate in the 
yicinity of the Cripple Creek Mountains, but at tlie liead cf Folgcr 
Creek and near Iditarod 6 inches is the maximum size.

The sandstone and conglomerate of this series aro associated witli 
a yariety of igneous rocks, of effusiye and intrusiye character. Tliese 
will bo considered in detail in the finał report. They include ac.idic 
and basie coarse and fine grained intrusiyes, largely of Tertiary ago, 
and basie laya flows.

Fossils of Uppcr Cretaceous age have been found at the headwaters 
of Folger Creek. It is not certain that all the rocks of this series are 
Upper Cretaceous, but it is rather unlikely that any beds older or 
younger than Cretaceous are included in the area mapped.

IGNEOUS ROCKS.

G R E E N ST O N E .

Grcenstones aro present in a number of areas. The largest area 
is in the Kaiyuh Mountains, where much of the country rock is 
believed to be greenstone. The actual extent of the greenstono in 
this rangę is not known, but its northeastern limit has been mapped 
Southwest of Kuby. In going up Innoko River in 1910 Maddren 
noted what is probably its southeastern limit along the northwest 
bank of tlie Innoko River at several places. Twin Butto, at the 
headwaters of the North Fork of Innoko River, is probably the next
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largest occurrence of greenstone. A  number of smaller areas in the 
upper Sulatna basin are also mapped, and numerous otber smali 
unmapped bodies are included with tbe undifferentiated meta- 
morphic rocks.

Under the single term greenstone have been grouped altered 
intrusive and extrusive rocks, mainly of basie character, together 
with some tuffaceous and cherty beds. It may be found possible 
later to subdivide tbe group into several rock units, for it shows 
a great diyersity in petrologic character. Tbe rocks rangę in texture 
from apbanitic and yesicular to medium granular, and in composition 
from basie, basalts and diabases to morę acidic rocks. Monzonite 
may be present. Some of tbe eberts are mapped witb tbe greenstones 
on account of their smali extent and intimate relations with the 
other members of tbe group. An eąually wide yariation appears 
in the degree of metamorpbism exhibited by different members of 
tbe group, though they are a unit in displaying a greenish color, due, 
in part at least, to surficial weathering. Some of the rocks show little 
or no effect of shearing; others baye been converted into sebists.

But little can be said regarding the age of these rocks. Part of 
tbem have some of the characteristics of intercalated flows and so are 
contemporaneous witb tbe undifferentiated metamorphic rocks in 
wbich they occur. Others are morę clearly intrusive and therefore 
younger than a part of the metamorphic rocks.

M O N Z O N IT E .

Monzonite, tbe granular igneous rock intermediate between 
granite and diorite, is present as intrusive bodies at a number of 
localities. The principal ones, named from north to south, are the 
Cripple Creek Mountains, Twin Mountain (east of Ophir), the moun- 
tain southeast of Takotna, Joaąuin Mountain, the head of Candle 
Creek, the head of Willow Creek (a tributary of Moore Creek), 
Discovery (on Otter Creek), and the head of Fiat Creek in the Idi- 
tarod district). In the high mountain group a few miles east of 
Twin Mountain many dikes and smaller bodies occur. In the Ophir 
district dikes of such materiał cut the Cretaceous rocks; and tli is 
fact, together with the evidence of mineralization in that area, 
suggests strongly the presence of a larger underlying body of in- 
trusive rock. Smaller bodies and dikes are present elsewhere.

The monzonite is a light to dark gray granular rock, consisting 
essentially of quartz, potash, feldspar, and soda feldspar in ap- 
proximately equal amounts and błack minerals, usually hornblende 
or mica or both. Microscopic examination will probably show that 
yariations from this ayerage type exist, grading in composition toward 
granite on the one hand and toward diorite on the other. These 
acidic intrusive rocks are of the highest economic importance, be-
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cause tliey liaye been found to be intimately associated with and 
genetically related to the gold deposits.

The intrusive monzonite invades rocks of Upper Cretaceous age, 
and its granularity indicates that it was intruded at considerable 
depth. This conception involves the deposition and burial of the 
Upper Cretaceous beds prior to the intrusion and leads to the con- 
clusion that the monzonite is of Tertiary age.

Certain altered granular rocks in the Ruby district, which aro sus- 
pected to be of monzonitic or dioritic character, are in this paper, 
grouped with the Paleozoic greenstone. Subseąuent microscopic 
work may justify the differentiation of these rocks as representing a 
Paleozoic or Mesozoic period of intrusion.

D IO R IT E , G A B B R O , A N D E S IT E , A N D  B A S A L T .

A striking feature in this region is the constant association of gab­
bro, diabase, and basalt with the monzonitic intrusive bodies. Such 
basie rocks usually surround or nearly surround the monzonitic areas, 
as at Twin Mountain, at the mountain southeast of Takotna, at Can- 
dle Creek, on the headwaters of Moore Creek, and at Fiat and Dis- 
covery. At other localities, where the basie intrusivo is the domi­
nant intrusive rock, as in a mountain group at the headwaters of 
Folger Creek and in the high mountains east of Twin Mountain, mon­
zonitic and dioritic diltes are found in great abundance.

The basie materiał seems to have come to the surface in most 
places, being outpoured as surface lava. The intrusive and extru- 
sive types grade into each other, and separation of the flows from the 
intrusives is difficult. The presence of tuffaceous beds in certain 
localities is a helpful criterion in recognizing the flows.

In composition, these rocks rangę from basie diorito and basie ande- 
site to gabbro and basalt; and differences in granularity, arrange- 
ment of the minerals, and the presence or absence of phenocrysts 
lends yariety to their appearance. They are composed essentially 
of plagioclase feldspar, pyroxene, and magnetite. The pyroxene dio- 
rite and gabbro are coarse grained, and the pyroxene andesite and 
basalt are their fine-grained equivalents.

The basie intrusiyes, like the monzonitic rocks, inyade the Upper 
Cretaceous sediments, and are therefore younger than that part of 
the Upper Cretaceous which they intrude. They are inyaded, how- 
evcr, by the monzonite, which is considered to be of Tertiary age. 
It is possible, then, for the intrusion of the basie rocks to haye taken 
place either in late Upper Cretaceous time or in the Tertiary. The 
common association of the basie intrusiye rocks with the basie extru- 
siyes, which are assigned to the Tertiary, is interpreted as eyidence 
that the intrusion of basie laya occurred in Tertiary time.
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R H Y O L IT E .

Rhyolitc occurs in two generał loc.alities in this region, covering 
considerable areas about the headwaters of the South lł ork of >Sulatna 
River, and occurring in smali bodies far to tho sou tli, on the head- 
water tributaries of Takotna River, near the Moore Creek mining 
camp.

Little microscopic work has yet been done on these rocks. In a 
generał way, liowever, they are known to be fine grained and com- 
posed largely of ąuartz and alkali feldspar. The rhyolites in the 
northcrn arca seem to be badły altered, but thoso to the south appear 
freshcr and better preserved.

The northern rhyolites appear to represent surface flows, which are 
intimately associated and apparently interbedded with the chert and 
argillite formation and which were therefore probably crupted in early 
Mesozoic time. On the other hand, the Southern rhyolites are intru- 
sive in naturę, for they clearly cut the Cretaceous rocks. It is highly 
probable that these rocks are contemporaneous in a generał way with 
the Tcrtiary granitic intrusives, of which indeed they may be fine- 
grained representatives. On the accompanying map both rhyolites 
havc been grouped together as a single unit, but they will be separated 
in the finał report.

A N D E S IT E  A N D  B A S A T .T .

Surface flows of intermediate and basie composition occur at a 
number of localities. They are usually associated with the Cretaceous 
rocks and with the basie intrusives previously described. It is 
believed that the extrusion of the basie lavas and tho invasion of the 
Cretaceous sediments by basie intrusiyes are contemporaneous fea- 
tures of the geologie history of this region. No Tertiary sediments 
aro present, so far as known, so that direct stratigraphic evidence of 
the a»e of the basie lavas is lacking. But certain structural features 
of the lavas and the surrounding Cretaceous rock, which will be 
presented in detail in a later report, f avor the wiew that the outpouring 
of this lava occurred chiefly in Tertiary time.

Q U A T E R N A R Y  DEPOSITS.

Quaternary deposits cover practically the entire surface of the 
reo-ion north of Poorman and much of the country south of Poorman. 
In tho Ruby, Long, and Poorman districts unconsolidated deposits 
extend well up toward the headwaters of the creeks, and residual 
debris mantles the slopes, in most places elear to the tops of tho ridges. 
Farthcr south tho stream yalleys aro likewise fillecl with alluvium and 
grayel, but the relief is greater and the ąuantity of residual materiał
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less. Iligh-lying grayels were noted by Eakin 1 at several localities 
in the Innoko district. Among the higlier mountain groups glacial 
and glaciofluviatile deposits are present in a few places.

The valley fillings consist of silt, sand, and grayel, in various rela- 
tions. The silt and finer deposits commonly lie at liigher leyels, and 
the gravels and coarser materiał near bedrock. On the headwaters 
of the creeks little silt is present, the deposits consisting mainly of 
grayel. The deposits fartlier downstream become very deep in the 
broad yalleys of such riyers as the Sulatna, Nowitna, Takotna, 
Iditarod, and Innoko.

The residual materiał consists of unconsolidated rock breccia and 
clay, derived from the disintegration of the country rock. It is 
widespread and of considerable depth, especially in the area between 
Poorman and the Yukon. At the head of Fiat Creek, in the Iditarod 
district, placer gold is associated with residual deposits.

M IN E R A Ł  R E S O U R C E S .

GENERAL FEATURES.

Placer gold is the only minerał deposit in the Ruby-Kuskokwim 
region that has been exploited on a commercial scalę. There are 
seyeral generał areas where placer mining is now bcing carried on. 
These areas aro considered and discussed separatcly below.

Where so much płacer gold is found it is reasonable to expeot the 
deyelopment of gold lodc mining somc timc in the futurę. As yet, 
however, little lode mining . has been done. Eakin2 reports the 
deyelopment of a gold lodc in a smali way in the Innoko district. 
At the head of Fiat Creek, in the Iditarod district, there are numerous 
smali ąuartz stringers which look promising as potential gold lodcs. 
On the hills north of Moorc Creek yein ąuartz carrying gold was picked 
up by the senior writer. It is probablc, howeyer, that the placer gold 
areas in this region will be moro or less depleted before the advent of 
lode mining, for in much of the region rock exposures are not plentiful, 
and prospecting for gold lodcs means much deyelopment Work.

During the summer of 1915 considerable stibnite (the sulphide of 
antimony) was shipped from the Fairbanks district, showing the 
possibility of the exploitation of antimony deposits in Alaska under 
the present demand for that metal. Stibnite ore has been uncoycred 
at several localities in the Innoko and Iditarod distriets. Such 
deposits may bo exploited at some later datę.

Cinnabar (the sulphide of mercury) is found in the concentrates on 
a number of oreeks in the region. The economic importance of cin­
nabar as a minerał product for export from this region is ąuestionable,
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3 Idem, pp. 28-29.
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but probably in time it will be used as a local source of mercury for 
use on tho copper plates which are utilizcd in catching the fine gold. 
The cinnabar in the concentrates at Candle Creek is already bcing 
treated in retorts and used for this purpose. Tho abundance of cin­
nabar in the concentrates at certain localities lends encouragement 
to the belief that futurę prospecting may uncover cinnabar lodes of 
cconomic importance.

Cassiterite (the oxidc of tin) occurs on several creeks in tho Huby 
district, in the concentrates from tho gold-bearing gravels. The 
amount is too smali, however, for this to be considered as a possible 
important source of tin.

Scheelitc (the tungstate of calcium) occurs in the concentrates 
taken from Otter Creek, in tho Iditarod district. It is thcreforo 
present in the basin of that creek, and probably the bedrock source will 
sometime be discovered. The possible value of such a discovery 
depends on the character and extent of the deposit. Scheelite- 
bearing pegmatites in the Fairbanks district are now being pros- 
pected as a possible source of tungsten. The present high valuo of 
tungsten would justify the recovery of the scheelite from somc of the 
concentrates of placer mining.

Coal has been found in seueral places in the Huby and in the 
Innoko-Iditarod districts. In the Ruby district it has been found 
on Poorman Creek and has been reported from Quartz Creek. There 
is also some evidence of coal on one of the tributaries of Basin Creek, 
and Maddren 1 states that coal is reported from Homestake Creek, a 
tributary of the upper Nowitna.

In the Iditarod district two seams are known to exist at the crest 
of the ridge between Fiat and Iditarod. These seams have not been 
prospected to a depth sufficient to learn the true character of the coal; 
but if there is any place in the Ruby-Kuskokwim region where native 
coal would prove valuable, it is in this locality, where wood is so 
scarco and costly.

GOLD PLACERS.

R U B Y  D IS T R IC T .

GENERAL CHARACTER.

The placers of the Ruby district are in generał of uniform character. 
Most of them are deeply covered, irregularly distributed, discontinu- 
ous bodies lying in tho bottoms of the broad silt-buried vallcys, and 
though numerous producing placers are on so-called bench claims, they 
are generally little if any higher than the bedrock bottom of tho filled 
vallcys in which they lie. Colors of gold may be found in the bottom 
of almost any valley throughout the siatę and schist area, but the gold 
is not concentrated sufficiently to make its recovery commercially

1 Maddren, A. G., orał communication.



practicable, and it is only whoro thero has bccn considerable primary 
concentration or a local rcconcentration that the deposits are being 
worked. On nonę of the creeks throughout the district is there an 
extensive continuous pay streak. An increase in richness may bo 
noted at the mouths of some smali lateral draws, and this rosult might 
be obtained by concentration of the placer gold from the breaking 
down of gold-bearing ąuartz ledges within the drainage basins of these 
smali tributaries. Even where the basins of lateral feeders are very 
smali, there is at the mouths of some of them a marked enricliment of 
the grayels of the main stream.

HUBY CREEK.

The gold deposits on Ruby Creek are of greater interest historically 
than economically, as it was on this creek that the first mining was 
done in the Ruby district. The creek is less than 2 miles in length, 
and the placer ground lies near its mouth on a smali bench on the 
east bank. The gravels and overlying muclc average a littlo morę 
than 12 feet in thickness. At the bottom is a layer of finer wash filling 
the interstitial spaces in a blocky limestone bedrock, overlain by and 
interbedded with other thin layers of grayel. Above this is tho muck, 
wliich contains larger, well-rounded bowlders of intermediate igneous 
rocks, together with cobbles of vein ąuartz. The fine gold is asso- 
ciated with the sediments in and on bedrock. The total production 
from Ruby Creek is probably little over $2,000. During the summer 
of 1915 work was done intermittently on the creek, but the smali 
catchment basin makes it possible to work only while the seepage 
from rains affords water for sluicing.

LONG CREEK AND TRIBUTARIES.

Regarding the deposits in the Long Creek basin Eakin 1 says:
The yalleys of Long Creek and its tributaries contain remnants of older alluvial 

deposits that stand considerably above the present flood plains of the streams. The 
bedrock floors of the yalleys are practically level in cross section, so that the depth 
to bedrock often increases away from the streams toward the yalley wali. There is 
also a generał increase in depth to bedrock downstream.

Above Long all tho mining has beon done on the left side of the 
stream at distances of 100 to 600 feet from it. Just above tho mouth 
of Bear Pup the ground is only 20 to 30 feet deep, but farther up it 
ranges from 30 to 50 feet, of which tho bottom 6 to 8 feet is gravel. 
In places the pay streak is on bedrock; in others it is above a falsc 
clayey bedrock, which may be 2 or 3 feet above the true bedrock. 
The muck contains numerous fragments of unworn, brecciated yein 
ąuartz. Oyer half the gold on “ No. 3 aboye”  is in nuggets, and 
although many of these show some rounding, a yery considerable
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number have a spongy appearance, and tbeir edges are but slightly 
rounded, indicating that the gold has trareled only a słiort distance 
from its bedrock source.

Gold has beon mined on lower Long Creek from Long to a point 
below Snów Gulch, and most of the workings aro farther from the 
stream than those above Bear Pup. It is about 75 feet to bedrock on 
the Mascot bench, at Long, Tnit this depth is due to the distance from 
the creek up the hill slope. The workings are at about the creek 
level. Farther downstream the gravels are covered by less overbur- 
den. At the lower end of the Novikaket Association’s ground, a mile 
below Fourth of July Creek, the depth to bedrock ranges from 20 to 40 
feet, depending on the distance from the main stream. A little below 
Snów Gulch Long Creek flows over a bedrock riflłe, and from this point 
downstream the bedrock slope is greater than the present stream 
gradient. Eakin 1 estimates that the depth to bedrock increases at 
least 10 feet to the mile below the last workings on Long Creek.

The section encountered yaries somewhat in the different localities. 
The uppermost 15 to 30 feet consists of muck; below this is 5 to 30 
feet of mixed gravel and muck, commonly termed “ slide,”  in places 
represented by alayer of rather fme grayel called “ chicken feed,”  and 
below this is the auriferous gravel, or “ sediment,” which may be 8 feet 
thick. The naturę of the pay streak yaries greatly. In some places 
it lies within the top 1 or 2 feet of bedrock or in gravel on the bedrock; 
in others it is above a false bedrock or clay seam which lies 2 or 3 
feet aboye true bedrock and below which there is usually no gold.

The gold is almost eyerywhere associated so closely with a gravel 
containing rather large pebbles embedded in a clayey matrix that it 
is necessary to break up the materiał before it passes through the 
sluico boxes, for it would not only pass out without rcleasing its gold 
but would perhaps pick up gold from the boxes as it rolled through 
thcm. To avoid this result the gravels are washecl into the dump 
box by a j et of water from a nozzle, the pressure for which is obtained 
by pumping; thus the clay lumps are disintegratcd before reaching 
the sluice boxes.

In generał the grayels are frozen, and little timbering is necessary. 
On the Mascot bench, however, thawed ground was encountered, 
and it was found necessary to adyance the drifts by forepoling, thus 
increasing the cost of mining yery appreciably. Under ayerage 
conditions ground can be profitabły worked by underground methods 
when it carries from 85 cents to $1.25 to the sąuare foot of bedrock. 
There is much ground which just affords wages, but one place is said 
to haye averaged oyer $15 a sąuare foot of bedrock surface over a 
considerable area, and most of the operations are conducted on 
ground averaging $1.50 to $3 to the sąuare foot of bedrock.

1 O p.cit., p. 41,



On upper Long Creek two men worked during tlie winter on the 
fraction just below No. 2 above Discovery, and a mino on "N o. 1 
above” employing about 10 men was operated during tbe early part 
of the summer. Two other mines in the yicinity, employing about 
28 men, were worked until August 1. In June two men were prospect- 
ing the bench claim above “ No. 1 aboye.” During the winter pros- 
pecting was done on the Mascot bench with a Koystone drill, and nine 
other outfits, employing a total of about 70 men, were prospecting 
or mining on lower Long Creek. During the summer sonie prospect­
ing was done on the hillside and the crest of the ridge above Long. 
Thcre were also eight or nine outfits mining or sluicing their winter 
dumps, employing about 65 men, but this number was decreased at 
the end of the summer to four or five, employing 25 to 30 men.

The tailings on the Mascot bench were reworked early in the 
summer, cable-drawn scrapers being used. Some $25 nuggets were 
obtained, and it seems noteworthy that nuggets so large should be 
found during operations of this naturę. An explanation may be 
affordcd by tlie possibility that they had been transportcd tlirough 
the sluice boxes the first time in clay-cemented lumps of grayel. 
Another explanation may be sought in the fact that the water used 
for the first sluicing was impounded, pumped back into the sluice 
boxes, and used over and oyer again. The finencss of the suspended 
silts and the smali area of the settling pond prevented anything near 
complete clarification, conseąuently the water for sluicing wag excep- 
tionally dirty. The amount of silt present increased the viscosity 
and spocific grayity of the liquid and decreased the relative weiglit of 
the gold, so that it was morę easily carried or rolled. The following 
principles, discussed by Gilbert,1 may serve to explain why the coarse 
partioles of gold should be morę easily transported in a silt-ladcn 
stream:

The law found for stream traction is that the load of tho initially transported grade 
is increased by tho moderate addition of other dćbris, provided the addod dśbris is 
relatively fine. * * * In stream traction the pathway for larger particles is 
smoothed by the presence of smaller particles and rolling is promoted.

The grayels of Bear Pup are so shallow that they can bo mined by 
open-cut methods. Tho section consists of 6 to 8 feet of grayel, 
oyerlain by about 15 feet of muck. The muck is sluiced or scraped 
off, and tlie grayels are then hoisted in order to get elevation for the 
linę of sluice boxes. The stream has been practically worked out in 
the channel for about a mile and a half aboye its mouth. In tho 
season of 1915 operations were confined to the southeast side of the 
stream, where one smali outfit worked in the spring and two outfits, 
employing about 30 men, operated late in the summer.

i Gilbert, G. K ., The transportation of dćbris by running water: U. S. Geol. Survey Prof. Paper 80, 
p. 213,1914.
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Some of the stream gravels were fairly rich, and several nuggets 
worth $50 or over were found. This gold shows some wear but is far 
from being completely rounded. The largest nugget in the Huby 
district, valued at $1,900, was found on the Mascot bench at the mouth 
of Bear Pup. A $200 nugget is reported from the bench claim below, 
and the gold apparently gets liner down Long Creek, that from the 
claim below the Novikaket group being very fine. It is said to assay 
from $17 to $17.65 an ounce. No consistent difference is to be noted 
in the value of the gold from the upper and lower workings.

Three miles below Long, in a smali depression between Snów Gulch 
and Fifth of July Creek, about a third of a mile from Long Creek, 
some mining was done during the winter and spring of 1915 by a smali 
plant. The working shaft, 75 feet deep, passes through 40 feet of 
muck and 35 feet of gravel and slide rock. Most of the gold lies close 
to the white clay bedrock, but some of it is scattered through 4 feet of 
the clay. The ground is extremely spotted. The gold is fine and the 
nuggets found are few and smali, the largest being worth about $5.

Short Creek valley is less deeply filled with alluyium than the val- 
leys farther up the main stream. The covering of muck amounts to 
but 6 or 8 feet and lies above 4 to 6 feet of well-worn gravel and sands 
containing numerous iron-stained bowlders of ąuartz and cobbles of 
greenstone. These deposits are being worked by open-cut methods 
about half a mile above the winter trail and are said to contain a lit tle 
gold for half a mile farther up the creek. The gold content is Iow 
but generally runs in a somewhat irregular and poorly defined chan- 
nel. The pay stroak usually lies within a foot of bedrock. Open-cut 
operations have been carried on for the last two years but were 
seriously hindered in 1915 by the freąuent lack of water in Fiat 
Creek, from which water for sluicing was obtained. Besides the gold, 
some cassiterite is obtained in the concentrates from the boxes. It 
is rather finer grained than that found on other creeks in the district. 
No attempt has been madę to save it.

The gravels on Midnight Creek are worked by underground meth­
ods. The only property being worked in 1915 lies about a mile above 
the winter trail to Sulatna River. Operations were carried on at a 
relatively shallow depth, the muck being only about 14 feet thick, 
and the 4 feet of gravel immediately beneath was being mined. Ap­
parently the mining was done on a false bedrock or clay-cemented 
band, as true bedrock was not seen nor was angular blocky gravel 
found on the dump, which contained many large ąuartz and green­
stone bowlders. The depth to bedrock increases considerably down- 
stream, as a hole sunk near the winter trail is said to have been 80 
feet deep. If the depth at the locality where mining was being done 
is 20 feet, a continuation of this grade would give a depth of over 125 
feet to bedrock at the mouth of the creek. The gold found has all



been very fine, with a few 25-cent nuggets. Associated with the gold 
is a considerable amount of cassiterite, which it migbt prove advan- 
tageous to savo, although the annual production from gold placer 
operations would amount to only a few fyundred pounds.

Greenstone Creek is like Midnight Creek in many respects, and its 
yalley includes extensive deposits of auriferous gravels, though their 
tenor is said to be Iow. The placer ground is said to be over 100 feet 
wide in the bottom of the yalley, which is considerably wider, and to 
extend for over 2 miles along the Yalley. Considerable development 
work has been done in preparation for working on a large scalę. On 
the lower part of the creek a large amount of stripping has been 
done, and a dam has been put in for storage of water for sluicing. 
During the winter of 1914-15 about 40 prospect holes were sunk on 
the upper part of the creek, and in tho following summer about 65 
morę were put down from 5 to 17 feet deep to test the ground for 
dredging. Fayorable results were obtained, and a dredge is being 
installed. Tin is also found on this creek and may proye a yaluable 
accessory minerał in dredging operations.

Last Chance, Basin, and Ptarmigan creeks aro tributaries of Long 
Creek from the west. They haye been prospected, but Basin Creek 
is the only one upon which mining has been done. Two of its tribu­
taries, Willow and Swift creeks, received attention in 1915. Some 
prospecting was done on the hcadward tributaries of Willow Creek 
in an effort to locate shallow ground for opon cutting, but the results 
were unfavorable. A few holes were also sunk about a mile from 
the mouth of the stream. The upper holes are 35 feet deep, and a 
ąuarter of a mile farther down bedrock was not reachcd at 70 feet. 
Mining was being done on a false bedrock of clayey grayel. Owing 
to lack of water, only a smali amount of gravel was taken out. The 
gold is fine, bright, and but slightly rounded. Little or no sulphide 
is associated with it, but there is a considerable amount of magnetite.

The upper part of Swift Creek has been worked by open cutting, 
and two men are now working on a single claim farther down. On 
this claim there is 6 to 8 feet of grayel overlain by 10 to 12 feet of 
muck. The muck is remoyed by sluicing, and the gravel is hoisted 
by a windlass. A considerable amount of the gold is in nuggets; one 
yalued at $50 was the largest seen. One layer of the gravel is yery 
carbonaceous. The source of this materiał is doubtful, but it may 
be decomposed debris from a buried coal seam farther upstream, as 
coal fragments are said to have been found near by.

UPPER SULATNA RIVER AND TRIBUTARIES.

Long Creek joins Sulatna River about 3 miles below the mouth of 
Greenstone Creek. The next tributary on the east is Monument 
Creek, on which prospecting has been done for seyeral years and some
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mining operations were conducted in 1913. Since tłien there has 
been further prospecting, and two smali outfits were on the creek in 
1915. Ophir Creek has been prospected, but there were never any 
extensive mining operations on it, and nothing was being done in 
1915. Late in the summer a smali prospecting outfit was working 
on Star Creek, but this was not yisited.

On the south side of the Sulatna there are several creeks which 
have received attention. Gold Run, Eanner, and Spangle creeks 
were early staked, and good prospects are said to have been found on 
Gold Run and Banner creeks, but no mining was undertaken. Spangle 
Creek was prospected and then the claimS were allowed to lapse. It 
was restaked in 1915, and one party of three men did some prospecting 
in August, but without results. Fourth of July Creek is being held, 
but little or no work has been done to ascertain the value of the
ground. '

Spruce Creek was among the creeks early staked and then left ldle 
after a nominał amount of prospecting. A part of it was still held 
in the wintcr of 1914-15, but the lower part was open to location. 
Actiye prospecting on this ground showed workablo deposits and led 
to the restaking of the creek below the mouth of Schist Creek. During 
the summer six outfits, comprising about 15 men, were on the creek 
for a part of the summer engaged in prospecting or mining, and 
obtained considerable gold. The stream flows in a rather broad 
yalley with a gentle gradient, apparently about the same as that of 
the bedrock ohanncl, which lios at depths of 55 to 70 feet. Mining 
operations have been conducted for about 3 miles along the yalley. 
The ground is generally frozen to bedrock, but thawed ground and 
water were encountered at one place, and the hole was abandoned foi 
summer work. The grayel is from 2 to 5 feet thick and is mado up 
of several yarieties of igneous rocks and dark siliceous slates, usually 
with considerable clayey materiał. The gold is found in the gravel 
close to bedrock. Most of it is well rounded and rather fine, though 
seyeral $2 to $3 nuggets have been found. Some of these nuggets 
contain vein quartz. The workable gravels rangę from some yieldmg 
75 cents a sąuare foot of bedrock to rich spots from which $12 pans 
arereported.

Tamarack Creek, staked in 1912, was actively prospected in 1913, 
and mining has been carried on sińce. During the summer of 1915 
four plants, employing about a dozen men, were at work; three were 
using steam hoists and the other a hand windlass. A number of 
holes were sunk about miles from the Sulatna, but the first plant 
is located about half a mile farther upstream, and work is being done 
for about 14 miles along the creek aboye this. The holes average 
60 feet in depth throughout that part of the creek which is being 
worked. The bottom layer consists of 1 to 5 feet of “ soft” bedrock



above tho true bcdrock. Above this is 3 to 8 feet of gravcl, and the
rest is muck. The gold lies in tbe upper foot of soft bedrock and in
the lower 3 feet of gravel, on what appears to bo the rim of an old 
channel.

The gold is rounded and shotty, not fiaky, running mostly in pieces 
worth 10 cents to $2. One $50 nugget lias been found. Assay
returns show that the gold rangos from $16.50 to $17 an ounce.
Mining costs are reported to rangę from 40 cents to $1 to the sąuaro 
foot of bedrock, and the gravels worked yield 75 cents to $2.50 to the 
sąuare foot of bedrock.

TRAIL CREEK.

Workable ground extends for over 2 miles along Trail Creek, and 
colors are said to have been obtained down the valley for 17 miles. 
During the winter of 1914-15 four plants were working on the creek 
and three of tliese continued operations during the summer. Tliere 
is a smali difference in the thickness of the valley lilling within the 
area where mining is being done. The upper workings show a thick­
ness of 30 to 35 feet of frozen muck and gravel, in wliich the gravel 
amounts to 2 to 5 feet. At the lower workings the thickness increases 
to about 40 feet, with about the same amount of gravel. It is said 
that 7 miles downstream the deptli to bedrock is 70 feet. The upper 
course of the creek presents conditions similar to those on Long Creek, 
the deptli to bedrock increasing away from the creek, owing to the 
difference in bedrock and surface profiles.

The gold lies close to bedrock, in the little-rounded, coarse gravels. 
It is irregnlarly distributed, but the gravel is reported to be richer 
at the moutlis of smali tributary gulches. The average value is said 
to be between $1 and $2 to the sąuare foot of bedrock surface. On 
the upper part of the creek about 10 per cent of the gold is in nuggets 
worth oyer $5, the largest having a value of about $300. Sonie of the 
gold is spongy in appearance and shows little rounding, but some is 
well rounded. Assay returns giye the value of gold in this yichiity 
at about $16.85 an ounce. The gold and silyer occur in the ratio of 
5.5 to 1.

FLINT CREEK AND TRIBUTARIES.

During the winter considerablo prospecting was done with a churn 
drill near Uoot Gulch, on upper Flint Creek, but without result, and 
no mining is being done. In former years there has been considerable 
prospecting of the creeks between Root and Glen gulches, but no 
extensive mining. Most of the dumps from the prospect holes show 
angular granitic debris, associated with the grayels of metamorpliic 
rock, both near the creek and on some of the ill-defmed terraces that 
are considerably above it.
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Two mi nos on Glen Gulch took out smali wintor dumps in 1915 at 
a locality about a mile and a half above the mouth of the creek, and 
two other plants did some winter prospecting, but notliing was 
attempted during the summer. At the locality where the work was 
done, on the south side of the creek, it is 25 to 30 feet to bedrock, of 
which from 1 to 7 feet consist of gravel. Farther upstream the 
ground is shallower, and some open-cut mining was done. Considor- 
able good ground was found about a mile up from Flint Creek, but 
it has been mined out. Prospecting at the mouth of Glen Gulch in the 
deeper grayels has tlius far proved fruitless. The ground is frozen, 
and thawing is necessary. Here the gold is usually found in the first 
foot of gravel or in the shattered bedrock. The gold is somewhat 
rough, and some of it is coarse, nuggets worth as much as $150 being 
reported.

Wlien the mining operations were begun on Glen Gulch ground was 
staked on Lucky Gulch, and there was some prospecting, but the 
results obtained were not promising and no mining has been done.

In 1914 Birch Creek was staked and considerable prospecting was 
done on it. During the winter of 1914-15 three mines were being 
worked and some other claims were being prospected. Bedrock on 
this creek is deeper than on any of the others worked, as it lies 70 to 
90 feet or morę below the surface. On the south side of Crooked 
Creek to its mouth there is an ill-defined silt terrace several feet above 
the creek level but below that on the south side of Birch Creek. As 
the bedrock slope is less than that of the surface of the terrace, holes 
sunk on the terrace aro considerably deeper than those put down in 
the present stream valley. Normally they show 40 to 50 feet of silts 
and sands, and the rest of the depth to bedrock is madę up of gravel 
with clayey layers. Some of the silt layers are reported to contain 
leaf impressions. It is said that near the mouth of the creek there 
are layers of iron-cemented grayel near the bottom. The iron is 
probably deriyed from the oxidation of the pyrite in the sands or 
from the leaching of the pyritiferous slates, which, with numerous 
large bowlders of vein ąuartz, make up the gravels on lower Birch 
Creek. On the upper part of this stream igneous rocks constituto a 
larger proportion of the grayels.

Gold is found for 2 miles or morę along the lower course of Birch 
Creek and between Straight and Crooked creeks. It oocurs on or 
near bedrock, which is said to be granite on the upper workings and 
black pyritiferous siatę farther downstream. The gold from the 
granite is fairly coarse, much of it is badly tarnished, and the con- 
centrates contain tin and a little pyrite. The concentrates from the 
lower workings are composed mainly of pyrite, and the tailings dumps 
emit a distinct odor of S02, produced by its oxidation.
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Mining and prospecting are rendered difficult by thawed ground 
and live water, which may be encountered below 80 feet. The 
amount of water and the depth make it almost impossible to pros- 
pect without a rather large plant having sufiicicnt boiler capacity to 
do the necessary pumping.

POORMAN CREEK AND VICINITY.

Poorman Creek lies in the Innoko Rłver basin, being separated from 
the Sulatna drainage basin by a broad ridge whose altitude is between 
1,050 and 1,100 feet. Duncan and Tenderfoot creelcs, tributaries of 
Poorman Creek, rise in this ridge opposite the heads of Tamarack 
and Spruce creeks, which flow into the Sulatna.

Poorman Creek was staked early in 1913, and in the same year 
some prospecting was done and a smali amount of gold produced. 
In the last two years mining has been actiyely carried on. In 1915 
eight mines employing about 40 men were operated during most of 
the summer, and three or four other outfits of two or three men each 
worked for short periods or were engaged in prospecting during a 
part of the season. The \\(ork was confined to a distance of about 
3 miles along the north bank of the creek, except for one outfit 
working on Little Pup, a tributary from the south. In generał tho 
work is being done on bench claims, and the old channel in places 
lies on the second-tier bench.

The north bank is the gentler, and, as in the yicinity of Long 
Creek, the bedrock floor of the old valley is wider than the present 
stream, and depths to bedrock increase with distance from the creek. 
There seems also to be a slight increase in depth downstream. The 
thickness of the yalley filling ranges from 45 to 80 feet, as determined 
by mining operations; the deepest shaft was on one of the bench 
claims.

The section consists of coarse gravel, 2 to 12 feet; fine, sharp, clean 
grayel or “ chicken feed,”  6 inches to 12 feet; and muck to the surface. 
The materiał is frozen down to bedrock. The coarse gravels consist 
largely of bowlders of vein ąuartz and rusty ąuartz breccia or con- 
glomerate, with yarying amounts of igneous rocks, ąuartzite, siatę, 
and chert. In the concentrates pyrite is the most common minerał, 
but it decreases in amount downstream. Rounded and polished 
pebbles of cassiterite showing concentric structure are common, as is 
also barite, and there is a smali amount of magnetite.

Most of the gold lies close to the bedrock surface, but it may 
extend up into 2 or 3 feet of grayel. Its assays average about $17.30 
per ounce. Nuggets worth $25 haye been found, but as a rule the 
gold is rather fine. It is mostly somewhat rough, and smali pieces 
of yein ąuartz are attached to many of the larger pieces. Though 
usually bright, the gold from at least one prospect was duli and
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nearly black. The minimum cost of mining is about 60 cents to the 
sąuare foot of bedrock, but some ground running a little less has been 
worked. The richest ground is said to run about $5 to the sąuare 
foot.

Fiat Creek was staked during the winter of 1913-14 and yielded 
considerable gold in the following summer. The production was 
materially increased in 1915, when there were 18 men working on 
seven claims. The creek is a smali tributary of Timber Creek, which 
lieads against Little Pup. The gradient is gentle, but there is an 
abrupt headward steepening. The uppermost worldngs lio less than 
a ąuarter of a mile from the head, and others extend down the creek 
for about 1J miles. Near the head the depth to bedrock is 50 feet, 
2 feet of which is gravel. Farther downstream the depth increases 
to 55 feet, including 5 feet of coarse materiał. In the workings of 
the two outfits farthest downstream the depth increases to 65 feet, 
including over 20 feet of gravel. Of this 20 feet the lower 15 feet is 
somewhat rusty and oxidized, differing from the upper layer of 
unoxidized grayels charactcristic of the rest of the creek, and prob- 
ably represents an old channel of Timber Creek. These grayels carry 
some gold on bedrock. On the upper part of the stream most of the 
gold is found in or near bedrock in the subangular grayels, but some 
of it occurs above a clay seam constituting a false bedrock a short 
distance above the base of the grayels; Associated with the gold 
are pyrite, rounded grains of cassiterite, magnetite, and a smali 
amount of arsenopyrite. It is peculiar in its lineness and extreme 
roughness and in the amount of ąuartz attached to even the smallest 
particles. Such nuggets as have been found are smali. It is stated 
that assays show the gold to have a yalue of about $15.75 an ounce. 
Mining costs are in the yicinity of 75 cents to the sąuare foot of 
bedrock and the ground carries from 50 cents to $4 a sąuare foot.

OTHER CREEKS.

There are numerous other creeks in the district that contain some 
auriferous grayels, and many of the tributaries of the Sulatna have 
been prospected in the endeayor to locate workable deposits. Easy 
Money and Tip creeks were prospected in 1913. At their junction 
it was 80 feet to bedrock. On White Channel, a tributary of Trail 
Creek, holes were sunk morę than 150 feet without reaching bedrock, 
but disclosed the presence of ań unknown deptli of white ąuartz 
grayels. Some prospecting was done here during the winter of 
1914-15. Quartz Creek has also receiyed some attention, and holes 
sunk on the main stream and on Rabbit Creek early in 1915 represent 
the last work done. Fine colors were obtained, but no workable 
placer ground was located.
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Moro or less prospecting has been clone along Big Creek, a tributary 
of the Yukon, ever sińce the first discoycries were madę in the district. 
No mines bave yet been developed. During the summer of 1915 a 
cburn drill was working near tlie head of the stream and holes were 
also being sunk on smali tributaries southeast of Ruby.

Late in the summer of 1915 there was a stąmpedc from Ruby to 
take ground a few miles upstream and across the Yukon on one of 
the lowcr terraces. The auriferous gravels lie below 20 feet or morę 
of clean white quartz bowlders, which are covercd with several feet of 
fma sediment or muck. Sufficient work had not been done in the fali 
to determine the value of the deposits.

At various times prospectors havo sunk holes on the creeks between 
Tamarack Creek and Nowitna River, but the so-called “ hard forma- 
tion”  has neyer yielded even a fair prospect, and their endeayors were 
shifted to creeks lying within the metamorphic are a., which gave 
greater promise.

CRIPPLE CREEK MOUNTAINS.

Tire gold-bearing creeks in the Cripple Creek Mountains were not 
yisited by the Survey party in 1915. It was reported to the senior 
writer, in Iditarod, that this locality is still in the prospecting stage, 
although some mining is being carriod on both by drifting and opei i - 
cut methods. The status of operations there in 1912, whcn the 
creeks were yisitecl hy Eakin,1 was as follows:

The work that has been done in the yicinity of the Cripple Creek Mountains on 
Cripple Creek, Fox Gulch, Colorado, and Butte creeks has been all prospecting. 
Workable deposits of placer gold apparently exist on some of these streams, but the 
existcnce of large placers has not yet been demonstrated. The gravels on the streams 
rangę in depth from 10 to 20 feet. Yalues vary and probably rangę in places up to $2 
a sąuare foot of bedrock surface. Tlie futurę of placer-mine development in this 
locality will depend upon the extent of such deposits, which will be known only when 
much additional work has been done.

IN N O K O  D IST R IC T .

The Innoko district was west of the linę of travel of the Suryey 
party in 1915 and therefore was not yisited. For the sake of com- 
płeteness, howeyor, the latest information on this district, obtained 
by Eakin 2 in 1912, is included:

Prior to the summer of 1912 the only workable placer-gold deposits known to exist 
in the Innoko district were those on Ophir, Spruce, Little, Ganes, and Yankee creeks. 
These streams are practically parallel and are tributary to Innoko River from the 
Southwest—except Little Creek, which is tributary to Ganes near its mouth— in the 
order given, progressing upstream. The placers on all are within a few miles of the 
Innoko. Gold prospects are said to occur on several other streams in the same neigh- 
borhood. * * *

1 Eakin, H . M., The Iditarod-Ruby region, Alaska: U. S. Geol. Suryey Buli. 578, p. 38, 1914.
2 Idem, pp. 35-3G.
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Ali placers of the Innoko district are of medium or shallow depth. The bedrock 
throughout the placer areas consists of members of the Cretaceoua sedimentary series 
and of igneous lntrusives. The latter are mainly acidic dikes and sills. * * *

PLACER MINES.

Ophir Creek.—The mines of Ophir Creek have been among the chief producers of 
the Innoko district, but the available placer ground is now nearly exhausted.

Auriferous gravels formerlyextended almost continuously along Ophir Creek yalley 
for about 2 miles. They ranged up to 70 feet in width. The alluvium is 30 feet deep 
at the lower end of the yalley. Its depth gradually becomes less upstream, and in 
the upper mines it is less than 20 feet.

Bench grayels have been exploited at a single point at claim No. 6 above Discovery. 
The bedrock floor of the bench is 7 feet above the flood-plain leyel and is oyerlain by 
a 10-foot thickness of grayels.

The alluvium of Ophir Creek is largely composed of slightly worn materials of the 
local bedrock. Well-worn grayels are rare. Silt and muck are also included in the 
upper part of the deposits. Practically all the alluvium is permanently frozen.

Spruce Creek.—The developed placers on Spruce Creek are on a Iow bench on the 
east side of the yalley about 3 miles above the mouth of the stream. Two claims have 
proved rich enough to support mining by economical open-cut methods. A ditch de- 
liyers water from a point farther upstream, at the upper margin of the bench deposits. 
The overburden is groundsluiced off, and the gold-bearing materiał is tlien shoveled 
by hand into lines of sluice boxes.

The gold occurs in the shattered surface of bedrock and in an oyerlying stratum of 
grayels 2 to 6 feet thick. The grayels are oyerlain by 10 to 15 feet of very wet frozen 
muck or silt. The width across yalley of the deposit ayailable for mining differs 
from place to place, but is at some places morę than 100 feet. The gold tenor of 
different parts of the deposit depends largely upon the roughness of the bedrock sur­
face beneatli and is extremely yariable from place to place. Little is known of the 
gold tenor of the grayels farther downstream, where the bench continues for the 
length of several claims.

Little Creek.—Auriferous deposits occur for about 2 miles along the yalley of Little 
Creek. They have proved to be rich enough to support mining through much of this 
extent. They are in part the grayels of the present flood plain and in part bench de­
posits. The flood-plain deposits are relatively narrow and those of the benches rela- 
tively broad.

The lower creek claims and the bench claims contain shallow placers worked by 
open-cut methods. The stream grayels are 18 to 30 feet deep farther upstream, where 
underground methods of mining are employed.

The alluyium in the lower creek placers is madę up almost entirely of grayels. It 
includes a few large bowlders, but they offer no special hindrance to mining by the 
methods in use. There is usually a slight oyerburden of muck. The greater depth 
of the creek placers farther upstream is due chiefly to the greater thickness of muck 
above the grayels.

The benches are best developed along the middle reaches of the streanTs course, 
and where widest they extend 500 feet from the creek. About 300 feet of this width 
is said to carry yalues sufficient for profitable mining. The gold occurs throughout a 
considerable thickness of grayel that is oyerlain by a thin deposit of muck. In min­
ing a method is employed that is similar to that used on Spruce Creek—that is, the 
oyerburden is removed and the grayels are concentrated as much as possible by 
groundsluicing, after which the gold-bearing materials are shoveled by hand into 
lines of sluice boxes.

Ganes Creek.—Ganes Creek has a pronounced deyelopment of gravel-covered 
benches along the right side of the yalley and belowthe canyon a rather broad grayel-
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covered flood plain. Gold occurs in the gravela of both types of depoaits, but tlius 
far only the bench grayels liaye proved available for mining. It seems likely that 
the flood-plain grayels may contaiu fairly high values in places, but the work of 
prospecting them is difficult because they are thawed.

The original concentration of gold in the Ganes Creek yalley occurred in preglacial 
time, when the stream was much shorter and had less yolume. Apparently a continu- 
ous pay streak was formed at that time extending for miles along the stream. When 
the stream cut down to its present level part of the old pay streak was carried down and 
reconcentrated in the present stream gravel and should be found in the reaclies be- 
tween the gold-bearing benches. Parts of the original concentration remain in the 
bench grayels. Where lateral streams cross the course of the old pay streak they have 
concentrated its yalues from the widtli of the tops of their recently cut yalleys to the 
narrow grayel deposits in their bottoms. This form of reconcentration has probably 
produced some of the richest epots of the Ganes Creek yalley.

The Ganes Creek placers have been worked almost entirely by open-cut methods. 
Water for sluicing is taken from the smali tributaries of Ganes Creek, and in many 
places work has progressed slowly on account of the smali supply. The bench grayels 
haye now been nearly worked out, and the futurę of Ganes Creek as a producer will 
depend largely upon the gold tenor of the flood-plain grayels. If systematie pros­
pecting should prove their worth, these grayels would be admirably adapted for 
dredging.

Yankee Creek.—The Yankee Creek placers are between 6 and 7 miles above the 
mouth of the stream and are all included apparently in two association groups of 
claims, each comprising 160 acres. Yankee Creek has an exceptionally broad, fiat 
yalley, and the auriferous deposits have a correspondingly wide cross-yalley extent. 
The alluvium consists of a stratum of gravel 5 to 7 feet thick, which is overlain by a 
thin bed of muck. The ground is mostly thawed in summer and is worked exclusively 
by open-cut methods.

A placer gold strike is reported to have been madę on Tolstoi and 
Boob creeks during tbe winter of 1915-16. Tolstoi Creek is about 
40 miles in length and is tributary to Disłrna River (known locally 
as Ditna), which is part of the Innoko system. It heads in the 
Beaver Mountains, but has also a number of tributaries which head 
around Mount Hurst.

The Beaver Mountains contain much monzonite, a rock which, as 
elsewhere pointed out, is an important source of the gold in the 
Ruby-Kuskokwim region. In the Mount Hurst area, howeyer, the 
country rock consists mainly of phyllite, siatę, ąuartzite, chert, and 
crystalline limestone. Prospecting has been carried on intermit- 
tently in this area sińce 1908, and gold has been found in smali 
ąuantities on a number of creeks. If the productiye ground is in 
this generał yicinity, it is most likely that the gold is derived from 
quartz vcins, which are plentiful here, as in the Buby district. If so 
the gold is likely to be less localized than where the bedrock source 
is a body of granitic or monzonitic rock.

C A N D L E  C R E E K .

On the upper part of Candle Creek, a tributary of Tatalina River 
about 12 miles long, active mining was begun on a four-claim asso-
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The laymen had been working only two weeks at the time when 
this creek was visited (July 31), and no clean-ups had yet been madę. 
This outfit, consisting of two laymen and nine others, represents all 
the mining actmty in this yicinity at present.

A  liam-shaped body of monzonite, with the shank pointed down- 
stream, forms the bedrock in the upper part of Candle Creek. It ex- 
tends downstream about 3 miles, ending abont three or four claims 
abovo Discovery claim. The divide at the head of Candle Creek is 
mado up of a hard, dense basalt, but the spurs on. both sides of the 
yalley are composed largely of sandstone and shale, presumably of 
Cretaceous age. The strearn gravels are from 9 to 15 feet thick in the 
upper part of the creek, where they are being worked, and increase 
gradually downstream. Bowlders 4 feet in diameter occur in the 
gravel, and smaller ones are numerous. Basalt and monzonite are 
the chief materials of the gravel.

Open-cut methods were being used at the time this creek was 
yisited, hut a hydraulicking outfit was nearing completion. On 
account of the scarcity of water in the headwaters of the creek, a 
bedrock basin has been cxcavated above the workings to catch sur- 
face and ground water, and a head of 100 feet will be developed.

The gold is irregularly distributed through the gravel in grains 
ayeraging about 1 per cent. Very little flour gold is reported. The 
heayy sand recoyercd with the gold is reported to be largely cinnabar, 
with some magnetite.

There can be no doubt that the gold at this locality is connected 
genetically with the monzonite. Quaptz yeins cut the monzonitic 
bedrock, and it is entirely probable that these yeins, with perhaps 
mineralized zones in or adjacent to the monzonite, constitute the 
source of the gold. Furthormore, it appears that the richest ground 
is on the upper part of the creek, where the bedrock is monzonite. 
Below the monzonite prospect the tenor of the grayel is lower. From 
250 to 350 drill holes haye been sunk with a No. 8 Keystone drill in the 
monzonite area, on the four-claim association which is being worked, 
and on claims Nos. 8, 9, and 10 aboyo Discoyery, which adjoin the 
association on tho downstream side. The yalues reported for these 
prospeets are exceedingly high and if this is true point to the futurę 
developmont of Candle Creek as a smali but very rich placer-mining 
district.

MOORE CREEK.

The workings on Mooro Creek, the south fork of Takotna River, 
are on the upper part of the creek, about 10 miles below its source. 
The gold-bearing grayels at this locality were discovered and staked 
about 1910, and mining has sińce been carried on in a smali way. 
During the season of 1915 two outfits were engaged in mining, one on



claim No. 5 above Discovery and tlio other on a bench assooiation and 
an adjoining fraction. Two mon woro at work on tho creok claim and 
four on tho bench claims.

The bcdrock here is sandstone and shale, standing yortical or 
dipping steeply to the north and striking in generał to the northeast. 
On the creek claim the gravel is about 10 feet thick and is composed 
of cobbles ranging from 6 inches to 3 feet in size, mainly sandstone, 
shale, granitic materiał, and basie igneous rock. On the bench claims 
the gravel is only 3 feet thick and is coyored by 2 feet of clay and 
vegetation.

On the bench diggings mining is carriod on by pick and shoyel 
methods. Hydraulicking is used only for stripping off the over- 
burden. Tho water is brought in a ditch from Willow Creek, a 
tributary of Moore Creek. On the creek claim hydraulicking is 
utilized in moving the gravel. The water coming from the bench 
diggings is impounded and delivered to tho nozzle under a liead of 
about 20 feet.

The gold is littlc worn and contains much quartz. Cinnabar is the 
chief hoavy sand found in tho ooncentrates, but tliis is much morę 
plentiful on the creek claim than on tho bench claims. Zircon and a 
little magnetito arc also present.

As on Candle Creek, the gold is connected genetically with the 
mineralizing effect of monzonite. A body of monzonite occurs in the 
hills to the north, at tlić head of Willow Croek, and it is not unlikely 
that similar bodies may be present farther up Moore Creek, for a 
considerable amount of granitic rock has been noted at Camelback 
Mountain (known locally as Bonanza Mountain), at the head of 
Moore Creek.

IDITAROB DISTRICT.
GENERAL FEATG RES.

Placer gold was discoverod in the Iditarod district in 190S, on Ottor 
Creek. Mining operations began in 1909 and have continued to the 
present time. This district is now a well-estabhshed mining com- 
munity and a constant producer of placer gold. Two towns, Iditarod, 
on Iditarod River, and Fiat, on Ottcr Creek, at the mouth of Fiat 
Creek, have post oflices and, together with I)iscovery, farther up 
Otter Creek, handle the business of the district. Fiat and Discovcry 
are the supply points for the adjoining mining opera tions.

Ali of the mining is of the placer typc, no gold or other lodcs having 
yet been devcloped into producing mines. Placer ground is being 
worked on Otter, Fiat, Black, Siatę, and Willow creeks, and Glen 
Gulch, and on the slopes of the granitic dome at tho heads of Fiat, 
Cliicken, and Happy creeks.
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C H AR A CTE R  OF DEPOSITS.

Eakin,1 in discussing the placer deposits of this district, has diyided 
them into two types—the alluvial deposits of gravel in tlie present 
stream yalleys and the residual deposits, or those in the deyelop- 
ment of which water has played a minor part. Some of the stream 
deposits, such as those in Glen Gulch and on Otter Creek, at Dis- 
coyery, partake of the naturę of residual deposits, in that they lie 
in an area of monzonitic bedrock, which is the source of the gold. 
The residual deposits proper, howeyer, are those in the formation of 
which stream action has had no place; and the deposits on theslopes 
of the granitic mass at the heads of Fiat, Chicken, and Happy creeks 
exemplify this type particularly well.

STREAM  PLACERS.

Otter Creelc.—Mining is being done both on creek and bench claims 
on Otter Creek, in the yicinity of Discovery. There are six creek 
claims, running from claim No. 2 above Discovery claim to claim 
“ No. 3 helów.”  These are joined upstream and downstream by 
association claims. A tier of bench claims on the north bank and 
two tiers of bench claims on the south bank lie alongside the creek 
claims. About six single and association claims were being worked 
during the season of 1915.

The bedrock at Discoyery is a body of monzonite, which extends 
upstream to the mouth of Siato Creek and ends downstream about 
three claim lengths below Discoyery claim. The yalley wali north of 
Discoyery is a basaltic rock, so that the monzonite on that side of 
the creek is confined to the present yalley floor. To the south the 
monzonite reaches well up into the head of Glen Gulch, where it 
attains its maximum width. Above and below the monzonite on 
Otter Creek the bedrock is sandstone and shale, supposedly of Cre- 
taceous age, with a generał strike of about N. 70° E. and a steep dip 
to the northwest. The grayel is composed of granitic and basaltic 
materiał, together with considerable sandstone and shaly materiał. 
The maximum depth to bedrock is about 15 feet in the creek bottom, 
but hecomes gradually less on the bench claims.

Mining on the bench claims near Discoyery is being done by means 
of mechanical scrapers. These remoye all the loose grayel and con- 
vey it to cars, which are hauled up an inclined track and dumped 
into the dump box, at the head of a cham of sluice boxes. The upper 
part of the bedrock, which also -jarries some gold, is picked by band 
and wheeled in barrows to the cars.

A dredge of the bucket-elevator fłume type, using distillate for 
fuel, is at work mining the grayels of the creek. The grayels are 
frozen and are prepared for the dredge by thawing with steam points.
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According to Brooks,1 tliere are two kinds of gold on Otter Creek, 
a coarse and a finer yariety. These two aro of different appearance. 
Tho coarse gold is darker than the fine and much waterworn. The 
fine gold is angular and bright. The concentrates contain cinnabar, 
arsenopyrite, and scheelite.

The monzonite that lies in the hed of the stream is undoubtedly 
the source, directly or indirectly, of the gold on Otter Creek. The 
fine, bright, unworn gold comes directly from ąuartz yeinlets and 
mineralized zones within the monzonite. Brooks is inclined to 
believe that the coarser and darker gold has its source in antimony 
or cinnabar lodes that closely adjoin the monzonite.

Glen Gulch.—An association claim on Glen Gulch was worked dur- 
ing the season of 1915. Mining operations were suspended before 
this locality was visited, 'but it is said that manuał methods were 
employed. The bedrock is monzonite, as on Otter Creek, and the 
gold occurs at the base of the gravel and in the disintegrated bedrock.

Black Creek.—Two plants were at work on Black Creek in 1915. 
The following, written by Eakin,2 is an adequate description of con- 
ditions there.

The placers of Black Creek are not well defined as to extent. It seems likely that 
continuous placer deposits do not extend for any great distance in the yalley. IIow- 
ever, workable deposits liave been discovered locally at seyeral places. The bedrock 
in generał consists of members of the sedimentary series and of local bodies of intrusiye 
monzonite. As on the other creeks, the depth of the Black Creek placers is not great, 
the usual rangę being 12 to 16 feet.

Siatę Creek.—Smali placer-mining operations were carried on at 
the lowcr end of Siatę Creek in 1915. It is reported that the bedrock 
is much the same as on Black Creek and that the gravels are unfrozcn.

Fiat Creek.—On Fiat Creek a dredge, two plants operating on 
benćh claims, and a bucket hoist operating in the upper part of the 
creek were at work in 1915. The company working the dredge owns 
all the creek claims in the lower 3 or 4 miles of Fiat Creek, down to 
Otter Creek, and its operations are the most extensive.

The bedrock at the extreme head of Fiat Creek is monzonite. 
Below, down to Otter Creek, sandstone and shale, rather morę 
indurated than other Cretaceous rocks near by, form the rock floor 
of the yalley. Locally beds of ąuartzite and siatę were recognized. 
Dikes of igneous rock cut the sedimentary rocks. Along the wagon 
road, about halfway up Fiat Creek, the rocks strike N. 60° E. and 
dip 50° NW. This generał northeasterly direction is belieyed to be 
the regional strike in this yicinity. The creek gravels at the point 
where the dredge is at work are about 10 feet deep and carry little 
or no oyerburden.
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The bedrock configuration of Fiat Creek, according to Brooks,1 
differs markedly from that of Otter Creek. On Otter Creek tho bencli 
and creek deposits merge gradually into one anotber, there being 
no sharp break or bedrock rim between the two. On the east side 
of Fiat Creek, in its upper part, there is a bedrock reef whicli sharply 
separates the bench deposits from the creek deposits. Moreoyer, the 
grayel deposits are of different thickness and character at seyeral 
localities. The bench deposits, however, merge into the creek 
deposits farther downstream.

The creek mining is of two kinds. The bench claims are worked 
by mechanical scrapers, much as at Discoyery, on Otter Creek. 
The dredge operates in the creek grayels, which are frozen and have 
to be thawed ahead of the dredge by steam points.

Tho gold is of two grades.1 That taken from the bench grayels 
is coarser and of higher grade than that taken from the creek grayels 
(known as the “ formation gold” ). There is, howeyer, morę or less 
intermingling of these two types, especially farther downstream, 
where the bench and creek deposits coalesco.

The gold of Fiat Creek is undoubtcdly deriyed from tlio monzonitic 
mass at tho head of the creek. Unlike the gold around Discoyery, 
on Otter Creek, it can not be considered to have any of the characters 
of a residual gold dcposit, for nearly all of the Fiat Creek yalloy bas 
a sedimentary bedrock. The Fiat Creek gold, therefore, is a typical 
creek placer deposit.

Willow Creek.—Willow Creek was yisited in 1915 by A. H. Brooks, 
who states that two plants were operating there. One of these 
employed a drag-line excayator, and the other was operating under­
ground, raising the gravel with a bucket hoist.

Bench and creek claims are staked, as on Otter Creek. Like that 
of Otter Creek, the yalley is unsymmetrical, the yalley wali on the 
west being abrupt. The bedrock is siatę, and the grayels are madę up, 
largely of sedimentary rock, with lesscr amounts of granitic and 
hasałtic materiał. There is about 10 feet of muck oyerlying from 
3 to 4 feet of grayel on the bench ground, but the muck thins rapidly 
toward the creek. The gold lies in the lower 1 or 2 feet of grayel 
and in the decomposed bedrock.

The source of gold is not established. It apparently is not a 
continuation of the Happy Creek pay streak, for Happy Creek does 
not carry gold to its mouth. Moreover, the gold is coarser and of 
somewhat higher grade. Brooks is inclined to believe that outlying 
lodes from the main monzonite mass have been the source of the gold.
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R ESIDU AL PLACERS.

The residual placers have been described by Eakin. Ten claims 
and associations may be described as belonging to this type. Five 
of these are at the head of Fiat Creek, two at the head of Chicken 
Greek, and three at the head of Happy Creek.

The monzonitic bedrock which is the source of these placer depos- 
its is mnch sheared and mineralized. The mineralization appears to 
have been accomplished in two or morę ways. Numerous ąuartz 
veinlets, from an eighth of an inch to 2 inches in width, cut the mon- 
zonite. These carry free gold, and are therefore a known source of 
sonie of the gold. Many of theni have a generał east or north of east 
direction. There are also numerous iron-stained joint planes which 
are probably also sources of gold. Most of them strike in accordance 
with the ąuartz yeinlets, but some have a northwesterly strike. 
Brooks 1 has observed that on several claims there is little evidence 
of ąuartz veining or of extensive sheeting. The monzonite is iron- 
stained and massive, and the inference is that the rock may have 
been completely saturated with the mineralizing Solutions.

The monzonite is deeply weathered, commonly to a depth of 5 to 10 
feet and in some places deeper still. It weathers out into great 
rounded bowlders, which very much resemble water-worn materiał. 
Some of these have moved down the slope and are found overlying 
finer grayel, and in such places gravel may appear to underlie bed­
rock.

Mining on this granitic dome is attended with difficulties. Most 
of the work is done by open cuts and hydraulicking. The great 
difficulty, especially in the hydraulicking operations, is the scarcity 
of water. Ditches haye been dug at numerous places along the 
upper slopes of the dome to catch the surface and ground water. 
These ditches lead the water to reseryoirs, where it is impounded to 
give the necessary head for hydraulicking or to give a steady flow 
for open-cut work. Obyiously the length of time during which 
grayel may be washed is limited by the amount of water ayailable. 
The work begins when the reservoir is fuli and ends when the water 
is exhausted, giving the work an intermittent character during the 
day. The owner of the claims at the head of Fiat Creek has built 
snów fences during the winter to cause the snów to collect in huge 
drifts, thus augmenting the summer water supply. This method 
will probably be followed by other operators.

The gold is bright and angular and contains much ąuartz. Much 
of the gold is very fine, and one of the operators reported that 10 per 
cent of his total output was recovered by amalgamating on copper 
plates, a process that is commonly followed. The richest part of 
the placer is usually near the bedrock.

1 Brooks, A. H ., unpublished notes on Iditarod district, 1915.
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GOLD LODES.

Little gold-lode mining has been done in this region. Quartz and 
ąuartz-calcite veins are very common in the Ruby district, but it 
remains to be demonstrated how many of these are capabłe of sup- 
porting lode mining. Several good-sized ąuartz yeins near Ruby 
have been prospected, and although smali ąuantities of gold are 
reported, nonę of the veins have yet proyed to be of commercial 
importance. The fact, however, that good-sized nuggets with inter- 
grown ąuartz are often found fayors the belief that richer voins are 
present and will ultimately be located and mined.

Eakin 1 reports that in the Innoko district ąuartz yeining is com­
mon, especially in the yicinity of acidic dikes. One such ąuartz vein 
was being worked in 1912. Of this he says:

The Independence minę is near the head of Carter Greek, an eastern tributary of 
Ganes Greek. The ore body is a ąuartz vein, averaging about 2 feet in thickness, that 
occurs along the hanging wali of a rhyolite dike intrusiye in the sedimentary series. 
The microscope shows that the gold lies in iron-stained crevices and vugs in the ąuartz 
and is also embedded in grains of magnetite within the ąuartz vein. Veinlets of iron 
carbonate cut the ąuartz, and iron carbonate is abundantly present in the altered 
sedimentary rock on the one hand and in the altered dike on the other. The dike 
is much altered in places, so that the original character of the rock is obscure.

The altered sedimentary and igneous rocks both contain morę or less gold. The 
workings show that the vein is continuous to a depth of morę than 90 feet, and there 
are no evident geologie reasons that it may not extend to a much greater depth.

In the Iditarod district ąuartz yeining is not common in the sedi­
mentary rocks except close to the intrusiye rocks. The monzonite, 
however, contains many ąuartz veins. In the monzonite at the head 
of Fiat Creek much of the ąuartz is bluish in color and carries free 
gold in grains that are yisible to the naked eye. The presence of 
arsenopyrite and cinnabar in the concentrates here indicates that 
these minerals probably occur in the ąuartz veins. Over 500 pounds 
of the rich gold ąuartz materiał has been gouged out from yeins in the 
monzonite at the head of Fiat Creek and shipped to the Selby smelter, 
in Tacoma, Wash.

ANTIMONY AND QUICKSILVER LODES.

Yein deposits of stibnite and of stibnite and cinnabar are known to 
exist in the yicinity of the monzonite intrusiye bodies. Nonę of 
these have been worked, but it is ąuite possible that sonie of them or 
other lodes as yet uncovered may become producers in the futurę.

At the head of Wyoming Creek, in the Cripple Creek Mountains, 
Eakin2 reports the presence of a 30-inch yein of stibnite and ąuartz. 
A specimen from this locality shows that ąuartz and cinnabar form
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the walls and stibnite the center of the vein. The vein is said to 
occur in the contact zonę between the monzonito and the sedimcntary 
rocks.

In the Innoko district Eakin1 saw a 12-inch yein of stibnite and 
ąuartz at the Kaatz prospect, 11 miles above the mouth of Copper 
Gulch, a tributary of Ganes Greek. This vein strikes N. 30° E., 
dips 75° SE., and is traceable, in association with a rhyolitic dike, 
for 6,000 feet. Stibnite is disseminated through the vein, but is con- 
centrated along the footwall. An examination of a thin section of 
this ore shows conclusiyely that the ąuartz was injected into the vein 
and was followed later by the stibnite.

At the border of the monzonite area at the head of Fiat, Chicken, 
and Happy creeks lodes carrying stibnite and cinnabar are present. 
A sample from one of these, eollected by Eakin at the head of Chicken 
Creek, shows a vein 2 inches thiok. It is mentioned, not because of 
its potential significance as a lode deposit, but because it shows very 
well the same feature that was noted in the ore from Wyoming 
Creek—that is, ąuartz and cinnabar along the edge of the vein and 
stibnite in the center.

At the head of Glen Gulch a stibnite claim known as the Mohawk 
lode has been staked. This is a mineralized shear zonę about 2 feet 
wide, at the contact of the monzonite with the country rock. The 
strike of this zonę so far as could be determined is N. 45° E. and the 
dip 45° S., according to Brooks.

This zonę, like most of the others mentioned, carries gold. Some 
narrow stibnite-bearing veins liave also been found on the lower 
part of both Glen Gulch and Black Creek.2

The Parks prospect, on the north bank of Kuskokwim Riyer, about 
15 miles above Georgetown, has been described in considerable detail 
by Smith and Maddren.3 The ore is cinnabar and stibnite, and the 
lode is in a shattered or brecciated zonę at the contact between the 
country rock and intrusive igneous rock. The intimate association 
of granitic and diabasic materiał, the characteristic feature of the 
igneous rocks in this region, is also to be seen here. According to the 
authors cited, the cinnabar and stibnite are intimately intergrown, 
and the deposition of the two miner ais was almost contemporaneous. 
The gangue is ąuartz and ferruginous carbonates.

STREAM TIN.

Stream tin in the Ruby-Kuskokwim region is not considered by 
the writers to be plentiful enough to warrant a discussion of its pos- 
sible economic significance. Many ąueries, howeyer, were madę by

1 Eakin, H . M., orał communication.
2 Brooks, A. II., The antimony deposits of Alaska: U. S. Geol. Survey Buli. 649,1916.
3 Smith, F. S., and Maddren, A. G., Quicksilver deposits of the Kuskokwim region: U. S. Geol. Survey 

Buli. 622, pp. 274-280, 1915.
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miners regarding the naturę of certaiń heavy Itrowa pebbks roooy- 
ered by them in the concentrates. 'fbfe fdlidwiiig ilOtgś Aib ihteiided 
as an answer to such ąueries:

Tin in tbe form of the oxide, cassiterite, is obtained in the conceri- 
trates on Short, Midnight, Greenstone, Monument, and Trail creeks, in 
the yicinity of Long, and represents a phase of mineralization which is 
doubtless associated with the coarse-grained granite occupying the 
crest of the ridge at the head of Flint Creek. A similar granite 
intrusion and its attendant mineralization accounts for the presence 
of tin on upper Birch Creek. On Ruby Creek there is no known 
exposure of granite, but the concentrates likewise contain cassit­
erite. The cassiterite occurring at these places is in the crystalline 
form, translucent to opaąue, and from yellow-brown to black. It 
resembles rutile or wolframite in appearance.

On Poorman and Fiat creeks, in tho yicinity of Poorman, the cas­
siterite is in the form known as wood tin, showing no crystal form, 
but haying surfaces which are mamillary or reniform and internally 
showing concentric structure in which banda rangę from yellow to 
dark brown. The source of this tin is unknown, but probably it is 
of vein origin. This form much resembles limonite and is with diffi- 
culty distinguished from it.

A simple test for both forms of cassiterite consists in placing frag- 
ments of the minerał in a glass or enameled dish with some granu- 
lated zinc, and pouring over them sulphuric or hydrochloric acid. 
After heating a few minutes cassiterite shows a coating of tin, which 
becomes morę eyident after rubbing on a piece of cloth to brighten it.

CO AL BE SOURCE S.

Coal-bearing rocks of Cretaceous age occur at numerous places in 
the lower Yukon basin, and some smali mines have been opened in 
them, but the demand for coal has been slight and conseąuently the 
development has not been extensive. In the Ruby-Iditarod region 
coal has been reported from several places. A prospect hole 9 or 10 
miles from the head of Quartz Creek, in the Ruby district, is said to 
have reaclied coal at a depth of 100 feet. On Swift Creek, a tribu- 
tary of Basin Creek, a layer of the gravel shows a high percentage of 
carbonaceous materiał, resembling the detritus from a coal seam, 
and coal fragments are said to have been found near by.

Coal has been found in a prospect hole sunk to a depth of 50 feet 
on lower Poorman Creek. Water filled the hole at the time of the 
writer’s visit, and the extent of the coal was not observed. A cross- 
eut driven from the foot of tho shaft is said to show coal having a 
70° dip. This indicates a seam of considerably greater thickness 
than is found elsewhere in the adjacent regions. There is said to be 
15 feet of a yellow gummy gouge between the coal and the oyerlying



gravel, and this gouge also forms partings in the coal. Only a smali 
ąuantity of the coal has been mined— at most a few tons. It is sub- 
bituminous, igniting witb difficulty but burning readily after ignition. 
Some of it bas been used as blacksmith coal, but bas not proved 
wholly satisfactory for this purpose. On exposure to the air it slacks 
badly, althougb it is probable that the materiał seen was obtained 
near the snrface of the seam and in conseąuence would tend to dis- 
integrate morę readily tban coal taken at greater depths beyond the 
influence of atmospheric agenci es. Owing to the depth and the dis- 
tance from any considerable market, the present utilization of this 
coal seems extremely doubtful.

Maddren obtained information in 1910 from a prospector to the 
effect that coal liad been found on Homestake Creek, in the Nowitna 
basin, at a depth of 46 feet, and that it also occurred at the head 
of the Nowitna.

The open-cut mining on Moore Creek has exposed the bedrock 
along the creek, and at one place there is a very carbonaceous layer 
in the shales. Little is known of this occurrence, but it is probably 
only a thin carbonaceous seam.

In the Iditarod district coal croppings have been reported from a 
number of localities. Smith 1 has described these in detail and given 
an analysis of some coal taken from a prospect on the tramroad be- 
tween Iditarod and Fiat.

During the winter of 1914-15 another coal prospect was opened in 
the same vicinity, near the juncture of the wagon roads from Fiat 
and Discovery. Additional work was to be done on this property 
during the winter of 1915-16. The owners stated that the strike of 
the beds is N. 38° E., and the dip of the coal seam about 80° SE. 
A shaft 30 feet deep has been sunk, the lower 25 feet of which is in 
frozen ground. The section of coal, as given by the owners, is as 
follows: Shale (hanging wali); coaly shale, 10 inches; clean coal, 14 
inches; shale (footwall). The coal appears to be subbituminous. A 
sample was taken from the dump and will be analyzed for a report 
later.

It is likely that there aro a large number of coal beds in the Creta- 
ceous rocks in this generał neighborhood, and other beds will there- 
fore probably be discovered in the course of time. The fact, how- 
ever, that only smali beds have so far been uncovered indicates that 
these are the rule rather than the exception. Nerertheless, in the 
Iditarod district, where wood is becoming scarce, such beds may 
prove to be of considerable importance as a source of fuel for local 
consumption. They certainly merit further prospecting.

i Smith, P. S., Minerał resources of the Lakę Clark-Iditarod region: U. S. Geol. Survey Buli. 722, pp. 
268-270, 1915.
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MINERALIZATION.

The roeks collected during the field season of 1915 have not yet 
been studied in detail, and it may bo necessary later to modify some 
of the conclusions reached in this paper. At the present time, how- 
ever, the data at hand points to mineralization at two periods in the 
Ruby-Kuskokwim region. This conclusion is based on evidence 
regarding the genesis of the placers, on the character and distribution 
of the ąuartz yeins, and on the character of the concentrates takcn 
with the gold.

In the Ruby district, exclusive of the Cripple Creek Mountains, 
ąuartz veins are very common throughout the sedimentary ancl 
igneous roeks, and Eakin 1 has assigned these as the source of the

foki in this district. Many sucli veins, howeyer, are apparently 
arren, and it is rather likely that there may be several series of 

ąuartz veins, of which certain ones, related perhaps to a definite 
period of mineralization, are the sources of the gold. It may be that 
some of the intrusives grouped in this report under the term green- 
stone are of original monzonitic or dioritic naturę and havo a genetic 
relation to*the auriferous ąuartz yeins. It is hoped that later micro- 
scopic work will shed some light on this problem. It is certain, how- 
ever, that in this district placer ground is found overlying sedi­
mentary bcdrock at considerable distances from any known bodies of 
granitic roeks, and it is necessary to postulate auriferous ąuartz yeins 
to explain the presence of gold.

In the other placer gold areas to the south, including the Cripple 
Creek Mountains, the Innoko district, Candle Creek, Moore Creek, 
and the Iditarod district, different conditions preyail. In some 
places, as at the head of Fiat Creek, the gold placers are residual, 
being weathered out of granitic bcdrock. In other places the placer 
ground is some distance downstream from such rock or from gold 
lodes, but the gold is always definitely related to acidic intrusiye 
roeks. Moreoyer, in the districts aboye named, ąuartz yeining is 
uncommon, except within intrusiye bodies and near their peripheries, 
a condition which is in sharp contrast to that prevailing in the Ruby 
district. A further difference exists in regard to the character of the 
ąuartz yeins. The only accessory sulphides obseryed in tlio ąuartz 
veins in the yicinity of Ruby, Long, and Poorman are pyrite and 
arsenopyrite. In the Southern areas cinnabar and stibnite, as well 
as pyrite and arsenopyrite, are found in the ąuartz veins and lodes.

The concentrates present a most striking illustration of the differ­
ence in character of the northern and Southern mineralization. The 
rock-forming iron minerals, magnetite and ilmenite, are found uni-
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1 Eakin, H . M., The Iditarod-Ruby region, Alaska: U. S. Geol. Suryey Buli. 578, p. 43, 1914.



yersally. Pyrite and arsenopyrite likewise are not localized. Around 
Puby, Long, and Poorman, howeyer, cassiterite is very common in 
the concentrates, and. on Poorman Creek barite also occurs. Neither 
of these minerals, so far as known, are present south of Poorman. 
On .the other hand, oinnabar is found universally in the Southern 
zonę, with stibnite and scheelite in some plaoes. The only known 
occurrence of any of these minerals in the northern zonę is at Spruce 
Creek, northeast of Poorman, near the south end of the northern 
zonę, where cinnabar occurs in the concentrates. If, as is supposed, 
the Southern zonę represents a later period of mineralization, it is 
quite possible that this period should be represented in the north, 
especially near the boundary between the two zones. Henco the 
occurrence of cinnabar on Spruce Creek is not anomalous. On the 
other hand, the restriction of cassiterite to the northern zonę is quite 
essential to the truth of the hypothesis to be proposed.

From the foregoing considerations the writers are led to bclieve 
that there were two distinct periods of mineralization in the Ruby- 
Kuskokwim region. The mineralization in the yicinity of Ruby, 
Long, and Poorman is the older, but its age can not be assigned with 
certainty. It maybe either Paleozoic or Mesozoic, but the facts that 
Mesozoic mtrusions elsewhere in Alaska are connected with mineral­
ization and that there is no record of defmite Paleozoic mineraliza­
tion afford presumptive evidenco in favor of considering the northern 
mineralization to be of Mesozoic age. The monzonite of the Southern 
zonę, to which the placers are related, has been considered to be of 
Tertiary ago, and the mineralization which accompanied it is of 
course also Tertiary. It seems necessary, if this hypothesis is correct, 
to belieye that the northern mineralization took place in the old 
Paleozoic and Mesozoic land mass prior to the deposition of the 
Cretaceous sediments that cover much of the country south of 
Poorman.

One other factor bearing on the age of the mineralization in the 
Ruby-Kuskokwim region remains to be considered. It is probable 
that the northern and Southern types of mineralization do not 
represent single periods of mineralization in the Mesozoic (?) and 
Tertiary. Direct evidence on this point is lacking in the northern 
zonę, but the presence of cassiterite in some of the concentrates and 
its absence in others, as Weil as the occurrence of barite on a single 
creek (Poorman Creek), suggest this possibility. Microscopic work 
has already shown that in the Southern zonę the stibnite is later than 
some of the vein quartz; and gold is known to exist both in quartz 
yeins and in tho stibnite and cinnabar lodes. Attention has already 
been callcd to the two diiferent kinds of gold which are found in the
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Iditarod district. Such facts are certainly suggestiye of the pos- 
sibility that the gold mineralization may have taken place in two or 
morę distinct stages, within the same generał period of mineralization.

POSSIBLE AREAS FOR PROSPECTING.

The areas in which the two types of mineralization above referred 
to have occurred coincide in their distribution in a generał way with 
the two physiographic provinces of the region, and both the mineral­
ization and physiography are factors that must be taken into account 
in giving advice to the prospector.

In the Ruby district, exclusive of the Cripple Creek Mountains, 
placer gold is not known to be directly dependent for its position on 
bodies of intrusiye rock, though such bodies were probably infłuential 
in the formation of the ąuartz veins. Were it possible to know the 
character of the country rock in this district, the best advice would 
probably be to prospect in creeks in whose upper basins the country 
rock is cut by numerous ąuartz veins. It happens, howeyer, that 
in tlio major part of the Ruby district bedrock is effectually covered 
by a mantle of unconsolidated deposits. The prospector and geol- 
ogist are therefore alike in the dark as to what creeks are likely to 
become producers. The ultimate solution of the problem lies in 
prospecting.

In the Cripple Creek Mountains and in the Innoko-Iditarod dis­
trict the conditions are dilferent. Here, too, the yalleys are filled 
with alluvium, but the ridges are higher, and bedrock exposures 
may usually be found on the interstream divides. Such cxposures 
afford a generał idea of the character of bedrock in the valley bottoms. 
It is now commonly recognized that the gold placers in this part of 
the region are closely associated with granitic rocks. Streams which 
head in areas of granitic rocks or which have a granitic bedrock are 
therefore the logical places to prospect. It does not follow, howeyer, 
that gold will be found uniyersally around granitic rocks, for such is 
not the case, but it may be stated negatiyely that in this region gold 
is never found very far from granitic bodies.

There is one point which may be of yalue to the prospector in 
searching for granitic rocks. It sometimes happens that such rocks 
are present in the yalley bottom covered by alluyium and the inter­
stream divides give no indication of this fact— that is, the granitic 
body may be smali and confined to the yalley bottom. This condition 
actualły occurs on Candle Creek and Otter Creek. It has been 
observed, howeyer, that most of the granitic intrusives in this region 
are surrounded, adjoined by, or in some way associated with basie 
intrusiye rocks such as gabbro, diabase, and basalt, and it seldom



happens that both the basie and acidic intrusives fail to crop out on 
the divides. Therefore where basie intrusives are found tbe pros- 
pector should look carefully down the valley slopes and in the valley 
wash for granitic detritus. On Otter Creek and Candle Creek the 
presence of large masses of basie rock on the adjoining divideswould 
have caused the initiated to search for granitic rock in the neigh- 
borhood.

MINING IN 1915.

KUBY DISTRICT.

Mining was done in 1915 in the Ruby district, including the Cripple 
Creek Mountains, about two principal centers, Long and Poorman, and 
in addition somo gold was taken out from Ruby Creek at Ruby and 
from Colorado Creek, in the Cripple Creek Mountains. Long Creek 
and its tributaries, Bear Pup, Short, Midnight, Monument, and Basiu 
creeks, together with Glen Gulch, Birch Creek, tributaries of Flint 
Creek, and Trail Creek were the sources of placer gold in the vicinity 
of Long. Spruce and Tamarack creeks, tributaries of the Sulatna, 
and Fiat and Poorman creeks were the producers near Poorman.

In all 61 outfits were at work in the Ruby district, employing 254 
men. Six claims were operated by open-cut methods, some of wliich 
used steam hoisting machinery as an accessory to convey the grayel 
to the elevated linę of sluice boxes, or in stripping. On 21 proper- 
ties the hoisting was done by hand, and on 34 it was done by steam 
hoists. It is estimated that gold to the value of about 1700,000 was 
produced in the Ruby district in 1915.

INNOKO DISTRICT.

In the Innoko district the same creeks were productive in 1915 as 
in former years, including Ophir, Spruce, Little, Ganes, and Yankee 
creeks, with some of their tributaries. The returns that liave been 
received indicate that most of the mining was done by open-cut and 
hydraulicking methods, except on Little Creek, where underground 
mining was done on two claims. Reports have been received from 
12 properties, employing a total of 49 men. The gold produced in 
1915 had a value of about $190,000.

CANDLE AND MOORE CREEKS.

Seventeen men were at work on Candle and Moore creeks, on three 
properties. On two of these the work is being done by hydraulick­
ing and on the other by open-cut and manuał methods. Compłete 
dates on the value-of the gold produced are not available at tliis 
writing.
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ID IT A R O D  D IS T R IC T .

In the Iditarod district mining was done on Fiat, Chicken, Happy, 
and Willow creeks and on the diyide at the head of Fiat Creek. In 
the yicinity of Discovery mining was in progress on Otter, Black, 
and Siatę creeks and on Glen Gulch. In all, 24 mines were worked, 
and from 350 to 400 men employed. Two dredges were actiye, but 
most of the plants used mechanical scrapers and hydraulicking opera- 
tions. Open-cut work, involving shoyeling and sluicing, as well as 
little drift mining, was also done. The total value of the gold pro- 
duced in 1915 is $2,050,000.
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A-

Chitina VaIIey, upper—Coritiniied.
climate...........................................
copper.......... *...............................

■ geography....................................
geology...........................................

m ap,........................................
gold—  *** ..«* ..........................
map, geologie.. ............................
surveys..........................
vegetation..........................

Chitistone limestone:
Chitina Valley............................

map.........................................
Cholmondeley Sound:

gold...............................................
silver-lead......................................

Cinnabar. See Mercury.
Circle precinct:

dredging........................................
gold.................................................

Cleary Creek (Fairbanks district):
gold.................................................

Cleary Creek (Tolovana district):
gold.................................................

Clili (gold) m inę................................
Coal:

analyses..........................................
bibliography.................................
Bering R iver...............................
consumption...............................
Cretaceous rocks.........................
distribution, m ap........................
Iditarod district..........................
Kenai Peninsula.........................
leases.............................................

form s.....................................
Matanuska River........................
Nenana field................................

analyses.................................
production....................................
Ruby-Iditarod district...............

See also particular places.

Page.

..  182 

..  134
130-132 
132-134 

..  134

.. 135

..  134
129-130 

. .  132

..  133
, ,  134

.. 81-82 
99

.......... 63

............21,63

... 58,59,60

.........  208

. . . .  143,144

.......  32
......... 32-34
......... 30
......... 31
......... 261

In pocket.
.........  261
.........30,56
.........30,31
......... 34-52
......... 30
.........  31-32
......... 32
.. .  17,30-31 
238,260-261

Coal Creek:
gold.................................................................  63

Coarse Money Creek:
gold.....................    62

Coco Harbor:
marble............................................................. 106

Collier, A. J.:
explorations................................................... 223

Colorado Creek:
gold.................................................................  265

Colorado (gold) claims........................................  60
Columbia Glacier:

gold.................................................................  143
Combination (molybdenum) claim.................  100
Cook (gold) claim................................................  81
Copper:

distribution, map...............................  In pocket.
ores........ ......................................................... 21

copper tenor...........................................  21
gold tenor................................................ 21

production.....................................................  16-18
sources............................................................  21
See also Ketchikan district; Prince Wil­

liam Sound; minor places.
Coppermount:

copper........................    91

Pag<3.
Copper Mountain (upper) claim......................  54
Copper River and Cook Inlet region:

gold production............................................  19-20
investigations................................................ 12
Kenai formatlon...........................................  164
See also Copper River and Cook Inlet; 

Kachemak Bay.
Copper River region:

copper.............................................................  64
gold production............................................  64
investigations................................................  H
mining industry............................................ 54
molybdenite....................*............................  54

Cordoya Mining & Development C o/s  (gold)
claims..........................................................  142

Corónation Island:
silver-lead................................................... -• 99

Cosna-Nowitna region: 1
access........................................................... 217-218'
fossils.................................    218
gamę and fish.............................................. 216-217
geography................................................... 212-218
geology.......................................................... 218-219

map..........................................................  218
gold.............................................................. 220-221
igneous rocks.................................................  219

map..........................................................  218
investigations.................................. 12-13,211-212
map, geologie................................................. 218
map, index..................................................... 211
mineralization............................................ 219-221
natives............................................................ 217
prospecting................................................. 220-221
yegetation..................................................... 215-216

Council district:
gold.................................................................  71

Crackerjack-Hollis (gold) claim ........................  80
Crater Lakę outlet:

discharge........................................................  127
Cretaceous rocks:

Chitina Valley...........................................  133-134
map..........................................................  134

Ruby-Kuskokwim region........................... 233
coal........................................................... 261
map..........................................................  236

Creyice Creek:
gold.................................................................  65

Cripple Creek Mountains:
gold........................................................  65,249,265
prospecting....................................................  264

Crites & Hall (gold) minę..................................  60
Crow Creek (Kenai Peninsula):

gold.................................................................  55
Crow Creek (Tumagain-Knik region).. 170,175-181

geology...........................  159.170,175-181,188-189
figures................................................... 176,178

gold............................................... 181-186,188-191
Culross Island:

gold.................................................................  142
Cymru (copper) minę......................................... 89-90

D.
Pall Creek:

gold.................................................................  71
Dali Island:

copper.......................................................... 100-102

2 6 9
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Pall Kiver: Page.
gold.................................................................  64

Peadwood Greek:
gold.........................   63

Pean (copper) claim...........................................  84
Pevonian rocks:

Chitanana River...........................................  218
map..........................................................  218

Cosna River...............................................  219,221
map.................................................... . . .  218

Kuskokwim R iver.......................................  232
map..........................................................  236

Nowitna R iver.................................    221
map..........................................................  218

Pime Creek (Seward Peninsula):
gold ....................................................................22,70

Pisappointment Creek:
gold.................................................................. 67

Podge Creek:
gold.................................................................. 65

Pom e Creek (Fairbanks district):
gold............................................................  58,59,60

Pom e Creek (Fortymile district):
gold ..................   62

Ponglas Island:
gold....................................................................74-75

Prag-line excavator:
Iditarod district............................................ 66

Predging:
frozenground.................................................. 24-26

cost...........................................................  26
operations......................................................... 22-27 *
production................................   27
See also particular districłs, creeks, etc.

Punton (gold) minę............................................ 80

E.
Eagle Creek:

gold —  *......................................................... 63
Eagle district:

gold.................................................................  63
Eagle River................................................ 150,169-170

geology................................... 153,151,161-164,170
gold................................................................193-194

Eagle River (gold) minę.......................................76-77
Eakin, H. M.:

exploration in Cosna-Nowitna region.. 211-221
on Iditarod-Ruby region........................  227-229,

232,233,237,239,249-251,254,255,258,262
work................................................ 13,211-212,224

Easy Money Creek:
gold.................................................................. 248

Eklutna Creek.................................................... 150,169
geology............................ 153,154,160,161-163,171

Eldorado Creek:
gold ....................................................  59

Elephant Creek:
gold.................................................................  67

Elevenmile (copper-silver) claim ....................... 97,99
Ellamar district:

copper.......................................................... 140-141
Ellamar Mining Co.’s minę............................ 138,140
Elliott Creek:

copper.............................................................  54
Ester Creek (Fairbanks district):

gold............................................................  58,59,61
Ester Creek (Tolovana district):

gold.................................................................  208

Eureka Creek: Page.
gold.................................................................  64

Eurus (marble) claims.......................................  100
Eva Creek:

antimony.......................................................  29
gold.................................................................  59

F.
Fairbanks Creek:

gold............................................................ 58,59,60
Fairbanks district:

antimony...........................................  29-30,57,237
dredging.................................................... 22,27,59
gold..............................................................21,57-61

production..............  57-58
silver production............................................ 57,58
tungsten..................................................  61-62,238

Fairhaven district:
coal..................................................................  30
gold.................................................................  71

Fidalgo Mining Co...........................................  138,141
Fish Creek:

discharge....................................................... 111-112
Fiat......................................................................... 253
Fiat Creek (Fortymile district):

gold.................................................................. 62
Fiat Creek (Iditarod district):

gold....................  66,237,248,255-258,262,265,266
tin....................................................................  260
watersupply.................................................  229

Flemish (gold-copper) minę..............................  78
Flint Creek:

gold......................................................  245-247,265
Flume Creek:

gold.................................................................  59
Fork Creek:

gold.................................................................  68
Fortune (gold) claim........................................... 81
Fortymile district:

dredging.........................................................  27
gold....................................................................62-63

Fox Creek:
gold.................................................................. 63

Franklin Creek:
gold.................................................................  208

Flanklin Gulch:
gold.................................................................  62

Frozen ground:
drag-line excavating....................................  66
dredging........................................................... 22-26

cost........................................................... 26
Funter Bay:

gold.................................................................  76

Galena. Sce Silver-lead.
Galena Bay:

copper.............................................................  140
Galena Bay Mining Co.’s (copper) claims_________  140
Ganes Creek:

antimony.......................................... -............ 259
gold.......................................... 65,249,250-251,265

Gamets:*
Wrangell......................................................  53,104

Geologie surveys.................................................. 7-8,9
Gertrudę Creek: 

gold 208
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Giffin, C. E .: Fag0-
work.............................................................. 13,224

Gilbert, G. K.:
on water transporiation of dóbris.............  241

Gilmer (antimony) m inę...................................  29
Gilmore, C. W .:

explorations.................................................. 223
Gilmore & Stevcnscn (gold) m inę...................  60
Gilmore Creek:

gold.................................................................  59
Gilpatrick (gold) claims..................................... 56
Girdwood (gold) claims..................................  185-186
Glaciation...................................... ; .................. 167-168

Turnagain-ICnik region............................ 166-172
Glacier Creek basiD............. 150, 170,172-173,174-181

geolog?........................................................  159,181
gold...............................................  181-186,188-191

Glacier Island:
copper................................  139

Glen Gulch (Iditarod district):
antimony.......................................................  259
gold................................................   254,255,266

Glen Gulch (Ruby district):
gold.............................................................  246,265

Goat Creek............................................................ 131
Gokatchin Creek:

dischargo.............................................................. 127
Gold:

distribution, m ap.................................In pockot.
lode production............................................  20-21
placers............................................................  54

dredging.................................................. 22-27
production........................................  20-22,27
tenor........................................................  21-22

placers, beach................................................ 54
production.....................................................  16-26
sources........................................................  20-27

Gold Bullion m inę..............................................  197
Gold Creek (Koyukuk district):

gold................................................................... 64,65
Gold Creek (Port Valdez district):

gold.............................................................. 144,145
Golden:

gold.................................................................  142
Golden Eagle claim............................................. 142
Gold King minę........................................ 143,144-145
Golden Wonder claim ........................................  142
Gold Quartz claims.............................................  200
Gold Run Creek:

gold...............................................................  62.244
Gold Standard minę...........................................  82
Goldstream Creek (Fairbanks district):

gold.................................................................  58,59
Goldstream Creek (Tolovana district).......................  203

gold...............................................  205,207,208,209
Goodhope (copper) claim................................... 91
Good News Bay district:

gold.................................................................  68
Goodro (copper) m inę........................................  85
Googoo (gold) claims..........................................  82
Gotsongni Bay:

marble......................................................... 103-104
Government Railroad..................................... 150-151
Granite (gold) m inę..................   141-142
Granite Mountain:

gold.................................................................  80
Graphite:

Seward Peninsula........................................  53

Gravina Island: Page.
copper...............................................................93-94

Green Lakę outlet:
discharge, Sitka............................................ 126

Greenstone Creek:
gold ...............................................................  65,243
tin ...................................................................  260

Greenstones:
Ruby-Iditarod region...................

map...........................................
Grindstone Creek:

discharge....... .................................
Groundhog Basin (silver-lead) claim
Groundhog (gold) prospects..............
Grouse Creek:

gold..................................................
Grubstake Creek:

gold..................................................
Gypsum:

Chichagof Island..........................
distribution, m ap.........................
production.....................................

I i .

Hamilton (gold) claim........................................ 142
Hammond River:

gold.................................................................  64
Happy Creek (Fairbanks district):

gold.................................................................  59
Happy Creek (Iditarod district):

gold........................................................  66,257,266
Harrington, G. L.:

.work..............................................................  13,224
Harrington, G. L ., Mertie, J. B., and:

Minerał resources Kuby-Kuskokwim
region............................................ 223-266

Hatcher (gold) claims........................................  200
Hed & Strand (antimony) minę........................ 30,71
Helen S. (gold) group......................................... 78
Heim Bay:

gold.................................................................  32
Hess Creek:

basin............................................................  202-203
gold..................................  63,201,205,207,208,209

Hetta Inlet:
copper.............................................................  90-91

Hodzana River:
gold.................................................................  64

Homestake Creek:
coal..............................................................  238,261

Homestake (gold) minę...................................... 60
Hoosier Creek:

gold.................................. '.............................. 64
Hope (gold-silver-lead) claims............................. 82,99
Hot Springs district:

gold................................................................... 21,64
t i n . . . . ! ...............................................  27,28,57,64

Hubbard & Elliot Co.’s (copper) claims......... 54
Hummer Bay:

gold.................................................................  142
Hunter Creek:

gold.................................................................  64
Iiunters Bay:

copper.............................................................  91
Hurst, Mount:

gold.................................................................  251
Hyder...........................................................  95

. . .  233-234 

.......  236

.......  127

........ 98-99

.......  76

.......  209

.......  200

........ 104
In pocket. 
........ 17
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I. Page.
Iditarod.............................................................  229,253
Iditarod district:

antimony..............................................  66,237,259
cinnabar.........................................................  66
coal..............................................................  238,261
drag-line excavator......................................  66
dredging.................................................... 22,23-27
geology........................................................  230,233

map..........................................................  236
gold......................................  22-27,66,253-258,266
population.....................................................  227
tungsten.......................................................  66,238

Independence (gold) claim (Fairbanks dis­
trict).................................................  60-61

Independence (gold) minę (Innoko district). 258
Independence Gold Mines Co.’s m inę............197-198
Indian Creek......................................................... 150

geology............................................................ 153
gold .............................................................. 187,192

Indian River:
gold .................................................................  65

Ingle Creek:
gold..........................................................t - - . 62

Innoko district:
antimony.......................................................  237
gold ...........................  65,247-248,249-251,258,265
population.....................................................  227

Investigations:
distribution...................................................  7-13

Iron (copper-silver) claim ................................... 97,99
It (copper) minę.............................................  83., 84-85

J.
James Lakę:

gold.................................................................  81
Jap (gold) claims...................................    199
Jay Creek:

gold.................................................................  65
Johnson, Albert:

on scheelite discovery..................................  61-62
Johnson, B. L .:

mining on Prince William Sound........... 137-145
work..............................    11,161

Jualin (gold) minę...............................................  77
Jumbo (gold) claim— .................................. '.. 81
Jumbo-Kennicott (copper) minę......................  54
Jumbo (copper) minę.........................................  83,90
Juneau district:

gold.................................................................  74-78
map.................................................................  74
water powers.............................................. 106-108

Jurasśic rocks:
Chitina Valley............................................... 133

map..........................................................  134

K.
Kaatz (antimony) prospect...............................  259
Kachemak Bay:

coal.................................................................... 30,56
Kantishna district:

antimony.......................................................  30,67
gold...................    67

Kantishna R iver.................................................  213
Kapon Creek:

gold.................................................................  68

Karta Bay:
Karta River discharge.............................  109-111

Karta River:
discharge, Karta Bay............................... 109-111

Kasaan Bay:
copper................................................................84-88

Kasaan Peninsula:
copper.............................................................  83-88

Katalla:
Petroleum....................................................... 52

Keete Inlet:
copper............ : ..............................................  90

Kenai-Alaska (gold) minę.................................  56
Kenai formation:

Cook Inlet region..........................................  164
Kenai Lakę:

antimony.......................................................  55
Kenai Peninsula:

antimony............ ........................................... 30,55
coal..................................................................  56
dredging.........................................................  55
gold.................................................................  55
lode mining.................................................... 21,55
minerał industry.............................................55-56
placers............................................................. 55

Kennicott:
copper.............................................................  54

Kensington (gold) minę.....................................  77-78
Kenyon Creek:

gold.................................................................. 67
Kern Creek:

gold.............................................................. 186-187
Ketchikan Creek:

discharge, Ketchikan..............................  119-122
Ketchikan district:

barite...............................................................53,104
map.................................................  In pocket.

copper..................................................  21,73,84-98
map.................................................  In pocket.

gold....................................................................79-83
map................................................. In pocket.

investigations...............................................  11
map.......................................................  In pocket.
marble................................. . — ................. 100

map................................................  In pocket.
silver-lead.........................................................98-99
water powers.................................................  106

Kiagna River........................................................  131
geology............................................................  135
gold.................................................................. 135

Killarney Creek:
tin....................................................................  28

Klery Creek:
gold.................................................................. 71

Knight Island:
copper.......................................................... 138,139

Knight Island Copper Mining Co.’s minę.......  139
Knik Arm:

* coal..................................................................  154
gold....................................................... 187,192-194
investigations................................................  12
tides.............................................................  173-174
See also Tumagain-Knikregion.

Knik Glacier..............................................  166-167,169
Knik River................................................  149,150,169

geology.............. ............  153-154,157-158,171-174

P a g e .
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Kobuk region:
Sold..............................

Kodiak Island:
beach placers.................

Kosciusko Island:
water powers................

Kotsina-Chitina district:
copper............................

Kougarok district:
gold .................................

Koyukuk district:
gold..............................

Kuskokwim region:
dredging........................
gold..............................

Kuskokwim River:
antimony.......................
fossils..............................
geology...........................

m aps........................
mercury.........................

Kuskokwim-Ruby region.
kowim region. 

Kuskulana Valley:
copper............................

Kwikluk River basin: 
gold .........................—

.............................  71

.......  ................. 56

.............................  107

.................  21

.............................  71

........................ 21,64-65

.................  68

.................  68

.............................  259

.............................  218

...................................232

.......................... 218,236

.............................  259
Sce Ruby-Kus-

P a g e .

54

68

L.
Lafeor:

census.............................................................  21-22
Lakę Bay:

copper...............................................................88-89
Lakina Copper Co. ’ s claims...............................  54
Lakina River:

copper............................................................. 54
Landlock Bay Copper Mining Co.’s minę___  141
Landlocked Bay:

copper............................................................. 141
Last Chance (gold) claims...................................80-81
Latouche Island:

copper.............................................................  139
Latouche Island Copper Mining Co. ’s minę. .  139
Lead:

production. .  ................................. 17,28-29,98
Sce also Silver-lead.

Leases:
coalmining........ .............................................30,31

forms......................   34-52
Petroleum....................................................... 52

Leibrant (copper) claims...................................  85
Lhote (copper) group.........................................  94
Lieber & Filo (gold) claims...............................  64
Lignite Creek:

coal.................................................................. 32
Lillian Creek:

gold.................................................................  208
Lily (marble) claims..........................................  103
Linda Creek: .....................................................  64,65

gold.................................................................  64,65
Little Creek:

gold.................................................  65,249,250,265
Little Eldorado Creek (Chisana district):

gold...........................................  62
Little Eldorado Creek (Fairbanks district):

gold.................................................................  58

41354°—Buli. 642—16-----18

Livengood..............................
Liyengood Creek...................

gold..................................
Long Bay:

copper..............................
Long Creek:

gold..................................
Long Island:

marble.............................
Long Islaifld (marble) claim 
Long Lakę outlet:

discharge.........................
Lost Chicken Creek:

gold ..................................
Lost River:

t in ....................................
Lowe River basin:

copper..............................
gold ..................................

Lucky Gulch:
gold............................... .

Lucky Strike (gold) m inę..  
Lundgren, Leonard:

work.................................
Lynx Creek:

gold..................................

Page.
...................... 63-64,208
.........................  203,208
............. 63,201,205-209

............................. 139

65,239-243,262-263,265

.........................  102-104
............................  103

............................. 127

............................. 62 ‘

...........................  28

...........................  140
............................. 145

.............................  246
...........................  56

..................  11,105,109

........................ 71

M.
Mabel (gold) minę...............................................  198
McCallum (gold) claims.....................................  144
McCarthy format ion:

Chitina Valley............................................... 133
map.......................................................... 134

McCarthy (gold) claim.......................................  60
McCoy (gold) claims...........................................  199
McCullough (copper) prospect............................88-89

map.................................................................  88
McLean Arm:

copper.............................................................  90
McNeil Creek:

coal..................................................................  56
Maddrcn, A. G.:

work................................................................10,223
Maid of Mexico (gold) minę..............................  78
Makushin Volcano:

sulphur...........................................................  56
Mamie (copper) minę........................................... 83,84
Mammoth (gold) claims..................................... 199
Mammoth Creek:

dredging.........................................................  63
Maps:

gaging stations..............................................  108
minerał deposits................................... In  pocket.

Marble:
Carrolllnlet................................................... 104
Dali Island................................   100-102
distribution, m ap............................................... In pocket.
Ketchikan district........................................ 100

map...............  In pocket*
Long Island..................................................102-104
Prince of Wales Island................................  100
production....................................................... 17,53
Sitka district................................................. 53

Marble Bay (marble) claim............................... 100
Marble Heart (marble) claim ............................ 100



274 INDEX,

Page.
Marion (copper) claim........................................  90
Martin, G. C.:

w ork................................................................ 10,161
Marvel Creek:

gold.................................................................  08
Mason & Gleason (copper) m inę......................  141
Mastodon Creek:

gold........................................ - .......................  03
Matanuska Gold Mining Co.’s claims.............. 200
Matanuska River:

coal..................................................................  30
See also Susitna-Matanuska region.

Mayfłower (gold) claim ..................  193-194
Mendenhall, W . C.:

explorations...............................................  147,148
Mercury:

Candle Creek.................................................  238
distribution, m ap............................... In pocket.
Iditarod district............................................ 66
Ruby-Kuskokwim region................ 237-238,263

Mertie, J. B .:
w ork....................................................... 13,149,224

Mertie, J. B ., and Harrington, G. L.:
Minerał resources Ruby-Kuskokwim re­

gion................................................ 223-266
Mesozoic rocks:

Chitina Valley, upper................................ 132-133
map..........................................................  134

Cosna-N owitna region..............   219
map..........................................................  218

Ruby-Kuskokwim region.......................  232-233
map..........................................................  236

Turnagain-Knik region...................... 153,155-165
map..........................................................  188

Midas (copper) m ino..........................................  140
Midnight Creek:

gold......................................................  242-243,265
tin .................................................................... 260

Midnight Sun (gold) claims............................... 64
Mili Creek:

discharge, Wrangell.................................. 124-125
Miller Gulch:

gold.................................................................  04
Minchumina, Lakę..........................................  212-213
Minerał Creek:

gold.................................................................  144
Minerał Lakę:

copper.............................................................  89
Minerał springs:

investigation.................................................  10
Mining industry in 1915:

Brooks, A . H .................................................  16-71
Mining statistics:

collection and publication............................ 13-14
Minook Creek:

gold.................................................................  64
Mizpah (gold) claim ............................................ 60
Moffit, F. H .:

explanations.................................................. 147
Minerał resources upper Chitina Valloy. 129-136
work................................................................ 11

Mohawk (antimony) claim ...............................  259
Mohawk (gold) claim.......................................... 61
Moira Sound:

copper.............................................................  89-90

Molybdenite:
Canyon Creek (Chitina basin)................. 54,135
Copper Rivor region....................................  54
Lakę Bennott................................................ 100
Skagway district...........................................99-100
Wadę Ramp ton precinct............................ 67

Montana basin:
gold.................................................................  77

Monument Creek:
gold......................................................  243-244,265
tin....................................................................  260

Moonshine (gold-silver-lead) claims............81,82,99
Moore Greek:

co a l...............................................................  261
gold...............................................  237,252-253,265

Moose Creek (Fairbanks district):
gold.................................................................. 60

Moose Creek (Tolovana district):
gold...'..................  209

Moose Pass region:
gold.................................................................  56

Morningstar (gold) group................................... 77
Mother Lode (copper) minę..............................  54
Mountain King (gold) claim.............................  144
Mount Andrew (copper) minę............................ 83,85
Myrtle Creek:

gold...........................................................   65

N.

Nancy (copper) claim......................................... 93
Nars, Anderson & Gibbs’s (gold) minę.....................  60
National (gold) claim......................................  143,145
Nenana field:

coal.................................................................... 31-32
analyses...................................................  32

Nevada Creek:
gold.................................................................  75

New Era (gold) claim......................................... 81
New York Creek:

. gold.................................................................  68
Niblack (copper) minę.......................................  90
Nikolai greenstone:

Chitina V alley.......................  133
copper.............................................................  134

Nizina district:
copper.............................................................. 54
placers............................................................. 21,54

No Grub Creek:
gold.................................................................. 67

Nolan Creek:
gold.................................................................. 64-65

Nome district:
antimony..................................................  29,30,71

fuel cost...................................................  70
gold..........................................................  71

Sliscovich minę............................................... 29,30
Northland (copper) claims...................................92-93
North Star (gold) claims (Fairbanks district). 60

P a g e .

North Star (gold) claim (Port Wells district). 142
Northwestern Alaska. See also Seward Pen- 

insula.
Nowitna-Cosna region. See Cosna-Nowitna 

region.
Nowitna River:

gold......... ...................................................  220,249
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Page.
Nugget (gold) claim ............................................  142
Nugget Creek:

copper.............................................................  54
Nutkwa Lagoon:

copper.............................................................  90-91
Nymond (gold) cla im ........................................  144

O.
Oakley Creek:

gold.................................................................  64
Oil. See Petroleum.
01ive Creek:

gold................................................  63,205,208,209
Ophir.................................................................. 227,228
Ophir Creek:

gold.......................................... 65,244,249-251,265
Orchard Lakę outlet:

discharge..................................................... 117-118
Ordovician rorks:

Nowitna R iver.............................................. 219
map..........................................................  218

Oregon (gold) group............................................ 199
Otter Creek:

geology......................................................... 264-265
gold.................................................  66,253-255,266

Our Creek:
gold........... ! ....................................... ............  220

Overbeck, R. M.:
work..............................................................  11,130

P.
Pacific coast belt:

gold production............................................  19-20
Paleozoic (and older) rocks:

Chitina Valley, upper..............................  132-133
map..........................................................  134

Ruby-Kuskokwim region......................  230-233
map..........................................................  236

Turnagain-Knik region............................... 153
map..........................................................  188

Pandora (copper) claims.................................... 139
Parks (mercury) prospec t .......... .......................  259
Paul Lakę:

gold.........................................................    81
Paystreak Creek:

gold.................................................................  186
Pearl Harbor:

gold.................................................................  77
Pedro Creek:

gold.................................................................  59
Pekovich (gold) claims....................................... 76
Peters Creek........................................................150,169

geology................................... 153,154,160,161-163
gold.............................................................. 192-193

Peterson Creek:
gold.............................................................. 186,192

Peterson (gold) m inę..........................................  77
Petroleum:

consumption.................................................. 53
distribution, map...............................In pocket.
Katalla field................................................... 52
leasing............................................................ 52
production.....................................................  17,52
Wain wright Inlet..........................................  52

Pigot Bay:
gold.................................................................  142

Pinochle (gold) claim......................................  143-144

Placers. See Gold, placers.
Poorman (copper) claim___
Poorman Creek:

barite...............................
coal...................................
gold..................................
t in .....................................

Popof Island:
beach placers..................

Portage Creek........................
geology.............................

Portage Glacier Pass:
copper..............................

Port Clarence district:
gold...................................

Port Fidalgo:
copper..............................

Portland Canal:
silver........: .......................

Portland (gold) claim..........
Port Valdez district:

antimony.........................
gold...................................

Port Wells district:
antimony.........................
gold...................................

Prince of Wales Island:
barite................................
copper.............................
gold...................................
water po wers............... .

Prince William Sound:
antimony........................
copper..............................
gold...................................
investigations.................
lode mining.....................
marble.............................
minerał industry............
mineralization.................

Publications:
list.....................................

Page.

................  86

.........................  247,263

................... 238,260-261
65,247-248,262-263,265 

.............................  260

............................. 56

............ 150,170,172-173

............................. 160

............................ 139

...................... 71

...................... 141

...................... 99

.....................  82

...................... 145

..................  143-145

...................... 145

..................  141-142

......................53,104

....................  84-93

...................... 79-82
...107,109-111,127

......................  30

.......  21,55,137-141
55,137-138,141-145
.....................  11
.....................  21
.....................  100
.............  55,138-145
..................  137-138

...................... 14-15
Puyallup (gold) mme. See Ready Bullion 

minę.
Q .

Quail Creek:
gold.................................................................  64

Quartz Creek:
coal.............................................................   260
gold....................................................................  248

R.

Rabbit Creek (Sulatna basin):
gold.................................................................  248

Rabbit Creek (Knik basin):
geology............................................................  154

Rainy Creek:
gold.................................................................  68

Rampart district:
gold.................................................................  64

Ramsay-Rutherford (gold) minę..................  141,143
Raven Creek......................................................... 170
Ready Bullion (gold) minę................................. 79-80
Redlands R iver..................................................213-214
Reed Creek:

gold.............................................................  199-200
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Page.
Resurrection Creek:

gold...............................................    55
Revillagigedo Island:

gold.................................................................  82
water powers.........  107-108,111-112,117-118,127

Reynolds Creek:
discharge........................................................  127

Rhein Creek:
discharge....................................................  127

Rhoads & Hall (gold) minę...............................  60
Riverside (copper) claim ...................................  97
Riverview (copper) claim..................... .>......... 97
R ob & Roy (gold) claims...................................  60
Rosenthal (gold) claims....................................198-199
R u b y ..................................................................  227-228
Ruby Creek:

gold..........................................  64,239,262-263,265
tin .................................................................... 260

Ruby district:
coal..................................................................  238
gold............................................ 21,65,238-249,265
mineralization..................   262
prospecting..................................................... 264
tin .................................................................... 238

Ruby-Kuskokwim region:
access...........................................................  227-228
coal.......................................................  238,260-261
economic conditions.................................  227-229
fossils...........................................................  232,233
gamę and fish................................................  227
geography............................................  223,225-229
geology......................................................... 230-237

map..........................................................  236
gold...............................................  237-258,265-266
igneousrocks.............................................. 233-236

map..........................................................  236
investigations....................................... 13,223-224
map, index.....................................................  336
map, geologie.................................................  236
mineralization............................................  262-264
population.....................................................  227
prospecting.................................................  264-265
vegetation............................................. . —  226
See also Kuskokwim district; Innoko dis­

trict; Iditarod district; Ruby 
district.

Rush & Brown (copper) m inę....................  83,86-88
map.................................................................. 87

Rye Creek:
gold................................................................. 65

S.

St. Augustine (marble) claim............................ 100
St. Mary Creek:

gold.................................................................  67
Salchaket region:

gold.................................................................  67
Salmon R iver...... ................................................  95
Salmon River district........................................  94-96

Bear River formation..................................  96
copper........................................................  94,96-98
geology............................................................  96
map.................................................................  95
silver................................................................ 99
zinc.................... •............................................ 99

Page.
Sanford (copper) claim ....................................... 93
Sargent, R . H .:

work......................................................... 10,13,224
Scheelite. See Tungsten.
Schlosser (copper) claim..................................... 141
Scraflord (antimony) m inę................................ 29
Sea Level (gold) m inę........................................  82
Sealey-Davis Mining C o/s (gold) claims...................  144
Seacoast Mining Co.’s (gold) claim................... 144
Seattle (gold) claims..................................  81-82
Sethkokna R iver....................................... 214-215
Seward Peninsula:

antimony........................................................ 69
coal.................................................................. 69
dredging.........................................  22-23,27,69-70
gold.......................................................21,68-71
graphite..........................................................  53
minerał industry............................................ 68-71
lead.................................................................. 69
silver...............................................................  69
tin....................................................................  69

Seward Peninsula and northwestern Alaska:
gold production...............................................19-20

Sheep Creek:
gold.................................................................. 75

Shelockham Lakę outlet:
discharge.......................................  113-114

Ship Creek......................................................... 150,170
geology............................................................ 154
gold.................................................................  187

Short Creek:
gold................................................................212,265
tin....................................................................  260

Short R iver........................................................... 131
Shough (gold) claims.......................................... 199
Shoup Bay:

gold.................................................................. 144
Shungnak Creek:

gold.................................................................. 71
Silver:

Fairbanks district.......................................... 57,58
Portland Canal.............................................  99
production.....................................................  17-18
sources.............................................................. 20-21
Yukonbasin..................................................  57
See also Silver-lead.

Silyer Bay:
water power................................................... 126

Silver-Jead:
Cholmondeley Sound................................... 98-99
Coronation Island......................................... 99
Ketchikan district..........................................98-99
Wadę Hampton precinct..............................67-68
Whiting River..............................................  99

Sitka district:
gold.................................................................. 78
Green Lakę outlet discharge......................  126
marble............................................................. 53
water powers.................................................  106

Skagway district:
molybdenum................................................. 99-100
water powers.................................................. 106

Skeen-Stevenson (gold) claims.......................... 56
Skookum Creek (Chisana district): 

gold................................................. 62
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Skookum Creek (Salmon River district): Page.
copper.............................................................  98
silver................................................................ 99

Siatę Creek (Iditarod) district:
gold..............................................................  255,266

Siatę Creek (Rampart district):
gold.................................................................. 61

Siatę Creek (Nizina district):
gold.................................................................. 54

Sliseovich (antimony) m inę........................  29,30,71
Smith, P . S.:

work................................................................  224
Smith, Sumner:

on labor........................................................... 21
Smith Creek:

gold.................................................................. 65
Snettisham:

Sweetheart Falls Creek, discharge........ 122-124
Snowdrift (gold) claim.......................................  81
Solomon district:

gold....................................    71
Solomon Gulch:

copper.............................................................  140
Soo (gold) claim...................................................  60
Southeastern Alaska:

copper..................................................  53,73,83-98
produetion................................. - .......... 73,83

gold ...................................................... 21,53,73—83
produetion..............................................  74,83

gypsum...........................................................  53
investigations................................................  19_H
lode mining..............................................  21,53,73
marble...............................................................53,74
mining industry............................................  53
placers.............................................................  53
silver produetion..........................................  74,83
waterpowers........................................  11,105-127

gaging station, map.............................  108
South Lakeview (gold) claim. 
Southwestern Alaska:

beach placers......................
sulphur................................

Spangle Creek:
gold.................................................................. 244

Speel River:
discharge........................................................  127

Spruce Creek (Innoko district):
gold..................................  65,249,250,265
mineralization..................  263

Spruce Creek (Tululsak-Anniak district)
gold.................................................................  68

Spruce Creek (R uby district):
gold.............................................................. 244,265

Spurr, J. E .:
explorations...................................................  223

Squaw Creek (Chandalar district):
gold.................................................................  67

Squaw Creek (Fortymile Creek):
gold....................................................................62-63

Squirrel River district:
gold.................................................................  71

Standard Copper Mines claim ..........................  141
Standby (gold) claims........................................  81
Stanton, T . W .:

on fossils of Turnagain-Knik region....................  161
Star Creek:

gold.................................................................  244

Steamboat Creek: Page.
gold.................................................................  59

Stella (gold) claim..............................................188-191
Stibnite. Sce Antimony.
Stibnite (antimony) m inę.................................  29
Sulatna R iver......................................................  226

geology................................................. 231,233-234
map..........................................................  236

gold......................................................  239-247,248
Sulphur:

Unalaska Island............................................  56
SuluknaRiver....................................................214-215
Sunrise group:

correlation......................................................  161
Turnagain-Knik region..............................155-161

Surveys................................................................... 7-8,9
Susitna-Cook Inlet region:

in vestigations................................................  12
Susitnar-Matanuska region:

minerał Resources..........................................  56
Sutter Creek:

t in ...................................................................  28
Sweetheart Falls Creek:

discharge, Snettisham................................122-124
Swift Creek:

coal..................................................................  260
gold.................................................................  243

Switch Creek:
gold.................................................................  63

T.
Tachatna series:

Kuskokwim River.......................................  232
map..........................................................  236

Tacoma (gold) claims.......................................... 78
Talkeetna Mountains:

investigations................................................  12
Tamarack Creek................................. 244-245,249,265
Tatalina group:

T olo vana district..........................................  204
Telsitna River...............   214-215
Tenderfoot Creek:

gold.................................................................  67
Texas Creek:

copper.............................................................  98
Thomas Culross Mining Co.’s claims...............  142
Thorne Arm:

gold.................................................................  82
Three-in-One (gold) group.................................  144
Threeman Mining Co.’s m inę.......................... 138,140
Tiernan (copper) group......................................  94
Timber Creek:

gold.................................................................  248
Tin:

Anikovik R iver............................................. 28
Buck Creek....................................................  28
distribution, m ap............................... In pocket.
Hot Springs district...............................  27,28,57
Killamey Creek..........................................   28
Lost R iver.....................................................  28
produetion..................................................17,27-28
Ruby district..............................  238,259-260,263
Sutter Creek................................................... 28
York district.................................................  28

Tip Creek:
gold.................................................................  248
Titna R iver..................................................214-215
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Page.
Tolovana district:

access..............................................................  209
commercial conditions.............................  208-209
geography............................................ 201,202-204
geology........................................................  204-205
gold...............................  22,63-64.201,205-208,209
map.................................................................  208
Tatalina group..............................................  204
Tonzonagroup.............................................. 204

Tolovana R iver.....................- ......................... 202,209
Tolstoi Creek........................................................  251

gold...........................................   251
Tonzona group:

Tatalina district.................  204
Too Much Gold Creek:

gold.................................................................  60
Topographic surveys..........................................  7,9
Trący Arm:

zinc.................................................................. 97
Trail Creek:

gold..............................................................  245,265
tin ....................................................................  260

Treadwell (gold) mines......................................  74
Treasure Box (gold) claim.................................  191
Treasure (gold) claims. See Last Chance 

claims.
Treasure Creek:

antimony........................................................  29
Triassic rocks:

ChitinaValley...............................................  133
map....................................................... 134

Trocadero Bay:
copper................................................................91.93

Tulusak-Anniak district:
gold.................................................................  68

Tungsten:
Fairbanks district................................. 61-62,238
Iditarod district.................... ..............  66,238,263

Turnagain Arm....................................................  149
gold................................................................ 186-192

Turnagain Arm Glacier.....................................  166
Turnagain-Knik region:

access......................... - .............................. - 150-151
fossils.............................. - ...................  153,161,164
gamę.........................................................   152
geography............................................  147,149-152
geologie history.......................................... 165-173
geology......................................................... 152-174

map..........................................................  188
glaciation..................................................... 166-172
gold.............................................................. 174-194
intrusive rocks.............................................. » 165
investigations......................................... 12,147-149
map, geologie..........................   188
map, index.....................................................  148
natives............................................................  152
structure....................................... 155,160,163-164
timber........................................................... 151-152

• map..........................................................  152
tides..................... 173-174
yegetation...................................................  151-152
volcanic rocks............................................  161-165
See also Knik River.

Twentymile River.............................  150,170,172-173
gold................................................................186,192

Twin Creek:
gold............................................................ 59,60-61

Tyndall, Finn, & McGlauglhPs (gold)claims. 61

U. Page.
Unalaska Island:

sulphur...........................................................  56
Unawik Inlet:

copper.............................................................  139
Utopia Creek:

gold.................................................................. 65

V.
Valdez Creek:

gold.................................................................. 56
Valdez Creek Placer Mining Co.’ s claims..................... 56
Valdez district:

copper.............................................................  140
Valdez Mining Co.’s (gold) prospect.................  143
Valparaiso (gold) claim ....................................... 81
Vault Creek:

antimony........................................................ 29
gold...............................................................  58,59

View Cove:
marble............................................................  102

W.
Wadę Creek:

gold................................................................... 62-63
Wadę Hampton district:

galena................................................................67-68
gold................................................................... 67-68
molybdenite.....................................................67-68

Wainwright Inlet:
Petroleum....................................................... 5$

Wakefield (copper) group..................................  90
Waring, G. A.:

work.......................................   10
Waterfall Bay:

geology...........................................................100-101
marble.........................................................  100-102

Water powers:
southeastern Alaska.................................  105-127

gaging stations, map.............................  108
Water resources:

investigation.................................................. 7,9
Waters Bay:

marble......................................................... 102-103
Weigle, W . G.:

work..............................................................  11,109
W  ellfleet (gold) claim.......................................... 81
Wells Bay:

copper.............................................................  139
West Bay View (gold) claim ............................  82
Westcott (copper) claim....................................  90
Western (copper) claim .....................................  97
White Channel:

gold.................................................................  248
White Cloud (marble) claim.............................  93
Whiting River:

silver-lead......................................................  99
White River (hydraulic placer) minę.............  54
Wilbur Creek:

geology............................................................ 204
gold.................................................................  208

Wildcat Creek:
gold.................................................................  59

W ild Rosę (gold) claim......................................  60
William Henry Bay:

gold.................................................................  76
W illow Creek (Iditarod district):

gold.............................................................. 256,266
W illow Creek (Sulatna basin):

gold............................................................. * * 243



INDEX. 279

Wfflow Creek (Yukon River): Page.
gold.................................................................  67

Willo w Creek district:
gold.................................................T..........  195-200

production.............................................. 193
investigations..............................................  12,195
silver production................................., . . ,  195

Wilson Creek:
gold.....................................................   67

Windhara Bay:
gold.................................................................  70

Winner Creek:
gold.................................................................  186

Witherspoon, D. C.:
work................................................................ 10

W olf Creek:
gold................................................................... 59,60

Woodchopper Creek:
gold.................................................................  63,64

Woronzof Point...................................................  173
coal.................................................................. 56

Wrangell:
Mili Creek discharge..........................  124-125

Wrangell district:
gamets.......................................................... 53,104
gold.................................................................  78
map.................................................................  79
water powers..............................    106

Wyoming Creek:
antimony.......................................................  258

Y .

...................... ..............  54

YankeeCove: Page*
gold.................... ........................................  77

Yankee Creek:
gold...................................... .......... 65,249,251,265

Yentna district:
antiraoay,.........................................   30
c o a l . . . , ................... .....................................  30
go ld ,...............* ................................... ......... 50

York district:
gold.........................................    69
tin .............................. „................................. 28,69

York (tin) Dredging C o...........     28
Young Creek:

geology........................................................  133—134
Yuklu Creek. See Eagle River.
Yukon basin:

antimony.......................................................  57
fuelcost..........................................................  70
investigations................................................  12-13
gold.................................................................  57

production........................................  19-20,57
mining industry............................................ 57
silver...............................................................  57
tin .................................................................... 57

Yukon Gold Co.:
dredging........................................................... 23-26

Z.
Zinc:

Salmon River district
Trący Arm ..................

Zitziana R iver.....................................................  213
Yakataga district: 

placers.............
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RECENT SURVEY PUBLICATIONS ON ALASKA.
[Arranged geographically. A complete list can be had on application.]

Ali these publications can be obtained or consulted in the following ways:
1. A limited number are deliyered to the Director of the Survey, from wliom 

they can be obtained free of charge (except certain maps) on application.
2. A certain number are delivered to Senators and Bepresentatiyes in Congress 

for distribution.
3. Other copies are deposited with the Superintendent of Documents, Washington, 

D. 0., from whom they can be had at prices slightly above cost. The publications 
marked with an asterisk (*) in this list are out of stock at the Suryey, but can be pur- 
chased from the Superintendent of Documents at the prices stated.

4. Copies of all Government publications are furnished to the principal public
libraries throughout the United States, where they can be consulted by those 
interested. '

G E N E R A L .

REPORTS.

*The geograpliy and geology of Alaska, a summary of existing knowledge, by A. H. 
Brooks, witli a section on climate, by Cleveland Abbe, jr., and a topographic 
map and description thereof, by R. U. Goode. Professional Paper 45, 1906, 327
pp. $1.

Placer minjng in Alaska in 1904, by A. H. Brooks. In Bulletin 259, 1905, pp. 18-31. 
The mining industry in 1905, by A. H. Brooks. In Bulletin 284, 1906, pp. 4-9. 

*Tlie mining industry in 1906, by A. H. Brooks. In Bulletin 314, 1907, pp. 19-39. 
30 cents.

*The mining industry in 1907, by A. H. Brooks. In Bulletin 345, 1908, pp. 30-53. 
45 cents.

*The mining industry in 1908, by A. H. Brooks. In Bulletin 379, 1909, pp. 21-62.
50 cents.

The mining industry in 1909, by A. H. Brooks. In Bulletin 442, 1910, pp. 20^6. 
The mining industry in 1910, by A. II. Brooks. In Bulletin 480, 1911, pp. 21^2. 

*The mining industry in 1911, by A. H. Brooks. In Bulletin 520, 1912, pp. 19^4. 
50 cents.

Tlie mining industry in 1912, by A. H. Brooks. In Bulletin 542, 1913, pp. 18-51. 
*The Alaskan mining industry in 1913, by A. H. Brooks. In Bulletin 592, 1914, 

pp. 45-74.
The Alaskan mining industry in 1914, by A. H. Brooks. In Bulletin 622, 1915, 

pp. 15-68.
The Alaskan mining industry in 1915, by A. H. Brooks. In Bulletin 642, 1916, 

pp. 17-72.
*Railway routes, by A. H. Brooks. In Bulletin 284, 1906, pp. 10-17.
*Railway routes from the Pacific seaboard to Fairbanks, Alaska, by A. H. Brooks. 

In Bulletin 520, 1912, pp. 45-88.
*Geologic features of Alaskan metalliferous lodes, by A. H. Brooks. In Bulletin 

480, 1911, pp. 43-93.
*The minerał deposits of Alaska, by A. H. Brooks. In Bulletin 592, 1914, pp. 18^4. 
The futurę of gold placer mining in Alaska, by A. H. Brooks. In Bulletin 622, 1915, 

pp. 69-79.
*Tin resources of Alaska, by F. L. Hess. In Bulletin 520, 1912, pp. 89-92. 50 cents. 
*The petroleum fields of the Pacific coast of Alaska, with an account of the Bering 

River coal deposits, by  G. C. Martin. Bulletin 250, 1905, 64 pp. 15 cents.
i
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Alaska coal and its utilization, by A. H. Brooks. Bulletin 442J, reprinted 1914. 
*The possible use of peat fuel in Alaska, by O. A. Dayis. In Bulletin 379, 1909, pp.

63-66. 50 cents. .
The preparation and use of peat as a fuel, by C. A. Davis. In Bulletin 442, 1910,

Methods and costs of gravel and placer mining in Alaska, by C. W. Punngton.
Bulletin 263, 1905, 362 pp. (Abstract in Bulletin 259, 1905, pp. 32^6.) 

*Prospecting and mining gold placers in Alaska, by J. P. Hutchins. In Bulletin
345, 1908, pp. 54-77. 45 cents. .

*Geo°raphic dictionary of Alaska, by Marcus Baker; second edition prepared by 
James McCormick. Bulletin 299, 1906, 690 pp. 50 cents.

Antimony deposits of Alaska, by A. H. Brooks. Bulletin 649, 1916, 67 pp.
In preparation.

The minerał springs of Alaska, by G. A. Waring. Water-Supply Paper 418.

MAPS.

*Map of Alaska showing contours; scalę 1:2,500,000; 1906, by R. U. Goode and E. C. 
Barnard. In *Professional Paper 45. $1. Not issued separately.

Map of Alaska; scalę 1:5,000,000; 1912, by A. H. Brooks. 20 cents.
Map of Alaska; scalę 1:1,500,000; 1915, by  A. H. Brooks and R. H. Sargent. 80

Map of Alaska showing distribution of minerał deposits; scalę, 1:5,000,000; by A. H. 
Brooks. 20 cents. Also included in *Bulletin 520. 50 cents. (New edition
included in  Bulletin 642.)

Index map of Alaska, including list of publications; scalę 1:5,000,000; by A. H. 
Brooks. Free.

SO U T IIE A ST E R N  A L A S K A .

R EPO RTS.

The Porcupine placer district, Alaska, by C. W. Wright. Bulletin 236, 1904, 35 pp. 
Economic developments in southeastern Alaska, by F. E. and C. W. Wright. In 

Bulletin 259, 1905, pp. 47-68.
*The Juneau gold belt, Alaska, by A. C. Spencer, pp. 1-137, and A reconnaissance 

of Admiralty Island, Alaska, by C. W. Wright, pp. 138-154. Bulletin 287, 1906, 
161 pp. 75 cents.

Lode mining in southeastern Alaska, by F. E. and C. W. Wright. In Bulletin 284, 

NonmetaUic deposits of southeastern Alaska, by C. W. Wright. In Bulletin 284,
1906, pp. 54-60.

Lode mining in  southeastern Alaska, by C. W. Wright. In Bulletin 314, 1907,

Nonmetalliferous minerał resources of southeastern Alaska, by C. W. Wright. In
Bulletin 314, 1907, pp. 73-81.

Reconnaissance on the Pacific coast from Yakutat to Alsek River, by Eliot Black- 
welder In Bulletin 314, 1907, pp. 82-88.

*Lode mining in southeastern Alaska, 1907, by C. W. Wright. In Bulletin 345, 1908,
pp. 78-97. 45 cents. .  T

*The building Stones and materials of southeastern Alaska, by C. W. Wright. In
Bulletin 345, 1908, pp. 116-126. 45 cents. , „  „ r „ T . , .

*The Ketchikan and Wrangell mining districts, Alaska, by F. E. and C. W . Wng . 
Bulletin 347, 1908, 210 pp. 60 cents.
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*The Yakutat Bay region, Alaska: Physiography and glacial geology, by R. S. Tarr; 
Areał geology, by R. S. Tarr and B. S. Butler. Professional Paper 64, 1909, 
186 pp. 50 cents.

*Mining in southeastern Alaska, by C. W. Wright. In Bulletin 379, 1909, pp. 67-86. 
50 cents.

Mining in southeastern Alaska, by Adolph Knopf. In Bulletin 442,1910, pp. 133-143. 
Occurrence of iron ore near Haines, by Adolph Knopf. In Bulletin 442, 1910, pp. 

144-146.
Report of water-power reconnaissance in southeastern Alaska, by J. C. Hoyt. In 

Bulletin 442, 1910, pp. 147-157.
Geology of the Berners Bay region, Alaska, by Adolph Knopf. Bulletin 446, 1911, 

58 pp.
Mining in southeastern Alaska, by Adolph Knopf. In Bulletin 480,1911, pp. 94-102. 
The Eagle River region, by Adolph Knopf. In Bulletin 480, 1911, pp. 103-111. 
The Eagle River region, southeastern Alaska, by Adolph Knopf. Bulletin 502, 

1912, 61 pp.
The Sitka mining district, Alaska, by Adolph Knopf. Bulletin 504, 1912, 32 pp. 
The earthąuakes at Yakutat Bay, Alaska, in September, 1899, by R. S. Tarr and 

Lawrence Martin, with a preface by G. K. Gilbert. Professional Paper 69, 1912, 
135 pp.

•Marble resources of Ketchikan and Wrangell districts, by E. F. Burchard. In 
Bulletin 542, 1913, pp. 52-77.

*Marble resources of the Juneau, Skagway, and Sitka districts, by  E. P. Burchard. 
In Bulletin 592, 1914, pp. 95-107. 60 cents.

A barite deposit near Wrangell, by  E. F. Burchard. In Bulletin 592, 1914, pp. 
109-117. ■

*Lode mining in the Ketchikan district, by P. S. Smith. In Bulletin 592, 1914, pp. 
75-94. 60 cents.

The geology and ore deposits of Copper Mountain and Kasaan Peninsula, Alaska, 
by C. W. Wright. Professional Paper 87, 1915, 110 pp.

Mining in the Juneau region [1914], by H. M. Eakin. In Bulletin 622, 1915, pp. 
95-102.

Mining developments in southeastern Alaska [1915], by Theodore Chapin. Bulletin 
642, 1916, pp. 73-104.

Water-power investigations in southeastern Alaska, by G. H. Canfield. Bulletin 
642, 1916, pp. 105-127.

In preparation.

Geology of the Glacier Bay and Lituya region, by F. E. and C. W. Wright.

TOPOGB.APHIC MAPS.

*Juneau gold belt, Alaska; scalę, 1:250,000; compiled. In *Bulletin 287. 75 cents. 
Not issued separately.

Juneau special (No. 581A); scalę, 1:62,500; by W. J. Peters. 10 cents each, or $3 
for 50.

Berners Bay special (No. 581B); scalę, 1:62,500; by  R. B. Oliyer. 10 cents each, 
or $3 for 50.

Kasaan Peninsula, Prince of Wales Island (No. 540A); scalę, 1:62,500; by  D. C.
Witherspoon, R. H. Sargent, and J. W. Bagley. 10 cents each, or $3 for 50. 

Copper Mountain and vicinity, Prince of Wales Island (No. 540B); scalę, 1:62,500;
by R. II. Sargent. 10 cents each, or $3 for 50.

Eagle River region (No. 581C); scalę, 1:62,500; by J. W. Bagley, C. E. Giffin, and 
R. E. Johnson. In Bulletin 502. Not issued separately.



IV STJRYEY PUBLICATIONS ON ALASKA.

C O N T R O LL E R  B A Y , P R IN C E  W IL L IA M  SO U N D , A N D  COPPER R IV E R

R E G IO N S .

R EPO RTS.

*The petroleum fields of the Pacific coast of Alaska, with an account of the Bering 
River coal deposits, by  G. C. Martin. Bulletin 250, 1905, 64 pp. 15 cents. 

*Geology of the Central Copper River region, Alaska, by W. C. Mendenhall. Pro­
fessional Paper 41, 1905, 133 pp. 50 cents.

*Geology and minerał resources of Controller Bay region, Alaska, by  G. C. Martin. 
Bulletin 335, 1908, 141 pp. 70 cents.

*Notes on copper prospects of Prince William Sound, by F. H. Moffit. In Bulletin 
345, 1908, pp. 176-178. 45 cents.

Minerał resources of the Kotsina-Chitina region, by F. II. Moffit and A. G. Maddren. 
Bulletin 374, 1909, 103 pp.

*Copper mining and prospecting on Prince William Sound, by  U. S. Grant and D. F.
Higgins, jr. In Bulletin 379, 1909, pp. 87-96. 50 cents.

*Gold on Prince William Sound, by U. S. Grant. In Bulletin 379, 1909, p. 97. 50 
cents.

*Mining in the Kotsina-Chitina, Chistochina, and Valdez Creek regions, by F. H.
Moffit. In Bulletin 379, 1909, pp. 153-160. 50 cents.

Minerał resources of the Nabesna-White River district, by F. H. Moffit and Adolph 
Knopf; with a section on the Quaternary, by S. R. Capps. Bulletin 417, 1910, 
64 pp. «

Mining in the Chitina district, by F. H. Moffit. In Bulletin 442, 1910, pp. 158-163. 
Mining and prospecting on Prince William Sound in 1909, by U. S. Grant. In Bul­

letin 442, 1910, pp. 164-165.
Reconnaissance of the geology and minerał resources of Prince William Sound, 

Alaska, by U. S. Grant and D. F. Higgins. Bulletin 443, 1910, 89 pp.
Geology and minerał resources of the Nizina district, Alaska, by F. H. Moffit and

S. R. Capps. Bulletin 448, 1911, 111 pp.
Ileadwater regions of Gulkana and Susitna rivers, Alaska, with accounts of the Yaldez 

Creek and Chistochina placer districts, by F. H. Moffit. Bulletin 498, 1912, 82 pp. 
*The Chitina district, by F. H. Moffit. In Bulletin 520, 1912, pp. 105-107. 50 cents.
*Gold deposits near Yaldez, by A. II. Brooks. In Bulletin 520, 1912, pp. 108-130. 

50 cents.
Coastal glaciers of Prince William Sound and Kenai Peninsula, Alaska, by U. S.

Grant and D. F. Higgins. Bulletin 526, 1913, 75 pp.
The McKinley Lakę district, by Theodore Chapin. In Bulletin 542, 1913 pp 

78-80.
Mining in Chitina Yalley, by F. H. Moffit. In Bulletin 542, 1913, pp. 81-85.
Minerał deposits of the Ellamar district, by S. R. Capps and B. L. Johnson. In Bul­

letin 542, 1913, pp. 86-124.
The minerał deposits of the Yakataga region, by A. G. Maddren. In Bulletin 

592, 1914, pp. 119-154.
Preliminary report on water power of south-central Alaska, by C. E. Ellsworth 

and Royal W. Davenport. In Bulletin 592, 1914, pp. 155-194.
The Port Wells gold-lode district, by B. L. Johnson. In Bulletin 592, 1914 pp 

195-236.
Mining on Prince William Sound, by B. L. Johnson. In Bulletin 592, 1914 pp 

237-244.
Geology of the Hanagita-Bremner region, by F. H. Moffit. Bulletin 576, 1915, 

56 pp.
The geology and minerał resources of Kenai Peninsula, by  G. C. Martin, B. L. 

Johnson, and U. S. Grant. Bulletin 587, 1915, 243 pp.



SUEYEY PUBLICATIONS ON ALASKA. V

Minerał deposits of the Kotsina-Kuskulana district, willi notes on mining in Chitina 
Yalley, by  F. H. Moffit In Bulletin 622, 1915, pp. 103-117.

Auriferous grayels of the Nelchina-Susitna region, by  Theodore Chapin. In Bulletin 
622, 1915, pp. 118-130.

Mining on Prince William Sound (1914), by  B. L. Johnson. In Bulletin 622, 1915, 
pp. 131-139.

The gold and copper deposits of the Port Valdez district, by B. L. Johnson. In Bul­
letin 622, 1915, pp. 140-188.

The Ellamar district, by S. R. Capps and B. L. Johnson. Bulletin 605.
A water-power reconnaissance in south-central Alaska, by C. E. Ellsworth and 

R. W. Dayenport. Water-Supply Paper 372.
Minerał resources of the upper Chitina Valley, by  F. II. Moffit. In Bulletin 642, 

1916, pp. 129-136.
Mining on Prince William Sound, by B. L. Johnson. In Bulletin 642, 1916, pp. 

137-145.
In preparation.

The Kotsina-Kuskulana district, by  F. II. Moffit.
The upper Chitina Yalley, by  F. II. Moffit.

TOPOGRAPH IC MAPS.

Central Copper River region; reconnaissance map; scalę, 1:250,000; by  T. G. 
Gerdine. In Professional Paper 41. Not issued separately.

Headwater regions of Copper, Nabesna, and Chisana rivers; reconnaissance map; 
scalę, 1:250,000; by  D. C. Witherspoon, T. G. Gerdine, and W. J. Peters. In 
Professional Paper 41. Not issued separately.

Controller Bay region; scalę, 1:62,500; by  E. G. Hamilton and W. R. Hill. 35 cents. 
No Wholesale rates.

Chitina ąuadrangle; reconnaissance map; scalę, 1:250,000; by T. G. Gerdine, D. C. 
Witherspoon, and others. In Bulletin 576.

Nizina district; scalę, 1:62,500; by  D. C. Witherspoon and R. M. La Follette. In 
Bulletin 448. Not issued separately.

Headwater region of Gulkana and Susitna rivers; scalę, 1:250,000; by D. C. Wither­
spoon, J. W. Bagley, and C. E. Giffin. In Bulletin 498. Not issued separately.

Prince William Sound; scalę, 1:500,000; compiled. In Bulletin 526. Not issued 
separately.

Port Valdez district; scalę, 1:62,500; by  J. W. Bagley. Price 20 cents.
The Bering River coal fields; scalę, 1:62,500; by  G. C. Martin. Price, 25 cents.
The Ellamar district; scalę, 1:62,500; by  R. H. Sargent and C. E. Giffin. Published 

in Bulletin 605. Not issued separately.
The Kotsina-Kuskulana district; scalę, 1:62,500; by  D. C. Witherspoon.

C O O K  IN L E T  A N D  SU S IT N A  R E G IO N .

R EPO RTS.
*The petroleum fields of the Pacific coast of Alaska, with an account of the Bering 

River coal deposits, by G. C. Martin. Bulletin 250, 1905, 64 pp. 15 cents.
*Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska, by Sidney 

Paige and Adolph Knopf. Bulletin 327, 1907, 71 pp. 25 cents.
Gold placers of the Mulchatna, by  F. J. Katz. In Bulletin 442, 1910, pp. 201-202.
The Mount McKinley region, Alaska, by A. II. Brooks, with descriptions of the 

igneous rocks and of the Bonnifield and Kantishna districts, by  L. M. Prindle. 
Professional Paper 70, 1911, 234 pp.

A  geologie reconnaissance of the Iliamna region, Alaska, by G. C. Martin and F. J. 
Katz. Bulletin 485, 1912, 138 pp.

Geology and coal fields of the lower Matanuska Valley, Alaska, by G C. Martin and 
F. J. Katz. Bulletin 500, 1912, 98 pp.



V I SURYEY PUBLICATIONS ON ALASKA.

The Yentna distriet, Alaska, by  S. R. Capps. Bulletin 534, 1913, 75 pp.
Gold lodes and plaeers of the Willow Creek distriet, by S. R. Capps. In Bulletin 592, 

1914, pp. 245-272.
Minerał resources of tlie upper Matanuska and Nelehina valleys, by  G. C. Martin 

and J. B. Mertie, jr. In Bulletin 592, 1914, pp. 273-300.
Preliminary report on the Broad Pass region, by F. H. Moffit. In Bulletin 592,1914, 

pp. 301-306.
Mining in the Valdez Creek placer distriet, by  F. II. Moffit. In Bulletin 592, 1914, 

pp. 307-308.
The geology and minerał resources of Kenai Peninsula, Alaska, by G. C. Martin, 

B. L. Johnson, and U. S. Grant. Bulletin 587, 1915, 243 pp.
The Willow Creek distriet, by  S. R. Capps. Bulletin 607, 1915, 86 pp.
The Broad Pass region, by F. II. Moffit and J. E. Pogue. Bulletin 608,1915, 80 pp.
The Turnagain-Knik region, by  S. R. Capps. In Bulletin 642, 1916, pp. 147-194.
Gold mining in the Willow Creek distriet [1915], by S. R. Capps. In Bulletin 642, 

1916, pp. 195-200.
In preparation.

The geology of upper Matanuska basin, by  G. C. Martin.
The Nelchina-Susitna region, by  Theodore Chapin.

TOPOGRAPH IC MAPS.

Kenai Peninsula, Southern portion; scalę, 1:500,000; compiled. In Bulletin 526. 
Not issued separately.

Matanuska and Talkeetna region, reconnaissance map; scalę, 1:250,000; by T. G. 
Gerdine and R. II. Sargent. In Bulletin 327. Not issued separately.

Lower Matanuska Yalley; scalę, 1:62,500; by  R. II. Sargent. In Bulletin 500. Not 
issued separately.

Yentna distriet, reconnaissance map; scalę, 1:250,000; by  R. W. Porter. Revised 
edition. In Bulletin 534. Not issued separately.

Mount McKinley region, reconnaissance map; scalę, 1:625,000; by D. L. Reaburn. 
In Professional Paper 70. Not issued separately.

Kenai Peninsula, reconnaissance map; scalę, 1:250,000; by  R. II. Sargent, J. W. 
Bagley, and others. In Bulletin 587. Not issued separately.

Moose Pass and vicinity; scalę, 1:62,500; by J. W- Bagley. In Bulletin 587. Not 
issued separately.

The Willow Creek distriet; scalę, 1:62,500; by C. E. Giffin. In Bulletin 607. Not 
issued separately.

The Broad Pass region; scalę, 1:250,000; by ,T. W. Bagley. In Bulletin 608. Not 
issued separately.

In preparation.

The Matanuska Yalley; scalę, 1:62,500; by  R. H. Sargent.
Nowitna-Susitna region; scalę, 1:250,000; by  J. W. Bagley.

S O U T H W E S T E R N  A L A S K A .

R EPO RTS.

*A reconnaissance in southwestern Alaska, by J. E. Spurr. In Twentieth Annual 
Report, pt. 7, 1900, pp. 31-264. $1.80.

Gold minę on Unalaska Island, by A. J. Collier. In Bulletin 259, 1905, pp. 102-103. 
*The petroleum fields of the Pacific coast of Alaska, with an account of the Bering 

River coal deposits, by G. C. Martin. Bulletin 250, 1905, 64 pp. 15 cents. 
Geology and minerał resources of parts of Alaska Peninsula, by  W. W. Atwood. Bul- 

letin 467, 1911, 137 pp.
A geologie reconnaissance of the Iliamna region, Alaska, by  G. C. Martin and F. J. 

Katz. Bulletin 485, 1912, 138 pp.



SURVEY PUB LIC AT 10 NS ON ALASKA. VII

Minerał deposils of Kodiak and the neighboring islands, by G. C. Martin. In Bul- 
letin 542, 1913, pp. 125-136.

In preparalion.

Lakę Clark-Central Kuskokwim region, by P. S. Smith.

TOPOGRAPHIC MAPS.

Herendeen Bay and Unga Island region, reconnaissance map; scalę, 1:250,000; by 
H. M. Eakin. In Bulletin 467. Not issued separately.

Chignik Bay region, reconnaissance map; scalę, 1:250,000; by II. M. Eakin. In 
Bulletin 467. Not issued separately.

Iliamna region, reconnaissance map; scalę, 1:250,000; by D. C. Witherspoon and 
C. E. Giffin. In Bulletin 485. Not issued separately.

*Kuskokwim River and Bristol Bay region; scalę, 1:625,000; by W. S. Post. In 
Twentieth Annual Report, pt. 7. $1.80. Not issued separately.

In preparalion.

Lakę Clark-Central Kuskokwim region; scalę, 1:250,000; by R . H. Sargent.

Y U K O N  A N D  K U S K O K W IM  B A S IN S .

KEPORTS.

*The coal resources of the Yukon, Alaska, by A. J. Collier. Bulletin 218,1903, 71 pp. 
15 cents.

*Occurrence of gold in the Yukon-Tanana region, by L. M. Prindle. In Bulletin 345, 
1908, pp. 179-186. 45 cents.

The Fortymile quadrangle, Yukon-Tanana region, Alaska, by L. M. Prindle. Bul­
letin 375, 1909, 52 pp.

Water-supply investigations in Yukon-Tanana region, Alaska, 1907-8 (Fairbanks, 
Circle, and Rampart districts), by C. C. Covert and C. E. Ellsworth. Water- 
Supply Paper 228, 1909, 108 pp.

The Innoko gold placer district, Alaska, with accounts of the central Kuskokwim 
Yalley and the Ruby Creek and Gold Hill placers, by A. G. Maddren. Bulletin 
410, 1910, 87 pp.

Minerał resources of Nabesna-White River district, by F. II. Moffit and Adolph 
Knopf, with a section on the Quaternary by S. R. Capps. Bulletin 417, 1910, 
64 pp.

Placer mining in the Yukon-Tanana region, by C. E. Ellsworth. In Bulletin 442, 
1910, pp. 230-245.

Occurrence of wolframite and cassiterite in the gold placers of Deadwood Creek, 
Birch Creek district, by B. L. Johnson. In Bulletin 442, 1910, pp. 246-250.

Placer mining in the Yukon-Tanana region, by C. E. Ellsworth and G. L. Parker. 
In Bulletin 480, 1911, pp. 153-172.

Gold placer mining developments in the Innoko-Iditarod region, by A. G. Maddren. 
In Bulletin 480, 1911, pp. 236-270.

*Placer mining in the Fortymile and Seventymile river districts, by E. A. Porter. 
In Bulletin 520, 1912, pp. 211-218. 50 cents.

*Placer mining in the Fairbanks and Circle districts, by C. E. Ellsworth. In Bulletin 
520, 1912, pp. 240-245. 50 cents.

*Gold placers between Woodchopper and Fourth of July creeks, upper Yukon River, 
by L. M. Prindle and J. B. Mertie, jr. In Bulletin 520, 1912, pp. 201-210. 50 
cents.

The Bonnifield region, Alaska, by S. R. Capps. Bulletin 501, 1912, 162 pp.
A geologie reconnaissance of a part of the Rampart ąuadrangle, Alaska, by H. M. 

Eakin. Bulletin 535, 1913, 38 pp.



V III SURVEY PUBLICAT10NS ON ALASKA.

A geologie reconnaissance of the Fairbanks ąuadrangle, Alaska, by L. M. Prindle, 
with a detailed description of the Fairbanks district, by L. M. Prindle and F. J. 
Katz, and an account of lode nining near Fairbanks, by P. S. Smith. Bulletin 
525, 1913, 220 pp.

*The Koyukuk-Chandalar region, Alaska, by A. G. Maddren. Bulletin 532, 1913, 
119 pp. Price 25 cents.

A geologie reconnaissance of the Circlo ąuadrangle, Alaska, by L. M. Prindle. Bulle­
tin 538, 1913, 82 pp.

Placer miningin the Yukon-Tanana region, by C. E. Ellsworth and R. W. Davenport. 
In Bulletin 542, 1913, pp. 203-222.

*The Chisana placer district, by A. H. Brooks. In Bulletin 592, 1914, pp. 309-320. 
60 cents.

*Placer mining in the Yukon-Tanana region, by Theodore Chapin. In Bulletin 592, 
1914, pp. 357-362. 60 cents.

*Lode developments near Fairbanks, by Theodore Chapin. In Bulletin 592, 1914, 
pp. 321-355. 60 cents.

Minerał resources of the Yukon-Koyukuk region, by H. M. Eakin. In Bulletin 592, 
1914, pp. 371-384.

The Iditarod-Ruby region, Alaska, by H. M. Eakin. Bulletin 578, 1914, 45 pp. 
Surface water supply of the Yukon-Tanana region, 1907 to 1912, by C. E. Ellsworth 

and R. W. Davenport. Water-Supply Paper 342, 1915, 343 pp.
Minerał resources of the Chisana-White River district, by S. R. Capps. In Bulletin 

622, 1915, pp. 189-228.
Mining in the Fairbanks district, by H. M. Eakin. In Bulletin 622,1915, pp. 229-238. 
Mining in the Hot Springs district, by II. M. Eakin. In Bulletin 622,1915, pp. 239-245. 
Minerał resources of the Lakę Clark-Iditarod region, by P. S. Smith. In Bulletin 

622, 1915, pp. 247-271.
Quicksilver deposits of the Kuskokwim region, by P. S Smith and A. G. Maddren. 

In Bulletin 622, 1915, pp. 272-291.
Gold placers of the lower Kuskokwim, by A. G. Maddren. In Bulletin 622, 1915, 

pp. 292-360.
The Chisana-White River district, by  S. R. Capps. Bulletin 630,1916, 130 pp.
The Yukon-Koyukuk region, by H. M. Eakin. Bulletin 631, 1916, 88 pp. 
Preliminary report on the Tolovana district, by A. H. Brooks. In Bulletin 642,1916, 

pp. 201-209.
Exploration in the Cosna-Nowit.na region, by II. M. Eakin. In Bulletin 642, 1916,

p p .  2 1 1 -2 2 1 .
Minerał resources of the Ruby-Kuskokwim region, by J. B. Mertie, jr., and G. L. 

Harrington. In Bulletin 642, 1916, pp. 223-266.

In preparation.

The Lakę Clark-Central Kuskokwim region, by P. S. Smith.
The Ruby-Kuskokwim region, by J. B. Mertie, jr., and G. L. Iiarrington.
The Lower Kuskokwim region, by A. G. Maddren.
The Cosna-Nowitna region, by H. M. Eakin.

TOPOGRAPHIC MAPS.

Circle ąuadrangle (No. 641); scalę, 1:250,000; by T. G. Gerdine, D. C. Wither- 
spoon, and others. 50 cents each, or $15 for 50. Also in Bulletin 295. 

Fairbanks ąuadrangle (No. 642); scalę, 1 : 250,000; by  T. G. Gerdine, D. C. With- 
erspoon, R. B. 01iver, and J. W. Bagley. 50 cents each, or $15 for 50. Also in 
Bulletins *337 (25 cents) and 525.

Fortymile ąuadrangle (No. 640); scalę, 1 : 250,000; by E. C. Barnard. 10 cents 
each, or $3 for 50. Also in Bulletin 375.

Rampart ąuadrangle (No. 643); scalę, 1 : 250,000; by  D. C. Witherspoon and R. B. 
01iver. 20 cents each, or $6 for 50. Also in Bulletin 337 and part in Bulletin 535.



SUHYEY PUBLIC ATIONS ON ALASKA. IX

Fairbanks special (No. 642A); scalę, 1 : 62,500; by T. G. Gerdine and R. II. Sargent. 
20 cents each, or $6 for 50. Also in Bulletin 525.

Bonnifield region; scalę, 1 : 250,000; by J. W. Bagley, D. C. Witherspoon, and C. E. 
Giffin. In Bulletin 501. Not issued separately.

Iditarod-Ruby region, reconnaissance map; scalę, 1 : 250,000; by C. G. Anderson, 
W. S. Post, and others. In Bulletin 578. Not issued separately.

Middle Kuskokwim and lower Yukon region; scalę, 1 : 500,000; by C. G. Anderson, 
W. S. Post, and others. In Bulletin 578. Not issued separately.

In preparation.

Yukon-Koyukuk region; scalę, 1 : 500,000; by H. M. Eakin.
Lakę Clark-Central Kuskokwim region; scalę, 1 : 250,000; by R. H. Sargent.
Lower Kuskokwim region; scalę, 1 : 500,000; by A. G. Maddren.
Cosna-Nowitna region; scalę, 1 : 250,000; by H. M. Eakin.
Ruby-Kuskokwim region; scalę, 1 : 250,000; by R. H. Sargent and O. E. Giffin.

S E W A E D  P E N IN S U L A .

KEPOKTS.

The Fairhaven gold placers of Seward Peninsula, Alaska, by F. H. Moffit. Bulletin 
247, 1905, 85 pp.

Gold mining on Seward Peninsula, by F. H. Moffit. In Bulletin 284, 1906, pp. 132- 
141. The Kougarok region, by A. H. Brooks. In Bulletin 314, 1907, pp. 164-181.

*Geology and minerał resources of Iron Creek, by  P. S. Smith. In Bulletin 314,1907, 
pp. 157-163. 30 cents.

The gold placers of parts of Seward Peninsula, Alaska, including the Nome, Council, 
Kougarok, Port Clarence, and Goodhope precincts, by A. J. Collier, F. L. Hess, 
P. S. Smith, and A. II. Brooks. Bulletin 328, 1908, 343 pp.

*Investigation of the minerał deposits of Seward Peninsula, by P. S. Smith. In Bul­
letin 345, 1908, pp. 206-250. 45 cents.

Geology of the Seward Peninsula tin deposits, by Adolph Knopf. Bulletin 358, 
190 8 , 72  p p .

•Recent developments in Southern Seward Peninsula, by P. S. Smith. In Bulletin 
379, 1909, pp. 267-301. 50 cents.

•The Iron Creek region, by P. S. Smith. In Bulletin 379, 1909, pp. 302-354. 50 
cents.

•Mining in the Fairhaven district, by F. F. Henshaw. In Bulletin 379, 1909, pp. 
355-369. 50 cents.

Geology and minerał resources of the Solomon and Casadepaga ąuadrangles, Seward 
Peninsula, Alaska, by P. S. Smith. Bulletin 433, 1910, 227 pp.

Mining in Seward Peninsula, by F. F. Henshaw. In Bulletin 442,1910, pp. 353-371.
A geologie reconnaissance in southeastern Seward Peninsula and the Norton Bay- 

Nulato region, by P. S. Smith and H. M. Eakin. Bulletin 449, 1911, 146 pp.
•Notes on mining in Seward Peninsula, by P. S. Smith. In Bulletin 520, 1912, pp. 

339-344. '50 cents.
Geology oi the Nome and Grand Central ąuadrangles, Alaska, by F. H. Moffit. Bul­

letin 533, 1913, 140 pp.
•Surface water supply of Seward Peninsula, Alaska, by F. F. Henshaw and G. L. 

Parker, with a sketch of the geography and geology by P. S. Smith, and a de- 
scription of methods of placer mining, by A. H. Brooks; including topographic 
reconnaissance map. Water-Supply Paper 314, 1913, 317 pp. 45 cents.

•Placer mining on Seward Peninsula, by  Theodore Chapin. In Bulletin 592, 1914, 
pp. 385-396. 60 cents.

•Lode developments on Seward Peninsula, by Theodore Chapin. In Bulletin 592, 
1914, pp. 397^07. 60 cents.

41354°—Buli. 642—16------19



X SURVEY PUBLICATIONS ON ALASKA.

Iron-ore deposits near Komę, by H. M. Eakin. In Bulletin 622, 1915, pp. 361-365. 
Placer mining in Seward Peninsula, by H. M. Eakin. In Bulletin 622, 1915, pp. 

366-373.
TOPOGRAPH IC MAPS.

Seward Peninsula, compiled irom work of D. C. Witherspoon, T. G. Gerdine, and 
others, of the Geological Suryey, and all available sources; scalę, 1 : 500,000. In 
Water-Supply Paper 314. Not issued separately.

Seward Peninsula, northeastern portion, reconnaissance map (No. 655); scalę, 1 : 
250,000; by D. C. Witherspoon and C. E. Hill. 50 cents each, or $30 a hundred. 
Also in Bulletin 247.

Seward Peninsula, northwestern portion, reconnaissance map (No. 657); scalę, 1 : 
250,000; by T. G. Gerdine and D. C. Witherspoon. 50 cents each, or $30 a hundred. 
Also in Bulletin 328.

Seward Peninsula, Southern portion, reconnaissance map (No. 656); scalę, 1:250,000; 
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