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MINERAL RESOURCES OF ALASKA, 1917. 

,By G. C. M ~ T I N  and 0th- - 

PREFACE. 

This volume is the fourteenth of a series of annual bulletins* 
treating of the mining industry of Alaska and summarizing the 
results achieved during the year in the investigation of the mineral 
resources of the Territory. These reports, are intended to give 
prompt publication of the more valuable economic results of the 
year. The time available for their preparation does not permit full 
05- study of the field notes and specimens, and some of the state- 
ments made here may be subject to modification when the study has 
been completed. Those interested in any particular district should 
therefore procure a copy of the complete report on that district as 
soon as it is available. 

This volume, like the others of the series, contains an account of 
the mining industry, including statistics of mineral production, 
and also preliminary statements on investigations made by the 
Geological Survey. It is intended that this series of reports shall 
serve as convenient reference works on the mining industry for the 
years which they cover. I t  is not possible for a member of the Sur- 
vey to visit every mining district each year, and therefore, the-infor- 
mation used in preparing the summary on mining development is in 
part obtained from other reliable sources. 
Again, as for many years in the past, the Geological Survey is 

under great obligation to residents of the Territory for statistical 
data. Those who have thus aided include the many mine operators 
who have made reports on production as well as developments. 
There are still some Alaskan mineral producers who fail to respond 
to requests for information, but many prospectors, Federal officials, 

*The preceding volumes in this series are U. 8. Qeol. Survey Bum. 260, 284, 314, 846, 
870,442, 480, 520, 642, 592, 622, 64.2, and 662. 
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engineers, and officers of transportation and commercial companies 
have contributed valuable data. It is impracticable to enumerate all 
who have aided in this work, but it should be stated that without 
the assistance of these public-spirited citizens it would be impossible 
to prepare this report. Special acknowledgments should be made 
to the Director rtnd other officers of the Mint; the officsrs of the 
Alaska customs service; Web, Fargo & Co.; the members and 
o5cers of the Alaskan Engineering Cmnmission; the klaoksl Mexican 
Gold Mining Co., glaska United W d  21YIining a, and Alaska Trend- 
well Gold Mining Co., of Treadwell; B. L. Thane, of Juneau; G. 3.. 
Miller, of Slragway ; George M. Esterly, of Nizina ; James J. God- 
frey, of McCarthy; Stephen Birch, of Kennicott; John E. Hughes, 
of Valdez; John Ronan, of Seward; William K. McLennan, of 
Chisana; J. A. Kemp, of Steel Creek; Jos. Danker, of Chicken; 
U. G. Myers, of Eagle; Frank A. Reynolds, of Circle; First National 
Bank, American Bank of Alaska, Tanana Valley Railroad, A. - 
Bruning, J. A. Fairborn, George Hutchinson, Falcon Joslin, Alex 
Mitchell, and R. C. Wood, of Fairbanks; Frank Hagel, of Berry; 
J. C. Felix, of Nenana; George L. Morrison and S. S. Rowell, of 
Hot Springs; A. Bock and Joseph Heller, of Tofty; George .W. 
Ledger, of Rampart; W. H. Carney, of Tanana; Frank Cook, of , 
Ruby; C. P. Wood and Miners & Merchants Bank, of Iditarod; 
Harry Fothergill, of Ophir ; Harry Madison, of Tolstoi; George 
W. Pilcher, of Fortuna Ledge; Henry Howard, of Aniak; W. F. 
Green, of Tokotna; William Loisell and A. Stecker, of Quinhagak; 
R. W. J. Reed, of Nome; John D. Flannigan, of Council; Lars Gun- 
derson, of Haycock; and Lewis Lloyd, of Shungnak. 



INTRODUCTION. 

Eleven parties were engaged during 1917 in Alaska surveys and 
investigations. The length of the field season ranged from 2+ to 19 
months, being determined by the character of the work and by the 
climatic conditions prevailing in different parts of the Territory. 
The parties included 9 geologists, 1 topographer, 1 engineer, and 18 
packers, cooks, and other auxiliaries. Nine of the parties were en- 
gaged in geologic surveys, one in topographic s~rvgys, and one in 
stream gaging. The areas covered by reconnaissance geologic sur- 
veys on a scale of 1 :250,000 (4 miles to an inch) amount to 1,750 
square miles; by detailed geologic surveys on a scale of 1: 62,500 (1 
mile to an inch), 275 square miles. Mnch of the time of the geolo- 
gists was devoted to the investigation of special problems relating to 
tbe occurrence of minerals, the results of which can not be expressed 
in terms of area. About 1,050 square miles was covered by reconnais- 
sance topographic surveys on a scale of 1: 250,000 (4 miles to an 
inch). In  cooperation with the Forest Service, stream gaging was 
continued in southeastern Alaska. 

In 1917 the entrance of the United States into 'the war and the 
beginning of the construction of the Government railroad in Alaska 
gave more than ordinary importance to the collection of reliable 
statistics of mineral occurrence and production. Many govern- " 
mental agencies connected more or less directly with the prosecution 
of the war were seeking information concernifig available supplies 
and reserves of raw material. Therefore, the greater number of the 
geologists assigned to Alaskan work were charged with investiga- 
tions of the occurrence and production of minerals of economic value, 
among which were tin, tungsten, platinum, copper, chrome iron ore, 
nickel, and sulphur. 

Of the five parties whose work may be classified geographically, 
two parties worked in southeastern Alaska, two on Prince William 
Sound, and one in the region tributary to the Government railroad. 
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. - - .- ~ k j p l l y i n ~  tables show the allotments, including both field 
---- \--.--' and q~ds;wmk, of the total appropriation of $100,000 for the fiscal -- --. - 

-a - - $&? 1 ~ ~ & 4 f i e . d  by regions, by kinds of surveys, and by kinds of 
- - - - + b e x ~ r h j l ~ <  I n  addition to these funds a balance of about $6,000 
-2 -- f n ~ ~ l & $ G @ ~ ' s  appropriation was expended in equipping parties for 
<a - 
/- - - ̂ //--*the. se*gs field work. In the first table, the general office expenses 

--:. - .'-gi@ kppSi.tione8 to the several allotments, account being taken of 
mtrh&dns in character of work. The results are expressed in round 
n u m b .  Salaries of the permanent staff are included up to the 
end of the fiscal year 1918, but expenses other than these include only 
the cost of field and office work during 1917. The " general investi- * 
gations " include, among other things, the cost of collecting mineral 
statistics, of office work relating to the field investigations of previous 
seasons, and of investigations under the direct administration of 
the geologic branch. A balance of about $37,300 is available for 
equipping the field parties in 1918. 

Approdmote generat dtstributlon of approplJations for Alaska investigations, 
1917. 

100:000 , 
Appro&n.ate allotsp(dnt8 to d6flerent kinds of surveys and investigations, 1917. 

Reconnaissanm geologic surveys ---,-,-,---,---,----- 
Detailed geologic surveys --------,,-,,-,----,--------- 
Spedal geologic investigations ----- ,,, .................... 
Reconnaisealree topographic surveys-------------------- 
Investigations of water resources ------------------- I- 
Collection of qlneral statistics ----------,-,-----------, 

Miscellaneous, including administration, inspection, cler- 
ical salad% office supplies and equipment, and map 
compilati~n---,-----~-----------,----------------- 

To be allotted to field work, 1918 ----------,--------,- 

Allotments for sataries and field e X p t m ~ 8 ,  1917. 
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Tho following table exhibits the progress of investigations in 
Alaska and the annual grant of funds since systematic surveys were 
begun'in 1898. It should be noted that a varying amount is spent 
each year on special investigations that yield results which can not 
be expressed in terms of area. 

Progrese of aurvzrsys b Alaska, 1898-1317. 

Year. 

Percantage of total ..... area of Alaska.. 

Areas covered by 
geologic surveys. 

Areas covered by topographic 
surveys.a 

tions. - 
Y 

---- 
Miles. ...................... ....-. I ................ 

a The Coast and Geodetic and International Boundary surveys and the General  arid Office have also 
made topographic surveys In Alaska. The areas covered by these surveys are, of course, not included in 
these totals. 

GEOGRAPHIC DISTRIBUTION OF INVESTIGATIONS. 

GENERAL WORK. 

Alfred H. Brooks, geologist in charge of the division of Alaskan 
mineral resources, was engaged in office and administrative work 
until May 17. when he entered the military service as captain of the - Cacps of Engineers, United States Army, and was assigned to active 
duty in France, where he is now serving as lieutenant colonel. His 
timesin office in the early part of 1917 was divided as follows: Fifty 
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days to routine and admisistrative work, 234 days to the preparation 
of the progress report, 3& days to writing a pamphlet on mineral 
supplies of Alaska., 6+ days to a memorial of Dr. C. Willard Hayes, 
5 days to compilation of mineral statistics of Alaska, days to the 
critical reading of manuscript, 53 days to field plans, 2 dsys to &en- 
tific meetings, !@ days to-study of the physiography of Alaska, and 11 
days to matters connected with military service. 

The writer has been acting geologist in charge of the Alaska divi- 
sion since May 17. He was engaged in o5ce work till August 1, when 
he started for Alaska. Two days were,spent in Juneau, collecting 
data on mining developments. The time from August 15 to 21 was 
spent in the Kattllls oil field. The time from August 26 to September 
6 was devoted to a field conference with the engineer in charge of the 
Government cod mines in the Matanuska Valley. A brief visit was 
then made to the Menana coal field. He returned to Washington on 
October 11. 

In  the office the writer devoted his time to the following work: 
Forty-seven days to study of notes and preparation of report on the 
Nenana coal field, 22 days to report on upper Matanuska region, 
43 days to compilation of data for use in establishing leasing units 
in the Nenana coal field, 5 days to preparation of memorandum 
for the Secretary of the Interior on the Nenana coal field, 13 days to 
preparation of memorandum for the Secretary of the Interior on the 
Matanuska coal field, 5 days to proof reading, 2 days to study of 
Alaska stratigraphy, and 9 days to the Alaska press bulletin. 

During the writer's absence in Alaska F. H. Moffit was acting 
geologist in charge and devoted considerable time to executive work. 
Since June 11,1917, most of Mr. Moffit's time has been given to as- 
sisting Maj. Bagleg in his investigations of airplane mapping, and 
since November he has devoted himself exclusively to that work. 

R. H. Sargent continued the general supervision of the Alaska 
topographic surveys and map compilation until May 86, when he 
was furloughed to accept a scientific position abtoad. He has since 
returned to'the Survey and is doing togographic work in the North- 
western States. 

E. M. Aten continued as office assistant to the acting geologist in 
charge and assisted in the collection of sttatistics of production of 
precious metals in Alaska wtil July 13, when he went into the mili- 
tary service as aaptain in the Quartermaster Corps, United States 
Army. After that date Miss L. M. Graves took up Mr. Aten's ad- 
ministrative duties and T. R. Burch assisted in the collection and com- 
pilation of the mineral statistics. 

J. W. Bagley's investigations of photo-topographic &h& were 
early recognized as of potential military value. Both he and F. H. 
Moffit devoted considerable time to this work early in the year and on 
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June 22 Mr. Bagley received a commission as captain (now major) 
of engineers. Since that date he has devoted all his time to airplane 
mapping work. He has been assisted by Mr. Moffit, Capt. C. E. 
G&, and J. B. Mertie. 

A systematic investigation of the heavy placer minerals of Alaska 
- ,wtmc8egwl .by G. L. Narrington and J. B. Mertie, jr., during the 
p. wmk has dmady yielded results of considerable value. 
Platinum .ww found in concentrate f m  Aloric River in the Kus- 
kotrwim Delta and also from Marshall. Ti ore (cas9iWits) was 
h n d  in aonoentrates from Yentna River in such & m d  as to indi- 

that it possibly occurs in commercial quantities. Cassiterite 
wae also found in small quantities in concentrates from Boob Creek 
in the Tolstoi district, from Willow Creek near Nome, and from 
Riglagalik River in the Kuskokwim Delta. Scheelite was deter- 
mined in a number of concentrates from the vicinity of Nome and 
from Bonanza Creek at the base of Seward Peninsula. These lo- 
calities are not new but are important as indicating that the mineral 
may occur in su%cient amount to be a valuable by-product of 
placer mining. Scheelite was also found at a new locality on Jack 
Wade Creek. 

SOUTHEASTERN ALASKA. 

Field work in southeastern Alaska included special investigations 
of Paleozoic stratigraphy and paleontology by Edwin Kirk, a contin- 
uation of the geologic reconnaissance of the Ketchikan district by 
Theodore Chapin, a reconnaissance of parts of Chichagof Island with 
special investigations of the nickel deposits by R. M. Overbeck, a 
reconnaissance of Lituya Bay and special investigations of the iron 
ores of the Ketchikan district and of mining conditions in the Juneau 
district by J. B. Mertie, jr., and a continuation of the investigation 
of water resources by G. H. Canfield. 

Studies of the ore deposits and mining developments in the 
Ketchikan district were continued by Theodore Chapin, who de- 
voted the time from July 10 to 20 and from September 25 to No- 
vember 4 to this work. Especial attention was given to the copper 
deposits. 

An investigation of the reported occurrence of platinum at Lituya 
Bay was made by J. B. Mertie, jr., in July. Mr. Mertie also in- 
vestigated the iron ores of southeastern Alaska in October. 

A reconnaissance of the geology and mineral deposits of the Sitka 
district, with especial reference to the nickel-bearing copper ore 
on the west side of Chichagof Island, was made by R. M. Overbeck. 

The investigation of the water resources of southeastern Alaska, 
begun in 1915 under a cooperative agreement with the Forest Service, 
was continued throughout 1917. G. H. Canfield, who had charge of 
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this work, maintained 17 automatic gages throughout the year; In  
addition to these gages 3 others were installed in cooperation with 
individuals and otirporations. The results are briefly summarized 
in another section of this report. This work could not have been 
carried on withouk the cordial cooperation of the Forest Service, 

6f which have given substantial aid; particnl 
should be made to W. G. Weigle, special agent 
to' Leonard Eiundgren, district engineer at Po&-, 

land,meg. 
A sllDdy of the Paleozoic rocks of southeastern Alaska was 

signedtiako Edwin Kirk in the summer of 1917. He  left Washin@* 
July 1 and remained in the field until the later part of September 
studying the stratigraphy and making large collections of fossils 
from localities in southeastern Alaska. 

P R I N C E  WILLIAM S O U N D  AND COPPER RIVER REGION. 

Mr. B. L. Johnson in 1917 continued his investigations of mining 
developments in the Prince William Sound region and the eastern 
part of Kenai Peninsula. He also made a detailed survey of part 
of the Jack Bay district. Mr. Johnson devoted the time from July 
14 to October 19 to this work. 

The reconnaissance topographic survey of the Prince William 
Sound region, which was begun several years ago, was extended 
eastward by D. C. WWitherspoon in 1917. The season's work com- 
prised 1,000 square miles, iqcluding the eastern shore line of Prince 
William Sound from Fidalgo Bay to the entrance of Orca Inlet, 
which was mapped on a scale of 1 : 250,000. I n  addition, Mr. Wither- 
spoon surveyed the eastern end of Hawkins Island. 

A brief investigation of the reported nickel ore in the Capper 
River valley was made by R. M. Overbeck, who devoted a few days 
in August to this work. 

The progress af construction of the Government railroad in 
Alaska created a demand for information on the geology and min- 
eral resources of the region tributary thereto. S. R. Capps was 
charged with the investigation of an area tributary to the railroad 
irr the upper Susitna Valley. Between July 1 and September 7 he 
made geologic reconnaissance surveys covering an area of more 
than 1,500 miles oh a scale of 1:250,000, and also investigated the 
copper and gold lodes of the western Talkeetna Mountains and of 
the Willow Creek district. 

Investigations of the platinum deposits of the Yentna district 
and of the chromite deposits of lower Cook Inlet were made by Mr. 
Mertie. 
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The sulphur deposits of Makushin and Akun islands and near 
Stepovak Bay were investigated by A. G. Maddren. Mr. Maddren 
also made a brief visit to the beach placers on the west side of 
Kodiak Islstnd. .His  field work extended from July 21 to Sep- 
tember 22. 

YUKON REGION. 

The work in the Yukon region included special investigations of 
the tungsten, tin, and platinum deposits of the Faitbanks, Hot 
Springs, and Ruby districts by Theodore Chapin ; a special investiga- 
tion of deposits in the Tolstoi district by G. L. Harrington ; 
and an examination of the coal along the main line of the railroad 
west of Nenana River by G. C. Martin. No areal surveys were 
undertaken. 

SEWARD PENINSULA. 

Work on the Seward Peninsula included investigations by G. 
L. Harrington of the gold and platinum placers of the Candle and 
Hoyuk districts, of the placer and lode tin and the graphite of & 
York&istrict and Imuruk basin, and of the general mining de& 
opme&. No areal surveys were made. $ z e  

' & 
COLLECTION OF STATISTICS. 

~hpcol lect ion of statistics of production of metals in Alaska, 
begun by the Alaska division in 1905, was continued as usual. Pre- 
liminary estimates of mineral production for 1917 were published 
on January 1,1918. 

PUBLICATIONS. 

During 1917 the Survey published 1 bulletin and 1 water-sup- 
ply paper relating to Alaska. I n  addition, 2 professional papers 
and 5 bulletins were in press, and 21 reports, including this volume, 
were in preparation at the end of the year. Five topographic maps 
were in press at  the end of the year. 

IIEPOBTS ISSUED. 

BU~ETIN 657. The use of the panoramic camera in topographic surveying, 
with notes on the application of photogrammetry to aerial surveys, by J. W. 
Bagley. 
WATER-SUPPLY P~SEB 418. Mineral springs of Alaska, by G. A. Waring. 

REPOETS IN PBESS. 

PBOFEBSIORAL PAPZB 109. The Canning River r6gi~n, northern Alaska, by E. 
DeK. Leffingwell. 

P~FESSIONAL  PAP^ 120-D. The structure and stratigraphy of Gravina and 
Revillagigedo islands, Alaska, by Theadore Chapia (Published Aug. 22, 1918.) 

BTJLLETI~ 655. The Lake Clark-Central Kuskokw@ region, Alaska, by P. S. 
Smith. (Published Apr. 17, 1918.) 
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B a r a e m  882. Mineral resources of AIaska, 1916, by Alfred H. Brao%s 
and others. (Published Aug. 1,1918.) 

B ~ N  667. The Cosna-Nowitna region, Alaska, by H. M. Eakin. (Pub 
lished Apr. 12, 19l8.) 

B~LETIN 668. The Nelchina-Susitna region, Alaska, by Theodore Chapis 
Buramm 675. The upper Chitina Valley, Alaska, by F. H. Momt, with a 

description of the igneous rocka, by R. M. Overbeck. (Published June 26,19l8.) 

B m  664. The Nenana coal field, Alaska, by G. C. Martin. 
BULLETIN 882. The marble resources of southeastern Alaska, by E. F. Bur- 

chard. 
BULLETI~P 683. The Anvik-Andreafski region, Alaska, by Q. L. Harrington. 
B y  687. The Kanffshna region, Alaska, by S. R. Capps. 
The lower KuskogoPim region, by A. Q. Maddren. 
The Kotsina-Kuskulana district, by F. H. Mofit. 
The upper Matanuska basin, by Q. 0. Martin. 
Geology of the Glacier Bay and Lituya region, Alaska, by F. E. Wright and 

a. W. Wright. 
CfeoIogy of the region along the international boundary from Porcupine Riyer 

to the krctie Ocean, by A. Q. Maddren. 
The Porcupine d .  Alaska, by H. Bf. Plakfn. 
The ??&&tag d.t&rW, Alash, by A. G. Maadren. 
The Mesozoic stratigraphy of Alaska, by Q. C. Martin. 
The Port Valdm aad Jack Bay district, Alaska, by B. L. Johnson. / 
The Ruby-KuskokwLm regh% Alaska, by J. B. Mertfe, jr., and G. L. E ~ P -  

ringto@. 
The Cretaceous and Tertiary flora of Alaska, by Arthur Hollick. 
The Ketchikan cift#Wct, Alaska, by !l?heodore Chapin. 
The w l o g y  and mineral resources of Latouche and Knight Island distrlcta, 

Alaska, by B. L. Johnson. 
A geologic reconnaissance in the northern part of the Yukon-Tanana region, 

Alaska, by Eliot Blackwelder. 
The western Talkeetna Mountains, Alaska, by S. R. Cappis. 
The Juneau district, Alaska, by A. C. Spencer and H. M. Eakin. 

TOPOO%IPEIO YAPS IN PBEBB. 

Lower Matanuslra Valley, by R H. Sargent; scale, 1: CQ500; contour Inter- 
val, SO feet. Sale edition. (Issued Feb. 28, 1918.) 

Reconnaissance map of Cosna-Nowitna region, Alaska, by H. M. Eakin, C. E. 
Giflln, and R. B. Oliver ; Yukon River from Fort Gibbon to Nowitna River from 
&&a Road Commission ; wale, 1 : 250,000 ; contour interval, 200 feet. (Issued 
April 12,1918, as Plate I, Bulletin 66'7.) 

Reconaaissance map of Lake Clark-CentraI Kuskokwim reglon, Alaska, by R. 
H. Sargent, D. C. Witherspoon, and C. E. Gll3n; scale, 1: 250,000; contour in- 
terval, 200 feet. (Published Apr. 17, 1918, as  Plate I, BulIetin 655.) 

Reconnaissance map of Upper Chitina Valley, Alaska, by International 
~ ~ d a r y  Commission, F. H. MofUt, D. C. Witherspoan, and T. Q. Glerdine; 
acale, 1: 250,000; contour interval, 200 feet. (Issued June 26, 1918, as Plate 
I, Bulletin 675.) 

Juneau and vicinfQ Alaska, by D. C. Witherspooq control by U. S. Coast and 
W e t i c  Survey, D. C. Witherspoon, and Alaska Glastineau Mining Ca.; ecale, 
1: N060; contour interval, 50 feet. Sale edition. Issued JW n, 1918.) 
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THE ALASKAN MINING INDUSTRY IN 1917. 

- 

GENERAL FEATURES. 

The mineral production of Alaska in 1917 is valued at $40,700,212. 
This output is less than that for 1916, which was $48,632,138, but is 
greater than that of any other year. The decrease is chiefly in 
copper, production of which fell from 119,602,028 pounds, valued at 
$29,4&1,291, in 1916, to 88,783,400 pounds, valued a t  $24,240,598, in 
1917. The reduction in the output of copper was due largely to 
labor troubles, which included a strike at the Kennecott mine and 
sliortage of labor at  other mines. The production of gold fell off 
about $2,500,000 and is the smallest since 1904. The reduction in 
the output of gold is due chiefly to curtailment of operations be- 
cause of the scarcity of labor and the high cost of materials but is 
also due in part to the disaster at  the Treadwell mine and the de- 
pletion of some of the richer placers. There was a reduction in the 
output of silver, which was due to the decrease in production of gold 
and copper. The value of silver produced in Alaska in 1917 was, 
however, the greatest in the history of mining in the Territory. The 
production of lead increased somewhat. The production of tin 
showed a considerable decrease, although the value of tin produced 
was greater than ever before. The production of antimony fell to 
very small proportiohs, owing to the inability of the producers in the 
interior of Alaska to compete with the cheaper foreign product. 

, The production of coal was the largest in the history of mining in 
Alaska, owing to the beginning of commercial mining in the Mata- 
nuska field. Tungsten mining continued in the Fairbanks district and 
the Seward P e n i d  os about the same scale as in the preceding 
year. Petroleum continued to be produced from the single patented 
claim near Katalla, and the local refinery was operated on about the 
customay scale. The production of marble and gypsum in south- 
emtern Alaska was somewhat less than in 1916. The year 1917 
marks the beginning of the production of chromite in Alaska. The 
production of platinum, which was begun in 1916, continued on an 
hemmed scale. The production of platinum was chiefly from the 
Chistochina district and from Seward Peninsula, but mal l  amounts 

ll 
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this industry, as now presented, are therefore a close approximation 
to the actual output. 

Eatirnated sources of gold and silver produced in Alaska, 1880-1917. 

Pine ouce8. Fine mrnce8. ................................. Siliceous ores a.. 4,068,033 8 4  052 353 1 229 825 W1.332 
Copper ores.. .................................... I 75,5931 1:562:W1 ~608:4611 2.pl7,423 
Placers.. ..................................... 10,020,543 207,142,992 1,703,323 961,784 

Gold. 

Quantity. I Value. 

a Including small amounts of lead ore. 

Silver. 

Quantity. 1 Value 

The above table shows that about 284 per cent of the total gold pro- 
duction of Alaska has been obtained from the auriferous lode mines 
(siliceous ores). I n  1917 the lode-gold production was 31 per cent; 
in 1916, 38 per cent; in 1915, 37 per cent,; in 1914, 32 per cent; in 
1913,31.6 per cent; and in 1912, 29 per cent. I n  the following table 
the production of precious metals in 1917 has been distributed as to 
sources : 

Sources of gold and silver produced in Alaska, 1917. 

quantity. 

Siliceous ores ...................... 
Copper ores.. ............... ..... .. 
Lead and lead-copper ores. 
Placers. ......... 

Silver. 

Quantity. I value 

Thirty-one gold-lode mines were operated in 1917. There was also 
a production from nine prospects or small mines that were not in 
regular operation. Twenty-nine mines were operated in 1916. The 
value of the lode gold output decreased from $5,912,736 in 1916 to 
$4,581,453 in 1917. Southeastern Alaska, especially the Juneau dis- 
trict, is still the only center of large quartz-mining developments 
in the Territory. Next in importance is the Willow Creek lode dis- 
trict. There was also considerable gold lode mining on Prince Wil- 
liam Sound. The production in the Fairbanks district increased 
slightly, but lode mine owners of Fairbanks are still awaiting the 
cheapening of operating costs, especially of fuel, which will be 

. brought about by the Government railroad. Of the producing mines 
10 were in southeastern Alaska, 3 on Prince William Sound, 4 on 
Kenai Peninsula, 5 in the Willow Creek district, and 9 in the Fair- 
banks district. I n  1917 the average value of the gold and silver con- 
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tents for all siliceous ores mined was $1.37 a ton; the average for 
:916 was $1.70 a ton. These averages reflect the dominance in the 
total lode production of the large tonnage produced from the low- 
grade ores of the Juneau district. 

m e  production by districts of gold and silver in 1917 from gold 
lode mines, including small amounts from lead-silver mines which 
can not be given separately without disclosing individual produc- 
tions, is given in the following table: 

Produetion of gold and &vm from gold lode mint% by dbtricts,  1917. 

Gold. Silver. 

Dbtrfct. 

- 
Southe&am Alaska ...... 
PrimeWilliam BoMd.... 
K d  Peniasula .......... 
Wtllew Creek.. ........... 5 ........ ..... Fafrbanka district b 9 
Beward Penlnsuls d.. (4 

a Also 5 prospects. 
a Includes some lead ore. 
C Also 2 W O S D ~ C ~  
d Lead oie. - 
s One prospect on Seward Peninsula; also 1 shipment from an unknown locality. 

The value of the output of placer gold in Alaska in 1917 was 
about $9,810,000; in 1916 it was $11,140,000. The decrease @as due 
chiefly to restriction of operations because of the high cost of sup- 
plies and the scarcity of labor. These adverse conditions were felt 
in all parts of Alaska and everywhere tended to reduce the output of 
gold. Production was increased only where local conditions per- 
mitted an expansion of the industry in spite of increased costs. Such 
ccnditions existed in some of the newly discovered camps, and con- 
sequently there was an increase in the output of placer gold in the 
Tolovana, Marshall, Tolstoi, and Koyuk or Dime Creek districts. 
The production of the Ruby district increased slightly, owing to the 
very successful operation of the Greenstone dredge. There was 
also an apparent increase in the output of the Kuskokwim region, 
but this may be due t o  underestimates of the production of the 
previous year. 

It is estimated that about 610 placer mines were operated in the 
summer of 1917 and 200 during the previous winter, but many for 
only a part of the season. About 3,550 men were engaged in pro- 
ductive placer mining in the summer and 950 in the winter. ' I n  
addition, several hundred men were engaged in prospecting or other 
nonproductive work relating to placer mining. The only new placer- 
bearihg areas discovered during 1917 were in the Kuskokwim region, 
and these have not as yet made any large production. 
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The following table shows approximately the total bulk of gravel 
mined annually and the value of the gold recovered per cubic yard. 
The table is based in part'on returns made by placer mine operators 
and in part on certain other inf~rmation which is not available this 
year. The figures for 1917 are based on an assumption that the 
ratio of the recovery per cubic yard for the mines which supplied 
complete information to the recovery per cubic yard for all mines is 
the same as in 1916. Although the table is thus only approximately 
correct, the amounts given are probably near the true figures. 

Estimated amount of gravel sluiced in Alaskan placer mines and value of gold 
recovered, 1908-1917. 

The above table shows that from 1908 to 1014 there was a decline 

Year. 

1908 ........................ 
1909. ....................... 
1910 ........................ 
1911 ........................ 
1912 .................... ..... 

in the average gold content of the gravels mined. This decline re- 
flects the improved methods of placer mining that have been intro- 
duced, especially in the use of dredges. I f  data were available on 
the average recovery of gold previous to 1908 a far  greater decline 
would be noted. The rise of the average recovery from 1914 to 1917 . 
is due largely to the fact that the Alaskan dredges were for the most 
part working on far richer placers. This change is also influenced by 
the fact that in 1916 and 1917 a larger percentage of the placer gold 
came from the rich deposits of the newer districts, where recoveries 

Cubic yards. 
4 275 000 
4:418: 000 
4,036,000 
5,790,000 
7,050,000 

of $7 to $20 a cubic yard are not uncommon. I n  the final analysis 

Value of 

gLt:$ 
per mbi,, 
Y&- 

Total q u a -  
tity of gravel. 

the movement of the miners away from the lower-grade placers, made 
evident by the average recoveries for 1915 to 1917, is the result of the 
present economic conditions, which affect gold mining more adversely 

$3.74 
3.66 
2.97 
2.17 
1.70 

than most other industries. 

Value of 
re- 

$$$yo 
yard. 

Thirty-six gold dredges were operated in Alaska in 1917, two more 
than in 1916. Twenty-eight dredges were in Seward Peninsula, three 
in the Iditarod, and one each in the Ruby, Fairbanks, Circle, Forty- 
mile, and krentna districts. These dredges produced about $2,500,000 
worth of gold and handled about 3,700,000 cubic yards of gravel. I n  
1916 the 34 dredges handled about 3,900,000 cubic yards of gravel and 

1913 ................... ... 
1914. ..................... 
1915 ...................... 
1916 ...................... 
1917 ...................... 

recovered gold worth $2.679,000. The average recovery of gold per 
cubic yard was about 674 cents in 1917 and 69 cents in 1916. The 
gold dredges of Seward Peninsula made an average recovery of 49 
cents a cubic yard in 1917 and 53 cents in 1916. The dredges of the 

Year. 

Alaska Yukon districts are working on placers of relatiqely high 

TOM quan- 
tity of gravel. 

Cubic y a ~ d s .  
6 800 000 
8:500:000 
8,1M),DM) 
7 100 000 
~ 9 0 0 ~ ~  

$1.57 
1.26 
1.29 
1.57 
1.68 
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gold tenor. The value of gold recovered per cubic yard in 1917 was 
about 94 cents; in 1916, about 85 cents. 

Though dredges were built for use in the Alaska Yukon as early as 
1898 and at Nome in 1900, this method of placer mining did not reach 
a profitable stage until 1903, when two small dredges were suc- 
cessfully operated in Semard Peninsula. Dredging began in the 
Fortymile district in 1907; in the Iditarod, Birch Creek, and Fair- 
banks districts in 1912 ; and in the Yentna district in 1916. Up to the 
end of 1917 gold to the value of $17,610,000 has been mined by 
dredges. The distribution of this output by years is shown in the 
following table : 

Estimate of gold produced from dredge mining in Alaska, 1903-1917. 

gold output. 
Of Ii Year. Year. I Number 

of dredges 
operated. 

Number Value of 
~ ~ ~ f ~ $ ~  gold output. 

COPPER. 

The copper production of Alaska in 1917 was about 88,793,400 
pounds, valued at about $24,240,598. This is less than the production 
in 1916, which was 119,854,839 pounds, valued at $29,484,291, but is 
greater than the production of any other year. The reduction in 
total output for the year was d u ~  largely to scarcity of labor and to 
a strike at the IZennecott-Bonanza mine. During the year 17 copper 
mines were operated, compared with 18 in 1916. Of these mines 
seven are in ~ e t c h i k a n  district, seven in the Prince William Sound 
district, and three in the Chitina district. Small shipmenks of copper 
were also made from nine prospects or mines not in regular operation. 
The output of the Alaska copper mines by districts is shown in the 
following table : 

Output of Alaska copper mines by districts in 1917. 

I 1 1 Copper. I Gold. ( Silver. 

---- 
Ketchikan district.. ...... a 7  41 OM) 2 646 553 $722 509 
Chitina district ............ b 3 267: 541 70: 587: 110 19,270: 281 
Prince Willurm Sound c.. . d 7 351,356 15,559,737 4,247,808 ---- 

....... 659,957 88,793,400 24,240,598 - 
a Also small shipments from two prospects. 
b Also a small amount of placer co per and small shipments from four prospects. 
c Iucludin a small amount from 8ook Inlet. 

Also sm& shipments from three prospects. 
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The average copper content of the ores mined in 1917 was 6.4 per 
cent. The ores also yielded an average of $0.382 in gold and $1.238 
in silvei. The average yield for 1916 was 9.7 per cent of copper and 
$1.60 to the ton in gold and silver. The decrease in the content of 
copper for 1917 was due to the smaller proportion of high-grade 
Kennecott ores in the total production. The following table shows 
the total production of copper in Alaska by years: 

Copper produced in Alaska, 1880-1917. 

Among the noteworthy features of copper mining in Alaska in 
1917 was the continued enoamous output of the Kennecott-Bonanza 
mine in the Chitina district, which, as in previous years, over- 
shadowed all other operations. The total output of the coastal mines 
increased in 1917, largely owing to the increased production of the 
Beatson mine, but the aggregate production of the so-called inde- 
pendent mines was also larger than in 1916 in spite of the shortage 
of labor and ships. The heavy production from the smaller low- 
grade mines is, of course, due to the high price of copper and will 
not be maintained by all of them. However, some of the mines 
which are now being placed on a productive basis or on an enlarged 
capacity under the stimulus of high prices will probably be able to 
maintain their output with copper at a lower price, and the copper 
industry of Alaska will in general continue to advance, although 
there will doubtless be temporary setbacks. Work preparatory to 
the production of copper was continued energetically on several of 

Year. 

1880. ........................................................ 
1881-1900. 

3.933 (8ae ................................................... 
1901. ........................................................ 
1902.. ....................................................... 
1803. ........................................................ 
1804. ........................................................ 
1905.. ....................................................... 
190~ ....................................................... 
1907.. ................................................ 
1908 ......................................................... 

..................... 1909 ...................... ........ 
1910 ....................................................... 
1911 ......................................................... 
1912.. ................... ... ............................... 
1913 ......................................................... 
1914 ......................................................... ............. 1915.. ... .................................... 
1918.. ....................................................... 
1917.. ..................................................... 

2,521,007 428,661,615 88,044,479 

e Estimated. 

Ore mined. 

Tom. 

Copper produced. 

Quantity. 

Pounds. 

Vslur. 
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the nonproducing mines and prospects in all three of the Alaska 
copper districts. No important new discoveries were reported. 

LEAD. 

The production of lead in Alaska in 1917 is estimated at 852 tons, 
valued at $146,584. This is the largest production in the history 
of mining in Alaska. The production of 1916, which was larger 
than that of any previous year, was 820 tons, valued at $113,160. 
Lead in Alaska is still, as in past years, derived chiefly from the con- 
centrates of the gold mines at Juneau. The production of lead in 
1917 includes small amounts derived from the galena ores of the 
Fairbanks district and Seward Peninsula and from copper-lead ores 
of southeastern Alaska. Though silver-lead ores are found in many 
parts of Alaska, most of the deposits have not yet been opened on 
a commercial basis. The following table shows the production of 
lead in Alaska, so far as it can be determined from available data: 

' Estimate of lead produced in Alaska, 1892-1917. 

The Alaskan mines produced about 100 tons of metallic tin, valued 
at $123,300, in 1917, compared with 139 tons, valued a t  $121,000, in 
1916. The decrease was due in part to unusually heavy rains, which 
interfered with the work of the Seward Peninsula dredges, and in 
part to the cessation of large gold-mining operations in the Hot 
Springs district on account of the high cost and scarcity of supplies 
and labor. Not all of the tin ore mined in 1917 was shipped, for 
Knopf l estimates that the ore mined and shipped in 1917 yielded 
about 80 tons of metallic tin. This amount is considerably smaller 
than that given by the collector of customs, who states that 219 long 
tons of tin ore, containing 219,894 pounds (about 110 short tons) of 

Year. 

1892 .......................... 
1893 .......................... 
1 M  .......................... 
1695. ......................... 
1896........ .................. 
1697 .......................... 
1698 .......................... .......................... 1899 
1900 ' .......................... 
1901 ......................... 
1902. ......................... 
1903. ......................... 
1904. ......................... 
1905. ......................... 

lBnopf, Adolph, U. 8. QeoL Survey Mineral Resources, 1917, pt. 1, p. 68, 1919. 

TIN. 

Quantity. 

Tom. 
30 
40 
35 
20 
30 
30 
30 
35 
40 
40 
30 
30 
30 
30 

Value. 
-- 

$2 400 
3'040 
2'310 
1'3201909 
1'800 
2'160 
2'240 
3'150 
3'440 
3:440 
2 480 
2:520 
2 580 
2:620 

Year. Quantity. Value. 

.......................... 1908 .................... 1907.. .... .......................... 1908 ......................... 
1910 .......................... .......................... 1911 
1912.. ........................ .......................... 1913 588 ........................ 1914.. 28 1 344 
1915. ......................... 437 41:118 
1916 .......................... 810 113 180 
1917 .......................... 852 14584 

'2,933 309,348 
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metallic tin, was shipped during 1917. The difference is probably due 
to the fact that a large amount of ore mined in 1916 was not shipped 
till 1917. The following table shows the production of tin in Alaska 
since 1902: 

Year Quantity, Value 11 Year. Quantity. Value. i-l- I -  
Tons. 

15 
25 
14 
6 

34 
22 
25 
11 
10 

Tom. 
61 

130 
69 

104 
102 
139 
100 

Most of the tin ore mined in 1917 came from the placers of the 
York district, Seward Peninsula, where two dredges and some sluic- 
ing yielded about 146 tons of tin ore. The gold placer mhes  of the 
Hot Springs district yielded about 25 tons of stream tin. 

Some develbpment work was done on the tin lode claims of the 
York district, but no ore was milled or shipped. In the Hot Springs 
district there appears to be a considerable amount of stream tin in 
the old tailings and in the unworlred ground. Prospecting in 1917 
showed that both gold and stream tin occur in the basin of Sullivan 
Creek, considerably below the area which has been mined. Pros- 
pecting on Midnight Creek in the Ruby district has shown the pres- 
ence of tin at several places. 

The systematic examination of placer concent~ates by the United 
States Geological Survey has shown that tin ore (cassiterite) exists 
in considerable amounts and possibly in commercial quantities in the 
placers of the Yentna district. This locality is a new one for tin 
ore and is the first at which tin ore has been authentically reported 
south of the Alaska Range. Cassiterite was also found in concen- 
trates from Boob Creek in the Tolstoi district, from Willow Creek 
near Nome, and from Riglagalik River in the Kuskokwim Delta. 
The occurrence on Boob Creek possibly indicates an extension of the 
previously known area that contains tin in the Ruby-Poorman dis- 
trict. 

TUNGSTEN. 

The production of tungsten in Alaska in 1917 is estimated at about 
28 tons of scheelite concentrates valued a t  about $45,000. The Fair- 
banks district and Seward Peninsula were the principal producers 
of tungsten in Alaska in 1917. I n  the Fairbanks district two tung- 
sten mines are in course of development. At  one of these mines one 
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unit of a 75-ton mill is in operation and lute in the summer was 
turning ont several hundred pounds of scheelite concentrates daily. 
A t  the other mine a similar mill was in course of construction. Un- 
derground ~ o r k  was in progress a t  both mines. The present indi- 
cations give promise of a large increase in thc procluction of tung- 
sten in the Fairbanlis district. In  Semard Peninsula tungsten was 
produced principally by sluicing the residual scheelite-bearing lode 
material in  Sophie Gulch. Smaller quantities were recovered as 
the result of placer mining at  other localities. 

As a result of the examination of placer concentrates by the United 
States Geological Survey, scheelite mas determined in a number of 
concentrates from the vicinity of Nome and from Bonanza Creek 
a t  the base of Seward Peninsula. These localities are not new but 
are nevertheless of importance, as there appears to be a possibility 
of the production of scheelite as a valuable by-product of placer 
gold mining. &4 new locality, on Jack Wade Creek, in  the Fortymile 
district, was found for  this mincml. 

The Alaska output of antimony in 1917 was about 165 tons of 
crude ore worth about $28,000. The entire output came from the 
Fairbanks district and part of it was derived from reworking of old 
tailings. 

Production of nnfi?)roi~y in AZnslc(~, 1915-31317. 

Year 
Quantity I 01; ;ye  / VUUI 

PLATINUM. 

1915.. ........................................................................... 
1916 ............................................................................. 
1517.. ........................................................................... 

It is estimated that the output of platinum in Alaska in 1917 was 
about 81 ounces of crude platinum valued a t  about $5,500. The 
largest productions were from Dime Creek on Seward Peninsula, 
from Boob Creek in the Tolstoi district, and from Slate Creek in the 
Chistochina district. Small amounts were produced from Sweep- 
stakes Creek in Seward Peninsula and from the beach placers of 
Kodiak Island. 

Platinum is proving to be very widely distributed in  Alaska. In 
addition to the localities a t  which it has been previously recorded: 
it has been found as a result of the systematic investigation of placer 
concentrates by the Geological Survey in concentrates from Aloric - 
'0. S. Geol. Survey Bull. 662, pp. 21-25, 1918; U. S. Geol. Survey Bull. 666-P, p. 8, 

1917. 

Tons. 
833 

1,458 
165 

2,456 

$74,000 
134,000 

28,WO -- 
236,000 
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River in the Kuskokwim Delta and from the Marshall district. It 
has also been reported from the placers of Anvik River and of 
Valdez Creek, but these reports have not been confirmed. 

CHROMITE. 

The first production of chromite in Alaska was in 1917, when ship- 
ments were made from Port Chatham near the lower end of Cook 
Inlet. The Cook Inlet deposits have been known1 for a number of 
years, but were reexamined in 1917 by J. B. Mertie, jr.," who has 
written a paper on the subject which appears elsewhere in this 
volume. 

NICREL. 

Nickel ore has been reported a t  three localities in Alaska--on the 
west coast of Chichagof Island, near Copper River, and on Knight 
Island, Prince William Sound. The deposits on Chichagof Island 
and near Copper River were examined in the summer of 1917 by 
R. M: Overbeck: who has written an account which appears else- 
where in this volume. A brief statement of the results of that 
examination follows : 

The nickel deposits of Chichagof Island are situated on the west coast of 
the island about 3 miles northwest of Pinta Bay, or about 65 miles northwest 
of Sitka. The developments consisted in 1917 of a 180-foot shaft, with 155 feet 
of drifts a t  the 80 and 180 foot levels, and of several prospect holes. 

The ore occurs in and near the margin of a mass of hornblende gabbro or 
norite which is intrusive into quartz-mica schist. This qntact  is parallel to 
the shore. The ore is exposed in two outcrops about half a mile apart. A shaft 
was sunk a t  the more northerly of these outcrops. There is a third outcrop 
about half a mile farther north, where a mass of limonite is believed to be 
the weathered capping of the ore. These outcrops form irregular areas, about 
70 feet in maxfmum diameter, projecting somewhat above the surrounding 
surface. At several other places the ore minerals were seen to be disseminated 
in small amounts through the country rock. 

The ore contains copper and nickel, the most abundant sulphide minerals 
being pyrrhotite, chalcopyrite, and pentlandite. Pentlandite is an iron-nickel 
sulphide, (FeNi)S, containing 22 per cent of nickel. The minerals in the 
ore include also a small amount of niccolite, which is an arsenide of nickel 
contaipidg about 43.9 per cent of nickel. Two selected samples of ore from 
the 80-foot level contain 4.68 and 3.93 per cent of nickel and a trace of cobaIt. 

The number, size, and shape of the ore bodies have not been determined. 
The only opportunity for underground observation in 1917 was in the 80-foot 
levei a t  the center outcrop. The shaft is in igneous rock that is free from ore 

1 Grant, U. S., The southeastern coast of Kenai Peninsula: 0. 8. Geol. Survey Bull. 
687, pp. 237-238, 1913. 

'Mertie, 3. B., jr., Chromite deposits in Alaska: U. 8. Geol. Survey Prem Bull. 361, 
p. 1, April, 1918. 

sO~exbeck, B. bf., Nickel in A k a :  U. 8. GeoL Survey Prees Bull. 376, p 2, August, 
1918. 



THE ALASKAN MINING INDUSTRY IN 1917. 23 

miperals. The drift for about 30 feet from the shaft is also in barren horn- 
blende gabbro, but the last 30 feet of the drift is in massive ore. At the face 
of the drift there are some masses of barren rock, but the drill holes in the 
face are apparently in sulphides. There has been some faulting a t  this lev& 
but its extent is not known. The drift a t  the 180-foot level Could not be 
reached, but i t  is said to be about 80 feet long and to reveal ore which has 
apparently been somewhat broken up by faulting. 

The three outcrops described above apparently have no surface connection 
and may have no connection underground. They may possibly be the exposures 
of a single continuous ore body, but they are more likely to be outcrops of 
separate ore bodies that lie in a mineralized zone along the intrusive contact. 
ThLs zone probably contains other, ore bodies that do not show a t  the surface. 

Neither the outcrops nor the underground workings are of sulllcient extent 
to permit any reliable estimate of the amount of ore that may be present a t  
this locality. Ore bodies of this kind are generally very irregular. The amount 
of ore shown in the present workings therefore does not justify large invest- 
ments in facilities for mirling, ore treatment, or sh'ipping. The amount of ore 
in sight and the geologic conditions a t  the locality do, however, encourage the 
hope that workable ore bodies will be developed, and justify the expenditure 
of a moderate amount of money in blocking out the known ore body and in the 
search for other ore bodies. This search should include the thorough pros- 
pecting of the entire area along the contact of the intrusive rock with the 
schist. I t  is believed that diamond drilling near the known outcrops, and 
a t  the localities where disseminated ore is seen, may reveal additional ore 
bodies that do not reach the surface. 

The Copper R ivq  nickel locality is situated near the headwaters of Canyon 
Creek about 13 miles east of Copper River opposite Mile 121 on the Copper 
River & Northwestern Railroad a t  an altitude of more than 4,000 feet. Mining 
claims have been located on the outcrops of basic dikes which cut the schists, 
but only a little undergroupd work has been done. Pyrrhotite and chalcopyrite 
are localized a t  a few places, but there is no evidence of extensive mineraliza- 
tion. The amount of ore can not be estimated on account of the small amount 
of underground work and the fact that a t  one locality, a t  least, the ore body 
has been faulted. A selected specimen of ore contains 7.23 per cent nickel and 
a trace of cobalt, but most of the known ore is believed to be of much lower 
mde. 

A nickel deposit is said to have been discovered on Knight Island, Prince 
William Sound. I t  is reported that this deposit was being prospected with a - diamond drill in the summer of 1917, but the locality has not been visited by 
any member of the Geological Survey and no authentic information is available. 

MOLYBDENUM. 

No molybdenum has yet been produced from Alaska, but opera.- 
tions preparatory to mining were undertaken in 1917 at a molybde- 
nite-bearing lode near Shakan on the west coast of Prince of Wales 
Island, at the molybdenite prospect 9 miles north of Skagway, and 
at a molybdenite deposit on Reid Creek, a tributary to Little Susitna 
River in the Willow Creek district. A molybdenite deposit is re- 
ported on Ptarmigan Creek, a tributary to the Dry Delta about 50 
miles above the Tanana. An occurrence of molybdenite on Healy 
River is described by Theodore Chapin elsewhere in this volume. 
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COAL MINING. 

The production of coal in Alaska in 1917 was 53.955 tons, valued 
a t  about $265,317. This production was by far the largest in the 
history of coal mining in Alaska, and it probably marks the begin- 
ning of coal mining on a moderate but permanent commercial scale. 
The major part of the production was derived from the Matanuska 

a coal field, especially from the Eska Creek mines, which mere opened 
under private auspices in 1916 but were taken over and operated by 
the Alaskan Engineering Commission in 1917. The Matanuska 
branch of the Government railroad was completed late in the fall 
of 1917, which rendered the coal on Chickaloon River available for 
exploitation. The coal on Chickaloon River is being opened by the 
Alaskan Engineering Commission. A large amount of underground 
work must be done before mining can be attempted on a large scale, 
but small shipments of coal obtained in the course of derelopment of 
the mines were made late in 1917. A small mine on Moose Creek was 
operated under a mining permit throughout the year, and work pre- 
paratory to mining was undertaken by private lessees on Moose 
Creek and near Chickaloon River. A more extended account of min- 
ing in the Matanuska field is given elsewhere in this volume. 

The lignite fields on Cook Inlet rank next to the Matanuska coal 
fields in point of production for 1917. A considerable quantity of 
lignite that was mined near Bluff Point was shipped to towns on 
Cook Inlet for local consumption. A lignite mine on Cache Creek 
in the Yentna district was operated during part of the year in order 
to supply fuel for a gold dredge. 

Steps preparatory to opening the Nenana coal field were in psog- 
ress tl2f.oughout the year. The Government railroad was being ex- 
tenddisouth toward this field from Nenana on Tanana River. The 
more *cessible coal lands in the Nenana field were offered for leasing 
early $I 1918. 

T h ~ g  was apparently no coal mining in the Bering River field . 
duriqj..1917. A railroad under construction from the east shore of 
Controller Bay to a patented coal claim in the eastern part of Bering 
River field is reported to be nearing completion. No leases had been 
granted in the Bering River field up to the close of 1917, but two 
claims have been patented, and it is said that one application for 
patent is still pending. 

The following table gives the estimated production of coal in 
Alaska since 1888. The production for 1888 to 1896 is estimated 

b from the best data available but is only approximate. The @ures 
for 1897 to 1917 are based for the most part on data supplied by 
operators. Most of the coal mined before 1916 was lignite. There 
was a small production of bituminous coal from the west end of the 
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Bering River field in 1906. The table does not include 855 tons of 
coal mined in the Bering River field in 191.2 and 1,100 tons mined in 
the Matanuska field i11 1913 for test by the United States Navy. 

Prodtiction of coal i n  Alaska,  1888 to  1917. -- 
Pcar. I Qnantity. 1 Value. 11 Y e ~ r .  1 Quantity. ( Value. 

Short tons. 
6,000 
2,000 
1,000 
1,200 
1,200 
1,300 
2,212 
1,447 
1,094 
3,774 
5,511 

10,130 

Short tons. 
Inn. ...................... 1 3,1071 

The following table shows the coal consumption of Alaska, in- 
cluding both local production and imports since 1899. Most of the 
coal shipped to Alaska mas bituminous, but a little was anthracite: 

Coal consumcd in Alasl~a, l8h-1917, in. s l~ort  tons. 

Year. 

Produced 
in Zlsska 

chlonv su6- 
I,iluminous 
wd lignite. 

Imported 
kom States, 
chiefly bi- 
tuminous 

from Wash- 
ington. 

a By fiscal years endin: June 30. 

Tnt,al 
foreI'm 

coal, chieflv 
bituminous 
kom British 
Columbia. 

Tot,al coal 
consumed. 

It is too early to forecast the future of coal mining in Alaska, 
especially in the Bering River and Matanuska fields. I f  future dis- 
coveries in the Matanuska field reveal any considerable extension of 
the known coal lands, especially the lands containing high-grade 
coal, the areas of which as now lino\vn are very small; if i t  be found 
that the greatly disturbed bituminous coals of the Bering River and 
Matanuska fields can be mined a t  a moderate cost; if the Matanuska 
or  Bering River coal proves to be suitable for  the manufacture of 
coke; or if it is found that there is a supply of coal suitable for  the 
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Navy in the Matanuska or Bering River fields and if the Navy re- 
quires coal ratfier than oil-then there will probably be a rapid ex- 
pansion of coal mining in one or both of these fields. The facts now 
known indicate, however, that there may be considerable di5culty 
in producing and in selling any large amount of coal at  a profit, 
and that mining in both these fields will probably proceed at a mod- 
erate rate. If the general public still retains the extravagant and 
entirely false impression that was created by sensational magazines 
a few years ago as to the amount and value of Alaska coal it should 
be prepared for disappointment. 

The future of the Nenana coal field is more definite. This field 
contains a large amount of lignite of fair grade that can be mined 
at a moderate cost. The market is reasonably certain. Although 
this coal is not suitable for export. it will furnish a valuable and 
much-needed fuel in portions of interior Alaska that are now de- 
pendent on a scanty and expensive supply of wood. The coal of the 
Nenana field will probably be used as locomotive fuel on the Gov- 
ernment railroad, for power and thawing at the mines in the 
Tanana Valley, as domestic fuel in the Tanana Valley, and as fuel 
on local Tanana River boats and possibly on some of the Yukon 
steamers. The coal of the Nenana field should, if possible, be used 
on the greater part of the railroad, rather than the higher-grade 
Matanuska coal, because the heavy freight traffic will be north- 
bound, leaving southbound empties available for hauling coal. The 
Nenana coal field is nearer the summit of the Alaska Range than 
any known coal south of the divide. It seems reasonable to expect 
that a coal-mining industry of moderatg size will begin in this field 
in the near future. The growth of coal mining in this field will be 
dependent on the growth of other industries. Gold mining, coal 
mining, and agriculture in the Tanana Valley should be mutually 
inbrdependent, and each industry, through the stimulating effect sf 
the others, should expand at a gradually accelerating rate. 

The possibility of the growth of an important coal-mining industry 
on Cook Inlet should not be overlooked. There is a large amount of 
lignite on Cook Inlet, and it is of fair quality, being of about the 
same grade as the lignite of the Nenana field. Much of it is situated 
on waters that are navigable throughout the year, and it lies in beds 
that are but slightly folded. Its mining and shipment should, there- 
fore, be relatively cheap. The possibility of coal mining on Cook 
Inlet. on a large scale depends, however, on the success of experiments 
in the treatment of lignite in order to render it available for purposes 
for which the higher-grade coals are now required. I f  lignites can, 
at a moderate cost, be rendered suitable for such purposes the lignites 
of Cook Inlet must be regarded as one of the most important factore 
in the Alaska coal situation. 
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PETROLEUM. 

The production of petroleum from the only oil claim patented in 
Alaska, in the Katalla district, was increased somewhat in 1917 by 
cleaning out the old wells. The Katalla refinery was operated as 
usual. Two new wells were drilled, and drilling was continued at a 
well started in a previous year, but no new productive wells were ob- 
tained. Some of the oil claims in the Katalla field were surveyed 
preparatory to application for patent. 

The consumption of petroleum in Alaska is indicated approxi- 
mately by the imports, which are shown in the following table: 

Petroleum products shipped to Alaslca from other parts of the United States, 
1905-1917, in gallons." 

Year. 

a Compiled from Monthly Summary of Foreign Commerce of the United States, 1905 to 1917, Bureau 
of Foreign and Domestlo Commerce. 

STRUCTURAL MATERIAL, ETC. 

One marble quarry and one gypsum mine were operated in south- 
eastern Alaska in 1917. No barite was shipped. Work was con- 
tinuedron two graphite deposits in Seward Peninsula, and consid- 
erable graphite was mined and shipped. A brickyard was operated 
a t  Anchorage, and it is reported that one is being operated at Seward. 
A small limestone quarry and kiln and a deposit of marl near Anchor- 
age were worked and made small productions of lime. 

REVIEW BY DISTRICTS. 

The following review summarizes briefly the principal develop- 
ments in all the districts. Many of the districts were not visited by 
members of the Geological Survey in 1917 and some operators failed 
to make reports, so that the information at hand about mining in 
some of the districts is incomplete and scanty. The space here de- 
voted to any district is therefore not necessarily an indication of its 
relative importance. The arrangement is geographic, from south to 
north. 
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SOUTHEASTERN ALASKA. 

The mineral production of southeastern Alaska in 1917 was de- 
rived from 10 gold lode mines, 8 copper mines, 3 placer mines, 1 
gypsum mine, and 1 marble quarry. The value of the mineral pro- 
duction fell from $7,032,010 in 1916 to $5,407,902 in 1917. The value 
of the different products is shown in the following table: 

M i w a l  production of southeastern Alaska, 1917. 

Gold ............ .:. .. ..... .... 
Silver.. ....................... ... 
Cop r ..........................  ear marble, gypsum, etc ...... 

Gold lode mines. Copper mines. 

I I I 

Quantity 

~unces). ounces). 

Placer mines. 
Value Of 
products 

Quan- ofall 

The largest mining operations, as in previous years, were at the 
gold mines in the Juneau district. All the productive copper min- 
ing of southeastern Alaska 'was in the Ketchikan district. Placer 
mining was limited to the Porcupine district and to small beach 
operations st Yakataga and Lituya Bay. 

The principal copper producers in the Ketchikan district were the 
Rush & Brown, I t ,  Jumbo, and Mount Andrew mines. The Mamie 
mine. was closed down in the spring, and an increased output was 
made at the It. The Rich Hill copper property, on Kasaan Penin- 
sula, is being developed and made a small production. A 60-ton 
flotation mill was constructed on the Salt Chuck mine (formerly the 
Goodro mine). A molybdenite-bearing lode in the vicinity of Sha- 
kan, on the west coast of Prince of Wales Island, is being developed. 
Marble quarrying at Tokeen was continued about as usual. The 
Dunton minc was the only gold mine in operation. It is reported 
that a small plant for treating ore is under construction at the Com- 
plex mine on Moira Sound. 

Development of the copper lodes of the Ketchikan district, par- 
ticularly on Kasaan Peninsula, has led to the uncovering of large 
bodies of magnetic iron ore at a numbtr of places. This magnetite, 
which contains in general about 0.5 per cent of copper, has hitherto 
been regarded only as a low-grade copper ore. Attention has re- 
cently been redirected to these ores as a source of iron. Magnetic 
separation should yield a high-grade iron ore and a valuable by- 
product of chalcopyrite to pay for the cost of separation. Plans for 
utilizing these iron ores are now being considered. 
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I 
Gold lode mining continued on a large scale at  the mines near 

Juneau. 
As a result of a cave-in at the Treadwell, 700-foot, and Mexican 

mines, which occurred on April 21, these mines are now flooded with 
sea water and are not in operation. The surface equipment of these 

I three mines is being dismantled and sold. The Ready Bullion mine, 
though connected at the 1,350-foot level with the Mexican mine, was 
saved by a concrete bulkhead, which after the cave-in was made per- 
manent and greatly strengthened. At the end of June the drawing 
of all broken and caved ore above the 2,000-foot level was discon- 
tinued, in order to render the mine entirely safe, and all open stopes 
are now being filled with waste. Development, of the mine con- 
tinued in the lower levels. The 2,400-foot level is now completed, 
and rapid progress is being made in the 2,600-foot level. The prea- 
ent plans contemplate the ultimate extension of the new No. 2 shaft 
to the 3,000-foot level. If the ore is of satisfactory grade at that 
depth a ~rospect drift will be run along the ore body underneath 
the flooded workings of the other mines. The production of gold at 
the Ready Bullion mine was decreased to one-third the normal 
quantity when work above the 2,000-foot level was discontinued but 
will gradually be' increased as the Iower levels are opened up. 

The Alaska-Gastineau (Perseverance) mine and mill operated 
throughout the year. Operations were restricted by the scarcity of 
labor; there were only 712 men employed in 1917 against 940 in 1916. 

, The supply of broken ore in the stopes overcame the deficiency caused 
' .. by the shortage of labor, and the mine and mill were operated on a 

wmewhat larger scale than in 1916. Development and prospecting 
for ore bodies was prosecuted as energetically as conditions permitted. 
A total of 15,472 feet of drifts, crosscuts, and raises and 12,754 feet 
of diamond drilling was completed. The principal object of this 
work was to find new and richer ore bodies in order to maintain the 
average grade of the ore sent to the mill and, if possible, to increase 
the average value. The mine is said to be in condition to furnish a 
maximum tonnage of ore whenever the necessary labor is available. 
The millilrg plant has shown a capacity of not less than 10,000 tons 
a day, and the transportation system, both underground and from 
the mine to the mill, is in a position to supply this tonnage. 

The Alaska Juneau mine was operated throughout the year. The 
new miU at this mine was started in April but has been running at 
less than half its capacity. 

Development work was continued at the Alaska-Ebner mine. The 
Jualin mine, at Berners Bay, was operated during most of the year 
but shut down in October on account of the scarcity and high price 
of supplies and labor. Other properties in the Juneau gold belt were 

115086°-19---3 
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also developed or operated in a small way, and prospecting for new 
lodes was continued. 

Development work continued at the molybdenite proapect 9 miles 
north of Skagway: 

On Chichagof Island both the Chichagoff gold mine and the gyp- 
sum mine of the Pacific Coast Gypsum Co. were operated oh about 
the same scale as last year. The main tunnel of the Chichagoff mine 
is now over 4,400 feet long. At the gypsum mine work was started 
on the new 300-foot level. This mine has been a steady producer 
since 1906. 

Development work was continued on the group of copper claims 
near the head of Pinta Bay, about 15 miles northwest of Chichagof. 
A little prospecting but no underground development work was 
done on the copper-nickel deposit at  Nickel, about 22 miles north- ' 

A west of Chichagof. 

COPPER RIVER REGION. 

The largest mining operations of the Copper River region in 1917, 
as in several years preceding, were at the Jumbo and Kennecott- 
Bonanza copper mines. Considerable copper was also shipped from 
the Mother Lode mine and small shipments were also made from 
several other properties. Other mineral production included placer 
gold mining in the Nizina and Chistochina districts. 

The Jumbo and Kennecott-Bonanza mines and the mill at  Renne- 
cott were operated on a large scale throughout the year, although 
production was considerably smaller than in 1916. This reduction in 
the output was due to a strike in the middle of summer and to short- 
age of labor throughout much of the year. The mill was operated 
at practically its full capacity throughout the winter, and this was 
the first time that it had not been necessary to shut down during the 
winter on account of the shortage of water. The ammonia leaching 
plant continued in successful operation, and it is reported that its 
capacity will be increased. 

Automobile roads for hauling ore from the Mother Lode and 
Nugget creek mines were constructed. Much development work was 
done at these mines and also at  several other mines in the region. 

Hydraulic placer mining continued on a large scale in the Nizina 
dhtrict, where 2 mines employing 4 miners were operated in the win- 
ter of 1916-17, and 6 mines employing 91 miners in the summer of 
1917. These mines produced about $120,000 in placer gold and also 
a little placer copper. No important developments or discoveries are 
reported. 

Placer mining on Slate Creek in the Chistochina district was con- 
tinued on a large scale. The production of this district is estimated 
st about $100,000 worth of gold and 15 or 20 ounces of platinum. 
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Platinum is said to occur in about the proportion of one part by 
bulk of platinum to 100 parts of gold, but not all of the platinum is 
mvd. 

Some underground work was done on the American Eagle lode 
near Tiekel, and a small production of gold was made. It is said 
that a small mill will be installed in 1918. 

PRINCE WILLIAM SOUND. 

The value of mineral production on Prince William Sound was 
$4,667,929 in 1917'compared with about $3,000,000 in 1916. This 
amount is the value of the product at seven copper mines and three 
gold mines which can be classed as regular producers and of addi- 
tional small shipments from eight other small mines or prospects. 

Mineral production of Prince William Sound, 1917. 

a Including one small shipment from Cook Inlet. 

The productive copper mines in 1917 included the Beatson, Black- 
bird, Schlosser property, Midas, Mackintosh property, and Ellamar. 
The Blackbird group, on Latouche Island, began shipping after lying 
dormant for several years. At the Beatson-Bonanza large operations 
were continued, the capacity of the milling plant was increased, and 
350 men were employed. On the Blackbird 25 men were employed 
and a new ore body was opened up. On the Schlosser property 27 
men were employed and considerable underground work was done. 
The Mackintosh property employed 13 men stoping an old lead and 
extending the adit tunnels on it and crosscutting to a new lead. The 
Ellamar mine, which employed 100 men, continued operations 
throughout the year on about the usual scale. At the Midas 50 men 
were employed during the year, underground operations were con- 
tinued, the tram was operated, and large shipments were made. On 
the Rua property 600 feet of tunnel and crosscuts were driven. A 
large low-grade copper property was discovered on Long Bay. Some 
diamond drilling on a nickeliferous deposit on Knight Island is 
reported. 

A detailed statement regarding the mining on Prince William 
Sound is given in another chapter of this voluma 



32 MINERAL RESOURCES OF ALASKA, 1917. 

KENAI PENINSULA 

The mineral production of Kenai Peninsula includes about $30,000 
of placer gold, $4,600 of lode gold, a small amount of silver obtained 
incidentally to the mining of the gold, a considerable amount of 
chromite, which was mined at Port Chatham on Cook Iplet, and some 
lignite mined at Bluff Point on Cook Inlet. There was very little 
activity in lode gold mining and no extensive developments are re- 
ported. A mill and tram are being installed at the Ronan & James 
mine in the Moose Pass district, The largest placer mining opera- 
tions were on Resurrection and Crow creeks. Preliminary steps 
were taken toward the inauguration of large-scale operations at  
Canyon Creek. Very heavy rains in the fall caused serious damage 
at the placer mines throughout the district. 

WILLOW CREEK DIS3RICT. 

The mineral production of the Willow Creek district in 1917 in- 
cluded $195,662 worth of gold and $586 worth of silver, all derived 
from quartz mines. The Alaska Free Gold, Gold Bullion, Gold 
Cord, Mabel, and Talkeetna (formerly Matanuska) mines were op- 
erated. The amount of ore milled was 7,883 tons. A promising new 
quartz vein which was opened at the Gold Cord mine at the head of 
Fishhook Creek has already been traced for several claim lengths. 

YENTNA DISTRICT. 

The Cache Creek district continues to be the principal source of 
placer gold in the Yentna basin. The inaccessibility of the placers 
on Cache Creek has made mining expensive, but a new wagon road, 
which is now under construction, from Talkeetna, on the Government 
railroad, to Cache Creek, will soon afford a quick and easy approach 
to the district. A dredge that burned local coal was operated on 
Cache Creek, and 15 hydraulic plants were working on Cache and 
Peters creeks during the summer. More than 100 men were employed, 
producing placer gold valued at $125,000 to $150,000. Operations at  

' 

the end of the season were hampered by protracted rains and serious 
floods, which caused considerable damage to several mining plants. 
Late in the fall a Hudson dry dredge was installed on ground along 
the north side of Kichatna River, at the mouth of Nakochna River, 
to begin mining in the spring of 1918. Some prospecting and min- 
ing were done in the Camp Creek and Lake Creek basins. 

Along the lower Kahiltna River prospecting for platinum was car- 
ried on by one company at two l o c a l i t i e ~ n e  about 3 miles below 
the mouth of Peters Creek and the other a short distance upstream 
from the mouth of the river. A hand drill and two power drills 
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were used in prospecting the river bars, about 12 men having been 
employed in this work. The prospecting is to be continued next 
season. Platinum occurs at many other places in the S'usitna basin, 
including Cache, Peters, Camp, and Lake creeks, as well as on 
Kichatna and Chulitna rivers, and placers that contain platinum in 
commercial quantities may ultimately be found. 

An examination of placer concentrates from Yentna River by the 
United States Geological Survey has revealed the presence of tin ore 
(cassiterite) in considerable amount and possibly in commercial 
quantities. 

UPPER SUSITNA REGION. 

The mineral production of the upper Susitna valley is still re- 
stricted to the placer gold of the Valdez Creek district. The lodes 
of the Broad Pass and Talkeetna districts are being prospected. 

In  1916 and 1917 about 20 groups of claims were staked on gold 
and copper bearing lodes in the basin of Iron Creek, a tributary of 
Talkeetna River from the southeast, but practically no underground 
work has yet been done. The discovery of a large dike that carries 
gold is reported from upper Talkeetna River. Some massive bornite 
that carried visible free gold and that was reported to have been 
found in the basin of Kashwitna River was brought in by a party 
of prospectors. 

The prescribed amount of annual assessment work was performed 
on about a dozen groups of lode claims in the upper basin of Chulitna 
River, which is often referred to as the Broad Pass district. No 
mines in this district are yet productive, but more vigorous exploita- 
tion of the gold, copper, and antimony deposits awaits the better 
transportation that will be furnished by the Government railroad. 

A new discovery of copper is said to have been made near the head 
of MacLaren River. The vein is reported to be chalcopyrite from 
2 to 10 inches wide in amygdaloidal greenstone. 

SOUTHWESTERN ALASKA. 

The known mineral production in southwestern Alaska in 1917 
comprised a test shipment of copper ore from a locality near Kami- 
shak Bay and some placer gold from the Kodiak beaches, from a 
creek near Katmai Bay, and from Portage Creek in the Clark Lake 
district. 

YUKON BASIN. 

GENERAL FEATURE!?+. 

The value of the gold produced by the placer mines of the Alaska 
Yukon districts in 1917 is estimated to have been $6,583,000, corn- 



34% MINERAL RESOURCES O F  ALASKA, 1917. 

pared with $7,550,000 in 1916. About 380 placer mines were oper- 
ated in the summer of 1917, giving employment to about 2,550 men, 
and about 165 placer mines were operated in the winter, employing 
about 790 men. Nine small lode mines, all in the Fairbanks district, 
were productive in 1917. The following table gives the estimated 
gold output of the principal Yukon placer camps: 

Eetinzabed value of gold produced from pZacer8 of Yukon basin, 1917. 

The mineral production of the Fairbanks district in 1917 included 
placer gold worth $1,310,000, lode gold worth $47,781, placer silver 
worth $6,904, lode silver worth $1,826, and lead, tungsten, and anti- 
mony worth $58,257. The total value of the mineral output for 1917 
was $1,424,768. The aggregate value of the entire mineral output 
of the district up to the close of 1917 is $70,417,000. Much the larger 
part of this amount represents the value of the placer gold, the pro- 
duction of which is shown by years in the subjoined table. I n  ad- 
dition to the actual production of the district about $1,000,000 worth 
of gold mined in tributary areas passes through Fairbanks each year. 

Iditarod --------- -------- $1,500,000 
Fairbanks -------.-------- 1,310,000 
Tolovana 1,150,000 
Ruby .................... 885,000 
Hot Springs ------------- 450,000 

Koyukuk ------- - -------- $250,000 
Circle ---------- - -------- 200,000 
All others ---------------- 413,000 

6,583,000 

Marshall -------------- 425,000 

The Yukon placer mines also produced about $39,000 worth of 
silver in 1917. The above figures do not include the output of the 
lode mines, which in 1917 produced gold and silver to the value of 
$49,607. There was also a small output of tin from the Hot Springs 
district, and considerable tungsten and some antimony ore was mined 
in the Fairbanks district. (See pp. 2&21.) The total value of the 
entire mineral production from the Alaska Yukon in 1917 was 
$6,747,835 ; that in 1916 was $7,839,757. Since mining began in 1886 
the Alaska Yukon has produced minerals to the value of $123,180,000, 
of which $121,625,000 has been derived from the gold placers. 

The most noteworthy feature of the placer mining of the year was 
the increased output of the Tolovana placers. There was also an in- 
creased production in the Marshall, Tolstoi, and Ruby districts. The 
other districts show a decreased output, owing chiefly to a general 
retrenchment by operators because of the high cost of supplies and 
scarcity of labor. 
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Placer gold a& silcer produced in  the Fairbanks district, 1908-1917. 

I Gold. I Bilver. 

The available information as to the source of the gold by creeks is 
not very accurate. An attempt has been made in the following 
table, however, to distribute the total placer gold production of the 
Fairbanks district by the creeks on which the mines are located: 

No new discoveries or important developments in placer mining 
were made in 1917. A large dredge will be installed on upper Fair- 
banks Creek to begin operations in 1918. 

Gold lode mining in the Fairbanks district declined from 1913 to 
1916 but showed a slight increase in production in 1917. The cost 
of supplies and fuel has become so high that many operators will 
wait for more favorable conditions rather than work at a low profit 
and run the risk of actual loss. Eight gold lode mines were worked 
in a small way, and five of these operated their own mills. One 
silver-lead deposit is being worked and made an output. One anti- 
mony mine was in operation and some ore was hand-picked from old 
tailings and shipped. Two tungsten mines are in process of develop- 
ment. One is in operation and during the fall produced 500 pounds 
of scheelite concentrates a day. On the other the mill was in course 
of construction, and surface and underground development work was 
in progress. 
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Details regarding lode mining are presented by Mr. Chapin in 
another chapter of this report. The following table shows the pro- 
duction of gold and silver from the Fairbanks lode mines since this 
form of mining began in 1910: 

Lode gold and silver produced in the ~ a i r b a n k a  dbtr ic t ,  1910-1917. 

CHISAhL4 DIBTRICT. 

Placer mines were operated on Bonanza, Big ~ldorado,  Gold Run, 
and Little Eldorado creeks in the Chisana district. A total of 11 
mines employed 44 men and produced gold to the value of about 
$40,000. This camp is growing smaller year by year in spite of the 
fact that there is considerable prospecting on the neighboring creeks 
during winter. Only two mines were operated last winter. Pros- 
pecting is still going on in Notch Creek, but the ground is deep and 
thawed, and water consequently has to be pumped. Gold has been 
found in the gravel, but bedrock has not thus far been reached. 

FORTYMILE DISTRICT. 

The mineral production of the Fortymile district in 1917 con- 
sisted of placer gold worth about $80,000 that was derived from 25 
mines employing 68 miners, which operated in the winter of 191617, 
and 35 mines employing 93 miners, which operated in the summer of 
1917. In  addition to this mining a small dredge was operated at 
Franklin. It is reported that the benches on Fortymile River are 
proving very good. Preparations are being made for mining the 
bench claims at several localities additional to those at which mining 
has already been carried on. The discovery of stibnite is repokted 
on the Middle Fork of Fortymile River, 12 miles south of Josephs 
village. 

EAGrn DISTRICT. 

Twelve placer mines employing 25 men were operated in the 
Eagle district in 1917 and yielded a gold production of about $13,000. 
The largest number of mines and minets and the largest production 
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was on American Creek. Preparations were being made for the in- 
stallation of a hydraulic outfit on Seventymile River in 1918. The 
hydraulic plant on Alder Creek tributary to Seventymile River had 
to close down early in the season for lack of water. A 6-mile ditch 
was being completed on Long Creek preparatory to hydraulic mining 
in 1918. 

CIRCLE DISTRICT. 

Owing to unfavorable conditions, chiefly lack of rain during the 
later part of August and during September, the gold production for 
nearly all creeks in the Circle district was greatly curtailed. The 
production was about $200,000, which is about $100,000 less than in 
1916. About the same number of mines were operated and the same 

, number of men employed as last year. The chief developments for 
1917 included the installation of a hydraulic plant on Independence 
Creek, and the survey of placer mining ground for patent on Mam- 
moth, Mastodon, Independence, and Miller creeks. Material for the 
construction of a hydraulic plant on Deadwood Creek has been 
landed at Circle. 

RAMPART DISTRICT. 

The value of the gold produced in the Rampart district in 1917 
'was about $33,000. This gold was obtained from the operation of 2 
mines employing 5 men in the winter of 1916-17 and 10 mines em- 
ploying 26 men in the summer of 1917. The largest production was 
on Hunter and Little Minook creeks. 

TOLOVANA DISTRICT. 

The output of the placer mines of the Tolovana district for 1917 
was about $1,150,000, which is a 50 per cent increase over the produc- 
tion for 1916. About 50 mines were operated. Considerable 'pros- 
pecting has been reported, but authentic information as to the results 
is not at hand. 

HOT SPRING8 DISTRICT. 

The gold production of the Hot Springs district in 1917 is esti- 
mated to be $450,000. Placer mines employing 190 men were operated 
on 30 claims situated on Eureka, Sullivan, American, and Boulder 
creeks. ~ h e ' t i n  production is estimated at 25 tons. The decrease in 
the production of both gold and tin is due in part to the cessation of 
large operations on Woodchopper Creek and in part to the high cost 
of food and of mining supplies, which has prevented the working of 
any except high-grade ground. Although the tin output was small, 
there appears to be a considerable amount of stream tin in the old 
tailings and in the unworked ground. Prospecting in 1917 showed 
that both gold and stream tin occur in the basin of Sullivan Creek, 
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considerably below the area which has been mined, and that large 
bodies of low-grade gravels occur on Boulder Creek. It is reported 
that several prospectors are at work in Gold Basin, where they are 
finding considerable tin but only lit& gold. 

RUBY DISTRICT. 

Mining operations in the Ruby district in 1917 were conducted on 
about the same scale as in 1916, and placer gold worth $885,000 was 
produced, which is a little more than the production of 1916. I t  is 
reported that 19 mines, employing 310 men, were at  work in the sum- 
mer of 1917 and 19 mines, employing 520 men in the winter of 1917- 
18. The largest productions were on Greenstone, Poorman, Long, 
Spruce, and Tamarack creeks. The dredge on Greenstone Creek had 
a successful season, but the dredging ground has been worked out and 
the dredge will be moved. Good ground was discovered by winter 
prospecting on Ketchum Creek, but the ground is too deep for easy 
exploitation. Prospecting on Midnight Creek has shown the presence 
of placer tin at several places. 

INNOKO DISTRICT. 

The gold production of the Innoko district in 1917 is estimated at 
$125,000. About 7 mines employing 46 men operated in the winter oi! 
191647 and 20 mines employing 78 men in the summer of 1917. The 
chief activity was on Yankee, Gaines, Little Spruce, and Ophir creeks. 
There were no new developments during the year. 

TOLSTOI DISTRICT. 

I n  the winter of 1916-17 a stampede to Tolstoi occurred, and there 
were. at times as many as 400 men at that camp. There was much 
prospecting during the winter and spring, but not over 50 men were 
there in July. About $50,000 was taken out during the winker and 
summer in the Tolstoi district, the result of the operations of about 
25 men on 5 plants, most of the production being made by one outfit 
on Boob Creek Boob Creek is the only creek from which there was 
any produ&ion of platinum. It was not separated from the gold 
but was sold with it t~ a bank in Iditarod. The platinum in the gold 
was said to amount to about 1 per cent, which would make approxi- 
mately 30 ounces of platinum produced. 

IDITAROD DISTRIOT. 

The placer gold production of the Iditamd district in 1917 was 
about $1,500,000, about $450,000 less than the production of 1916. 
The decrease was due largely to continued breakdowns of the Otter 
Creek dredge. Detailed information concerning mining in this dis- 
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trict is not at hand, but it is believed that in addition to the 3 dredges 
there were about 15 mines employing nearly 400 men at work in the 
summer of 1917 and 2 mines employing about 10 men in the winter 
of 1916-17. . 

KOYUKUK DISTRICT. 

Very little authentic information has been received concerning 
mining in the Koyukuk district except as a small proportion of the 
operators have supplied data on the output of their own properties. 
It is estimated that the total value of the gold produced in the Koyu- 
kuk district was a b u t  $250,000, which is considerably less than 
the production for 1916. I n  the Indian River district 8 men were 
at work in the summer of 1917 on Indian Creek, Felix Fork, and 
Black Creek, and they ~roduced about $4,000 in placer gold. 

MARSHALL DISTRICT. 

The production at Marshall was about $425,000, as compared with 
$270,Q00 in 1916. Most of this gold was produced by 5 mines on 
Willow Creek, employing about 200 men, but some smaller plants 
were at  work on Willow, Disappointment, and Elephant creeks. A 
small amount of platinum occurs with the gold on some of the creeks 
at Marshall, but none has yet been saved. 

SMALLER YUKON DISTRICTS. 

About 4 placer mines employing 9 men are known fo have been 
operated in the Chandalar district. It is estimated that the total 
production of the district was about $15,000. No information con- 
cerning lode mining has been received. 
The Richardson district, in the Tanana region, apparently pro- 

duced about $25,000, which is considerably smaller than in 1916. The 
discovery of a promising gold lode on Democrat Creek has been 
reported. No production has been reported from the Goodpaster 
region, though i t  is known that considerable prospecting was done. 

There were no large mining operations in either the Bonnifield 
or the Kantishna district during 1917. The value of the output of 
the Bonnifield district is estimated at $12,000 and of the Kantishna 
district at  $15,000, both of which are somewhat less than in 1916. 
There was also some lode development in both districts 

There was no gold production in the Gold Mountain district, but 
considerable dead work is said to have been done preparatory to 
mining next year, Open cuts were made at Lancaster Creek, Ameri- 
can Gulch, and Grant Creek, and a hydraulic plant was installed on 
Mason Creek. The ground is said to average 12 to 20 feet deep. The 
benches consist of wash gravel and are not frozen. Very little pms- 
pecting has been done on them. 
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A strike is said to have been made on Anvik River by two men. 
Platinum is reported in association with the gold. 

KUSXOKWIX REGION. 

The gold production of the Kuskokwim region in 1917, according 
to.i&e best information at hand, was about $135,000. The largest 
production was on Candle and Moore creeks. The dredge that was 
shipped in last year will be placed on the upper end of Candle C& 
to work downstream. I t  is reported that a new strike was made on 
the left limit of Nixon Fork, between Wixon Fork and the North 
Fork of the Kuskokwim, a little below the mouth of South Fork. 

Another new discovery of placer gold was said to have been made 
on Wahmus or Watermouse Creek, in the Goodnews Bay district, 
where it is said that 4 men took out between $12,000 and $20,000 in 3 
weeks. The gravels are said to be about 4 feet thick and to yield from 
$2 to $4 to the square foot. I t  is also reported that prospecting on 
Holitna River is yielding encouraging results. The Kuskokwim re- 
gion is still without adequate means of transportation, so both pros- 
pecting and mining are done under great difficulties. 

SEWARD PENINSULA. 
I 

The mines of Seward Peninsula produced gold to the value of 
about $2,600,000 in 1917 as against $2,950,000 in 1916. The value 
of tin, tungsten, silver, and graphite produced in 1917 was about 
$147,600; in 1916 it was $170,000. The value of the total gold pro- 
duction since mining began in 1897 is about $76,892,000. Nearly all 
this gold was taken from placers; up to the present time little has 
been produced from lodes. Silver, tin, and other substances have 
been produced to the value of about $1,027,600. This amount makes 
the value of the total mineral output of: Seward Peninsula to the 
end of 1917 aboat $77,900,000. 

Approximately 750 men were employed in placer mining in Sew- 
ard Peninsula, exclusive of those employed on dredges. They worked 
with 170 plants. About half the men were employed in the Nome 
and Council precincts. 

In  191'7 twenty-eight gold dredges were operated on the penin- 
sula-7 in the Nome district, 5 in the Solomon River district, 10 
in the Council district, 2 in the Port Clarence district, 2 in the Fair- 
haven district, and 2 in the Kougarok district. 

Gold production on Dime Creek was greater than in the preced- 
ing year, 6 plants making a very large part of the $150,000 produced 
by deep mining during late winter and early spring. An additional 
$20,000 will about cover the summer production, mostly from three 
open cuts. Platinum occurs with the gold in the ratio of about 1 
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omca of platinum to $5,000 worth of gold on the lower claims of the 
cmsk and on bench claims. The proportion of platinum is some- 
what larger on claims near the head of the creek. The platinup 
production in 1917 amounted to about 35 ounces. I n  all 17 plaq'ta 
worked during the winter and summer, employing about 85 men. 
This mining was done on 4 claims, but on other claims there was 
prospecting or setting up of plants for winter work. A number of 
men were engaged in this work for short periods during the summer, 
as well as in constructing ditches and in sluicing.winter dumps. 

About $10,000 was produced on Sweepstakes Creek, between Bear 
Creek and Dime Creek, by 4 plants employing 11 men. This gold 
also contains a small amount of platinum, about an ounce having 
been separated from the gold. 

The gold production from Bear Creek is not known. Four out- 
fits, employing 14 men, worked during the season. Some prospect- 
ing also was done on this creek. A few pennyweights of platinum 
were produced. 

Exclusive of dredge production, the gold produced from the Port 
Clarence precinct is estimated at $27,000. That from the Kougarok 
precinct, likewise exclusive of dredge production, is estimated at 
$55,000. 

M e  mining developments for the year consisted for the most 
part of little more than the necessary assessment work. The high 
prices of lead and silver gave an impetus to the search for those 
metals in the vicinity of Lost River and on the Kugruk, consider- 
able work having been done on some properties in both localities. A 
mill was set up on a gold lode property near Bluff. 

During the summer two tin dredges were in operation in the York 
region-one on Buck Creek, the other on Grouse Creek below the 
mouth of Buck. In addition to the tin won by the dredges, a small 
amount of placer tin was sluiced by two men working on Iron Creek, 
which flows into Sutter Creek, a tributary of Buck Creek. One of 
the dredges was prospecting for future dredging ground, as the next 
season will finish up their present ground. Unusually heavy rains 
during the last week in August delayed the work of both dredges. 
About 25 men were engaged in the placer mining of tin. 

Some development work was done on tin lode claims at the head 
of Buck Creek, Tin City, Lost River, and Ear Mountain. No ore 
was milled or shipped from any of these properties. 

Most of the tungsten ore (scheelite) produced in 1917, as in 1916, 
came from Sophie Gulch. A few pounds was saved as the result 
of smaller placer operations on one of the small tributaries of Snake 
River, below Glacier Creek, and a small production was made on 
Sunset Creek, in the Port Clarence district. 
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Work was done on two graphite properties during the summer of 
1917. On one of these properties it consisted only of assessment 
work. On the other property about 4 miles of road were consfmckd 
from the property to Graphite Bay, an arm of Imuruk Basin. Some 
graphite was mined and was hauled to Graphite Bay by a gasoline 
tractor. 

KOBUK RIVER. 

During the year about 20 men were mining on Kobuk River, but 
they took out grubstakes only. The production of the district was 
probably about $25,000. The ground is worked by open cut in sum- 
mer, the deeper spots being worked in winter. Most of the mining 
is done on Klery Creek. One outfit was prospecting on Ambler 
River and another on the Noatak. I t  is reported that a strike was 
made at Walker Lake during the summer and that 4 or 5 men were 
rocking out $10 to $15 a day. About 9 mines employing 16 men 

/ 

were operated on Lynx, Riley, and Dahl creeks and Shungnak 
River making an estimated production of about $5,000. 



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN 
ALASKA.' 

INTRODUCTION. 

The streams of Alaska have been important factors in its industrial 
growth. The success of placer mining in northern and central 
Alaska has depended primarily on the water available for hydraulick- 
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 t+e plants have been small. 

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

In the surnmer of 1914 Leonard Lundgren, district engineer of the 
Forest Service, made a reconnaissance of water-power sites to deter- 
mine 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 revised by Mr. Lundgren 
to January 1, 1917, and is here published by courtesy of the Forester. 

Developed water powma in southastern Alaska Jan. 1, 1917, in horsepower. 

[Prepared by Leonard Lundgrcn, district engineer, U. S. Forest Gerviw.] 

Ketchikan region: 
................. Citizens Light, Power & Water Co.. 2,000 

New E n g h d  Fish Co .............................. 2,200 
Miscellaneous plmts.. ............................. 1, OOo 

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

1 In cooperation with the United States Forest Service. 
3 Henshaw, F. F., and Parker, Q. L., Surface water supply of Seward Peninsula, with a sketch of the 

geography and geology by P. 8. Smith and a desmiption of methods of placer mining by A. H. Brooks: 
U. 8. Qeol. Survey Water-Supply Paper 314,1913. 

aEllsworth, C. E., and Davenport, R. W., Surhe water supply of the Yukon-Tanana region, Alaska: 
U. 8. W. Burvey Water-Supply Paper 342,1915; A water-power reconnaissance in south-oentral Alaska, 
with a seation on southewtern Alaska by J. C. Hoyt: U. S. Qeol. Survey Water-Supply Paper 372,1915. 

43 
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Sitlra, region: 
Sitka Wharf & Power Co.. . , ....................... 350 
Chichagoff Mining Co. ............................ 750 
Miscellaneom plants.. ............................. 150 - 1,260 

Juneau region: 
Alaska-Treadwell Mining Co. : 

.................. Douglas Island plant.. 4,000 
Sheep Creek plant.. .................... 4,100 

.................... Nugget Creek plant. 5,700 
-13,800 

Alaaka-Gaatineau Mining Co. : 
............ Salmon Creek plant, No. 1.. 5,000 
.............. Salmon Creek plant, No. 2,. 5, mo 

..................... Annex Creek plant.. 5,000 
15,000 

.................. Alaska Electric Light & Power Co. 1, ooo 
Miscellaneous plants.. ............................. 1,000 - 30,800 

............................................ Skagway region.. 100 

37,350 

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 a e r i e s ,  and 
the possible future demand for its use in the manufacture of wood 
pulp and electma'emical products. The streams on which it is pos- 
sible 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. I) : 

Streams afording power sites in southemtern Alaska, with p & h  or water bodies into 
which they $ow. 

Mainland. 

Porcupine River, near Porcupine. 
Endicott River, west coast of Lynn Canal. 
Sherman Creek.* 
Cowee and Davies creeks, Berners Bay. 
Lemon Creek, near J ~ n e a u . ~  
Gold Creek, at J u ~ e a u . ~  
Sheep Creek, near J ~ n e a u . ~  
C m h n  Creek, Taku Inlet.4 
Turner Lake outlet, Taku Inlet.= 
Speel River, Speel River project, Port Snettisham.' 
Grindstone Creek, north shore of Stephens Paseage.' 
Rhein Creek, north shore of Stephens Pasage. 

1 Qaging station maintained in 1909 by Porcupine Qold Mming Co. 
9 Qagmg station maintained for short period by mining company of Juneau. 
a Obging station maintained by Kensington Mining Co., Aug. 17,1914, ta Dec. 31,1916. 8.98 V. 8. Oed 

6urve.y Bull. 682, p. 102,1918. 
4 Bee list of gagtug statlom, p. 46. 
S Oeging station maintained In lsOS end 1809 by hlaslca-Treadwell Qold Mining Co. 
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Long Lake outlet, Speel River project, Port Snettisham.' 
Crater Lake outlet, Speel River project, Port Snettisham.' 
Tease Lake outlet, Speel River project, Port Snettisham. 
Sweetheart FalaCreek, south arm of Port Snettkham.l 
Port Eoughton, Stephens Paesage. 
Farragut Bay, Frederick Sound. 
Csecsde Creek, Thomas Bay.' 
Mill Creek, near Wrangell.' 
B&eld C-1, upper end of Cleveland Peninsula. 
Smugglem Cove, southeast shore of Cleveland Peninsula. 
Helm Bay, southeast shore of Cleveland Peninsula. 
Shelockum Lake outlet, Bailey Bay.' 
ChicBsmin River, east shore of Behm Canal. 
Rudyerd Bay, east shore of Behm Canal. 

Baranof Island. 

Port Conclueion, southeast coast. 
Port Walter.2 
Pattarson Bay, east coast.2 
Red Bluff Bay, east coast. , 
C d e  Bay, east coast.= 
Bsranof Lake outlet, Warm Spring Bay, east coast.' 
Kaanyku Bay, esst coast. 
Green Lake outlet, Silver Bay, west coast.' 
Necker Bay, west coast. 
Deep or Redoubt Lake, west coast. 

Chichagof Islaad. 
Slocum Arm, west coast. 
Sul& Bay, Peril Straka 
ghaz Bay, west coast. 
Freuhwater Bay, east coast. 
Sitkoh Bay, southeast coast. 
Basket Bay, southeast coast. 
Penta Bay, west coast. 

Admiralty bland. 
Kootznahoo Inlet, west coast. 
Hood Bay, west coaat. 

K d w k o  b1.1ld. 
Davidmn Inlet.2 

Prince of Wdes IeLnd. 
Karta River, Karta Bay.' 
Whale P m g e ,  behind Thorne Island, northeast c&. 
Myrtle Lake outlet, near Niblack post office.' 
Reynolds Creek, new Coppermount. 

&rillylledo IsLnd. 

Orchard Lake outlet, at Shrimp Bay.' 
Beaver Falls, George Inlet.' 
White River, George Inlet. 
Swan M e  outlet, east shore near head of Carroll Inlet.' 
Fish Creek, Thorne Arm.' 
Gohatchin Creek, Thorne Arm. 
Ketchikan Creek, at Ketchikan.' 

Annette Island. 
Tamgaa Harbor. 

1 Beelfst of gaging stations, p. 48. a Bee list of misoellaneous measurements at end of ?aport. 
1 1 5 0 8 6 ° - 1 M  
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Lack of definite information in regard to the quantity of water 
available and other physical factors that determine the feasibility of a 
power site has been one of the 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 begun by the Geological Survey, in cooperation with 
the Forest Service, in the spring of 1915. 
The practicability of a water-power site depends on the quantity 

of water available, the fall, and the possibility of storing water. 
Information in regard to fall and storage can be obtained by surveys 
at  any time, but the volume and distribution of flow can be deter- 
mined only by observations extending over several years, as future 
flow must be predicted from that of the past. In beginning the 
investigations, therefore, the collection of streandow data was given 
precedence and constituted the principal work. Some general 
information, however, has been obtained, and in the fall of 1915 a 
few rainfall stations were established at  higher elevations to supple- 
ment observations at mean sea level by the United States Weather 
Bureau. As a result of the investigations records of flow are now 
available for 20 gaging stations, as shown by the following list and 
indicated by corresponding numbers on Plate I. The date of 
establishment is indicated in parentheses. 
1. Myrtle Lake outlet at Niblack, Prince of Wales Ialand (July 30, 1917). 
2. Ketchikan 6r&iJs a t  Ketchikan (established November 1, 1909; discontinued 

June 30, 1912; reeatabliehed July 1, 1915). 
3. Beaver Falls Creek at George Inlet, ReviIIagigedo Island (Aug. 3, 1917). 
4. Fish Creek near Sea Level, Revillagigedo Island (May 19, 1915). 
5. Swan Lake outlet at C m l l  Inlet, Revillagigedo Island (Aug. 24, 1916). 
6. Orchard Lake outlet at Shrimp Bay, Revillagigedo Island (May 28, 1915). 
7. Shelockum Lake outlet at Bailey Bay (June 4, 1915). 
8. Karta River a t  Karta Bay, Prince of Wales Island (July 16, 1915). 
9. Mill Creek on mainland, near WrangelI (June 17, 1915). 
10. C d e  Creek a t  Thomas Bay, near Petereburg (Oct. 27,1917). 
11. Green Lake outlet at Silver Bay, near Sitka (August 22, 1915). 
12. Baranof Lake outlet at Baranof, Baranof Island (June 28,1915). 
13. Sweetheart Falls Creek near Snettisham (July 31,1915). 
14. Crater Lake outlet at Speel River, Port Snettiaham (Jan. 23, 1913)., 
15. Long River below Second Lake, a t  Port Snettisham (Nov. 11, 1915). . 
16. Speel River at Port Snettisham (July 15,1916). 
17. Grindstone Creek at Stephens Passage (May 6, 1916). 
18. Carlaon Creek a t  S m y  Cove, Taku Inlet (July 18, 1916). 
19. Sheep Creek near Thane (July 26, 1916). 
20. Gold Creek a t  Juneau (July 20,1916). 

In addition to the stations in this list, records for Long Lake 
outlet (Jan. 23, 1913, to Mov. 10, 1915) and for Sherman Creek at 
Kensington mine, L p  Canal (Aug. 17, 1914, to Dec. 31, 1916) are 
contained in the report for 1916.' 

1 U. 9. Qeol. Survey Bull. 662, pp. 136139,150-153, 1918. 
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The available power sites in each area were carefully considered, 
and gaging stations were established at those which apparently 
afforded the greatest opportunities for development. 

The records have been collected in accordance with the standard 
methods used elsewhere in the United States by the Geological Survey. 
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 made. 
Special arrangements were made for observations through the winter 
to obtain a record of the low-water flow which occurs at  that season. 

The data collected a t  the gaging stations are presented in the fol- 
lowing pages and include a general description of each station and , 

tables showing the results of discharge measurements and the corn- - - 
puted daily discharge. 

Much of the work has been made possible by the use of the Forest 
Service launches, on which transportation has been furnished to the 
engineers and others engaged in installing and maintaining the 
stations. The local knowledge of the Forest Service employees has 
also been of great assistance in carrying on the work, and special 
acknowledgment is due to W. G. Weigle,. forest supervisor a t  Ketch- 
ikan, who has represented the Forest Service in the cooperation; 
to Leonard Lundgren, district engineer; and to George L. Drake, 
J. W. Wyckoff, C. T. Gardner, George H. Peterson, James Allen, 
W. H. ~ a b b i t t ,  Lyle Blodgett, and Milo Caughrean, who have 
assisted in various ways. 

During the winter of 1916-17 the field work was carried on by 
C. 0. Brown, assistant engineer, United States Geological Survey. 

The following individuals and orgadzations assisted in maintaining 
gaging stations as indicated : 

T. J. Jones, Seattle, Wash., furnished a Stevens water-stage 
recorder; materials, and labor for installing a gage on Swan Lake 
outlet. 

The Alaska Gastineau Mining Co. installed gages and furnished 
gageheight records for Gold Creek near Juneau, Sheep Creek near 
Thane, and Carlson Creek at Sunny Cove. 

The Alaska Taku Mining Co. furnished a Lietz gage, labor, mate- 
rial, and transportation for the installation of a gage on Grindstone 
Creek a t  Taku Inlet. 

The Speel River Project (Inc.), of Juneau, installed and main- 
tained gages and furnished gage readings for Crater Lake outlet 
a t  Speel River, Long Lake outlet at  Port Snettisham, Long River 
below Second Lake, and Speel River a t  Port Snettisham. 

The Kensington Mining Co., of Comet, furnished grtge readings for 
Sherman Creek a t  Kensington mine. 

The Citizens Light, Power & Water Co., of Eetchikan, furnished 
gage readings for Ketchikan Creek a t  Ketchikan. 
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The G: M. Wakefield Mineral Lands Co. furnished gage, materials, 
and part of labor for the installation of a gaging station on Myrtle 
Lake outlet a t  Niblack; maintained gage, and furnished gage record. 

Mr. C. W. Bloodgood furnished gage and part of materials for 
installation of gaging station on Cascade Creek a t  Thomas Bay. 

GAGING-STATION RECORDS. 
MYETLE CaEEK AT IPIBLACK, PBWCE O F  WALES ISLAND. 

LOCATION.-Halfway between beach and Myrtle Lake outlet which is one-third mile 
from tidewater, 1 mile from Niblack in north arm of Moira Sound, W e  of Walea 
Island, and 35 miles by water from Ketchikan. 

DRAINAGE AREA.-Not measured. 
RECORD& AVAITABLE.-JU~Y 30 to December 31,1917. 
Gh@~.-Stevens continuous water-stage recorder on right bank; reached by a trail 

which leaves beach near mouth of creek. 
DISCHARGE YEASUREYENTS.-At medium and high stages from a cable across creek 

at outlet of lake; at low stages made by wading. 
CHANNEL AND co~mo~.-The gage is in a pool 10 feet upstream from a contracted 

portion of channel at  a rocky riffle which forms a well-defined and permanent 
control. At the cable section the bed is smooth, the water deep, and the current 
uniform and sluggish. 

EXTBEMES OF STAGE.--Maximum stage during the period 4.40 feet at  5 p. m. No- 
vember 18; minimum stage, 1.27 feet at 7 a. m. August 10. 

Ic~.-Stage-discharge relation not affected by ice. Data inadequate for determine 
tion of discharge. 

Myrtle Lake, the outlet of which is 800 feet from tidewater, is at  an elevation of 95 
feet above sea level and is 122 acres in area. Niblack Lake, the outlet of which is 
5,700 feet from tidewater, is at an elevation of 450 feet above sea level and is 383 
acres in area. Mary Lake, which is unsurveyed, is about 6,000 feet from tidewater 
and 660 feet above sea level. 

D i a d w g e  measurements of Myrtle Creek at Nibkck in 1917. 

Date. I 
-- 

.. ........................................................ 
Feet. 8ec.-jt. 

July 30 G. H. Canfield.. 1.39 42 
No*. 28.. ..... do ................................................................... 2.81 1 164 

Daily gage height, 

Dsy. I July. 1 AX. 1 ~ e p t .  1 01%. 

6 , ............... 1.34 1.56 2.42 
7 ................ 1.32 1.52 2.28 
................ 8 1 . B  1.49 2.22 ................ 9 1 . B  1.45 2.16 

10.. .............. 1 1 1  1.31 1.42 2.14 

I feet, of Myrtle Creek at Niblack for 1917. 

k c .  / /  Day. I ruly.1 Aug 
- -- 

Sept. Oct. Nov. I I 

NOW..-Gage he1 ts Nw. 29 to Dea. 15 and Dec. 21-31 estimated from maximum a d  minimum stages 
rand oomparison with gage-height graph 1d1 W a  River. i p Q i w ~  by recorg 
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XETCHIKAN CREEK AT XETCEIKILR. 

L o c ~ ~ ~ o ~ . - O n e - f o ~ h  mile below power house of Citizens Light, Power & Water 
Co., onethird mile northeast of Ketchikan post office, downstream 200 feet from 
mouth of Schoenbar Creek (entering from right), 11 miles from mouth of Granite 
Basin Creek (entering from left), and 13 miles from outlet of Ketchikan Lake. 

DBAINAOE AREA.-Not measured. 
RECOBDS av~~~a~L~.-November  1,1909, to June 30,1912; June 9,1915, to December 

31, 1917. 
GAQ~.-Verticd staff fastened to s telephone pole near board walk on left bank at 

bend of creek 200 feet downstream from mouth of Schoenbar Creek; read by 
employee of the Citizens Light, Power & Water Co. The gage used since 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. I t  is a staff with graduations painted every 
tenth. 

DIECHAEQE MEASUREMENT~.-A~ medium and high stages from footbridge about 500 
feet upstream from gage; measuring section poor, aa the bridge makea 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. Low-stage measurements made by wading 
60 feet beIow bridge or at another section 100 feet above gage. The flow of 
Schoenbar Creek has been added to obtain total flow past gage. 

CHANNEL AND CONTROL.-Gage is located in a large deep pool of still water at a 
bend in creek. The bed of the stream at the outlet of this goo1 is a solid rock 
ledge, but changes in a gravel bar at lower right aide of pool cause occasional 
&es in stage-diechwge relation. 

E x ~ ~ l c a a ~ s  or ~ ~ s c ~ ~ ~ ~ ~ . - M a x i m u m  stage recorded during year, 8.3 feet, November 
I8 (discharge not determined); minimum w e  recorded, 0.08 foot December 
n (discharge not determined). 

1904-1912 and 19164917: Maximum stage recorded 8.3 feet November 18, 
1917; minimum stage recorded 0.28 foot September 24, 1916 (discharge, 34 
second-feet). A stage of 0.08 foot recorded December 27, 1917, but rating curve 
ie not &ently well dehed to determine discharge at that stage. 

ICE.-Ice f o m  along banks but control remain6 open. 
DIVE~IONS.-A small quantity 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 s a a a n o ~ . S m a l l  timber dam and headgates are located at outlet of Ketchikan 

Lake, Water diverted though power house is returned to creek above gage but 
causes very little diurnal fluctuation. During low water the flow is increased by 
water from the reservoir. 

Accuuc~.-Stagedischarge relation changed during high water August 19. Rating 
curve used January 1 to August 18 well defined below and poorly defined above 
2,000 second-feet. Gage read to hundredths once daily. Daily discharge 
asc&ned by applyingyingwe height to rating table. SufEcient discharge measure- 
men& have not been made to define gating curve applicable August 19 to Decem- 
ber 31. Records fair. 

Discharge measurements of Ketchikan Creek at Ketchikan in 1917. 

Jan. ?A C. 0. Brown ........... 
Aug. ?A O. H. Cenfield ......... 

26 ..... do.. . . . . . . .. . . . . .. . 
G. H. CamieId.. . . . ....I ?& 
. . ... do. . . . . . . . . . . . . . . . . 

- 
Dis- 

charge. - 
set.-jt. 

172 
616 

- 



BfIWERAL RESOURCES OF ALASKA. lm . 
Daity discharge. in  seeond-feet. of Ketchikan Creek at Ketchikan for period Jan . 1 to 

Aug . 18.1917 . 
Apr . 1 M a  . 1 J- 1 J d y  . 1 Aug . 

Daily gage height. i n  feet. of KeWikan CCreek at Ketehikan for period dug . 19 to Dee . 
81. 1917 . 

. Oct . Nov . Dec . --- I I 

Monthly discharge of Ketchikan Oeek at Ketckihn for 1917 . 

hpt! 

0.60 
60 
60 
60 
60 
50 
46 

-40 
-40 
40 
r;o 

.MI 
60 
80 

1.10 

- . 

Day . 
................... 1 

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

10 .................... 
11 .................... 
12 ................... 
13 .................... 
14 .................... 
15 ................... 

Month . 

Aug . -- 

January ................................................. 
February ................................................ 
March .................................................... 
A ril ..................... ... ............................ 
&& y ..................................................... 
June .................... .. ............................... 
July ..................................................... 
August l-l8 .............................................. 

............................................................... The period 

I 
287 61 
740 64 

71 42 
245 42 
523 74 
553 160 

125 7m 
10s 1, -- 



BEAVER FALLS C m E X  AT GEOBGE IXLET, BEVILLAGIOEDO I-. 

Locano~.-Two hundred feet above diversion dam and flume for shingle mill and 
ealmon cannery; 800 feet from beach on west shore of George Inlet; 10 miles by 
wster from Ketchikan. 

DWAGE AREA.--5.9 square miles (United States Forest Service survey made in 
1917). 

RECORDS AVAILABLE.-AU~~~~ 3 to October 10,1917. 
G~o~.--Stevem continuous water-stage recorder on left bank, a quarter of a mile 

frqm tidewater; reached by a corduroy trail which leaves beach back of cannery 
' buildings. The gage wm washed out by high wate? in November. 

DISCHARGE MEABUREMENTS.-At medium and high stages, made from log-gaging 
bridge across stream a quarter of a mile upstream from gage; at low stages made by 
wading under bridge. 

CHANNEL AND co~~ao~ . -The  gage is in a partly aheltered pool in a narrow, deep, 
rbcky canyon, 15 feet upstream from a small rocky fal l ,  which forma a well-defined 
and permanent control. 

DIVEESION~.-A small quantity of water is diverted about 200 yards below ststion 
into a flume for use of shingle mill and cannery. 

,Lower Silvis Lake, whose elevation is 790 feet above sea level, is 1 4  miles from the 
beach, a d  its area is 62 acres. The elevation of upper Silvis Lake, whose outlet is 
only 1,100 feet from the upper end of the lower lake, is 1,100 feet above sea level, and 
its ia 234 acres. Drainage area above outlet of lower lake is 4.9 square miles; 
above.outlet of upper lake, 3.6 square miles. 

Data inadequate for determination of discharge. 

Discharge meaaurementa of Beaver Falls Creek at George Inlet in 1917. 

[Made by G.  H .  Canfleld.] 

Daily gage height, in feet, of Beaver Falls Creek at George Inlet for 1917. 

- 
Date. 

July 26. ............................... 
Aug.8 ................... .... 

~ O C A T X O N . - ~  latitude 55' 24' N., longitude 131' 12/ W., near outlet of Lower Lake 
on Fish Creek, 600 feet from tidewater at head of Thorne Arm, 2 miles northwest 
of mine at Sea Level, and 25 miles by water from Ketchikan. 

DRAINAGE AREA.-Not measured. 
RECOBDS ~vAxLA~&~.-kfay 19, 1915, to December 31, 1917. 

Day. 

1 ................. 
2 ................. 
a ........... 
4 ........... 
6 ........... 
6 ........... 
7 ........... 
8 ........... 
Q ........... 

10 ........... 

charge. Dis- -- 
See.-fl. 

149 
88 

. h 4 8 .  
Feet. 

1.30 

Date. 

Oct. 13 .................. ..... 
Oct. 18 ....................... 

c$;e. -- 
See.-fl. 

88 
83 

at. 

Fut. 
1.71 
1.32 

Aug. 

1.35 
1.17 
1.07 

.98 

.95 
.90 
.86 
.90 

Sept. --- 
0.68 
.60 
.57 
.48 
.43 

.39 
.38 
.33 
.30 
.29. 

Oct. 

1.66 
2.80 
2.31 
3.29 
2.01 

1.28 
1.03 
.87 
1.07 
1.76 

Day. 

............ 11 ............ 12 ............ 13 ............ 14 ............ 15 

............ 16 ............ 17 
18 ............ ............ 19 ............ 20 

Aug. 

1.13 
1.08 
1.00 
1.08 
2.16 

3.05 
3.10 
4.03 
4.40 
3.54 

Sept. 
--- 

0.35 
.79 
1.28 
2.09 
2.42 

1.85 
1.28 
1.75 
1.22 
1.28 

Oct. 

....... ....... ....... ....... ....... 

....... ....... ....... ....... ....... 

Dsy. 

......*..... 21 ............ 22 ............ 23 .................. 24 .................. 25 

.................. 26 ............ 27 
28 ............ ............ 29 ............ 30 
31. ........... 

Aug. 

2.68 
3.42 
2.34 

2.63 
2.76 
1.80 
1.11 
.&? 

Sept. --- 
1.93 
1.58 
1.18 
1.85 
2.60 

1.68 
8.08 
2.98 
2.24 
1.37 ............ 

Oct. 
- 

...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... 
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G~aE.--Stevens continuous water-stage recorder on right shore of Lower Lake, 200 
feet above outlet. 

DI~CHARQE MEASUREMENTS.-At medium and high stages made h m  cable acrosg 

creek, 1 mile upstream from gage and 500 feet above head of Lower Lake; at low 
Btages made by wading at cable. Only one small creek enters Lower Lake, at point 
oppodte gage, between the cable site and control. 

CHANNEL AND CONTROL.-The lake is about 500 feet wide opposite the gage. Outlet 
COmsista of two channels, each about 60 feet wide, separated by an island 40 feet 
wide. From the lake to tidewater, 200 feet, the creek falls 20 feet. Bedrock 
exposed at the outlet of ihe lake forms a welldefined and permanent control. 

EXTREXE~ OF DISCEARQE.-M~&~~ stage during year, 5.33 feet at 6 p. m. November 
1 (dischirge, computed from an extension of rating curve, 4,600 second-feet); mini- 
mum stage 0.81 foot, March 16 (discharge, 57 second-feet). 

19154917: Maximum stage 5.33 feet November 1, 1917 (discharge, 4,600 second- 
feet); minimum stage, 0.50 foot, February 11,1916 (discharge, 22 second-feet). 

ICE.-Lower Lake freezes over, but as gage is set back in the bank ice does not form in 
well, and the relatively warm water from the lake and the swift current keep the 
control open. 

Accu~~c~.-Stagedischarge relation affected by brush lodged at control January 1 
to August 17; m a t  of brush removed April 10 and remainder washed out on 
August 17. Rating curve used January 1 to April 10 well deiined below and poorly 
dehed above 400 aecond-feet; curve used April 11 to August 17 well deiined; 
curve used Anguet 18 to December 31 is open-water curve used May 19, 1915, to 
August 23,1916, and is well defined below and extended above 1,500 eecond-feet. 
Operation of wateratage recorder satisfactory except for periods indicated by 
breab in record shown in the footnote to dailydiacharge table. Daily diecharge 
ascertained by applying to rating table daily gage height determined by inspect- 
ing gage-height graph, or, for d a y  of coneiderable fluctuation, by averaging 
w~ults obtained by applying to rating table mean daily gage heights for regular 
intervals of day. Records excellent, except for short periods of break in record 
and for period when control was obstructed by bruah, for which they are fair. 

There are three large lakes in the upper drainage baain: Big Lake,2 milea from beach 
a t  e l e d o n  275 feet, covera 1,700 acrea; Third Lake, 250 acrea; and Mirror Lake, at 
elevation 1,000 feet, 800 acres. Two-thirds of the drainage basin is covered with a thick 
growth d timber and bruah interapereed with occasional patchea of beaver swamp and 
muakeg. Only the tope of the highest mountains are bare. This large ares of lake aur- 
face and vegetation, notwithstanding the steep dopes and ahallow mil, affords a little 
ground storage and after a heavy precipitation maintains a good run-off. Puring a 
dry, hot period in summer, however, after the snow has melted, the flow becomee 
very low because of lack of ice or glaciers in the drainage basin. 

Discharge naeapuremenb of Fish Creek near Sea Level in 1917. 

o Control obstructed by brush and logs. c Obstruction on control. 
b Part of obstruction on control removed Apr. 10. d Control clear. 

Date' 

June 23 
Oct. 12 
. 

Date. 

Jan. 25 
Mar. 2 
Apr. 16 

Gage 
height. 

Feet. 
01.48 
a.86 
b1.16 

Made by- 

........... C. 0. Brown ..... do.. ............... 
G. H. Canfield ......... 

Dis- 
charge. --- 
Sea-ft. 

243 
65 
164 

......... O. H. Canfleld ..... do.. ........... .... 
Feet. 
01.69 
d1.82 

-- 
Salt. 

557 
660 



-- 
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Daily discZlarge, in second-feet, of Fish Creek near Sea Level. 

n .............. 
22.. ............ 
!23. ............. 
24.. ............ 
as.. ............ 

- 
Feb. 
- 
130 
119 
107 
96 
87 

98 
169 
278 
so 
284 

284 
!B4 
a00 
420 
788 

874 
748 
541 
838 
M7 

179 
16a 
143 
i n  
114 

loa 
91 
83 ..... ..... ..... - 

Mar. Apr. May. 
-- 

June. 

Noa.-Dischege Jan. 21-24, Jan. 28 to Mar. 1, Apr. 5-16, Oct. 3-I! estimated, because of stopphggage 
clock from maximum and minimum stages indicated b the recordmg pencil from weather records and 
from boPnperison of the hydrograph for this stream with~ydrographa of other hwma in nearby &e 
lle&m. 

Monthly discharge of Fish Creek near Sea Level for 1917. 

Month. 
Discharge in second-feet. 

Maximum. ( Minimum. 1 'Mean. 

S W m  LILKE OUTLET AT CARROLL IFCUT, REVIIJAQIQEDO IS-. 

Run4 
(tots1 in 

................................................ J8110uyouy. 
February. ............................................... 
Msn?h. .................................................. 

.................................................... kg- ................................ -- ................. 
June ..................................................... 
July.. ............... ... ............ -. ................. 
August.. ................................................ 
September.. ... ;. ........................................ 
October.. ................................................ 
November.. ............................................. 
December.. .............................................. 

The year.. ......................................... 

L O C A T I O N . - H ~ ~ ~ ~ ~ ~  b~tween Swan Lake and tidewater; on east shore of ckbldl  

1 Inlet, 1 mile from its head; 30 miles by water from Retchikau. 
DRAINAGE a=.-Not measured. 
R E ~ O B D ~  A~AILAELE. -A~~UE~ 24,1916, to October 13, 1917. b (iLa~.-Stevem continuou~ water-atage recorder on left bank, half n miIe fnm tide- 

water; reached by a trail which leaves beach-back of old cabin one-fourth mile 
eouth of mouth of creek. Gage was washed out by extreme high water in 
November, 1917. 

418 

4,2401 57 &P %+M8- 
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8 

DISCHARGE MEABUREMENT~.-At medium and high stages, made from a cable a c r w  
atream 100 feet downstream from gage; at  low stages made by wading. 

CHANNEL AND CONTROL.-The gage well is in a deep pool 25 feet upstream from a 
contracted portion of channel, where a fall of a foot over bedrock forme a per- 
manent control. The effect of the violent fluctuation of the water d a c e  outside 
of gage well ia decreased in the inner float well became the intake holes a t  the 
bottom are very small. At the cable section the bed is rough, the water shallow, 
and the current very swift. Point of zero flow is at gage height 0.01t0.2 foot. 

 EXTREME^ oa ~ I s c ~ a ~ a e . - ~ a x i m u m  stage during period, 6.35 feet a t  7 p. m. Au- 
gust 19, 1917 (discharge, computed from extension of rating curve, 1,900 second- . 
feet); minimum atage, 1.01 feet at 10 p. m. April 2, 1917 (discharge, 39 second- 
feet). 

Ic~.-&agedischarge relation not affected by ice. 
ACCURACY.-Stagedischarge relation permanent. Rating curve fairly well deiined 

between 50 and 900 second-feet. Operation of water-atage recorder satisfactory 
except January 1-25 and September 16-30. Daily discharge ascertained by 
applying to rating table daily gage height determined by inspecting gageheight 
graph. Records fair. 

Swan Lake, whose area is about 350 acres, is la  miles from tidewater, at  an elevation 
of 225 feet above sea level. 

Discharge measurements of Swan Lake outlet at Carroll Inlet in  2917. 

Daily d m ,  in s d - f e e t ,  of Swan Zah outletat C m l l  Inlet for 1927:" , , 

May. I June. 1 July. 

NOTE -Discharge JIM 1-25 astimated horn maximum and minimum stages indicated by recording 
pencil &d comparison wlth gage-height gra hs for Fish Creek near Sea Level; discharge 8ept. 16-30 esti- 
mated st 1,100 second-feet by comparison &h records offlow for .Fish Creek. 

at. 
F&. 
1.72 
1.27 

Date. 

Jan.26 
Feb. 2 

,$gee. --- 
Se.-ft. 

205 
78 

Made by- 

C.O.Brown ........... ..... do ................. 

W e  by- 

Q.H.canfMd ......... ..... do ................. 

Date. 

Apr. 7 
June23 

Qage 
height. 

Fut. 
1.62 
8.14 

Dis- 
charge. -- 
Be.-ft. 

141 
646 
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Honthly discharge of Swan Lake outlet at Carroll Inletjor 1917. 

Month. 

Discharge in secoml-feet. 

Maximum. 1 Minimum. 1 Mean. 

'ORCEAED LAKE OUTLET AT S-P BAY, EEVILLAGIGEDO ISLAND. 

Loc~no~ . - In  latitude 55' 50' N., longitude 131' 27' W., at  outlet of Orchard Lake, 
one-third mile from tidewater at head of Shrimp Bay, an arm of Behm Canal, 
46 miles by water from K e t c h i h .  

DBAINAQE AREA.-NO~ measured. 
RECOBDS A V ~ B L E . - - M ~ ~  28, 1915, to October 10, 1917. 
Ga<i~.--Stevens continuous water-stage recorder on right bank 300 feet below Orchard 

Iarke and 100 feet above site of timber-crib dam, which was built in 1914 for 
proposed pulp mill and washed out by high water August 10, 1915. Datum of 
gage lowered 2 feet September 15,1915. Gage heights May 29 to August 10,1915, 
referred to firat datum; August 11, 1915, to August 17, 1916, to second datum. 
Datum of gage lowered 1 foot August 17, 1916. Gage heights August 18, 1916, to 
October 10, 1917, referred to this datum. Gage waahed out in November, 1917. 

DI~CEABQE MEAS~EMENTS.-A~ medium and high stages made from cable 50 feet 
downetream from gage; at low stages by wading near cable. 

CEAXNEL AND CONTROL.-From Orchard Lake, at elevation 134 feet above high tide, 
the atream descends in a aeries 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 
fdl. 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 loom rock and brush placed during construction of dam. T h  material 
forma a riffle which acts as a control for water surface at gage at low and medium 
atages and is scoured down when ice goes out of lake; the rock outcrop at site of 
old dam acts as a control at high stages and is permanent. 

EXTF~EYIES OF D I S C H A R O E . - M ~ ~ ~ ~ ~ ~  stage during period, 8.4 feet at 2 a. m. October 
16, 1915 (discharge 6,230 second-feet); minimum discharge estimated, 20 second- 
feet February 11, 1916. 

ICE.-Ice forms on Orchard Lake, but becauae of swift current and relatively varm 
water from lake the outlet and control remain open. 

Accwac~.-Stage-discharge relation changed January 12 when log lodged on con- 
tml; also on August 16, when logs were waahed out and old gravel cofferdam 
under cable was scoured down farther. Rating curve used January 1-11 eame 
aa curve used April 13 to December 31, 1916, and is fairly well defined. Seven 
discharge measurements were made and six points for platting were computed 
by compariaon with record of Fish Creek during the period January 1 to October 
10 by means of which rating curves have been constructed which are applicable 
as follows: January 12 to August 16, well defined below and poorly defined above 
600 second-feet; August 17 to October 10, poorly defined. Operation of water- 
atsgg recorder &&factory, except January 15-29, when i t  stopped. Daily 
discharge ascertained by applying to rating tables M y  gage height, determined 
by inspecting gage-height graph, or for days of considerable fluctuation by aver- 
aging the discharge for equal intervals of the day. Records fair. 

Run-off 
(total m 

BCT*fwt). 

January.. ............................................ 
February. ............................................... 
March.. .................................................. 
A riL .................................................... 
I&.. ................................................... 
June. .................................................... 
July ...................................................... 
August.. ................................................ 
6eptember. .............................................. 

The period.. ......................................................................... 

404 
901 
82 

486 
969 
969 

1,060 
l,mO ? 

74 
76 
48 
40 
398 
502 
337 
254 ....................... ---- 

168 
319 
59.2 
211 
609 
882 
658 
618 
681 
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The higheat mountaina on this drainage baain 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 under- 
growth of brush, ferns, alders, and devil's club. The topography is not so rugged sa 
that of the area m u n d i n g  Shelockum Lake, and the proportion of vegetation, soil 
cover, and lake area is greater, so that more water b etored and the flow in the Orchard 
Lake drainage bdn b better sustained. 

Date. -by- zie. W e  by- --- -- Feet
. Bce.8i Feet. Sec.-ft. 

Jm. 30 BrownandOardner .... 1.04 1 DrakeandBlodget. .... 2.38 460 
Mar. 6 ..... do .................. .74 67 Ug' 28 0. T. Cardner .......... 2.09 358 
Apr. 14 Cf. H. CanUeld ......... 1.39 180 act,. 11 Q. H. Canfield ......... 3.26 880 
June 21 ..... do .................. 4.22 1,070 

Daily discharge, in second-feet, of'orchard Lake outbt at She 

I I 

NOTE.-Discharge Jan. 1-14 estimi 
st- indicated by the reoorder, from 

- 
Apr. 
- 

64 
50 
49 
62 
123 
172 
1% 
182 
170 
161 
170 
170 
170 
174 
214 
264 
330 
380 
380 
406 
380 
368 
368 
432 
510 
578 
612 
670 
710 
770 

- 
June. 

- 

-- 
I 

op ing of clod 
nzirom record 

P Bay for 1917. 

L2j-Z- - - 

from &mum and minimum 
I flow for Or River. 

Monthly discharge of Orchard Lake outlet at Shrimp Bay for 1917. 
I I 

Month. 
D-e in Semua-M. Run4 

(total in 
Maximum. 1 -. B Q B ~ ~ ) .  

Jrnusry.. ................................................ 
February. ............................................... 
March.. .................................................. 
A p l .  .................................................... 

ay. ..................................................... 
June. .................................................... 
July.. .................................................... 
August ..............................................-.... 
September. .............................................. 
October 1-10.. ........................................... 

9.650 
18 $X) 
4: 030 
18 400 
57' 100 
55' 300 
38' 300 
48'600 
43'400 
19; loo 

I -  

......... .............. ...................................... The period.. -1. ... 313,000 
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SBELOCWY LAKE OUTLET AT B-Y BAY. 

LOCA~ON.-In latitude 56' Ow N., longitude 131' 36' W., on mainland near outlet of 
Shelockum Lake, three-fourths mile by Forest Service trail from tidewater at  
north end of Bailey Bay, and 52 miles by water north of Ketchikan. 

DRAINAGE AREA.-18 square miles (measured on sheets Nos. 5 and 8 of the Alaska 
Boundary Tribunal, edition of 1895). 

R ~ c o m a  A V A I L A B L E . ~ U ~ ~  1,1915, to December 31, 1917. 
G ~ a ~ . S t e v e n a  continuous watergtage recorder on right shore of lake, 250 feet above 

outlet. Gage house was pushed off the well by a snowslide January 4, 1917. 
Gage not put into operation again until May 23. . 

DISCHAEGE YEASTJREMENTS.-M~~~ from cable across outlet of lake, 200 feet below 
gage and 50 feet upstream from crest of falls. 

CHANNEL AND oo~~~o~.---OppoBite the gage the lake is 600 feet wide; at  the outlet 
bedrock is exposed and the water makes a nearly perpendjcdar fall of 150 feet. 
ThLs fall forma an yxcellent and permanent control for the gage. At extremely 
high stages the lake has another outlet about 200 feet to left of main outlet. 
Pohot of zero flow ie at gage height 0.6 f s - -  - -- - t.,, - f ~ 1 9  

E x n h s  OF ~ l s o a a ~ a ~ . - l 9 l & l a u  stage d & L  6.84 feet, a t  8 
a m. November 1 (discharge, 2,780 second-feet); minimum discharge, estimated 
hnrn climatic reaords, 2.5 second-feet, January 31. 

ICE.-Ice f o w  on Shelockum Lake and at  gage, but because of thk swift current and 
relatively warm water from lake, the control remains open and stage-discharge 
relation is not affected by ice. 

Accwac~.-Stage-dischaage relation permanent. Rating curve well defined. Gage 
not in operation January 4 to May 22. Operation cf water-atage recorder for 
rest of year eatisfactory except for periods of break in record shown in the foot- 
note to daily-discharge table. Daily discharge ascertained by applying to the 
rating table daily gage height determined by inspection of gage-height graph, or, 
for days of considerable fluctuation, by averaging the discharge for equal inter- 
vals of the day. Records January 4 to May 22 and June 2-20 poor; excellent for 
rest of year except those for October 1-10 and December 1-27, which are fair. 

Shelockum Lake, at elevation 344 feet, is only 350 a m  in area. The drainage 
b a m i ~ ~  above the lake is rough and precipitous and is covered with little mil or vege- 
tation. There we no glaciers or ice field8 at  the source of the tributary streams. 
Therefore, as there is little natural storage, the run-off after a heavy rainfall is rapid 
d not well suetained, and during a hot, dry summer the flow becomes very low. 
The large amount of snow that accumulates during the winter months mainta,ina a 
good flow. 

DiscJuwge measwements of Shelockum Lake outlet at Bailey Bay in 1917. 

Made by- 

e Gage buried in snow and was not read. b Discharge estimated. 

Jan. 81 
Apr. 13 
June 21 

........................................................... C. 0. Brown ., 
Q. H. Canfield I 1 oG ........................................................... ..... do.. .................................................................. 3.30 
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Daily discharge. in second-feet. of Bhelockum Lake outlet at Bai! ey Bay fon 1917 . . B 

Day . 1 Jan . 1 Apr . I May . I June . 
. 

July . 
. 

510 
510 
620 
788 
600 

480 
352 
325 
288 
260 

250 
243 
227 
202 
204 

229 
282 
m5 
275 
243 

rn 
as6 
189 
318 
347 

305 
232 
194 
160 
136 
142 

. 
Nov . 
. 

2, 300 
1, 540 

500 
305 
407 

518 
1, 160 

674 
435 
640 

495 
495 

1.2-50 
2. 400 
1. 

525 
686 

1 670 
1: 670 
1. 830 

840 
465 
421 
318 
252 

258 
366 
282 
198 
134 ...... , 
- 

Dec . 

NOTE.-Discharge estimated. because of no gage-height record after Jan . 3. from flow Jan . 1 3 .  two dis- 
charge measurements. weather records and comparison with records of flow for Orchard Lake outlet as 
follows: Jan . 1-31. 16 second-feet; Feb . i.28. 40 second-feet; Mar . 1-31.16seeon d.feet. Apr . 130.  80 sac&- 
feet . May 1-22 235 second-feeV June 2-20 350 second-feet* estimates only roughly approximate and should 
be ;sed with &tiom ~ i s e h 6 r ~ e  Oct . 1110 and Dec . 1 - h  estimated from maximum and mfnimum stages 
indloated by therecorder and comparison of the hydrograph of this station with the hydrogrsph for Orchard 
Lake outlet . 

Monthly diseha7ge of Shelockurn Lake outlet at Bailey Bay for 1917 . 
[Drainage area. 18 square miles.] 

Discharge in seoond.feet . 

Maximum . Minimum . Mean . i l l  
I- 1-1- 

Per 
S Q w e  
mile . 

0.888 
2.22 
-888 

4.44 
11.1 
19.2 
17.2 
19.0 
14.4 
21.3 
43.3 
4.72 

13.2 

Januarv ....................... ... 
February ................................................. 
March ................. .... 
A& ........................ ---- 

y ....................................................... 
June ....................... .. 
July. .............................. 
August ............. ... ........... 
September ........................ 
October ................... ... ... 
November ........................ 
December ............... ! ......... 

The year .................. ... 

De hin 
inCg"(L1 m 
drsinage 
am8 . 

Total in 
acmfeet . 

......................... 
............................. ......................... 
............................ 

788 
1, 010 

720 
1, 180 
2, 400 

740 

2, 400 

179 
134 

-- 
............ 



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA. 59 
XABTA RTVEIt AT KAETA BAY, PRINCE OF WdLFg XSLbW. 

LocATIoN.-I~ latitude 55' 34' N., longitude 132' 37' W., at  head of Karta Bay, an 
arm of Kassan Bay, on east coast of Prince of Walea Island, 42 miles by water 
acroea Clarence Strait from Ketchikan. 

D M I N A ~ E  ~ ~ ~ a . 4 9 . 5  square miles (U. S. Forest Service reconnaissance map of 
Prince of Wales Island, 1914). 

RECOBDS AvAILABLE.~Ju~Y 1, 1915, to December 31, 1917. 
Gao~.-Stevens continuous water-atage recorder on left bank, half a mile above tide- 

water, at  head of Karh  Bay and 1% miles below outlet of Little Salmon Lake. 
Two per dent of total drainage of Karta River enters between outlet of lake and 
ege. 

DIECHA~E MEASUREMENT~.-A~ medium and high stages made from cable across 
river 50 feet upatream from gage; at low stages by wading at cable section. 

CFCANNEL AND CO&ROL.-From Little Salmon Lake, 14 miles from tidewater, the 
river descends 105 feet in a aeries of rapids in a wide, ahallow channel, the banks 
of which are low but do not overflow. The bed is of coam gravel and boulders; 
rock crop out only a t  outlet of lake. Gage and cable are at  a pool of still water 
formed by a r3le of coarse gravel that makes a well-defined and permanent control. 

E x ~ m m ~ s  or ~~scHA~a~.-Maximum stage during year, 5.5 feet at  11 p. m. Novem- 
ber 1 (discharge determined from extension of rating curve, 5,070 second-feet); 
minimum flow, estimated by a comparison with the record for Fish Creek, 80 
eecond-feet on March 16. 

1915-1917: M u m  stage, 5.5 feet November 1, 1917 (discharge, 5,070 second- 
feet); minimum flow, 21 secondfeet, February 11, 1915. 

Accnaam.Stagedischarge relation permanent. Rating ourve well defined betveen 
80 and 1,500 second-feet; extended below 80 second-feet to the point of zero flow 
and above 1,500 second-feet by estimation. Operation of water-stagerecorded 
eatisfactory except for periods indicated by breaks in record as ahown in footnote 
to dailydischarge table. Daily discharge ascertained by applying to rating table 
mean daily gage height determined by inapecting gage-height graphs, or for days 
of considerable fluctuation by averaging results obtained by applying to rating 
table mean gage height for regular intervals of day. Records excellent except 
for periods of break in record and for diecharge above 1,500 second-feet, for which 
they are fair. 

The combined area of Little Salmon Lake at  elevation 105 feet, and Salmon Lake 
at  elevation 110 feet, is 1,600 acrea. The slopes along the right shore of lakes and at 
head of Salmon Lake are gentle, and the area included by the 250-foot contour above 
lake outlet ia 5,500 acres. The drainage area to elevation, 2,000 feet, ia heavily covered 
with timber and dense undergrowth of ferns, brush, and alders. The upper pa& of 
the mountains are covered with thin soil and brush. Only a few peaks at an eleva- 
tion of 3,500 feet are bare. This large lake and flat area and thick vegetal cover ' 
afforda considerable natural storage,'which, after heavy precipitation, maintains a 
good run&. The snow urrually melts by the end of JUG, and the run-off become8 . very low during a dry, hot summer. 

The Forest Service in the summer of 1916 constructed a pack trail from tidewater 
to outlet of Little Salmon Lake. 

Discharge mmurements of Kmtu River at Karta Bay in 1917. 

Date. Made by- I &ge I mr 
height. charge. 

I Feb. 6 C. 0. Brown .............................................................. 289 
June 25 0. H. Cantleld ............................................................ 
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Daily d i a c h ~ e ,  in seconcLfeet, of Karta River at Karta Bay fw 1917. - 
sept. 
- 

280 
228 
197 
17'2 
149 

- 153 
I21 
112 
100 
94 
83 
91 

108 
202 

1, 
1,070 

807 
1 120 
1: 070 

817 
756 

4% 
817 
739 
765 
798 

1 710 
2' 120 
1: 440 ...... 

448 1:m 
041 3 100 
665 1:::: 3'520 

to Feb. 5 estimated because of stopping of clock from marlmum and minimum 
and from a comp&on of hydro h for this itation with that for Fish Creek. 

g to stick caught in flcat WE?. diwharge estimatd from 6 comparison 
th that for Fish Creek: Mar. l3-31,'1208ecand-ieet; ~ p r .  1-20,140secrgnd-feet. 

Norrtlrlg discharge of Karta River at Karta Bay for 1917. 
[DraSnage area, 49.5 square mibs.] 

I Discharge in second-feat. 

Month. I lldsximurn. 

J~nusFg.. ......................... 824 
February.. ....................... 1,170 
Msrdl.. ....................................... ................... A ril...................... dy ............................ ... 1,030 
Jupe .............................. 722 

November.. .............. .. ...... 
December ......................... I 

The par.. .................. 1- 

LOOATION.-In latftude 56' 28/ N., longitude 132O 12) W., near outlet of Lake Vir- 
ginia on east ahore of Eastern Passage, a narrow channel between Wrangell I s h d  
and mainland, 6 miles by water from Wrangell. 

DRAINAGE AREA.--50 square miles (measured on U. S. Coast and Geodetic Survey 
chart 8200). 

RECORDS AvAILABLE.--Ju~~ 17, 1915, to September 30, 1917. 
G~a~ . - s t evena  wster-stage recorder ori left bank one-fourth mile below Lake Vir- 

ginia and three-fourthe mile above tidewater. Gage washed out by extreme high 
water November 14,1917; record Auguet 8 to November 14 loat with gage. 

D I S ~ ~ ~ R G E  r ~ a s w ~ n a ~ ~ ~ s . - - M a d e  from cable a m  creek, 10 feet upstream from gage. 



UHANNEL AND CONTROL.-From the outlet of the lake, at an elevation of 100 feet 
above sea level and at a distance of 1 mile from tidewater, the creek deacendd 
in a series of rapids and falls. The bed ia glacial drift and boulders at the rapids 
and rock outcrop at points of concentrated fall. The gage is in a pool of still 
water created by a emall fall at a contracted point of channel. This fall makes 
a well-defined, permanent, and sensitive control. 

EXTREMES OF ~ 1 s c ~ a ~ ~ ~ . - l Q l f h 9 1 7 :  Maximum stage, 8 feet October 16, 1915 (dis- 
charge, computed from extension of rating curve, about 3,310 second-feet, differs 
from that published in Bulletin 642 because of revision of rating curve); minimum 
&age, 0.02 foot February 11, 1916 (discharge, 15 second-feet). 

ICE.-Ice f o m  on the lake, at  gage, and along the banks, but the swift current and 
flow of relatively warm water from the lake keeps the control open. 

AcmBkcP.-Stage-discharge relation permanent; not affected by ice. Rating curve 
well d e h e d  below 1,200 second-feet; extended above 1,200 second-feet. Oper- 
ation of water-stage recorder not satisfactory January 1 to May 18 and July 15 to 
August 1. Daily discharge, except for periods shown in footnote to daily-dia- 
charge table ascertained by applying to the rating table mean daily gage height 
determined by inspecting gage-height graph, or, for days of considerable fluctua- 
tion, by averaging results obtained by averaging discharge for equal intervals of 
the day. Results good except for periods when water-stage recorder was not oper- 
ating sstiafactorily. 

The drainage baain ia 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 b e a w e  
of the &xp slopea and thin soil the run-off after heavy rains is rapid and the ground 
storage is emall. During a dry, hot period in summer the flow is augmented by melt? 
ing ice from glaciera at the headwaters of two of the tributary streams. 

No ajscharge measurements were made at  this station during the year. 

Daily discharge, in secondyeet, of Mill Creek near Wrangell for 1917. 

Day. ( Jan. I Feb. I Mar. 

~ ~ u m a n d m i n i m u m s ~ e a i n d l c 8 t e d  by recorderand l 
Aug. 7-30, e8timated at 850 second-feet and 

%?S%'%dow ior B-oi  age outlet. 

Apr. May. - 
380 
350 
330 
310 
330 
460 
680 
700 
820 
680 
350 
280 
540 
600 
520 
480 
465 
525 
492 
489 
397 
331 
302 
361 
525 
645 
732 
770 
830 
790 
9 6  

June. I July. 1 Aug. --- 

mdd-leet, by comparison 
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Yonthly discharge of Mill Oeek near Wrangell for 1917. 

[Drainage area, 50 square miles.] 

I Dischargein second-feat. I Run&. 

a Estimated. 

Month. 

January.. . . . . . . . . . . . . . . . . . . . . . . . . . 
February.. . . . . . . . . . . . . . . . . . . . . . . . 
March.. . . . . . . . . . . . . . . . . . .. . .. . . . . . 
April.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
May.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
June. .. . . . . . . . . . . .. . . . . . . . . . . . . . . . 
July .........+............................................. 
August ... .. . . . . . . . . . . . . .. . . . . . . . . . 
September. ...................... . 

The period.. . . . . . . . . . . . . . . . . 

CASCADE CREEK AT THOMAS BAY. REha PETERSBUBO. 

Maximum. Minimum. Mean. 

180 51 89.7 1.59 
1,230 48 231 4.62 

70 10 51.2 1.02 
400 34 137 2.74 
965 280 524 10.5 

1,340 439 667 13.3 
723 14.5 

. . . . . . . . . . .. . .. . .... ... . a788 15.8 
..... ....... ............ a725 14.5 

LOCATION.--One-fourth mile above tidewater on each shore of south arm of Thomas 
Bay; 22 miles by water from Petersburg. One small tributary enters the river 
from the left onshalf mile above gage and 2 miles below lake outlet. 

DLUNAQE AREA.-21 square miles (measured on the United States Geological Survey 
geologic remnnaiesrtnce map of the Wrangell mining district, edition of 1907). 

RECORDS A V A I W B L E . - - - ~ C ~ ~ ~ ~ ~  27 to December 31, 1917. 
G A G E . - - % ~ v ~ ~ ~  continuous water-stage recorder on left bank, onefourth mile from 

tidewater; reached by trail which leaves beach back of old cabin at mouth of 
creek. 

DISCHAR~E MEASUREMENTS.-A~ medium and high stages, made from log footbridge 
a m  stream one-fourth mile upstream from gage; at low stages, made by wading. 

CHANNEL AND CONTROL.-From the outlet of a lake at an elevation of 1,200 feet 
above sea level and 3 miles from tidewater the river descend8 in a continuous 
aeries of mpids and falls through a narrow, deep canyon. Gage ia in a protected 
eddy abovea natural rock weir, which formsa well-defined and permanent control. 
The bed of river under the footbridge is rough and the current swift and irreguh, 
but this section ia the only place on whole river where even at low and medium 
stages there are no boils and eddies. 

EXTREMEB OF m~~~.-Maxirnum stage during period, 7.65 feet at 11 p. m., Novem- - ber 18; minimum stage, 1.95 feet about December 31. 
Ic~.-Stage-discharge relation not affected by ice. 

Data inadequate for determination of discharge. 
The first site on this stream for a storage reservoir is at a small lake3 miles from tide- 

water and at elevation of 1,200 feet above sea level. The drainage area above the 
gaging station ia 21 square miles and above the lake outlet, 17 square miles. Flow 
during summer is augmented by melting ice from glaciers on upper portion of drain- 
age -- 

The following d h c h q e  measurement wm made by G. H. Canfield: 
October 29, 1917: Gage height, 3.24 feet; discharge, 181 second-feet. 
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Daily gage 7reight, {n feat, of C d e  Creek at T.lrrmaQs Bay, new Petersbwg, for 1917. 

GREEN LAKE OUTLET AT SILVER BAY, XEAR SIT=. 

Locano~.-In latitude 56O 59' N., longitude 135O 5' W., at outlet of Green Lake, at 
head of Silver Bay, 1% miles by water south of Sitka. 

DRAINAGE AREA.-Not measured. 
RECORDS a v n ~ u ~ ~ ~ . - A u g u s t  22, 1915, to December 31, 1917. 
Gaa~.-Stevens wahr-stage recorder on right bank at outlet of lake, reached by trail 

which leaves the beach one-fourth mile north of mouth of stream, ascends a 600- 
foot ridge, and then drops down to the outlet of the lake. Gage datum lowered 
1.0 foot December 27, 1916. 

Dmcaa8a~ XEASUREXENT~.--&~~~ from cable acroas outlet 30 feet below gage. 
CHANNEL AND co~~o~ . -Fkorn  Green Lake, 240 feet above sea level and 1,800 feet 

from tidewater, the stream descends in a series of fa& and rapids through a nar- 
row canyon whose exposed rock walls rise perpendicularly more than a hundred 
feet. 

EXTBE~~ES oi ~~sc~r~~os.--Maximum stage during year, 10.74 feet at 12.30 a. la. 
November 20 (discharge, 2.220 second-feet); minimum stage, 0.12 foot April 2 
( d k h g e ,  15 second-feet). 

1915-1917: Maximum stage, 11.22 feet (referred to datum used after December 
27, 1910) on September 19, 1916 (discharge, 2,400 second-feet); Blinimum atage, 
0.12 foot April 2, 1917 (discharge, 15 second-feet). 

ICE -Ice f o m  on lake and at gage, but because of current and flow of relatively 
warm water from the lake the control remains open. 

Acco~bcy.Strrge-discharge relation permanent. Rating c w e  well defined between 
10 and 1,300 second-feet. Operation of water-stage recorder satisfactory except 

Dee. 

...... ...... 
...... ...... 
...... 
...... 
...... ...... ...... ...... ............ 

for periods indicated by breaks in record, as shown in the footnote to the daily- - table. Daily discharge ascertained by applying to the rating table 
mean daily gage height, determined by inspecting gage-height graph, or, for days 
of considerable fluctuation, by averaging results obtained by applying to rating 
table gage heights for regular intervals of day. Records good, except thoae for 
periods when gage was not operating satisfactorily, which are only roughly 
approximate. 

In the fall and winter the flow is low bemuse there is little ground storage, and on 
moetof the drainage area the precipitation is in the form of wow. This accumulated 
mow produces a large run-off during the spring, and the melthg ice from the glacier 
and the icscapped mountains augment the run-off from precipitation during the 
Bummer. The area of Green Lake is estimated to be only 100 acres. 

The following discharge measurement was made by G. H. Canfield: 
August 12, 1917: Gage height, 3.82 feet; discharge, 377 second-feet. 

Nov. 
--- 

5.6 
5.05 
4.55 
4.0 
3.7 

3.6 
3.65 
3.35 
3.15 
2.93 

Day. 

11 .................. 
12 .................. .................. 13 
14 .................. 
15. ................. 
16 .................. 
17 .................. 
18 .................. 
19 .................. 
20 .................. 

Day. 

.................. 21 .................. 22 .................. 23 .................. 24 
25 .................. 
26 .................. ............ 27 
28 ............ 
29 ............ 
30 ............ 
31 ............ 

Dm. 

2.79 
2.67 
2.55 
2.43 
2.37 

2.33 
2.32 
2.5 
2.47 
2.38 

Day. 

1 .................. 
2 .................. 
3 .................. 
4 .................. 
6 .................. 
6 .................. 
'I.... .............. 
8. ..-.............. 
9 .................. 

10. ................. 

Oct. 

2.9 
3.4 
3.2 
3.7 
4.55 

09. Dee. 

2.33 
2.25 
2.20 
2.15 ...... 

...... ...... ...... ...... ...... 

Nw. --- 
6.86 
6.6 
4.95.  
4.25 
4.06 

4.2 
4.75 
4.2 
3.8 
4.6 

Oct. Nov. --- 
4.65 
4.56 
5.2 
6.8 
5.85 

4.9 
5.2 
7.2 
7.25 
6.6 



64 l@iNERAL Rh9OURCES OF ALASKA. 1917 . 
Datly disdozge. in second-feet. of Grem Lake outlet at Silver Bay for 1917 . 

Jan . 1 Feb . Apr . May . Nor . / Dee . 
.- 

NOTE.-Water-stagereuxder not worbin properly for the following periods: Jan . 1 toFeb 9 and Feb 20 
to A r 1 dischar e from d~matfc records and comparison of hydrograph for th& station 4th 
that % dfjarauott fake cutlet as f oflo7Rs. Jan 731 90 second.feet . Feb 1-9 110 se~,nd- feek Feb 
45 second-feet: Mar . 1-31 . ~)-s'econd.feet.'~av'l8-2d . dailv dischsrie &t& from maximuk anh mini: 
mum sta$iddlcated b 'the recordor . bischarge &timafed by ~ p a n m n w l t h r d % f f l B m ~ ~ ~ - = f f  
Lake out et as fouows: $uly 15-31. 426 second-feet; AU . 1 11. 400 second-feet; Aug . 15-31. 640 -d-feet; 
lept . 1-30. 620 8econd-feet; Oat . 14.930second.feet . tag; well f r o m  Dee . 22-28; didurge Intsrpalated . 

Monthly discharge of G r m  Lake outkt at Silver Bay for 1917 . 

I Discharge in semd.feet . 

The yeer ............................................................. I - I l - -  

Jmuary ............. .. .... - ... ... .... .... 
FeBNary ...................... ... ...................... 
Mamh ............................................................................ 
A ..................................................... & .................... .. ........................... 
June ................. .. ............ .... .................. 
M y  ...................... ... .................................................... 
August ........................................................................... 
80 tember ....................................................................... 
03obe1 ................................ .. ............................ 
November ............................ .... ................ 
December ............................ .... ................ 

....................................... 
470 

278 
751 
882 

1, 800 
177 

............ 
15 
162 
296 

200 
145 
44 

76 1- 
UO 
60 
74.8 

810 
475 
491 
m 

' 620 
652 
636 
78.1 



BABANOF LaKE OUTLETAT B&RAITOF, BARAXOF ISLbBD. 

 LOCATION.-^^ latitude 57O 6' N., longitude 134O 54' W., at townsite of Baranof, at 
head of Warm Spring Bay, eaet coast of Baranof Ialand, 18 milea eaet of Sitka across 
Sand, but 96 miles from Sitka by water through Peril Strait. 

DMINAQE AREA.-NO~ meamred. 
 RECORD^ AVAXLABLE.--J~~ 28, 1915, to December 31,1917. 
GAQE.~tevenLI continuous water-atage recorder on right bank 700 feet below Baranof 

Lake and 800 feet above tidewater at head of Warm Spring Bay. 
DXRCEARGE WEABDRE~ENT~.-M~~~ from cable MT088 st~€!am 100 feet bd0w lake 

and 600 feet above gage. 
CFIANNEL W D  CONTROL.-F~O~ Baranof Lake, at elevation 130 feet above sea level 

and 1,500 feet from tidewater, the stream descends in a series of rapids and small 
Ealls and enters the bay in a cascade of about 100 feet concentrated fall. The 
bed ia of glacial drift, boulders, and rock outcrop. The gage is in an eddy 60 
feet downstream from the foot of a small fall and 100 feet upstream from a rifae 
which forma a well-defined control. 

EXTEEXES orr ~~so~a~ci~.-Maximum atage during year, 4.90 feet at 6 p. m. Novem- 
bea 19 (diacharge, 2,780 second-feet) ; minimum stage, 0.40 foot April 3 (discharge, 
31 second-feet). 

19lfh917: Maximum stage, 5.3 feet August 10, 1915 (discharge, computed 
from extension of rating curve, 3,350 second-feet); minimum flow estimated by 
diacharge measurement and climatic data, 28 second-feet on February 13, 1916. 

ICE.-Became of the d f t  current and flow of relatively warm water from the lake, 
the stream remains open. 

Dmss~o~s.-The flume to Olsen's mwmill diverts from the stream 200 feet below 
gage only sac ien t  water to operate a 25-horsepower Pelton water wheel. 

A o a u a d a ~ . - S t a g ~ h a x g e  relation permanent; not affected by ice. Rating curve 
well dehed below 2,000 second-feet. Operation of water-stage recorder satis- 
factory except for short periods indicated in footnote to daily-diecharge table. 
Daily' discharge ascertained by applying to rating table mean daily gage height 
determined by inspecting gage-height graph, or, for d a y  of considerable fluctua- 
tion, by averaging discharge for equal intervals of day.  record^ good except for 
periods when recorder did not operate satisfactorily and for periods when water 
was frozen in well, for which they are fair. 

The drsinsge area is rough and precipitous, and the vegetable and mil cover is . 
thin, even on the foothills of the mountains. The run-off ia rapid, and the ground 
atorage ia 4. During a dry, hot period, however, the flow is greatly augmented 
by melting ice from several small glaciera and ice-capped mountaim. 

No discharge measurements were made at thie station during the year. 
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Daily discfrarg e, t secondfleet. of ~ a 3 . a d E a k e  outlet at Bmanof fm 1917 . 
. 

Mar . May . 
- 

352 
82l 
294 
288 
279 

288 
330 
590 
695 
545 

432 
366 
352 
388 
440 

460 
460 
468 
600 
480 

412 
380 
376 
388 
452 

568 
725 
930 

1 010 
1'050 
1:010 

. 
Dct . 
. 

668 
895 

JZ 
;la 

696 
L 380 
I' loo I: loo 
866 

820 
668 
6ss 
500 
w 
380 
330 
306 
aOB 
4oc 

1132 
695 
890 
788 
5'x 

UUI 
362 
83C 
SIX 
43: 
W( 

. 
Nm.-Di4char~e estimated for following priods becam of unsatlsfaatory op~ration of watar%ta~e 

r-der Jan . 4-31 (SO clecond-feat) and Feb . 28 (lob second-feat) from weather recada and by ~ m m  
son witl; records of lloK for stream in n w b y  d n r i  Wna Didm%e D eo. S l 8  interplated and 
Dec . ,234 estimatd by camparbon with records of flow ior Orem Lake outlet . 

Y d l y  &&urge of Baranof Lake outbt at B m m f  fm 1917 . 

........................................................................ January 78 2 4, 810 
February ............... ;;. 
March .................................................... 

> ........... 352 ........................................ ........ ................ 1, 050 
June ..................................................... 930 
July ..................................................... 
August ................... ... ........................... 
September ....................... ... .................. 
October ............................................... 
November ................ ..... ... .................. 
Deaunber ............................................... 

The year ................... -.- ... -... .............. 2, 000 

SWEETEEABT FALLS CaEEK SlUETTLBm . 
LOCA~ON.-In latitude 57O 5 w  N., longitude 133O 41' W., on eget shore 1 mile from 

head of muth arm of Port Snettisham. 3 milea 6011th of mouth of Wbitbg River. 
7 milea by water from Snettiehsm. and 42 milea by water from Juneau . No large 
tributaries entar river between gaging station and outlet of large lake. 23 mila 
uptream . 



DRAINAGE AREA.-27 square miles (measured on the 'United S t a d  Geological Survey 
topographic map of the Juneau gold belt, edition of 1905). 

RECOBD~ AVAILABLE.-July 31,1915, to March 31,1917. 
Gao~.--Stevens water-atage recorder on right bank 300 feet upstream from tidewater 

on east shore of Port Snettisham. Gage washed out by high water in November, 
1917, and record from April 20 last with the gage. 

DIBCH~BGE M E A B U B E M E N T ~ . - ~ ~ ~ ~  from cable ac rw river one-fourth mile upstream 
from gage. 

CHANNEL AND CONTROL.--From the outlet of lake at  an elevation of 520 feet above sea 
level and 23 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 F a ;  outlet of pool is a natural rock weir 
which forms a well-defined and permanent control for gage. 

EXTBEME~ OF DIBCHARQE.-E~&X~~U~ stage during period, 4.2 feet Auguet 14, 1915 
(diecharge, computed from an extension of the rating curve, 1,420 second-feet); 
minimum flow, estimated from discharge measurement and climatic data, 15 
second-feet February 11,1916. 

ICE.-Stage-discharge relation not seriously affected by ice. 
Acmcr.-Stage-discharge relation practically permanent; affected by ice January 

29 to February 16. Rating curve well defined between 40 and 1,300 aecond-feet, 
extended beyond t h e  limits by estimation. Operation of water-atage recorder 
satigfsctory except for periods indicated by breaks in record, aa shown in footnote 
to daily discharge table. Daily discharge ascertained by applying to rat+ table 
mean daily gage height determined by inspecting gage-height graph. Records 
excellent except for periods of break in record, for which they are fair. 

I n  the fall and winter the run-off is small because the precipitation is in the form of 
snow and because of the small amount of ground storage; during a hot, dry period the 
low run-off from the ground and lake storage is augmented by melting ice from one 
glacier. 

Discharge nzeasurements of Sweetheart Falls Creek neat S n e t t i s h  in 1917. 

Mar. 9 C. 0. Bmwn ........... 
Apr. 24 ..... do.. ............... 

Date. 

Fed. See.-ft. 
G.H.Canfield ......... 1.71 412 
..... do .............. :.I 1.711 410 

Made by- \ h~s. 1 2%. 11 Date. 

Dai& discharge, ira secondrfeet, of Sweetheart Falls Creek near Snettisham for 1917. 

Day. 1 Jan. Feb. Mar. Day. Jan. 
-- 
51 80 . 11 ............ 70 ............ 48 80 12 68 
54 59 13 ............ 68 
64 51 14 ............ 67 
77 57 15 ............ 64 

Feb. 
- 

77 
67 
150 
296 
2'24 

Mar. 11 Day. 1 Jan. 1 ~ e b ;  

Nw.-Bemuse of clock stopping or backwater from ice, discharge estimated from weather rewrds at 
Juneauand from corn ariaon of hydrograph for this station with hydrographs for Crater sad Carlson creeks, 
Jan 743, Jan !Xi to 8eb. 16, and Mar. -1. 
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Honthly dhlmrge of Sweethurt FalEs Creek near Snettishum for 1917. 

[Drainage area, 7J square miles.] 

I Discharge in second-feet. ( Run-ofI. 

January.. ............. .. ......... 3 480 
Febmary ......................... 
March. ........................... I 1 1  ------ %/ %/ 3,010 7:0% 

The perlod. ......................................................................... 13,M)O 

CIRATEB LaKE OUTLET AT BPEEI. IWEB, POBT SSETTISRAX. 

LOCATION.-At outlet of Crater Lake, 1 mile upstream from the edge of tide flats at  
head of north arm of Port Snettisham, 2 miles by trail from cabins of Speel River 
Project (Inc.), which are 42 miles by water from Juneau. 

DRAINAGE AREA.-11.9 square miles at outlet of Crater Lake and 13 quare miles 
at mouth of stream at beach (measured on topographic maps of the Alaska 
Boundary Tribunal, edition of 1895). 

RECORPS A ' V A I L A B L E . ~ & I I U ~ ~ ~  23, 1913, to December 31,1917. 
G~o~.-f%evens waterstage recorder on left shore of lake, 100 feet upstream from 

outlet. A Iocally made water-stage recorder having a natural vertical scale and 
a tjme scale of 1 inch to 24 hours was used until replaced by Stevens gage June 
29, 1916. The gage datum remained the same during the period. During the 
winter months, becauee of inaccessible location and deep mow, the operafion of 
the gage at the lake was discontinued, and the stage read at staff gage in channel 
exposed at low tide at beach. The first gage at  beach aet at an unknown 
datum and washed out in winter of 1915-16. Another staff gage was set at about 
.the same loation and used after November 24, 1916. 

DI~CFIARQE X E A ~ U R E M E N T S . - ~ ~ ~ ~  from cable acroas outlet of lake, 100 feet down- 
stream from gage and 10 feet upstream from crest of finst falle. The rope ding from 
which dkdmge measurements were h t  made ww replaced in fall of 1915 by a 
standard United Statea Geological Survey gaging car, making more accurate 
meaaurementa possible. 

CHANNEL AND CONTBOL.-The gage is on left shore of lake, 100 feet upstream from 
outlet where the stream bedomes constricted into a narrow channel, the bed of 
which is compoaed of large boulders and rock outcrop, which fom a welldefined 
and permanent control. 

EXTREME@ OF DISCHARQE.-M~X~U~ stage during the year, 5.0 feet August 19 
(dwarge, 1,270 aecond-feet); minimum flow, 12 second-feet March 15-16 and 
hpd 13115. 

1913-1911: Maximum stage during the period, 5.9 feet Auguet 13, 1915 (die- 
ewe; estimated h m  extension of rating curve, 1,680 aecond-feet); minimum 
flow, 5 second-feet February 1-13, 1916, estimated from one discharge measure- 
ment and weather records. 

Accuwc~.-S~e-discharge relation permanent. Rating c w e  defined by 19 dis- 
chasge measurements, 13 of which were made by employeee of the Speel River 
W e c t  (Inc.) and 6 by an engineer of the United Statas Geological Swey ,  and 
is well defined below and extended above 1,000 second-feet. Rating curve uaed 
January 1 to May 25 for staff gage at  beach, fairly well defined. Operation of 
water-stage recorder satisfactory except June 30 to July 3, when gage clock waa 
run down, September 13-16,19-30, and November 1 to December 31. Discharge 
record January 1 to May 25 computed from gage-height records for staff ga@ at 
beach. Daily discharge May 26 to October 31 ascertained by applying to raw 
table daily gage height determined by inspecting gage-height graph, or, for daya 
of considerable fluctuation, by averaging d t s  obtained by applying to rating 
table mean gage heights for regular intervals of the day. Discharge September 
13-16, 19-30, and November 1 to December 31 atimated by comparison with 



reon& of flow for Long River . Recorde obtained from gage at lake. good; those 
ffom gage at beach. fair; those obtained b y  comparison with records for Long 
River only roughly approximate . 

Crater Lake is at an elevation bf 1. 010 feet above sea level and covers 1.1 square 
mila . The aide8 of the mountains surrounding the lake are eteep and barren. and 
the topa are covered b y  glaciers . 
Dkharge measurements of Crater Lake outlet at Speel River. Port Snettisham. in 1917 . 

a S t a g e - d i s c h ~  relation changed owing to blasting rofks out of channel . 
b New gage an datum at same location as old gage at besoh . 

Nm.-All dischar e measurements except those made by Qnst Grosseth Jan . 10 and 29 were made at 
the  bed^; gage heighb referred to gage at b ~ h  . 

S8ce.-ft. 
27.3 
19.7 
14.5 
13.1 
12.9 
17.1 
22.3 
21.2 
34.5 
32.4 
42.2 
70 

211 
128 
136 
105 
39 

Daily diecharge. in s d - f e e t .  

hT$. .. 
Feet . 
0.98 . 87 

75 
69 
69 
80 
89 
88 

1.08 
1.00 
1.11 
1.28 
1.68 
1.50 
1.54 
1.45 

b1.08 

Made by- 

. . ........... C N Hayes ..... do ..............-.. 
..... .................. do 
..... .................. do 
..... .................. do 
..... .................. do ...... Brown and Hayes 
C . 0 . Brown ............ 
..... ................. do . ........... Q N Hayes ..... .............. do 
..... ................. do 
..... ................. do 
..... ................. do 
..... ................. do ......... . . Q H CanAeld 
..... ............... do 

Beb . 

~e by- 

Qrmseth snd Hayes ... ................. .... do 
Gust Qrosseth .......... .-... BrownandHayes 

do .............. -.. . .... 
Qrosseth and Hayes 
Quat Grosseth ......... 
Qrosseth and Hayes 

do ................. .... 
C . N . H a m  ........... 

do ................. .... 
do .... ................. 

.... do ................. 
do .... ................. 

Brown and Hayes .... ................. .... do .... do ................. 

Day . 
1 ................... 
2 ................... 
3 ................... 
4 ................... 
6 ................. .. 
................... 8 

7 ................... 
8 ................... 
9 ................... 

10 ................... 
11 ................... 
12 ................... 
13 ................. .. 
14 ................. .. 
16 ................... 
I6 ................ ... 
17 ................... 
18 ................... 
9 ................... 
a0 ................. .. 
2l ................. .. 
22 ................. .. 
23 ................... 
24 ................. .. 
'25 ................... 
28 ................. 
27 ................... 
28 ................... ................... 
30 ................... 
31 ................... 

f Crater Lake outlet at Sped River. Port Snettisham. . 
for 1917 . 

. 
Feet . 
1.12 
1.43 

10 
1.36 
1.16 . . . .  96 

05 . . . .  97 
1.38 
1.22 
1.10 

- . 93 
Q . 84 
0.75 
Q . 69 
1.17 
1.09 

. ..- 
See& . 

33.6 
44.8 
37.4 
44.1 
32.2 
20.9 
22.5 
19.7 
48.6 
39.0 
30.8 
19.9 
14.8 
13.9 
1% 4 
44.4 
3 8  0 

Jsn . 
37 
30 
L7 
25 
24 
46 
69 
58 
50 
46 
39 
33 
30 
28 
25 
23 
21 
25 
a8 
aa 
41 
39 
87 
88 
45 

- 4 0  
aa 
32 
30 
27 
24 

Mar . 

Date . 

Mar . 29 
31 

Apr . 5 
10 
12 
18 
22 
23 
24 . 25 
27 
29 

May lo  
12 
16 
24 

Dec . 7 

Apr . - 
I9 
17 
15 
15 
15 
15 
14 
14 
14 . 
13 
13 
13 
12 
12 
12 
13 
14 
17 
28 
a8 
a4 
2a 
28 
29 
a0 

36 
42 
64 
67 
70 ...... 

May . 
304 
250 
245 
241 
304 
350 
306 
253 
223 
m 
183 
193 
229 
289 
382 
338 
304 
327 
443 
418 
362 
aR8 
aea 
a38 
350 
m 
ale 
316 
304 
316 ...... 

sept . I 0 .. 

NOTE -Daily discharge for da when s t d  gage was not read durin period Jan l to Ma 25 estimated 
from n b e z  records and rwor6of flow for Lo River . Dail discfmrge ~une.30 to J& 3 estimated 
from maximum and minimum sba ea indicatedneby the reoor&r and records of flow for Long River . 
Reaads Is a 1 to Mav 26 show &ae at beach; May 28 to Dec . 31 discharge at  outlet of Crat~I.ak 0. 
MsohargeMsohargeastlmated 6ecsuse gage was n'bt opernting by corn arison with reco?ds of flow for Long River. 
a8 touaws . Bept . 13.ie. ruo second-feet; Sept . 19.30. 480 secongreet; NOV . 1-30. w second-feet; ~ e c  . 1-31. 
36 seoond.feet . Records for these periods only roughly approximate . 
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Mont7tEy discharge of Crater Lake outlet at Sped River, Port Snettishmn, for 1917. 

[Drainage area 13.0 square miles at tidewater; 11.9 square miles at outlet of Crater Lake.] 

I Dhcbargehsecmd-feet. I R u n 4 .  

Maximum. Midmum. Mean. I 1  

- 
N~~r~ . -R~eords  Jan. 1 to May 25 show dischsfge at beach. Records May 28 to Deo. 31 show discharge 

at outlet of Crater Lake. See footnote to dadydwharge table. 

- ~ 

January.. .......... .. .............. 
February. .......................... 
March.. ............................ 
A p  ............................... 

ay.. .............................. 
June.. ............. .. .............. 
July. ............. .. ............... ............................ August. .................................... September.. 
October.. ........................... ................................................. November. ................................................. Decamber.. 

2 lfiO 
2: 470 

9% 
8' 730 

16' loo d loo 
a3' loo 
ai:m 
15 400 
14: eoo 
2,160 

LONG RIVER BELOW SECOND LILKE, AT POET S B E T T I S U .  

69 
62 
45 
70 

280 
443 
733 
265 

710 

LOCAIXON.- -O~~-~~~ mile downstream from outlet of Second Lake, 1 mile down- 
stream from outlet of Long Lake, one-half mile upstream from head of Indian 
Lake; 23 miles by trail and boat across Second Lake from cabins of the Speel 
River project at head of the North Arm of Port Suettiaham, 42 miles by water 
from Juneau. 

DRAINAGE  AREA.--^^.^ square miles (measured on sheet No. 12 of the Alaaka Bound- 
ary Tribunal map, edition of 1895). 

 RECORD^ ~ v m ~ ~ ~ ~ . - - N o v e m b e r  11,1915, to December 31,1917. 
Gao~.--Stevens continuous water-stage recorder on right bank onehalf mile below 

outlet of Second Lake. 
DISCHARGE MEABUREMENTS.-A~ medium and high stage8 made from cable a m  

river at gage; at low stages made by wading one-fourth mile downstream. 
CHANNEL AND CONTROL.-At the gage the channel is deep and the current sluggish; 

banh are low and are overflowed at extremely high stages; bed mooth except 
for one large boulder. A rapid, 500 feet downstream, forms a well-defined and 

21 
18 
12 
12 
60 
183 
229 
265 
153 
70 

permanent control. 
EXTREMES OF ~ ~ s c ~ h ~ ~ ~ . - M a X i m u m  stage during year, 7.35 feet at 1 a. m. August 20 

(discharge, 2,900 second-feet); minimum stage, 0.28 foot Mrtrch 26 (dischrrrge, 37 
second-feet). 

191647: Maximum stage, 7.35 feet Auguat 20, 1917 (dirrcharge, 2,900 aecond- 
feet); minimum flow, 23 second-feet, February 13,1916. 

ICE.-Stage-discharge relation affected by ice during January, February, and March. 
ACCURA~P.-Stage-discharge relation permanent; affected by ice or poor connection 

between well and river January 3-6, 21, 22, January 27 to February 7, February 
19-28, and April 16 to May 5. Rating curve fairly well defined between 50and400 
second-feet and whll defined between 400 and 2,000 second-feet. Operation of 
waterstage recorder satisfactory throughout year except January 18-19, February 
22-27, June 23-28, July 28 to August 3, November 21-25, and November 30 to 
December 31. Daily discharge mcertained by applying to the rating table daily 
m e  height determined by inspecting the gageheight graph. Recorde good 
except for stages below 400 second-feet, for which they are fair. 



The area draining to Long River between Long Lake outlet and this station com- 
prices only 1.3 square mila. including First Lake and Second Lake . Because this 
areah at s low altitude and has no glaciers the run-off per square mile from it is greater 
early in the spring but much less in ~ummer than that from the area above Long Lake. 
which is partly covered by glaciem . 

W g e  rnea~u~ements of Long River below S d  Lake. at Port Snettishm. in 1917 . 

b n e  . 1 July . 
. 

Oct . 
. 

506 
40s 
885 
998 
863 

660 
1, 180 
1 260 
1' 600 
1: 330 

1600 
1' 720 
1: 040 

780 
600 

422 
308 
276 
276 
306 

234 
232 
309 
303 
276 

211 
182 
182 
284 
335 
5t32 

Made by- 

Jaa . Brown ........... 
....... Mar ..... ................... Apr do 

NOTE.--Wabr-stage recorder not work' propql or stsge-discharge relation SfIwted by icc or oor 
connection between well and rlver lor lollo%g no& Jan . 3-6 18-19 21-22 Jan 27 to Feb 7 Feb 1&8 . 
dallv dlscharee estimated from weather recorgand hornoaris& w i k  n?c&ds dl flow for'dater i'rpnt.( 

Daily diecharge, in eewd-feet, of Long River below Seccnd Lake, at Port SnettishamJor 
1917 . 

ha& G e . 

Feet . 
2.10 
2.10 
4.56 

charge Dis- . 
.. 

See.-ft. 
271 
277 

1, 190 

hzz . 
Feet . 

1.10 . . . . .  77 
40 
62 

Date . 

May 23 
24 

July 6 

&&. --- 
Sec.9. 

95 
57 
47.1 
57 

by- 

Charles Hayes ........ . . ......... ..... .................. 0 H C d e l d  
do 
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M&Z~ disclaarge of Long River below Second Lake, at Port Snettishm, for 1917. 

[Drainsge ares, 33.2 square miles.] 

1 Discharge in mad-feet. I RunQI. 

-- 
January.. ......................... 193 63 
Februmy.. ............... ... .... 263 80 
March.. ........................... 85 37 
A dl ........................ ...... ....................... d y. .................. .. ....... 680 ........... 
June.. ............................ 885 467 
July ............................... 1 410 660 
A-t ............................ 2' 580 740 
8e tember ........................ 2'370 478 
0kber . .  ........................ 1' 720 182 
November.. ...................... 1: 960 192 
December.. ....................... 154 76 -- 

The year.. .................. 2,580 37 

Mean. 

- 

SPEEL RIVER AT PORT SXETTISEAX. 

Loc~mo~.-At entrance of canyon one-fourth mile downstream from mouth of Long 
River, and 8 miles upstream from tide flats and the cabins of the Sped River 
Project (Inc.), which are at head of north arm of Port Snettisham and 42 miles 
by water from Juneau. - 

DRAINmE AREA.-Not measured. 
REOORD~ ~vnmsm~.--July 1, 1916, to December 31, 1917. 
GAGE.--Stevens condnuous water%tage recorder 150 feet to the left of the conatric- 

tion of the river at the entrance of the canyon. The gage is reached from cabins 
of the Speel River Project by trail to head of Second Lake, boat acros8 Second 
Lake, trail to head of Indian Lake, boat across Indian Lake, trsil down Long River 
and Indian River to canyon, and cable across river near entrance of the canyon 
--a total diatsnce of about 7 miles. 

DI~CFIARGE MEASUREI&~NTS.-A~ a11 stages made from cable having a clear span of 
400 feet acroea river, one-half mile below gage and one-fourth mile below lower 
end of canyon. 

, CHANNEL AND OONTROL.-FO~ several miles above the canyon the river flows in aev- 
eral channels h u g h  rt wide, flat, sandy valley in which the channels are con- 
tinually shifting, The river is consbricted from a width of 500 feet to 76 feet a t  
entrance of canyon. This constriction of channel and rock outcrop at entrance 
of canyon form a very sensitive and permanent control. The extreme range in 
stage is 28 feet. Above a stage of 22 feet part of the flow passes through a second- 
ary channel (the bed of which is rock overgrown with brush) which begha near 
gage and rejoins main channel a t  lower end of canyon. Below a Btage of about 
4 feet (discharge, 920 second-feet) water from stream does not reach the well 
except by seepage through gravel and water in well does not assume the level of 
the water in river. At the gaging cable the bed of the river ia gravel, with one 
large rock outcrop near middle of stream. The current is very swift and carries 
a large quantity of m d  in auapermion. 

EXTREMES OF DIBCF~AR~E.-M&U~ stage during period of record, 21.5 feet, Sep- 
tember 19, 1917 (diecharge determined from an extermion of the rating curve, 
18,000 second-feet); minimum flow, 150 second-feet April 14, 1917, estimated by 
aid of discharge measurement March 25 and by comparison with record of flow 
of Long River. 
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ICE.-Ice do- not form at control, but SO much frost forms in gage shelter and on 
metal parts of gage that the gage does not operate Batiafsctorily during the winter. 

Aoou~dm.-Stsge-diecharge relation permanent, but for strrges below 4 feet (920 
eecond-feet) water from river does not reach gage well except by seepage through 
gravel. For low stages, therefore, water in the well does not assume the level of 
the water in the river and frequent measurements are necessary to estimate the 
flow. Rating curve fairly well defined between 1,200 and 10,000 second-feet; 
extended above 10,000 second-feet. Operation of watelcstage recorder not astie- 
factory for periods indiemted in footnote to daily-discharge table because of the 
frequent stopping of clock, due to the binding of papergupply roll or to running 
down at times when ice on lakes wss unsafe for crowing. Daily discharge sscer- 
tained by applying to rating table daily gage height determined by inspecting 
gageheight graph. Records fair for periods when gage was oper8ti.g eatisfw- 
M y ;  poor for periods when clock was not running. 

Discharge m e a s u r m t s  of Sped River at Port Snettishum in  1917. 

Daily discharge, i n  eecond-feet, of Speel River at Port Snettishurnfor 1917. 
- 
Apr. 

Date. 

Apr. 2 l  
Sept. 15 

Mnde by- 

0.0. Brown ........... .-... do ... .........----. 

adaae by- 

C. 0. Brown ........... 
a. H. QaUeld ......... 

Feb. 

600 
600 
600 
600 
600 

600 
600 
500 
600 
600 

MX) 
M)O 
600 
600 
600 

500 
m 
m 
600 
600 

600 

E 
600 
600 

600 
600 
600 ...... ...... ...... 

Mar. -- 
166 
165 
165 
185 
185 

166 
166 
165 
165 
I66 

165 
165 
166 
166 
166 

165 
166 
166 
166 
166 

165 

% 
185 
185 

185 
185 
185 
185 
180 
180 

Oct. Nw. I 

:st. 
Feet. 
1.82 
.94 

at. 
-- 

Fed. 
2.25 

13.9 

May. 

1,040 
980 
950 
920 
920 

980 
1380 
1'630 
1'700 
1:630 

1 4 2 0  
1'350 
1'520 
1'740 
13770 

1700 
1 : m  
1 6 3 0  
1'630 
1 : m  

1 4 2 0  
1:380 
1,420 
1660 
1 : m  

a i m  
2:430 
2880 
2'950 
3'180 
3i.530 

~omk-Dkhmge estimated by cornprison with records of flow for Long River as follows: Jan. 1-10: 
Jan. 16 to Mar !B- Apr. 4-20. June S to July 5; July 19 to Se t. 4; Sept. 12-14; Be t 20 to Oct. 9; Nov. 
16-17; and NO;. to Deo. dl. B r a d  tigurea show mean &charge for perioddlPn'~uded D i e m  
Aug. 1-31 estimated 8,600 second-feet. 

cg&. --- 
Set.-ft. 

302 
185 

&. 
802.- t &k 

6,910 

June. 
-- 

3,530 
3 330 
3'280 
3'530 
3:710 

3,590 
3 380 
3'600 
3'600 
3 : m  

3 6 0 0  
3'600 
3'600 
3'600 
31600 

3600 
3:600 
3600 
3'600 
3 : m  

3600 
3:600 
3,600 
3600 
3 : m  

3600 
3:600 
3 6 0 0  
3' 600 
31600 ...... 
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Month1y &charge of Speel River at Port Snettbhum for 1917. 

Month. 

GRIXDSTOXE CREEK AT TAKU INLET. 

Jsrmary ......................................................................... 
February.. ...................................................................... 
March.. ........... ... ......................................................... 
A ....................... .... &:: ................................................. 
June.. ........................................................................... 
July ..................................... ... 
Aupust. ............ ..... .................................................... 
8e tember. ........... .... ........................... 
0&ber ............. .. ...................................................... 
November.. ........................................... 
December ........................................................................ 

Theyear .................................... 

LocATIoN.--O~ north shore of Taku Inlet between Point Bishop and Point Salisbury, 
one-fourth mile west of mouth of Rhine Creek and 11 milea by water from Juneau. 

DRAINAGE AREA.-Not measured. 
R ~ c o m s  a v a r u ~ ~ ~ . - M a y  6,1916, to December 31,1917. 
GAGE.-Stevens continuous water-stage recorder on left bank, 200 feet from tidewater, 

installed September 16, 1916. A Lietz seven-day graph wsteriltage recorder 
wes used May 6 to June 17,1916. 

DISCHARGE MEASUREMENTS.-At a11 stages made by wading either in the channel 
on the beach, which is exposed at low tide, or 100 feet below gage at high tide. 

' 

Discharge in second-het. 

Maximum Mhimum. Mean. 
---- I I 

CHANNEL AND CONTROL.-For a dietance of one-fourth mile from tidewater the atream 
descends in a series of rapids and falls through a m w ,  rocky channel. The 
gage is at upper end of a turbulent pool between two fa&, the lower of which 
forms a welldefined control. When gage was installed, loge were jammed in 
channel near upper end of pool. 

EXTRWES OF D I E C R A R C I E . - ~ ~ ~ ~ - ~ ~ :  Maximum stage, 5.33 feet at 5 p. m., A u p t  
19, 1917 (discharge, estimated from extension of rating curve, 600 second-feet); 
minimum stage, -0.03 foot, estimated from climatic recorda to have occurred 
April 2, 1917 (discharge, 5 second-feet). 

Ic~.-Stage-dischatge relation not affected by ice. 
Accuaacy.-Stage-discharge relation permanent. Rating curve well dehed  below 

150 second-feet; extended above 150 second-feet by estimation. Operation of 
wateriltage recorder eatiefactory except for periods shown in the footnote to daily 
diecharge table. Daily discharge ascertained by applying to rating table daily 
gage height determined by inspecting gage-height graph or for days of considerable 
fluctuation by averaging results obtained by applying to rating table mean gage 
heights for regular intervrtla of day. Records excellent except those for periods 
of break in record and discharge above 150 second-feet, which are fair. 

Rnwft 
(total in 
am*fWt). 

............................................. 
3,530 

.................................... 
16,000 

12,100 

10,000 

D i s h ~ q e  measurements of Grindstone Creek at T d u  Inlet in 1917. 

920 

............ 

............ ---- 

Date. 

Jm. 
Feb. 14 
June13 

366 
400 
170 
328 

1700 
3'570 
5'670 
8'400 
$120 
4'2'30 
3:550 

500 

21 900 
27'800 
10'500 
19)%0 

105 009 
21Z1000 
349'000 
523'000 
3051000 
280'000 
211'000 
303d,700 

............ 1 2,860 

Made by- 

5 C . O . B m  ........... 
..... do.. ............... 
Q.H.Cauibld ......... 

2,080,000 

h2$. 
Fed. 

0.23 
-63 
1 

Date. 

8ept.f  
Nov. 13 
Dee. 7 

*;a --- 
Sec. t. 

d 6  
20.5 
66 

we by- 

Q.H.Canfleh3 ......... ..... do.. ............... ..... do ................. 

h s t .  

Fed. 
0.73 
1. !44 
.64 

23% -- 
Sec.-lt. 

23 
68 
2l 
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Daily discharge. in aeeond-feet. of Grindstone Creek at Taku Inlet for 1917 . 

Day . I Jan . Feb . - 
6.8 
6.6 
6.4 
6.4 
6.6 

8.1 
23 
17 
11 
11 

11 
11 
12 
25 
83 

44 
18 
12 
11 
11 

10 
9.6 
9.2 
9.0 
8.8 

8.4 
8.2 
7.9 

..... 

..... ..... 
- 

May . Nov . I D& . 3ept . 

/ I . 
N~~~b-Oage-he i  t record Jan . 5 to Apr 24 condensed so that i t  covered only about a foot of record 

paper- sticking of t e  sup 1 paper on gud& caused paper to feed too slowly; -height record for this 
penod redrawn to norma?tLe scale by aid of the pesks and troughs of the condensed gra h readin of 
s~~ J p  . 5. Feb . 14. and Mar.? and c o m ~ k o u  with gage-height graphsfor sheep P~oPd;andF:ar%m 
Creeks . Ihscharge July 15 and l6mter olate Gage float caught Aug . 20 to Sept . 6; &char estmated 
by c o r n y  yithr-ds of flow for 8ar1sonncreak ar follows: Aug . Zl-3l.l% -d-feat; t 1-6 30 
mmd- eet Discharge Nov 18 to Dec 6 estimated from maximum and minimum stages ln8&ated)by 
the recorder and corn arison bf ge-height record for this station with that for C a r h a  Creek . Discharge 
Dec . 26-31 estimstedRom we& records . 

oct . 
.- 

46 
37 
31 
a9 
21 

52 
60 
43 
41 
60 

70 
70 
80 

196 
1a9 

60 
46 

151 
214 
202 

151 
loa 
85 
67 
75 

96 
112 

62 
39 
33 

...... 

dlonthly discharge of G r i d t o n e  Creek at Taku Inlet for 1917 . 

Month . 

JatUmry .................................................. 18 
February ............................................... : 83 
March ............................................... 8.2 9". .................................................... 46 

ay ...................................................... 142 
June ..................................................... 131 
July ...................................................... 205 
August ................................................... 358 

................................................ September 118 
October .................................................. 168 
November ............................................... 214 
December ............................................... 28 

The year ..................................... 1 358 1 



76 MINERAL RESOURCES OF ALASKA, 191'1. 

D-OX OBEEK AT BUHIPY C O W .  

LOCATTON.-At Sunny Cove on west shore of Taku Inlet, 20 rpilea by water from 
Juneau. 

DRAINAGE  AREA.--%^^ square miles (determined by engineering depa&ment of 
h k a  Gastineau Mining Go. from survey made by that company). 

 RECORD^ AVAILABLE.-July 18,1916, to December 31,1917. 
GAGE.--&evens water-atage recorder on left bank, 2 milea from tidewater; inspected 

severd times a week by employees of the Alaeka Gaetineau Mining Co. 
DIBCHARGE MEASUBEMENTS.-At high stages, mfde from cable a c m  river one-half 

miIe downstream from gage; at medium and low steges, by wading 500 feet 
upatream from gsge. 

CHANNEL AND CONTROL.-A~OV~ the gage the s'tream meandera in one main channel 
and several small channels through a flat, sandy bagin about a mile long; just 
below gage channel contracts and stream passes over rocky falls that form a well- 
defined and permanent control. Point of zero flow, gage height -1.5 feet. 

EXTREMEB OF D I E ~ c H A R G E . - ~ ~ ~ ~ - ~ ~ :  Maximum stage during the year, 6.65 feet at 
4 p. m., Auguet 19, 1917 (discharge, computed from extension of mting curve, 
3,800 second-feet); minimum flow estimated from climatic data and hydrographs 
for streams in near~by drainage basins, 28 second-feet, April 4, 1917. 

Ic~.-Stage-discharge relation affected by ice January 1 to April 28 and December 
1-31. 

Accu~ac~.-Stage-discharge relation permanent. Rating curve well defined between 
90 and 2,400 second-feet, extended below 90 second-feet to point of-zero flow 
and above 2,400 second-feet by estimation. Operation of water-atage recorder 
satisfactory except for a few days; as gage was visited several timea a week, 
bmks in record caused by clock stopping were short. Daily discharge secer- 
t h e d  by applying to rating table daily gage height determined by inspecting 
gage-height graph, or, for d a y  of considerable fluctuation, by averaging reaulta 
obtained by applying to rating table mean gage heights for regulai intervale of 
the day. Records good except for stages below 90 second-feet and above 2,400 
second-feet, for which they are fair. 

Discharge measurmta of Curlson Creek at Sunny Cove in 1917. 

a About 1.8 second-feet shouldbe deducted to give flow past thegage. S ~ r e l a t i o ~ ~ ~ e c t e d  
by ice. 

Date. Made by- 

. . . . .. . . . 
.. .. . . . . . 

Fed. 
4.63 
1.30 

Date. 

8ept. 19 
Nov. U 

-- 
See. 

$0 
863 

Made by- 

O. H. -e1d ..... .... 
..... do .... . ... . .. ... .... 

& 
Feet. 
-0.08 

.38 

& 
--- 

Bec.-ft. 
0 52.8 
173 
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Daily d&eicarge. i n  second=fa?t. of Curlson Creek at Sunny Cove for 1917 . 

Day . I Y a I  June . Sept . Oct . I Nor . 

NOTE.-Because of clock stop ing or backwater from ice. discharge estitnited from weather records a t  
Jweau and Imm comparison orhydr ph for thls station with those lor Gold Sheep and Grindstone 
areaksas follows: Jan . 1.31. 50 second%& Feh . 1-28 80 sccond-feet: Mar . 1-31.46 d 4 e 8 t .  ~pril1.28. 
&)IWOOOd-1Bet; Nov . 20.21. daily discharge; Dec . 1.d. 64 second.fcet . 

Manthly &charge of Carlson &eek at Sunny Cove for 1917 . 
[Drainage area. 22.26 square miles.] 

i Discharge h *cond.rat . I F ~ U . U ~  . 

Maximum . r 
1811nsry. ..................................... 
February .................................... 

. M 8 N k  ....................................... 
Aplil ........................................ 
May ............................... 
June .............................. 
July .............................. 
AUgW ............................ 
September ........... ........... 
October ......................... 
November ........................ 
December. ................................... 

The yEar .................... 

930 
1 020 
1: 830 
2 510 
2' 520 
1'530 
2: 440 

2, 520 
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SHEEP CREEK KEaR T-. 

LOCATION.-At lower end of flat basin, above diversion dam for flume leading to 
Treadwell power house at beach, and 1 mile by tramway and ore railway from 
Thane. 

DRAINAGE ~ a . 4 . 5 7  square miles above gaging bridge (meamred on United 
Statea Geological Survey map of Juneau and vicinity, edition of 1917). 

RECOBDS AVAXLABLE.-JU~~ 26, 1916, to December 31, 1917. 
G A Q E . - - % ~ v ~ ~ ~  continuous water-stage recorder on right bank at pool fomed by an 

artificial control just below small island three-tenthe mile upstream from diver- 
sion dam. Recorder inspected once a week by an employee of the Alaska Gae- 
tineau Mining Co. 

DISCHARGE YEA~UEEYENTS.-A~ extremely high stage8 made from gaging bridge 
two-tenth mile downstream from gage; at low stages made by wading near bridge 
section. No atreams enter between gage and measuring section, but seepage 
inflow variw from a small amount to 10 per cent of total flow, the per cent of in- 
flow usually being large after periods of heavy precipitation. 

CHANNEL AND CONTROL.-The station is near lower end of flat basin through which the 
stream meanders in a channel having low banka and bed of sand and gravel. An 
artificial control was built 2 feet below intake for gage well to confine the flow in 
one channel during high water and to insure a permanent stage-discharge relation. 
The spillway of the control at low stages c o d  of a timber, 16 feet: long, set in 
the bed of the atream. During medium and high stages another timber, 8 feet 
long, bolted at  top near right end, forms part of the control. A %foot cutcoff wall 
is driven at upJtream face of spillway. There are wing walls at  each end and an 
8-foot apron extends downstream from control. 

EXTREMES OF D~sc~a~o~.-Maximum stage during year, 2.47 feet at  5 p. m., Novem- 
ber 14 (discharge, from extension of rating curve, 580 second-feet); minimum 
stage, 0.15 foot April 7 (discharge, 0.8 second-foot). 

ICE.-Ice f o m  in the channel above and below but not on the spillway of the control. 
Accua~c~.~tage-discharge relation permanent, but from August 19 to September 

7 and September 20-24 intake pipe was obstructed with gravel, so that water 
surface in well waa maintained at level of water surface in creek 10 feet upstream 
from control by seepage through gravel. Rating curve used August 19 to Septem- 
ber 7 and September 20-24 based on three discharge meapremente and is fairly 
well defined below 150 second-feet; curve used remainder of year baaed on 14 
discharge mesaurementa and is well defmed below 250 second-feet. Operation 
of water-etsge recorder satidactmy except for short periods indicated in footnote 
to table of daily discharge. Daily discharge ascertained by applying to rating 
&ble daily gage height determined by inspecting gage~height'graph, or, for days 
of conmderable fluctuation, by averaging resulta obtained by applying to rating 
table mean gage heights for regular intervals of the day. Records fair. 

Discharge measurem~nts of Sheep Craek near Thaw in 1917. 

o Intake pipe clogged; elevation of wstw surEaoa in gage well hlgher than that III river. 

h z z .  

%. 
0.83 

a 1.18 
~ . o a  
1.10 
.53 

c lE& -- 
See.+. 

40 
116 
83 
ioa 
129 

Dls- 
charge. 

--- 
See -ft 

2l.i 
8 

38' 
125 
95 
176 

Date. 

i5ept. 7 
23 
26 

oot. 3 
Dec. 23 

Made by- 

......... G. H.Can5eld 
..... do ................. 
..... do.. ............... 
..... ................. do 
..... do ................. 

Ga e 
heig%t. 

Feet. 
0.70 
.15 
.78 
1.17 
1.05 
1.35 

Date. 

- 
Feb. 23 
A r  7 &s; 3 
June 5 

Q 
July 18 

Made by-- 

C. 0, Brown ........... 
..... do ................. 
G.H. canflald ......,.. 
..... do.. ............... 
..... do. ................ ..... do ................. 
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Daily discharge. in aecond-feeet. of Sheep Creek near Thaw for 1917 . 

Feb . I Mar . 
. 

Apr . 
. 

Yay . 
. 

41 
38 
36 
36 
36 

38 
. 55 
88 
75 
62 

53 
49 
53 
60 
62 

62 
64 
Bti 
70 
68 

55 
49 
47 
43 
62 

75 
70 
60 
70 
75 
141 

lune . 

106 
85 
70 
90 
125 

139 
la, 
101 
93 
78 

75 
75 
83 
93 
111 

88 
85 
96 
111 
96 

96 
98 
83 
80 
80 

73 
70 
70 
68 
70 

..... 
- 

. 
Bept . 

Monthly dheharga of Sheep Creek near Thane far I917 . 
[Drainage area. 4.57 square miles.] 

I Discharge in second.leet . 

&Ulo~ry .......................... 10.8 
F e w  ......................... 74 
?dSlCh ............................ 17 
A ril ............................. 43 & .............................. 141 
June .............................. 139 
July .............................. 176 
August ........................... 219 
Beptember ........................ 270 
October ........................... 236 
November ....................... a87 
December ......................... 41 

The y e ~ r  .................... 387 

Per 

ort . I Nov . 
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LOCA~ON.-At highway bridge at lower end of Last Chance b&, 200 feet upetream 
from diversion dam of Alaska Electric Light & Power Co., and one-fourth mile 
from Juneau. 

DRAIXAQ? ARE~.-9.47 square miles (determined by engine- department of 
Alaska Gaatineau Mining Co., from surveys made by that company). 

BECort~f3 AVAJIABLIL-JU~~ 20,1916, to December 31,1917. 
OAGE.--~%V~M wntinuoua water-stage recorder on left bank at upatream aide of 

highway bridge. A staff gage was installed September 19, 1916, on left wing 
wall of diverriion dam 200 feet downstream and used in determining the time of 
changea in etage-discharge relation at the well gage. 

DIS~HARQE MEAEIJBEMENTS.-A~ medium and high stages made from gaging bridge 
suspended, at Aght anglee to current, from floor of highway bridge; at low stages, 
nude by wading near gage. 

CHANNEL AND cownto~.-Station is at lower end of a flat gravel basin three-foeha 
mile long. For 20 feet upetream from gage the stream is confined between the 
abutments of an d d  bridge, and for 16 feet downstream it  is confined between the 
abutments of preaent bridge. For a distance of 130 f&t farther downatream the 
stream is con6ned in a narrow channel which ie not subject to overtlow. Because 
of the steep gradient of channel opposite and for 158 feet below gage, a short 
stretch of the channel immediately below the gage acts as the control. The 
operation of the head gates of flume at diversion dam, 200 feet downstream, does 
not affect the stage-discharge relation at gage, but the awift current during high 
stages shifts the gravel in bed of stream, thereby causing changes in the stage- 

- diecharge relation. 
EXTRBYES OF ~18cBaaGE.-1916-17: Maximdm megn daily discharge, 600 second- 

feet, August 19, 1917; minimum mean daily discharge, 4 second-feet February 
5 and April 1,1917. 

Ic~.-Stagedkhaage relation affected by ice in December. 
Drvmasro~.-Water diverted at several points upstream for power development is 

retunred to creek above gage, except about 20 second-feet for 7 month (when 
there is a aurplua over the amount used by the Alaska Electric Light & Power 
Co., which haa the prior right) and 1 second-foot the remainder of the year used 
by the Alaska Juneau Gold Mining Co. The d m  200 feet downstream diverta 
water into the flume of the Alaska Electric Light & Power Co. 

RE~UUTI~N.-NO starage reservoir above Btcbtion that r egdab  the flow mom than 
a few h o w  in low water. 

Accuuc~.-Stage-diecharge relation changed during periods of high water; 11 dis- 
charge measurements and 3 simultaneous readings uf water- recorder and 
staff gage at divereion dam were made during the period, by use of which rating 
curves have been constructed which are applicable as follows: January 1 to 
April 24, well deiined; April 25 to August 19, well defined below and fakly well . 
defined above 500 second-feet; Auguat 20 to noon, September 19, poorly defined; 
September 19-21, poorly defined; September 22 to October 8, poorly defined; 
October 9 to December 31, well defined. Operation of water- recorder aa& 
factory, except for short periods indicated in footnote to dajly-diecharge table. 
Daily discharge ascertained by applying to the rating table daily ga& height 
determined by inspecting gage-height graph, or, for days of considerable fluc- 
tuation, by averaging the results obtained by applying to rating table mean 
gage heighta for equal intarvals of the day. Reconk4 fa& 



WATER-POWER INVESTIGATIONS IN SOUTHEASTE~N ALASKA. 81 
D i d m g e  mea82Lremmtd of Gold Creek at Juneau i n  1917 . 

a Gageat highway bridge . 

Daily discharge. in  seeond;feet. of Gold Creek at Juneau for 1917 . 
Day . 1 Jan . Feb . Msr . 
.- 

May . June . I 
. 

sept . oct . 
. 

Nov . 
. 

79 
76 
61 
4a 
65 

61 
97 
65 
45 
69 

105 
124 
154 
687 
247 

94 
69 

179 
446 
605 

88a 
279 
177 
142 
117 

130 
150 
96 
76 
68 .... 
- 

Nora and Jan 22 to Feb 11 estimated because of clock sto from weather 
aata an 
Dee . 31 

mgra 3 ior this stabon with tbst for 8heep Creeli . Ipb"g&e Nov . SB to 
e atag&oharge relation wss allected by ice, from westher reoords and one 
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ddsnthly diahrqe of Gold Creek at Juneau for 1917. 

I Dlxhsrge in second-feet. 
Month. 

Januarjr.. ................................................ 13.0 
February .............................................. 206 
March.. ................ .. ................................ 13.0 
A riL ................ ... ............................... 68 
d y  ..................................................... 295 
June ..................................................... 308 
July ..................................................... 444 
August .............. .. .................................. 600 
Beptember ............................................... 660 
October .................................................. 470 
November ............................................... 587 
December. .......... ;. ................................... 58 

The year.. ......................................... 8M) 

Rnnoff 
(total in 
-feat). 

STORAGE RESERVOIRS IN SOUTHEASTERN AXABKA. 

In 1917 reconnaissance was made of some of the streams in south- 
eastern Alaska for the purpose of ascertaining the location, size, 
and elevation of lakes which may be used as storage reservoirs. 
The result of this investigation is shown in the table which follows. 
Elevations of the lakes above sea level were determined bv aneroid 
barometer. Areas and distances were estimated. 

Lakes available for storage ~~9eivoir.s in southeas- Ahku. 

................................................................ of Thatma Baf.. 
Mrst lalre above mouth of unnamed meek tributary to head of Cascade Bay, ........................................ B s m d  Island, 300 feet from tidew*. 
8econd lake abovemouth of the ioregomg creek, I f  miles from tidewatm at  hesd of 

Cascade Bay.. ................................................................... 
Lake 60P feet above mouth of unnamed creek tributaryto southern entrance to 

PatteraonBa BanmdIsland .............. .... .............................. 
Iwke 300 feet &ove mmth of unnamed ere& tributary h head of west ann of 

Petterson Bay Banmoflstsnd.. ................................................. 
Lake 1,000 feet Lbove mouth of unnamed creek tributary to head of Big Port 

Walter BaranoPZsland ....................... ..... ........................... 
Fbt la~&, onefourth mi above mouth oi pmamed ere& tributary to head oi 

Port g ~assn%sfand near whahng ststion ............................ ........ Second%%%d mouth of the f6mgoing creek- 1 mile from tidewater.. .. 
A Idre 1 mile above mourn of unnamed meek tdbutary to head oiDavidson Inlet, 

KwhkoIsland ................................................................ 

Elmtion 
above sea 

level. 

Feet. 
75 

2, OOo 
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MISCELLANEOUS MEASUREMENTS. 

Miseellanwus discharge n teasuTmmt~ in smt-ern Ahku in 1917. 

Locality. 

Mar. 7 ' Iouey  Creak.. George Inlet, Revil- Onefourthmile above first lake 1 miles 
lagtgedo Island. above beach on west shore df &eorga 

15 ..... do.. ......... Patterson Bay, Baranof I I Island. - 
15 .... .do.. ............. .do.. ...............- 

Oct. 13 
Bug. 9 

......... 13 ..... do.. Suloia Bay, .Chichagof I I Island. ..... ........... 14 do Cascade Bay, Baranof 
Island. 

low tide a t  head of small bay 
at north end of b o i a  Bay. 

At narrows near rmddle of first lake 
bdf a mile from tidewster st head 01 
Cascade Bay. 

Mouth at low tide, a t  south entrance of 
Patterson Bay. 

Stream at head of small cove near south- 
ern entranca of Patterson Bay. 

Mouth at low t ~ d e  st head of west arm 
of ~&terson ~ a ;  

Near outlet of lake on stresm at head of 
Big Port Walter. 

Half a mile u tream from beach, a t  
head of ~ a v i % m  Inlet. 

.............. ..... do.. 
Unnamedcreek.. 

16 

17 

20 

a Estimated. 

................ do.. 
Thomas Bay mainland 

near ~e tmburg .  

..... do.. ......... 
........... ..... do 

..... ........... do 

Inlet 1 mile north of Beaver Falls, ............ 300 feet upstream from beach 
Mouth a t  !ow hde, 13 miles north of 

wmd ~olnt on west s~me of Thomas 

................. .....do. 

Big Port Walter, Bara- 
nof Island. 

Davidson Inlet, KO+ 
dusko Bland. 



MINING DEVEZOPMENTS IN THE KETCHIKAN DISTRICT. 

INTRODUCTION. 

The mineral output of the Ketchikan district was smaller than in 
1916. Six copper mines were in operation and at two other places mills 
were in course of construction. A molybdenum lode was opened up 
near Shakan on Prince of Wales Island and is in course of develop- 
ment. One gold lode mine was operated for a part of the year, and gold 
and silver were also won from ores mined primarily for copper. The 
decrease in mineral production is due in part to the closing of the 
Mamie mine for some months during the year, in part to the failure 
of several small mines to make any production, and to a general 
decrease in production at  nearly all the large mines. 

PRODUCTION. 

The gold, silver, and copper production of the Ketchikan district 
is shown in the following table: 

and in the Ketchikan 
and 1917. 

mining 

- 
Ore 

mined. 

Tons. 
€43997 
76'111 
41: 7es 

Pomd.3. Fine or. Fine or. 

oCamputatirrm, baaed on average prim of copper in 1915 (SO 175) 1916 (SO.M) and 1917 ($0.273). 
b~amputatiom bgsed onaverage price ofdver in 1915 ( ~ i o 7 ) .  is16 (so.u), L d  1917 (SO.=). 

PRINCE OF WALES ZSL4ND. 

KASAAN BAY AND VICINITY. 

The Granby Consolidated Mining, Smelting & Power Co. (Ltd.) 
were the largest operators in the vicinity of Kaaaan Bay. The Mamie 
mine, which was taken over by the Granby Co. in 1913, was closed 
down in the spring, and work was increased at  the It mine. The ore 
bodies a t  the It occur in limestone near the contact of a large intrusive 
mess of quartz diorite and appear to have formed along the borders 

85 
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of an older dioritic dike now largely altered to epidote and other 
secondary minerals. The ore occurs as bunches of chalcopyrite in 
the altered dike and in the garnet rock formed by the replacement of 
the limestone. The power plant a t  the beach is equipped with a 
coal-burning boiler and air compressor. During the summer of 1917 
a geologic map of the vicinity was made and prospecting was carried 
on which has led to the discovery of other surface outcrops. 

The Goodro mine near the head of Kasaan Bay changed hands 
during the year and is now operated by the Salt Chuck Mining Co. 
No production was made during 1917. Development work was 
carried on, and a flotation mill that was started in the spring was 
completed before the end of the year. The mill is situated on the 
edge of the salt chuck. The ore is tram&ed from the mine to the mill, 
dumped into bins, passed over a grizzly into a crusher, and con- 
veyed to a 75-ton bin, from which it is automatically fed to the ball- 
mill (using four sizes of chilled steel balls), whence i t  is taken by a 
bucket conveyor to the flotation tank for treatment. Mixtures of 
pine tar and creosote will be used. The fines are frothed off and go 
to settling tanks. A scraper belt conveys the coarse ore and gangue 
on bottom to a trommel. The oversize from trommel goes to the 
mill, and the undersize to a Deister-Overstrom table, where the ore 
is separated from the gangue. The capacity of the mill is 60 tons a 
day. The ore bodies are in gabbro, and the ore minerals are essen- 
tially bornite and chalcocite and lesser amounts of other copper 
sulphides. The ore also carries gold and traces of platinum and 
palladium. Mine assays of the concentrates show copper content as 
high as 81 per cent, indicating the presence of some native copper. 

Tbe Rush & Brown mine near the head of Earta Bay was operated 
on about the usual scale. The mine is developed on two lodes, a 
contact deposit of copper-bearing magnetite and a shear zone mineral- 
ized with copper sulphides. The new working shaft on the sulphide 
ore body has been deepened to the 350-foot level and drifts extended 
each side of the shaft. At the foot of the shaft is an ore lens from 
2+ to 33 feet wide composed of high-grade chalcopyrite together with 
a little pyrite. The entire width of the ore body a t  this level is not 
evident but in the upper l'evels i t  is from 4 to 14 feet and carries 
lenses of ore from 2 to 4 feet wide. The magnetite ore body is a 
contact deposit occurring along the border of intrusive diorita and 
altered sediments. It has been developed by a glory hole 100 feet 
deep and by workings on the underground levels for 250 feet in depth. 
I n  the fall of 19 17 a boiler for a compressor plant was being installed. 

The Paul Young prospect is about a mile southwest of the Rush & 
Brown mine on the h t  stream west of Iron Creek, a t  an elevation of 
100 feet. Jt is about threequarters of a mile northwest of the Venus 
claim and 2 miles from the coast. The deposit occupies a shear zone 



that strikes northwest nearly parallel to the stream and is exposed 
along the northeast bank. The only work done is surface stripping 
along the stream. The country rock is black slate, and the ore 
occurs in calcite veins that follow an intrusive porphyry dike. The 
calcite veins carry chalcopyrite and pyrite, and the bordering black 
slate is impregnated and veined with these sulphides. The width of 
the deposits is not evident, but they appear to extend beneath the 
creek bottom. The water was turned from its c o q e  for a short 
distance to uncover the deposit in the creek bottom, but the exposed 
rock is again covered with gravel. The deposit is exposed in the 
creek bank 250 feet lower down. Here the black slate is impregnated 
with pyrite and chalcopyrite which accompany tiny reticulating 
quartz veinlets. 

The Rich Hill group of claims, comprising the Rich Hill, Magnet, 
BufEer, Ouray, Interval, and Red Snapper, has recently been opened 
up and is now being developed by the Granby Co., who have the 
property bonded. The claims are on Kasaan Peninsula, about 2 
miles southeast of Kasaan. The main workings are on the Rich 
Hill daim and are confined to a single lens of very rich chalcopyrite 
ore. This lens was opened by a cut 50 feet long and 20 to 30 feet 
deep and yielded 160 tons of ore, which brought $'20,000. The min- 
eralized zone can be traced northwest and southeast of the open pit 
for some distance, and a short adit is now being run to cut the deposit 
below the floor of the open cut. On the adjoining claims prospect- 
ing has been carried on and a number of mineralized lodes have 
been opened. On the Ouray claim a wide contact zone extends 
from the beach to an elevation of 450 feet. The rock of this zone 
is a garnet-epidote-magnetite contact rock that carries chalcopyrite. 
Several openings have been made, which disclose bodies of commer- 
cial ore. 

South of Karta Bay and northwest of Twelvemile Arm, including 
fhe vicinity of Hollis, is a mineralized area in which gold lodes pre- 
dominate. The country rock is a complex assemblage of igneous 
and sedimentary rocks. The bedded rocks include tuff, breccia, 
schist, limestone, black slate, a@te, and graywaoke, and are cut 
by a large boss of quartz diorite and associated porphyritic dikes. 
The lodes are quartz veins that occur in the intrusive and the bedded 
volcanic rocks as well as in the sediments. 

A number of lodes have been opened in this gold quartz belt and 
several small plants installed, but none has made a large production. 
This strongly mineralized region has never received the attention 
which it has deserved, and no doubt will be developed in the future. 
One large company might consolidate a number of these small prop 
erties and operate them to advantage. 
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The only mine in this region that was operated in 1917 was the Dub 
ton mine, on Harris Creek. The Crackerjack claims join the Ready 
Bullion and extend south and southeast. On the surface three veins 
are recognized, known as the lower, middle, and upper veins. !l!hese 
are approximately parallel and form a lode system following intrusive 
porphyry dikes that cut the black slate. The dikes and black slate 
strike N. 25' W. and dip 35O-60' SW. The principal work haa 
been done at an elevation of 850 feet at No. 1 tunnel. This tunnel 
penetrates blkk slate for 300 feet, until it cuts the vein and drifts 
on it for 700 feet along the hanging wall of the porphyry dike. The 
quartz vein borders the porphyry for a footwall and follows a well- 
defined hanging wall, although above the wall occur parallel quartz 
stringers that cut pyritized slate, which is said to carry both gold 
and silver. The hanging-wall vein averages about 5 or 6 feet across 
and at one place is over 12 feet. Along the footwall of the dike 
a smaller quartz vein occurs. A number of other adits have been 
opened on this lode system. 

The Lucky Nell claim, formerly known as the Flora and Nellie, is 
about 8 miles northwest of Hollis on the divide between Maybeso and 
Harris creeks, at an elevation of about 1,400 feet. The lode is a 
quartz &sure vein in porphyry. I t  is being developed by an open 
cut and two adits with a connecting winze. The principal work has 
been done on the lower adit, which has been driven along the vein for 
500 feet. The vein strikes about N. 70' E. and dips 66'-80' SE. 
The vein is marked by two strong walls and averages about 4 feet 
in width. It is strongly metallized with pyrite, chalcopyrite, gdena, 
and sphalerite, m d  is reported to carry high values in gold and 
silver. 

HETTA INLET. 

The Jumbo mine on Copper Mountain, near the head of Hetta 
Inlet, was operated on about the usud scale but experienced some 
d icu l ty  in getting shipping facilities for the transportation of ore 
to the smelter. The mine is developed on large contact deposits 
along intrusive diorite that forms the footwall of the deposits. The 
hanging wall is crystalline limestone and metamorphosed sediments. 
The cupper deposits are irregular-shaped bodies of chalcopyrite- 
pyrrhotite ore and chalcopy~ite~magnetite ore set in a gangue of 
garnet, calcite, epidote, and diopside. 

Copper prospects were being opened by Hal Gould on the south 
end of Sukkwa~~ Island, about 3 miles northeast of Jackson Passrage. 
The prospects occur in a zone of contact schist along the border of 
the large mass of intrusive granite that occupies the interior of the 
island. This schist has been prospected along the granite contact 
for about a mile, and throughout this' distance shows more or less 
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mineralizatioq, In places it is impregnated with pyrite and in 
othew is veined with stringers of chalcopyrite and pyrrhotite that 
follow the schistosity of the rock and cut across it. Only surface 
work had been done in 19 17. 

WEST COAST. 

Development work was continued on the Big Harbor mine in 
Trocadero Bax, but no production was made. 

A molybdenite lode has recently been opened up near Shakan. 
The property is threequarters of a mile south of Shakan, a t  an ele- 
vation of 600 feet. The deposit has been known for several years, 
but when h t  discovered the molybdenite was mistaken for galena, 
and when the assays showed negative results for lead the property 
was abandoned. It has recently been relocated by W. H. Butt and 
bonded to the Alaska Treadwell Mining Co., who are installing 
machinery for its development. 

The deposit is a fissure vein of quartz, about 6 feet wide, that cuts 
diorite but occurs near the contact of the diorite and tuffaceow sedi- 
ments. The quartz vein contains considerable feldspar, especially 
along the footwall, where in places it resembles an igneous rock. 
The diorite from the footwall is also mineralized. The vein carries 
molybdenite and also chalcopyrite and pyrite. The vein strikes N. 
85O E. and 25" S. The deposit is covered by two claims, the Alaska 
Chief Nos. 1 and 2. 

Aside from the output of the Vermont Marble Co., who operated 
on about the usual scale, there wm no production of marble. Devel- 
opment work was continued a t  the El Capitan quarry, on Dry Pass, 
for a part of the summer, and a number of diamond-drill holes were 
put down, aggregating 1,000 feet. The cores show white crystalline 
marble, with some beds of blue and some of black and white. 



GEOWGY AND MINERAL RESOURCES OF THE WEST COAST 
OF CHICHAGOF ISLAND. 

INTRODUCTION. 

Chichagof Island is the northernmost of the larger islands of the 
Alexander Archipelago of southeastern Alaska. It lies in the northern 
part of the Sitka mining district between latitude 57' 22' and 58" 17' 
N., and betwepn longitude 134" 50' and 136" 33' W. The geography, 
geology, and mineral resources of the west coast of the island are dis- 
cussed in this report. The miniig activity in the region during 1917 
was as follows: One gold quartz mine was operating; steps were being 
taken toward opening another during 1917-18; and some develop- 
ment work was being done on a copper-nickel property north of Port- 
lock Harbor, and on copper claims near the head of Pinta Bay. The 
metals found so far on the west coast are gold, copper, and nickel. 
An important gypsum mine is on the east side of the island outside 
the district discussed here. 

Investigations of the geology of the west coast of Chichagof Island 
weremade by C.W.Wrightl in 1905 and by Knopfa in 1910. The 
reports and notebooks of these men have been consulted in the prep* 
ration of this report. This report, though supplementary to the 
earlier work, is in a sense preliminary to a study of the geology of the 
whole island. 

During 1917, about two months of actual field work was done on 
the west coast of Chichagof Island, and another month was spent in 
c tmy i~g  the work along Peril Strait, in making a trip to Sitka, and in 
making the run from Juneau to the field and from the field to Ketchi- 
kan. The field season extended from August 25 to November 9. 
The party consisted of one geologist and two boatmen. The chief 
object of the work was the investigation of deposits of the war 
minerals-copper and nickel. The areal geologic work, therefore, was 
incidental to the main object of the expedition. The shores of the 
island from Cross Sound to the head of Hooniah Sound were mapped 
geologically, but only a small amount of work could be done in the 
hills back from the shore because of an exceptionally early fall of 

1 Wrigbt, F. E. and C. W., The Ketchikan and Wrangell mining districts, Alaska: U. 8. Oeol. Survey ' 

BulL 347, pp. 38-43,1W)8. 
9 Kmpf, Adolph, The Sitktka mining district, Alaska: U. 8. Owl, Survey Bull. 504,1912. 
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snow. 'l'h; baaeJ maps used were charts of the Coaat d Oesdstia 
Survey, some of which have been published and some of w M  w e  
being made during 1917. Capt. C. G. Quillian, of the U. S. S. Pattemon, 
aided materially in the work of mapping by supplying base maps and 
the data which had been collected by his parties. Acknowledgments 
sre also due to Mr. Stuart Fleming, Mr. J. Freeburn, kfr. Wm. Free- 
burn, Mr. T. Baker, Mr. W. H. Roessel, and Mr. Nordley. 

C+EOC+RAPHY. 

'Chichagof Island and Baranof Island together form a triangular 
'land mass which has its base along Cross Sound and Icy Strait 
and its vertex I60 miles south-southeast of the center of the base. 
Peril Strait, which in its narrowest part is only a quarter of a mile 
wide, separatss Chichagof Island from Baranof Island. Lisimski 
Strait cuts Yacobi Island, the northwest corner of the land mass, from 
Chichagof Island. Chatham Strait, a long fiord about 7 miles wide, 
runs along the east side of the island, the Pacific Ocean is on the *est, 
and Cross Sound and Icy Strait are on the north. Chichagof Island is 
irregularly shaped; its greatest dimension, from northwest to soufh- 
east, is about 80 miles. The fiords, Lisianski Inlet, Idaho Inlet, Port 
Frederick, Temkee Inlet, Peril Strait, Hooniah Sound, Slocum Arm, 
and Lisianski Strait, panetrate far into the island and give it a very 
long shore line. The straightness of these fiords and the parablism 
of some of them is a noticeable feature of the map of the island. Two 
types of shore b e  are also evident on the map-one the ragged, 
idand~fringed outer coast; the other the straight, relatively un- 
indented s h m  of the fiords. The water along the outer coast is 
comparatively shallow, and 16 miles offshore is only 600 feet deep. 
Along the straight fiord shores the 600-foot depth contour is at most 
places not more than half a mile from shore. Navigation near the 
outside coast is somewhat hazardous, owing to the numerous rocks 
and reefs, but a detailed chart of the southern part of the coast has 
been published and one of the northern part is being prepared. 

The west coast region of Chichagof Island is extremely rugged. 
The mountains rise steeply to a general elevation of about 2,300 feet 
and here and there a peak rises to a height of more than 3,000 feet. 
The mountain slopes are precipitous and in many places give foothold 
to only the most scanty vegetation. Countless lakes iill the valleys 
and the hollows between the ridges. Streams are numerous, and 
owing to the heavy rainfall are large compared to the she of their 
drainage baa'=. Most of the streams head in lakes and run over 
series of waterfalls into the sea. 

A prominent physiographic feature of the west coast of the island 
is the coastal plain, which extends from Cross Sound to Khaz B e d  
at the entrance to Slocum Arm. This plain at Nickel is about 2 m1es 
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wide, and has a general elevation near the shore of less than 100 feet 
and a maximum elevation of about 300 feet. The plain consists of 
rounded hills and low knobs, which rise above a terrain of swamps 
and small ponds. The land slopes gently upward towmd the inner 
edge of the plain and then rises abruptly to elevations of over 2,000 
feet. A scant growth of jack pine covers the plain in some of its 
drier portions, and a fair growth of spruce and hemlock covers most 
of the higher hills. Just south of Nickel this plain leaves the main 
part of the island, and it is continued in the islands offshore south- 
ward to Khaz Head, beyond which the mountains descend steeply 
into the sea. A continuation of the coastal plain is found beneath 
the sea in the coastal shelf, which extends offshore for about 16 miles, 
beyond which the sea bottom descends steeply in the next 4 miles 
to a depth of 3,300 feet. 

The long, narrow arms of the sea, such as Slocum Arm, Lisianski 
Inlet, Hooniah Sound, and Tenakee Inlet, are typical fiords. The 
sides are straight and steep, and the water reaches depths such as 
are not again encountered for 16 miles offshore. Slocum Arm, for 
example, is nearly 700 feet deep. This fiord shows another charac- 
teristic of fiords in that i t  has a deep central portion and a relatively 
shallower portion, or threshold, near its entrance. Broad, low valleys 
extend from the head of the fiords. The one at the head of Slocum 
Arm was once selected as a mail route, so that maiI might be carried 
from Sitka to Chichagof without necessitating an outside trip. Low 
valleys connect the heads of Lisianski Inlet with Hooniah Sound and 
Port Frederick with Tenakee Inlet. Small streams enter all these 
fiords at their heads. Deep submarine c h a ~ e k  can be traced in the 
submerged coastal shelf for some distance from the entrance of these 
fiords. Such channels were noted at the entrance to Peril Strait, 
S l o c h ~  Arm, and Lisianski Strait. 

A view of the west coast of the island from several miles out at  sea 
shows a number of broad valleys whose en& appear to be shut off 
from the sea by a relatively low barrier. A near view of one of these 
valleys north of Nickel from the mountains surrounding it shows the 
whole floor to be occupied by a lake of apparently great depth. The 
barrier is a low row of hills about 700 feet high. A stream runs from 
the lake to the sea over a series of waterf alle. Such a valley, if 
drowned, would form a typical fiord with its steep sides, its deep 
central portion, and its threshold, or barrier, a t  its entrance. 

The population of Chichagof Island is small, possibly 800, white 
and native. Chichagof, the only town on the west coast, has a popu- 
lation of about 200. Tenakee is a health resort on the east side of 
the island. Gypsum, a mining camp on the east side, has a popu- 
lation of about 50. Hooniah is a native town a t  the entrance to 
Port Frederick. There are canneries a t  Hooniah, on Ford Arm, and 
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at Chatham; and new ones are being built at Stag Bay and at  Port 
Althorp. Sawmills have been installed on Suloia Bay and in Pavlof 
Harbor. Logging is carried on in a small way, for timber is needed 
in driving fhh traps, making boxes, and timbering mines. 

Weekly boat service connects the towns on the east and north 
sides of the island with Juneau. The Chichagoff Mining Co. operates 
a boat between Chichagof and Juneau, which carries a few passengers 
and which makes trips about once a week. Sitka, on Baranof Island, 
is a port of call for some of the larger steamers, and has besides a 
regular weekly service to Juneau. Motor boats may be hired at 
Juneau and at Sitka to make the trip to Chichagof. 

Prospecting on the west coast of Chichagof Island should be car- 
ried on from a motor boat, for the many arms and fiords make much 
of the island accessible from a small boat. The shores of the island 
have already been rather extensively prospected, but the country a 
short distance back from the shore seems to be relatively unexplored 
and unknown. The west coast of the island is rocky, and the weather 
is often stormy, but by those with local knowledge of the waters much 
of this coast may be examined from the smooth water behind 'the 
islands. I n  about 50 miles of coast, from the head of Slocum Arm 
to the southwest entrance to Lisianski Inlet, only about 8 miles of 
outside water need be traversed. Almost any point within the island 
could be reached on a two days' trip. 

Timber is in general not abundant in the western part of Chichagof 
Island. The character and abundance of timber, however, depends 
on local conditions. Timber line lies anywhere from 1,500 to over 
2,000 feet in elevation. Two conditions restrict the growth of the 
trees, the precipitousness of the slope and the marshiness of the 
ground. The more central portion of the island, visible from the 
high' peaks near the shore, is almost barren of trees. Much timber 
near enough to the shore to be dropped into the water has been 
already cut. Timber for the Chichagoff mine and for the sawmill in 
Suloia Bay comes from Baranof Island. Spruce, hemlock, and cedar 
are the principal trees, and their height, thickness, and soundness 
vary greatly in different localities. 

The climate of the region is cool and moist, and precipitation is 
frequent and heavy. No weather records have been kept for the 
west coast of Chichagof Island, and since there are great seasonal and 
local variations in temperature and precipitation, the observations 
that extend over only a few seasons are of little value. Although 
the average annual precipitation at Sitka, for instance, is about 88 
inches, during the summer of 1917 there was a precipitation in one 
month of over 23 inches. 

The game on the island should furnish the prospector, at  certain 
seasons of the year, with a considerable part of his food supply. 
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The principal large game is deer and bear. Deer are very plentiful. 
Minks seem to be rather plentiful, for a number of them were seen 
during the summer of 1917. Ducks and geese are abundant during 
certain seasons. 

GEOLOGY. 

PRINCIPAL FEATURES. 

The geology of the west coast of Chichagof Island is complex. 
This complexity is the result largely of extensive intrusion, which 
has metamorphosed the rocks cut by the intrusive bodies and has 
complicated their structure. Both dynamic and contact metamorphic 
rocks are found along the coast north of Dry Pass and along Peril 
Strait; dynamic metamorphic rocks prevail in Portlock Harbor and 
on Slocum Arm. The dynamic metamorphism is probably directly 
related to the intrusion of the larger igneous bodies. The geology of 
the island will be discussed under the following heads: (1) Undiffer- 
entiated metamorphic rocks; (2) graywacke; (3) igneous rocks; 
(4) development of the topographic features. The rocks of the 
undifferentiated metamorphic series are sheared conglomerate, lime- 
stone, argillite, tuff, flow rock, and intrusive rock, and several types 
of schist. No determinable fossils were found in these rocks; and 
alt.hough the rocks constituting this series may be of different ages, 
they are probably older than Jurassic or Lower Cretaceous. The 
graywacke series consists of graywacke, of some slaty and argillaceous 
beds, and of a little greenstone. The igneous rocks are both intrusive 
rocks and flow rocks. Granite, quartz diorite, diorite, alaskite, aplite, 
hornblende gabbro, norite, greenstone, and possibly some andesite 
are the types of rockrepresented. Quaternary deposits are practically 
absent, but the results of the action of the ice are remarkably well 
shown by the topographic features. 

UNDIITFERENTIATED METAMORPHIC ROCKS. 

DISTRIBUTION AND CHARACTER,. 

The undifferentiated metamorphic rocks occur on Lisianski Strait 
and Inlet, in the bays on the east side of Portlock Harbor, and at 
places on Slocum Arm and on Peril Strait. (See P1. 11.) The 
quartz-mica schist at  the south entrance to Lisianski Strait (at Canoe 
Pass) and the rocks along the seashore from Canoe Pass to Dry Pass 
are mapped as graywacke, because gradations from graywacke into 
these rocks can be traced, and these rocks consequently are believed 
to be the metamorphic equivalents of the graywacke. The rocks of 
the east and west shores of the north end of Lisianski Strait and those 
along Peril Strait and Hooniah Sound, which are of somewhat 
different appearance from the rocks along the outer coast, may be 
of different age. 
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Under the heading of undifferentiated metamorphic rocks will be 
considered all those rocks that seem to underlie the graywacke. 
Metamorphosed sedimentary, volcanic, and intrusive rocks are 
included in the group, but a t  most places i t  is difficult and a t  many 
places impossible to tell whether the rock was originally sedimentary 
or igneous. The rocks in their present metamorphosed state are 
chlorite schist, hornblende schist, schistose greenstone, quartz-mica 
schist, schistose limestone, sheared conglomerate, and tuff. The 
chlorite schist, hornblende schist, and schistose greenstone are green 
and at some places show contorted banding. The quartz-mica schist 
is a fine-grained dark-brown rock (gray on weathered surface) which 
breaks into flat pieces, and the original bedding is represented by 
wavy bands of slightly different shades of brown. The schistose 
limestone is dark blue where impure and white where pure; the 
impure variety shows banding and some augen texture, and the white 
limestone, or marble, is greatly fractured but does not show banding. 
The sheared conglomerate have augen texture. The tuffs axe red, 
gray, and nearly black, and show shearing and confused and contorted 
banding. 

Green rocks-hornblende schist, chlorite schist, and sheared green- 
stone-are numerous in the group of the undifferentiated meta- 
morphic rocks. They occur wherever these rocks are found but are 
particularly abundant in Portlock Harbor. Most of the rocks of 
Portlock Harbor are sheared greenstone, although in the field i t  is 
not always possible to tell the altered greenstone from a green con- 
glomerate or a green graywacke. Some of the greenstones are seen 
under the microscope to be very amygdaloidal, and these are probably 
flows; others are porphyritic and fairly coarse grained and may 
represent either flows or intrusives. Chlorite is the most abundant 
green mineral to form and in the amygdaloidal greenstones both 
chlorite and epidote fill the amygdules. Calcite is fairly abundant 
as an alteration mineral but is not nearly so abundant in these rocks 
as in the altered greenstones of the Eagle River region. The green 
schist at  the Snowball prospect consists of chlorite and quartz, and 
its original nature can not be told. The dark-green rocks a t  the 
entrance to Lisianski Strait, in Canoe Pass, and near Porcupine 
Harbor probably represent altered basic intrusives. The green rocks 
a t  the head of Sister ~ a k e '  and at the head of Deep Bay may be green- 
stone. The light-green chlorite schist at  the entrance to Stag Bay 
and on Soapstone Point are highly altered rocks and do not preserve 
enough of their original characteristics to enable a definite determina- 
tion to be made. The rocks on Soapstone Point somewhat resemble 
greenstones in texture. Variegated black and green rocks were seen 
a t  a number of places, but no satisfactory identification of them has 
yet been made. The apparent abundance of green rock is believed 
to be due partly to the action of sea water on the rock. At many 



THE WEST COAST O F  CHICHAGOF ISLAND. 9 7 - 
placa where. green rocks are exposed at the water line, gray rocki 
occur in outcrops away from the water line. 

The rocks along the shore from Dry Pass to Canoe Pass are chiefly 
dark-colored schists of rather fine grain and of uniform appearance, 
in which an abundance of mica (mainly biotite) has developed and 
in which quartz is also very abundant. At places the typical meta- 
morphic minerals, such as andalusite and corundum, occur. These 
schists weather light gray and tend to break into rather smooth 
blocks. They do not show extensive crinkling, such as is seen in 
some of the other schists. The gradation of this type of schist into 
the rocks of the graywacke series can be traced along the shores of 
Dry Pass, and there can be little doubt that this schist represents 
the product of the alteration of graywacke, and as such it is indicated 
on the map (Pl. 11). A similar type of alteration was found on the 
outer sides of Hill Island and of Peel Island. 

There are at  least three beds of limestone in the rocks of the 
undifferentiated series. One bed, about 50 feet thick, more or less, 
occurs at the mouth of Didrickson Bay and on both sides of Deep 
Bay; a thinner bed of dark-bluish impure limestone, in which indeter- 
minate fossils were found, lies north of the entrance to Didrickson Bay 
and again just within the mouth of Deep Bay. A thin bed of lime- 
stone lies close to the contact with graywacke, both in Portlock 
Harbor and in Slocum Arm. A rather thick bed of limestone occurs 
on the ridge that runs between Davison Peak and Baker Peak and at 
the head of Pinta Bay. This bed of limestone can probably be corre- 
lated with the so-called limestone "dike" that stretches apparently 
uninterruptedly from Baker Peak to 'White Mountain. Marble was 
found on Peril Strait near Poison Cove, in Ushk Bay, Patterson Bay, 
and at the head of Hooniah Sound. 

The schistose rocks near the north end of Lisianski Strait are 
mostly obscure, but they are thought to be in large part of sedi- 
mentary origin. They are dark and are extensively cut by dikes 
and by rather abundant quartz and calcite stringers. The rocks 
along Peril Strait are somewhat similar in appearance, although 
them are known to be partly sedimentary because of the presence of 
limestones. At most places it is difficult to differentiate these rocks 
from the igneous rocks with which they are associated. It would 
seem that these rocks might be of different age from the rocks of 
Portlock Harbor, both because they are of somewhat different 
appearance and because they lie to the east and apparently under 
the beds of Portlock Harbor. 

Many of the gray schistose rocks are indeterminate in character, 
but some of them are closely associated with flow rocks, and these 
are believed to be in part tuffs. A rock of this kind from Pinta Bay 
is seen under the microscope to consist of crushed pieces of h e -  
grained igneous rocks. 
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The metamorphic rocks are probably of two types--dynamic- 
metamorphic rocks and contact-metamorphic racks. Weathering, as 
a type of metamorphism, will not be discussed here. By dynamic 
metamorphism is meant alteration in the rocks, as originally deposited 
or intruded, brought about by the action of differential pressures. 
Under differential pressure rock cleavage is developed and new 
minerals are formed in the original rocks. The rocks consequently 
lose much of their original character, and rocks entirely different in 
color, texture, and mineral composition are formed. It is impossible 
in many specimens to determine what the original character of the 
rocks really was. In contact-metamorphism changes in the rocks 
intruded by an igneous body are brought about by pressure due to 
the intrusion, by rise in temperature, and by addition of material 
from the igneous body. The results of contact metamorphism and 
dynamic metamorphism are commonly the same; so that it may be 
impossible to tell whether a specimen is the result of one or the other 
process. No attempt has been made here to differentiate the two 
types. 

In the metamorphic rocks under discussion chlorite is one of the 
most abundant secondary minerals formed, but hornblende, mica, 
corundum, and stsurolite are locally abundant. Schistosity has 
developed extensively, and where bedding can be recognized i t  is 
approximately parallel with the schistosity. Bedding was seen in the 
quartz-mica schist and in the sheared conglomerates and limestone. 

These rocks are naturally faulted and jointed, and secondary 
cleavage has developed. Faultink was noticed at the entrance to 
Black Bay. Joints or secondary cleavage planes have at places 
formed rather extensively, perpendicular to the schistosity. The dip 
of the schistosity and of the beds at most places on Slocum Arm and 
in Portlock Harbor is steep toward the southwest; the strike is 
nearly northwest. Along Lisianski Strait the dip of the schistosity 
is toward the northeast, and the strike varies between northwest and 
north. Even at the contact with the batholith the dips are northeast 
and hence toward the batholith. Along Peril Strait the beds are 
extensively intruded by bodies of igneous rock, and, as might be 
expected, strikes and dips differ greatly in direction and amount 
from place to place. 

The present structure of the rocks is thought to be due to the 
intrusion of a great mass of granodioritic rock on the island, 
which, in forcing its way up through the rocks, squeezed and folded 
them. The rocks at  most places dip away from this batholith. 
The apparently anomalous dip of the rocks along Lisianski Strait 
may have been caused by a still later intrusion of igneous rock repre- 
sented by the dioritic intrusion at the entrance to the strait or it 
may have been caused by slumping at the edge of the batholith. 
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AGE AND CORRELATION. 

Rocks of different ages are probably included in the group of 
undifferentiated metamorphic rocks. No determinable fossils were 
found in these rocks, and their relationships to rocks of known geologic 
age are not everywhere clear; consequently their position in tho geo- 
logic column can not be assigned with any degree of certainty. At 
all places except one these rocks appear to underlie the graywacke; 
but as the rocks at  this one place where they overlie the gray- 
wacke are lithologically similar to the rocks that everywhere else 
underlie the graywacke, i t  is assumed that faulting has occurred. 
At most places transitional beds lie between the typical meta- 
morphic rocks and the typical graywacke. Structurally the two 
groups appear to be conformable, for the strikes and the dips are 
the same in both. The underlying beds seem to be more meta- 
morphosed than the graywacke, but metamorphism is a function of 
the original character of beds that are altered as well as of the intensity 
of the metamorphosing forces. Very hard quartzose rocks like sand- 
stone would probably undergo less change than the soft and relatively 
complex volcanic rocks and shaly and calcareous sedimentary rocks. 
Thesehighly metamorphosed rocks, too, lie nearer the batholith, which 
is thought to be the cause of much of the metamorphism, than the 
graywacke. Nothing definite can be known about the relations of 
the metamorphosed rocks of Lisianski Inlet and Peril Strait to the 
metamorphosed rocks that immediately underlie the graywacke. 
The two groups are lithologically different, but this difference may 
be due either to an original difference in type or to more intensive 
metamorphism. If the beds along the outer of Chichagof Island 
are part of the west limb of an anticline the beds on Peril Strait 
and Lisianski Inlet, which lie nearer the center of the anticline, 
would be older than the beds of Slocum Arm and Portlock Harbor 
and probably of a different geologic age. 

Lithologic correlation of these rocks with the r o e  of other dis- 
tricts may be suggestive but can not be of great scientific value. In 
the Juneau district a is a series of tuffs, slates, flows, and limestone 
in which Triassic fossils have been found. Chapih correlates some 
of these rocks of the Juneau district with the beds along the east side 
of Gravina Island and some of them with the rocks dong the west coast 
of Gravina Island. The beds along the east side of Gravina I sh id  
are thought to be of Triassic and Jurassic age and those along the 
west coast are of Triassic age. The lithologic similarity of the sec- 
tions of the Juneau district, of Gravina Island, and of the west coast 

1 Wright, F. E. and C. W., The Ketchikan and Wrangell mining districts, Alaslrs. U. 8. Qeol. Survey 
Bull. 347, p. 38,1918. 

Bmoks, A. H., unpublished notes. 
' Chapin, Theodore, unpublished notes. 
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of Chichagof Island is a t  once evident. Chapin separates the rocks 
that immediately underlie the graywackes of Gravina Island into two 
partA_"a lower series of purely igneous material, mainly coarse 
pyroclastic rocks, and breccias, and an upper series of mixed water- 
laid tuffs and black slates and limestone, with porphyritic basio rocks 
of similar composition, evidently partly intrusive and partly explo- 
sive." V n  Portlock Harbor the rocks near the contact are chiefly 
water-laid and those in the bays are most generally igneous. Tenta- 
tively, then, the rocks that underlie the graywacke on the west coast 
of Chichagof Island are correlated with the rocks that underlie the slate 
and graywacke of Gravina Island and which are placed by Chapin 
in the Upper Triassic,or Jurassic. The Wrightsj4 however, correlate 
the series of slate, greenstone, lava, tuff, and other material, on the 
west coast of Baranof and Chichagof islands, with lithologically 
similar rocks on Douglas Island, Cleveland Peninsula, and Gravina 
Island which they class as of Permian or Pennsylvanian age. To the 
north of Icy Strait, in Glacier Bay, the Silurian is represented by 
great thicknesses of limestone which are underlain by a thick argillite 
series of rocks. No thick limestones and no great amount of argillite 
were seen on the west coast of Chichagof Island. On the east side 
of Chichagof Island the lower Carboniferous is represented by a thick 
series of limestone of a distinctive character. No rocks of this type 
were seen here. These facts do not assist much in determining the 
age of the rocks, but they a t  least indicate possible correlations. 

DISTRIBUTION AND CHARACTER. 

Graywacke extends along the west coast of Chichagof Island from 
Peril Strait to Dry Pass. The term graywacke is used here in the 
sense of a group of rocks in which graywacke is the prevailing rock 
type. ~ o A h  of Dry Pass the, graywacke has been metamorphosed 
&-a quartz-mica schist; south of Peril Strait it continues beyond the 
regioi mapped. The graywacke proper forms a band that has a 
maximum width of about 5 miles, an average width of 3 miles, and 
a length of 35 mile's. The actual width of this band may be greaterr, 
for on its western side it passes beneath the sea. The metamorphic 
graywacke, or quartz-mica schist, extends from Dry Pass to Lisianski - - 
Strait, the northern limit of the area mapped, a distance of 7 miles. 
Exposures of these rocks are almost continuous along the shores 
within the belt. -The outer coast from a point about a mile south 

1 Chapin, Theodore, The structure and stratigraphy of Gravina and Revillegigedo Islands, Alaska: U. 8. 
Geol Survey Pmf. Paper l S D ,  pp. 83-100,1918. 

2 Idem, p. 95. 
8 Chapin, Theodore, op. dt. 
4 Wright, F. E. and C. W., The getchigan and Wrsngell mining districts, Alaska. U. S. Geol. Survey 

Bull. 347, p. 86, lsOg 
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of 'Ehaz Head to Leo Anchorage could not be approached because 
of stormy weather, but from its general appearance and from the 
reporta of prospectors i t  is believed to form a part of the graywacke 
area and is so mapped. 

In the general group te rn  " graywacke " are included, besides gray- 
wacke, some slate, argillite, conglomerate, and greenstone. Gray- 
wacke is naturally the prevailing rock type, and the other types 
occur in relatively small amount. Uniformity in appearance char- 
acterizes the outcrops of these rocks, which a t  most places are weath- 
ered a somber reddish brown, greenish gray, or ash-gray. The rocks 
are massive and are greatly fractured and jointed. Where the rather 
coarse sandy graywacke predominates bedding can rarely be detected, 
but where the rocks are argillaceous parallel bedding is fairly com- 
mon. Thin stringers of argillitic material run through the massive 
graywacke, and these weather out and allow the graywacke to break 
down into rather large lenticular pieces. At other places series of 
parallel joints are common, and here the graywacke breaks into large 
ht-sidd blocks. 

Variations in outcrop from the one just described naturally exist. 
In places the beds are fine grained, sandy, and argillaceous, and in these 
places a type of ribbon structure occurs which is formed by an alter- 
nation of sandy and argillaceous beds, an inch or less thick, of some- 
what different color. Along the southwest side of Slocum Arm the 
rocks are typical dark slates which contain concretions of limestone. 
Near the head of Slocum Arm are dark beds of fine graywacke and 
argiulte, in which fossils were found. On Ford Arm near the head 
is a very coarse conglomerate. In Ogden Passage a little greenstone 
is includdd in the graywacke. 

Freah graywacke is a dark massive rock of medium grain, whose 
color and granularity do not differ greatly in different specimens. 
The rock is hard and fresh looking, and in the medium-grained varie- 
ties glassy quartz and angular particles of slate set in a dense, dark 
groundmass can be seen. The rock is an indurated impure sand- 
stone, but the fine-grained varieties may easily be mistaken for a fine- 
grained igneous rock. A specimen from the mountain between the 
head of Slocum Arm and Leo Anchorage is a breccia in which are 
k g e  angular particles of slate in brownish sandy groundmass. 
Conglomerate occurs on Ford Arm, in Ogden Passage, and on Slocum 
Arm. The conglomerate on Ford Arm consists of rounded pebbles 
and boulders in a sandy matrix. The pebbles in the conglomerate 
are 3 inches or less in diameter, but many boulders from 3 inches to 
6 inchea in diameter occur. The pebbles are graywacke, sandstone, 
chert, light, fine-grained igneous rock, and limestone. Quartz is not 
abundant. Many pebbles are sheared across. The conglomerate 
is a t  least a hundred feet thick here, but it could not be found along 
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its strike on the west side of the Arm. Conglomerates were found in 
other places, but none could compare with this one in thickness or in 
coarseness of grain. A conglomerate seen on Peril Strait contains . 
rather abundant pebbles of coarse-grained igneous rock. 

The microscope gives a better idea of the composition and texture 
of the rock than the examination with a hand lens. The graywacke 
is seen to consist of mineral grains and fragments of rock set in a 
very fine carbonaceous groundmass of undeterminable material. 
The grains are somewhat rounded, but characteristically they are 
angular. The mineral grains are quartz, feldspar, and hornblende. 
The rock fragments are fine grained and for the most part indeter- 
minate, but some fine-grained igneous rocks were seen. The dark 
carbonaceous pieces are probably particles of slate. A little calcite 
and some particles of schist were noted in some of the thin sections. 

At fairly close intervaIs white quartz veins of various sizes cut the 
rocks of the graywacke series. These quartz veins are of two types2 
one occurs in shear zones and recements the crushed material, the 
other, known as "frozen veins" by the prospectors, is composed of 
simple quartz stringers that cut across the beds of the formation 
and are not related to recognizable shear zones. Mineralization has 
taken place in veins of the first type. The "frozen" stringers rarely 
show the iron stain that indicates the presence of sulphides and 
possible gold mineralization, and they do not seem to be of more than 
local extent. 

The source of the material of which the graywacke is formed is 
not known. The angularity of the particles would indicate that 
they have not been transported for a long distance. The presence 
of the quartz, of the relatively little-altered feldspar fragmenb, and 
of the pieces of fine-grained igneous rock would indicate that an area 
of igneous rock furnished a part of the material. The conglomerates, 
however, carry but little coarse-grained igneous material, such as is 
found in the interior of the island at the present time. As little dark 
slate is found in the rocks that underlie the graywackes, the source 
of the particles of slate in the graywackes is not known. It is 
possible that an unconformity may exist between the two series and 
that the slaty rocks have been removed by later erosion. The 
rounded limestone pebbles in, the conglomerates might well have 
been derived from the limestone in the underlying metamorphic 
rocks. The hornblende may have come from either schist or igneous 
rocks. 

The alteration of the rocks is of two kinds-weathering and con- 
tact or dynamic metamorphism. As the rocks have been swept 
clean rather recently by the ice, weathering has not been extensive. 
The chief effect of the weather has been the breaking up of the rocks 
by purely mechanical means, and this has been aided by the weather- 
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ing out of the argillaceous stringers in the rocks. The chief chemical 
effect on the graywackes has been to color them slightly reddish, 
brownish, or greenish. The surfaces are somewhat pitted and gashed 
where the stringers of the softer material have been removed. On 
the mountain tops this process has gone a little farther than it has 
along the seashore. Where the graywackes have been intruded by 
igneous rocks or where they have undergone great differential pres- 
sures they have been altered to fine-grained dark-brown quartz-mica 
schists. At places where the bedding has been preserved it is seen 
to coincide rather closely with the secondary structure formed by 
pressure. The metamorphic minerals, such as andalusite, are par- 
ticularly abundant in the schist at  some places. 

STRUCTURE AND THICKNESS. ' 

The graywacke rocks, as previously pointed out (see p. 100),stretch 
along the west coast of Chichagof Island from Peril Strait to Dry Pass. 
The actual width of the band of graywacke can not of course be told, 
as its western boundary lies under the sea. The greatest known 
width of the belt is 5 miles. The inner contact of the rocks strikes 
approximately N. 30" W. to Mine Cove, then swings to N. 60' W. in 
Portlock Harbor, and then N. 30" W. to Dry Pass, beyond which the 
graywacke has been altered to schist. Graywacke can not be certainly 
recognized north of Canoe Pass a t  the entrance to Lisianski Strait. 
Along the seaward side of the belt on Hill Island, on Kukkan Bay, and 
a t  the entrance to Khaz Bay, a schist was found. The schist on Hill 
Island is believed to be altered graywacke, for the gradation from gray- 
wacke to schist can be traced along the north side of Imperial Pas- 
sage. The agents of metamorphism were active along this outer 
coast, but whether the metamorphism is due to pressure or to the 
nearness of a large igneous body could not be told. On the islands 
a t  the entrance to Khaz Bay the metamorphism is undoubtedly due 
to the presence of the igneous body that is seen on some of the 
islands. The schist on Kukkan Bay appears to be altered greenstone 
that was intruded into the graywacke. 

Reliable strike and dip readings are difficult to get a t  many places 
because of the lack of bedding and because of the extensive jointing. 
In  gene1 a1 the strikes lie between west and N. 45" W. A few strikes 
reach N. 30" W. The dips are almost universally to the south and 
range from 40" to 70". At some places the beds stand vertical, and 
even (in a very few places) dip steeply to the north. 

The rocks are greatly fractured and jointed, and it is very often 
difficult to distinguish bedding from jointing. Faulting is common 
and extensive, but i t  can not always be recognized, as the non- 
homogeneity of the beds and the frequent occurrence of minor 
fracturing do not permit one to tell what movement, if any, has 
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taken place. Major faults are recognized by the great quantity of 
orfiebed material that occurs in the shear zones, and also by the 
preaeace of quartz, which a t  places has recemented the crushed rock. 
Such faults are very common and where they have been followed they 
seem-to be persistent. The Chichagoff mine and most of the pros- 
pects of the district are located along such faults. The fault in .the 
Chichagoff mine has been followed underground without a break for 
about a mile, and the strike and the dip of the fault plane are remark- 
ably constant. The Hirst-Chichagof mine lies on another such fault 
whichseems to run nearly parallel to the h t  one. These crushed zones 
are of varying width; the same fault zone may be a foot or more wide 
in one place, and a t  mother it may be 15 or 20 feet wide. Movement 
along these fad@ did not take place all at  one time, and possibly 
movement still takes place along them, for much of .the quartz dong 
the zones has been crushed hnd recrushed since its deposition. The 
dike near the Chichagoff mine and the dike in the upper tunnel of the 
Hirst mine are crushed. The graywacke in the shear zones is com- 
minuted, and the slaty bands have been reduced to shiny slicken- 
sided pieces that look much like pieces of coal. At most places one 
wall of the zone is well defined and is followed by a sticky clay gouge; 
the other wall is poorly defined and grades over into the country 
rocks. The faults dip steeply in the Chichagoff mine and in the 
Hirst mine. This dip shows only a slght variation. At the Smith 
prospect the fault plane dips about 62' S., but in depth it flattens 
to 4 5 O  S. All the fault planes so far examined dip to the south. 

Strike and dip readings show that the graywacke beds have nearly 
parallel strikes throughout the belt and that they all dip steeply to 
the south. It is impossible to interpret the structure of the region 
from observations over such a limited area, and more work will have 
to be carried on in the neighboring areas. From the few facts a t  
hand it would seem that the beds may form one limb of an anticline, 
for they seem to be resting on rocks of greater age. The beds do not 
possess suf6cient peculiarities to enable one to trace recognizable beds 
and thus to detect reduplication of beds. In  such a highly disturbed 
region reduplication of beds almost surely exists, and this may be 
due to close folding or to faulting, or to both. Extensive faulting has 
taken place. The suggestion naturally comes that the structure of 
the rocks is related to the large intrusive body that makes up the 
interior of the island. It is interesting to note in this connection that 
the k h l y  schistose rocks along Lisianski Strait all dip toward that 
intrusive body. The similarity of the strikes and dips of the gray- 
wackes and the older schists suggests a common origin for their later 
structure-a structure that, in some of the schists, must have been 
imposed on an earlier structure. 
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As the structural relations of therocks arenot very definitely known, 
no determination of their thickness can be made. The belt in its 
widest part is exposed continuously for 5 miles. Assuming a dip of 
60" the resultant thickness of the beds exposed would be 23,000 feet, 
but there is every reason to believe that reduplication of beds has 
occurred and that the actual thickness of the exposed formation i;?, 
much less. On the other hand, it is not possible to tell how far 
beneath the sea the graywacke extends. The series is apparently 
thick, although no actual figures can be given. An estimate 9f the 
thickness of this series of rocks made by the Wrights,l who corre- 
lated i t  with similar rocks on Douglas Island and Glass Peninsula, 
is 3,000 feet, more or less. 

AGE AND CORRELATION. 

In  a consideration of the age of the graywacke the first question 
that arises is whether the argillitic graywacke beds along the south- 
west side of Slocum Arm, which are fossiliferous, should be included 
in the graywacke series. The reasons for not including them would be 
that their relationships with the typical graywacke are not known; that 
they are somewhat different in appearance from the graywacke; and 
that fossils have not been found anywhere in the typical graywacke, 
although they were carefully looked for. The reasons for including 
them are that the rocks are graywackes although of somewhat merent  
appearance; that the pelecypods found, although abundant numer- 
ically, seem to be limited to one or two species of Aucella, which fact 
would seem to indicate a peculiarly local condition of deposition (a 
similar condition apparently of the occurrence of a single fossiliferous 
bed in a great series of unfossiliferous rocks has been observed at 
Pybus Bay); and that the rocks appear to be interbedded with tuffs, 
flows, and limestones similar to those rocks a t  the base of the typical 
graywacke. Whether this apparent transition is due to infolding or 
whether such a transition series to the underlying schist is actually 
present is not known. 

On the peninsula southeast of the Hole in the Wall a t  Khaz Head 
the graywacke is massive and coarse grained and breaks down into 
large, smooth, angular blocks. A little farther down the peninsula, in 
Slocum Arm, the graywacke becomes finer grained and even somewhat 
cross-bedded but shows large, rounded pieces of lightrcolored lime- 
stone several inches in diameter and black slate pebbles and slivers. 
The general tone of the graywacke is greenish gray on the weathered 
surface. After a short concealed interval comes highly contorted 
greenish, reddish, and grayish schistose rocks, which are in part 

1 Wright, F. E. and C. W., The Ketchikan and Wrangell mining districts, A l a s h  U. 8. Geol. Smey  
Bull. 347, p. 35,1908. 
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volcanic and in part sedimentary. These rocks extend for 2 miles 
along the shore with which their strike seems to be nearly parallel. 
The schktose beds are followed here by a rather massive graywacke, 
W i s  a t  places a grit, and then by the rather finegrained gray- 
;tack& in which Jurassic fossils were found. For about a mile the 
rocks exposed are chiefly the variegated greenish ones of the pre- 
ceding 2 miles, in which are some argiUitic rocks. The occurrence 
of a limestone bed indicates a sedimentary origin for some of the 
rocks. Beyond the green rocks is slate. The slaty rocks carry some 
limestone concretions and throughout most of their extent are 
markedly parallel banded. The bands are about 2 inches wide and 
are indicated by differences in color. The slates follow the shore for 
about a mile and are then succeeded by the fossil-bearing graywacke, 
which continues to the head of the Arm. A small bed of limestone 
was found a t  this second fossil locality. 

The contact of these beds with the greenish volcanic and sedi- 
mentary beds is believed to lie close to the shore dong this side of 
Slocum Arm. From the strilie and dip it would appear that the 
slates and gmywackes lie under the greenish rocks, but faulting has 
probably disturbed the relationships. 

The graywacke extends unbroken along the northeast side of 
Slocum Arm to a point within 4 miles of the head. A limestone bed, 
15 to 25 feet thick, follows the graywacke and is followed in turn by 
tufFaceous beds, flows, and the contorted green and gray schists. 
Graywacke occurs in Flat and Hidden coves apparently interbedded 
with the t&aceous beds and with the limestone. At one place i t  
even seems to underlie the schist. The strikes and dips observed 
dong this shore would indicate that the graywacke overlay the tuffs 
and flows. 

The section up to the 2,800 and 2,360 foot peaks a t  the head of the 
arm shows no graywacke but only highly contorted green and gray 
schist up to an elevation of 2,390 feet and then greenstonb. 

I n  the southeast bay a t  the head of Ford &m the 'graywacke 
series is interbedded with green and red volcanic rocks. Along the 
northeast shore of the northwest bay the rocks are schistose and 
probably are in large part of sedimentary origin. The strikes and 
dips here would seem to throw the graywackes over the tuffs and 
schists. 

In Sister Lake the underlying rock is a thinly laminated, extremely 
contorted schist, greenish and grayish in color, and at places very 
quartzose. The shore of the northeast bay oE the lake is almost 
entirely a light-green schistose rock. In  the narrows between the 
two lakes the rocks are gray schist and chert. 

On the eastern side of Lake Anna, near the entrance to the narrows, 
some greenstone tuff and limestone occur apparently within the 
gaywacke series. 
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821 along the northeast side of Slocum Arm, then, the rocks of the 
graywacke series appear to overlie the tuff, flows, and schists and in 
part to be interbedded with the volcanic rocks. The extreme meta- 
morphism of the variegated rocks would seem to point to a greater 
age for them as compared with the graywacke. The tuffs may well 
be interbedded with the lower beds of the graywacke series. The 
relations on the southwest side of the arm may indicate that the 
fossil beds do not belong to the graywacke series; that faulting has 
taken place along this side of the arm; or that the volcanic and 
schistose rocks there are not the same series represented on the 
north side, but that they are considerably younger and actually do 
overlie the graywackes. As none of the schistose rocks are fossilif- 
emus and a s  a t  no place could the structural relations of the schist 
to the fossiliferous beds or the fossiliferous beds to the typical gray- 
wacke formation be observed, only a surmise of the actual relations 
can be made now. The question whether the fossiliferous beds 
should be included with the graywackes has already been considered. 
The only evidence for faulting, other than that considered below, is 
the occurrence of brecciated graywacke at the head of the arm about 
on the line of the supposed fault. The rocks on the outer side of the 
peninsula could not be visited because of the stormy weather, but 
they are reported to be graywacke. This is borne out by the gray- 
wacke observed a t  Khaz Head and in Peril Strait. If this is true, 
then the graywackes of the outer coast would overlie the schistose 
beds, as they do on the north side of the arm, and a fault along the 
southwest side would appear probable. So far as lithologic resem- 
blance can be used as a criterion, the schistose rocks on the north 
.and the south sides of the arm are very much alike, and on the lack 
of other evidence of correlation they would undoubtedly be placed 
together. On Peril Strait schist is found on the line of strike of the 
schist on the north side of the arm, and graywacke is found on the 

.strike of the schist south of S!ocum Arm. 
In Portlock Harbor the contact between the graywacke and the 

underlying series of rocks is exposed a t  half a dozen places. I n  the 
narrow strait between Portlock Harbor and Ogden Passage a reddish 
gritty sandstone, which contains angular particles of slate, lies a t  the 
base of the graywacke rocks. Under the grit is a bluish-gray lime- 
stone about 50 feet thick. On the large island in Portlock Harbor 
northwest of the entrance to Black Bay the contact is exposed a t  two 
places; on thc southeast side of the island the contact seems to be 
somewhat gradational, for the upper beds of the green variegated 
rocks seem to be somewhat sandy in character; on the northwest 
side the contact is rather of the same type. The one point of contact 
on Peel Island shows the graywacke in contact with an intrusive 
body. At the Snipe Islands the contact passes between the eastern 
island and the two western ones and is concealed in the n w o w  strait 
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between them. On the eastern island the rocks are greatly sheared 
conglomerate, quartzite ( I), and limestone. On the southeast side 
of Hill Island the rocks a t  the contact are argillitic rocks, limestone, 
and a sheared conglomerate. On the northwest side of the island 
the rocks a t  the contact are greenish schist, or greenstones, and 
limestone. Beyond this point the rocks all become schistose, and 
the graywackes are not again recognized as such. 

The question whether the .metamorphic series and the graywacke 
series are separated by an unconforrnity can not be dehitely settled. 
The graywackes rest on rocks that are in part sedimentary. On 
Slocum Arm the underlying beds are tuffs and limestones; in Portlock 
Harbor the underlying beds are so greatly altered that tuffs can not 
be definitely recognized, although many of the beds are extremely 
obscure and may be tuffs. Limestones are almost universally present 
under the graywacke in Portlock Harbor. In  the absence of fossils 
i t  is not possible to say whether the underlying beds of Slocum Arm 
and those of Portlock Harbor are of the same age. It should be 
noted that in Slocum Arm the graywacke beds are apparently inter- 
bedded with the tuffs of the underlying series, and the??lo not seem 
to be so in Portlock Htirbor. The strikes and dips of the two series of 
rocks appear to conform, but the rocks have undergone great struc- 
tural disturbances since their deposition, and the result of the action 
of the same force would result in imposing a somewhat similar 
structure on the rocks of both. The chief reason for placing an 
unconformity between them would be the great difference that 
exists in appearance and degree of alteration, but this difference may 
be a result of the character of the rocks. The most that can be said, 
then, from field observations is that an unconformity may exist 
between the two series. 

The age of the graywacke, determined by Stanton from fossils 
collected on the shore of Slocum Arm, is probably Upper Jurassic. 
The report on the fossils follows : 

10147. No. 17AOF7: First prominent bight on southwest side of Slocum Arm, 3 
milea southwest of Falcon Arm. 

Aucella sp., related to A. fiacheriana (DIOrbignj.). 
Belemnites sp., fragments of a small slender form. 

10148. No. 17AOF8: Second prominent bight on southwest side of Slocum Arm, 5 
miles southwest d Falcon Arm. 

Aucella ep., mdl distorted specimens poeaibly belonging to two species, one of 
which may be the same a4 the species i n  10147. 

The form of Awlla  in these two lots appears to be &tinct from the forma identified 
as A. @chi Gabb and A.  erassieollis Keyserling in previous coIlections from Pybub 
Bay, Admiralty Island. The present collections are believed to be of Upper Jurassic 
age. It should be remembered, however, that the distinction between Jurassic and 
Lower Cretaceous on the b& of Aucella alone i a  not always safe. It is  possible that 
all the Aueella-bearfng rocks of southeast Alaska may belong in  the same series. 
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Correlations of the rocks of the graywacke series with similar rocks 
of southeastern Alaska are at  once suggested. The rocks of the 
Bernem formation (Upper Jurassic or Lower Cretaceous) of Eagle 
River in the Juneau district are lithologicauy similar to the rocks of 
the west coast of Chichagof Island, and fossils show them to be of the 
same age. &opf believed the Berners formation to be found on the 
Glass Peninsula and a t  Point Young on Admiralty Island. That the 
correlation of these rocks with the rocks of Pybus Bay a t  the south 
end of Admiralty Island is open to some doubt is indicated in the 
report made by Stanton. In  the EetGhikan district the rocks would 
be correlated with the "conglomerate, slate, and graywacke" of 
Chapin: which are found on Gravina Island and in the western part 
of the townof Ketchikan and a t  Wards Cove on Revillagigedo Island. 
This correlation is suggested by fossils, by lithographic similarity, 
and by relationship to other rocks. The suggestion has already been 
made that these rocks may be correlated with the graywacke of the 
Prince William Sound region, but as nothing conclusive is known 
about the age of those rocks the correlation will have to remain a 
suggestion. 

IGNEOUS ROCKS. 

The largest bodies of igneous rock in the region are those that are 
believed to be part of the Coast Range batholith. These rocks 
occupy much of the interior of the island, and in this brief report no 
attempt can be made to describe the various types that are found. 
Most of the area mapped is not far from the contact between these 
rocks and other rocks, and consequently the rocks of the intrusive 
body are very greatly sheared. Thin sections show that most of 
these rocks are considerably crushed and are extensively altered. 
The rocks seem to be normally quartz diorites, but types from granite 
to hornblendite can be found. A specimen from Stag Bay that in 
the hand specimen appears to be a greenstone is seen under the 
microscope to consist of feldspar (near albite), quartz, green horn- 
blende, chlorite, and epidote. This rock was probably originally a 
diorite. On Lisianski Strait, near Miner Island, the rock is a crushed 
albite granite. A little farther up the strait the rock consists entirely 
of crushed, coarsely crystallized hornblende. A specimen taken on 
Lisianski Inlet consists chiefly of crushed and recemented quartz 
and a little plagioclase feldspar. The rocks on Peril Strait and in 
Hooniah Sound seem to be somewhat more basic than the rocks on 
the west coast. They contain some quartz, plagioclase feldspar (near 
andesine), hornblende, and the usual alteration minerals. These 

1 Knopf, Adolph, The Eagle River region, southeastern Alaska: U. S. Geol. Survey Bull. 502, pp. 17-18, 
1912. 

8 Chapin, Theodore, The structure and stratigraphy of Gravim and Revillagigedo Islands, Alaska: U. S. 
Geol. Survey Prof. Paper 120-D, pp. 97-98,1918. 
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rocks appear to be similar to the contact rocks of the Coast Range 
batholith of the mainland, and they are correlated with them. The 
age of the Coast Range batholith is not yet dekitely determined, 
but it is generally thought to be Jurassic or Cretaceous. In this area 
these rocks cut the rocks of the metamorphic series, whose age has 
not been determined. 

An intrusive body of large she, which consists of a coarse-grained 
granite, cuts the greenstones and schists of Morris and Elfendahl 
lakes. The rocks of this body are very light in color and are of very 
coarse grain. They are somewhat weathered, but otherwise are not 
greatly altered. They differ from the other granites of the region in 
their coarseness of grain, their light color, their uniformity in char- 
acter, and in the fact that the alkali feldspar is orthoclase instead of 
albite. Part of the contact between this body and the greenstone 
was carefully examined, but no signs of mineralization were found. 

Coarse granite was found on the Porcupine Islands and on the 
island that forms the outer side of Cautious Pass. A specimen of 
the rock shows coarsely granular quartz, feldspar that ranges in com- 
position from albite to albite-oligoclase, greenish biotite, muscovite, 
garnet, and sericite. This rock is an albite granite. Whether it 
represents the same period of intrusion as the orthoclase granite 
above can not be determined. 

The rocks represented by the intrusive body at  Nickel are some- 
what variable. They are fairly light gray but a t  places become a 
rather dark brown. Diorite and gabbro (norite) are the chief types 
represented. Nickel ore occurs with these rocks and a more detailed 
description of them is given under the discussion of the nickel ores. 
(See p. 129.) A similar body of diorite occurs on Lisianski Strait 
north of Canoe Pass. 

Dikes are fairly abundant in the region. They cut the graywacke, 
the rocks of the metamorphic series, and the greenstones. Most of 
the dikes are rather small and are light in color, and all except the 
dike at  the entrance to Deep Bay seem to be of the same type. One 
of these dikes occurs on the property of the Chichagoff Mining Co., a t  
the Golden Gate mill, but no dikes were encountered in the mine 
itself. Another forms the footwall in the lower tunnel of the Hirst 
prospect. The dikes are rather abundant in the graywacke on 
Slocum Arm between Ford Arm and Falcon Arm. Similar dikes 
cut the greenstone at the copper property at  the head of Pinta Bay, 
and dikes that are of somewhat different appearance cut the green- 
stone on the ridge to the north of Morris Lake. The dike rock in 
the lower tunnel on Baker Peak is highly mineralized with pyrite, 
and the chalcopyrite of the upper prospecb seems to be in a greatly 
altered dike of this type. 
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The dike rocks are fine grained and light in color. The minerals 
that form the rock can not be determined with the llaked eye, but 
the rocks are light colored, and consequently the ferromagnesian 
minerals are practically absent. Pyrite is rather abundant in some 
of the dikes, and these weather deep red-brown on the surface. 

Under the microscope these dike rocks are all seen to be rather 
extensively altered. A specimen of the rock from the Golden Gate 
mill is coarser grained than most of the dike rocks and seems to be 
somewhat less altered. These rocks, so far as can be determined, 
cafiy a little quartz, plagioclase feldspar, and a few dark minerals. 
The plagioclase in the dike of the Golden Gate appears to be near 
albite-oligoclase, and the rock is apparently an aplite. Alteration, 
chiefly to sericite and to chlorite, is extensive. Although there is a 
great similarity in appearance of these dike rocks, there is probably 
considerable variation in their character. The aplite dikes are a t  
most places mineralized rather highly with pyrite, and as a conse- 
quence several of them have been staked as prospects. It is not 
known whether they carry gold. 

The dike a t  the entrance to Deep Bay is of a markedly different 
type from that of the other dikes. The rock is rather dark in color, 
and is porphyritic. The phenocrysts are feldspar and hornblende. 
The groundmass is fairly h e  grained, and contains both lath-shaped 
crystals and closely spaced irregular grains. The feldspar phenocrysts 
ere about labradorite, although some albite appears to be present. 
This rock is an andesite. The dikes that cut the greenstones north 
of Morris Lake are of a somewhat similar type. 

Greenstones are widespread in the region, including both intrusive 
and extrusive rocks. As their name implies, they are extensively 
altered, and it is no longer possible to tell exactly the type of basic 
rock from which they are derived. As i t  is not always possible in the 
field to distinguish the true greenstone from altered sedimentary 
rock  that are green in color, especially where they have been ren- 
dered schistose, no attempt has been made to show on the map all the 
greenstone areas of the region. Greenstones included with the 
metamorphic rocks were seen in Portlock Harbor, in Didrickson Bay, - 
and in Deep Bay. The greenstones which have been indicated north 
of Morris Lake (see P1. 11) appear to be of a different age from 
the green schists and greenstones included with the schist, for they 
do not show the excessive metamorphism of the other rocks. They 
appear to have a rather gentle dip to the east and to rest on the steeply 
dipping beds of the schistose series. They are massive .fine-grained 
rocks which are in large part amygdaloidal. They are notably 
homogeneous. Epidote is widespread in the rocks, and small amounts 
of chalcopyrite are present in nearly every specimen of the greenstone 
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collected. The amygdaloidal character of the greenstone would 
indicate that it is, in part, a flow. That some may be intrusive, 
however, is suggested by the fact that in the green schist only a short 
distance from the supposed contact with the greenstone is a coarb- 
grained greenstone which appears to cut the schist and is hence of a 
later age. An amygdaloidal greenstone carrying chalcopyrite occurs 
on the peak at  the head of Slocum Arm. A similar relationship to 
that on the Baker Ridge is seen in that a limestone bed lies in both 
places almost at  the contact between schist and greenstone. Green- 

" 

stone is reported from Rust Lake, near Chichagof. 
The age of the greenstones is not known. They may be of the same 

age as the greenstones of the Orca group of Prince William Sound, 
which are probably of Mesozoic age. 

A fresh-looking basalt was seen on Lisianski Strait opposite- Miner 
Island. The rock in outcrop shows columnar jointing, and it has not 
been greatly disturbed since its deposition. The rock is porphyritic, 
vesicular, and has a fine-grained groundmass. The phenocrysts are 
altered hornblende crystals. This body of igneous rock may be the 
youngest in the region. 

DEVELOPMENT OF TOPOGRAPHIC FEATURES. 

Most of the physiographic features of Chichagof Island are due 
primarily to glaciation, although structure and the character of bed- 
rock have had some effect in modifying the action of the ice. The 
fiords probably owe their straightness and parallelism to the directive 
action of bedrock structure on the moving ice. The characteristic 
features of the fiords, the lakes, the hanging valleys, the broad 
U-shaped vallep, the steepened slopes, the through valleys at the 
heads of the fiords, and the holes and deepened channels off the coast 
are all undoubtedly due to the ice action. The coastal plain appears 
to be a structural feature and to represent an uplift of this part of the 
coast. Minor topographic features, such as  the rounding of the 
granite peaks and the pointing of the greenstone peaks, are due 
secondarily to the nature of the bedrock. 

MINERAL RESOURCES. 

GOLD. 

OCCURRENCE. 

Prospecting for gold on the west coast of Chichagof Island has been 
carried on from time to time since 1905. A number of prospects have 
been located, but at  the present time only one mine is being operated. 
Most of the prospects are along shear zones in the graywacke. 

The most active prospecting for gold has been done near Elag Bay. 
mag Bay is about 54 miles northwest of Sitka by boat. It is con- 
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nected with Juneau by a motor boat which makes regular trips about 
once a week. The center of mining activity is a t  the head of Elag 
Bay a t  Chichagof, where the Chichagoff mine is located. Prospects 
have been located on Elag Bay, on Mine Cove to the north, and on 
Slocum Arm to the south. Practically all these prospects are gold 
quartz prospects, and most of them have been held for a pumber of 
years. Only onemine is being operated at the present time, although 
another may be opened shortly. Gold was first found by a native in 
1905 in one of the streams near the head of Elag Bay. He carried the 
news to Sitka, a small stampede followed, and a number of claims were 
located. The history of the Klag Bay region has been given by Enopf .l 

The claims on Klag Bay all lie near the shore. The coast here is 
similar to that to the north. The coastal plain is codned here 
chiefly to the islands, which consist of low rounded hills and marshy 
flats. A line between the coastal plain and the mountain belt passes 
south of Doolth Mountain, between Lake Anna and Sister Lake, and 
into the sea a t  Ehaz Head. The shore ling is extremely irregular 
ahd throughout its extent is rocky, and the bottoms near the shore 
are foul. Rocks and reefs extend offshore for about 5 miles between 
Kukkan Bay and The Hole-in-the-Wall. Lake Anna and Sister 
Lake are tidal basins which can be entered with safety only a t  slack 
water. Doolth Mountain, in which the Chichagoff mine lies, is a 
smooth, rounded mountain about 2,120 feet in elevation. 

The rocks of the Klag Bay region are of two general types-the un- 
differentiated metamorphic rocks and the graywacke. The only 
igneous rocks seen in the vicinity of Klag Bay (except the altered 
igneous rocks in the schistose series) were the light-colored dikes, 
which are fairly abundant in the graywacke. The graywacke, as 
pointed out above (p. log), is believed to be of Upper Jurassic age. 
The age of the dike rocks is not known, but they must be post- 
Jurassic. 

Graywacke is economically the most important rock of the region 
a t  the present time, because all the prospects so far located are in 
graywacke, although there is no apparent reason why mineraliza- 
tion should not have taken place in the schistose series as well. 
One possible reason for the seeming localization of the mineralization 
in the graywacke is that the physical properties of the massive gray- 
wacke under gmat forces may have caused i t  to break with big clean 
fractures that were of great extent and that furnished excellent 
pathways for the ore-bearing solutions. The soft schistose rocks, on 
the other hand, would not give clean breaks or persistent pathways, 
so the solutions would dissipate through the schist and would not 
concentrate at  any one place. Although the geology of the district 
appears to be simple, the interpretation of the structure is difficult. 

IKmpf, Adolph, The Sitka mining district, Alaska: U. S. Geol. Survey Bull. 504, pp. 18,23,1912. 
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As the beds are not fossiliferous in the Klag Bay region, fossil-bearing 
horizons can not be traced, and no beds were found that have per- 
sistent lithologic characteristics. Observations of the strike and dip 

* show that the beds have a rather constant strike toward the north- 
west and a steep dip toward the south. The rocks northeast of the 
slate-graywacke series shown on the map belong to the complicated 
series of schists and volcanic rocks whose exact nature is in many 
places difficult to determine. 

CHICHAOOFF MINE. 

The Chichagoff mine is a t  the head of Elag Bay. The entrance to 
the mine is on the southeast side of Doolth Mountain, and the end 
of the main tunnel is now past the center of the mountain. 

Thirty stamps are operated a t  the mill a t  the present time, and 
the ore is concentrated both by amalgamation and by flotation. 
Electric power is brought from the generating station a t  the north 
end of Sister Lake. The source of the power is in Rust Lake, 14 
miles above the power station on Sister Lake. 

The early history of the mine, taken from the report by Eopf , '  
is inserted here. 

The ore body wae found in 1905, * * * by tracing to its source the quartz float so 
abundantly strewn in the bed of the small stream. The lode did not outcrop along the 
shore but was found in place one-quarter of a mile inland, at an elevation of 275 feet. 
At the outcrop the lode ranged from 2 to 4 feet in width. The float ore was carefully 
gathered and shipped to the smelter a t  Tscoma. This ore was rich enough to yield be- 
tween $15,000 and $20,000. The proceeds were applied to development work and the 
mine has paid ita own way from the start. A drift tunnel 220 feet long was run on the 
ledge, and two ore shoots were encountered, the aecond of which was 18 feet wide at a 
maximum and averaged $63 8 ton across this width. Later a second tunnel was 
driven 162 feet vertically beneath the upper tunnel, commencing behind the mill, 
which L situated a t  the beach. Ore was encountered at 800 feet from the portal, 
apparently belonging to the bottom of the first ore shoot. A raise waa put through 
to the upper tunnel, and the ore thus developed is now being &.oped. 

The present Chichagoff Mining Co. controls both the original 
Chichagoff or De Groff mine and the Golden Gate mine. The con- 
solidation took place in 1912. Since Enopf wrote his report i t  has 
been definitely proved that both mines are on the same lode. 

A few facts collected concerning the occurrence of the ore might 
be of general. interest, as this mine is the only one in the district 
that has been extensively developed, and as it is probable that if 
other mines are opened up in the region the occurrence of the ore 
will be similar. Of course, i t  can not be argued that because the 
Chichagoff mine is successful every mine in the district of a similar 
type, or even one whose ore tenor may be as high or higher than that 
of the Chichagoff, will be likewise successful. It must be remembered 

1 Knopf, Adolph, The Sitka mining district, Alaska: U. 8. -1. survey Bull. 501, p. 23, 1912. 
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that in mining relatively low grade ore the management of a mine is 
always an extremely important factor in determining its success or 
failure. 

The Chichagoff ore body is a vein deposit that has formed along a 
shear zone in the argillitic graywacke. The shear zone is a persistent 
one, and i t  has been followed continuously for over 4,500 feet. The 
strike of the zone is rather constant, and the dip is steep although 
somewhat variable. The shear zone may range in width from less 
than a foot to 10 feet. The ore does not occur continuously along 
the shear zone but is distributed in shoots. Five such shoots have 
been encountered in the main tunnel of the mine. Three of the 
shoots have been already worked out. In one of the shoots the ore 
gave out about 550 feet below sea level; in another a t  400 feet. Both 
shoots reached the surface--one a t  230 feet above sea level, the other 
a t  1,370 feet. The shoots are tabular and are irregular in outline. 
One dips about 80° S. and the other stands about vertical. The 
third ore shoot was small and is really part of one of the other shoots. 
The other two ore shoots are not yet fully developed, so their extent 
is not known. 

The gold is associated with the quartz, which is white and glassy 
in appearance. Where there is no quartz there is no gold, although 
there may be abundant iron sulphide. Extreme irregularity charm- 
takes the occurrence of the gold; it is irregularly distributed in 
irrtgukaly shaped ore shoots. The thickness of the vein averages 
24 feet, but the actual thickness differs greatly from place to place. 
There is said to be no relation between the thickness of the vein and 
the distribution of the gold. The value of the gold in a thick part 
of the vein may be high or it may not. It seems to be true, however, 
that where the quartz contains abundant sulphides it is likely to be 
richer in gold than a t  places where the sulphides are not so abundant. 
Sulphide mineralization and gold mineralization in the quartz seem 
to be genetically connected, although heavy pyrite mineralization in 
the black slate does not seem to be related to the gold mineralization. 
The quartz is in rather lenticular bodies, and their thickness varies 
greatly in short distances. At places the quartz bodies are twisted 
about and even seem to be cut off sharply. This feature suggests 
that movement has taken place subsequent to the formation of the 
bodies, and this is further borne out by the fact that in thin sections 
the quartz is seen to be very greatly crushed. In the shoot where 
the bodies of quartz are very irregular and appear to have been 
subjected to movement this disturbed part of the body is fallowed 
by a regular vein of quartz that has a uniform thickness of about 
3 feet. Another characteristic way in which the quartz occurs is in 
the ribbon structure already described by Knopf.' This type of 

1 Knopf, Adolph, op. cit., p. 21. 
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structure is caused by parallel stringers of quartz, which are sepa- 
rated by black slaty or carbonaceous layers. These stringers of 
quartz break away so cleanly from the slaty layers that the slaty 
layer has every appearance of being one of the walls of the shear 
zone. It seems to be advisable to put in a short crosscut here and 
there to make sure that the vein is not really thicker than i t  appears 
to be. 

A thin section of the vein matter shows crushed coarsely granular 
quartz, which together with some calcite surrounds and replaces the 
crushed slate and graywacke. Calcite is not abundant, and in the 
specimen examined was seen only with the fine-grained quartz, which 
was replacing the country rock. Some of the quartz shows wavy 
extinction, due.to the pressure to which it was subjected. A thin 
section of the ore which shows free gold, pyrite, galena, and quartz 
does not exhibit features which would indicate the relative order of 
formation of the different minerals. The pyrite is well crystallized 
tlnd fits in with the quartz mosaic in such a way that simultaneous 
orystallization is suggested. The gold is in the form of a small 
stringer that appears to cut across a quartz gain, and hence from 
this single occurrence it would appear to be later than the quartz. 
A single example of the relationship between minerals is not sufficient, 
however, to  establish a definite order of succession. The galena 
occurs between the quartz grains, and there is nothing to suggest 
whether it is older or younger than the quartz, or of the same age. 
The quartz, although crushed, does not show nearly the same amount 
of crushing that the dike rocks show; so it seems possible that the 
gold mineralization took place subsequent to the intrusion of the dike. 

, The source of the ore-bearing solution is not known, although it 
probably had an igneous origin. The presence of a possible igneous 
source is indicated by the dike rocks. The Coast Range batholith is 
not far away, and that ore-bearing solutions could come from these 
rocks is shown by the fact that a t  many other places in southeastern 
Alaska the rocks near this batholith are mineralized. The distance 
of the deposits from the contact would not necessarily indicate their 
distance from the igneous body, which may lie only a short distance 
under the surface. It is at least probable that the dikes and the ore- 
bearing solution had a common origin, and that the ore-bearing solu- 
tion represents a later stage of effusion from the parent igneous mass. 
There seems to be no good evidence to show that the gold may have 
been leached from the g r a ~ a c k e  and redeposited in the shear zones, 
for the graymacke is fresh and shows no effect of weathering or 
l e a c h .  

HIRBT PROPERTY. 

The Hkst property lies on the northwest side of Doolth Mountain 
in Minecove. The property consists of three claims owned by Bernard 
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Hirst, of Sitka. These claims, together with the Bahrt claims on the 
opposite side of Doolth Mountain, are now under lease by the Hirst- 
Chichagof Mining Co. A considerable amount of work has been done 
on this property but nothing within the past few years. The Hirst- 
Chichagof Co. proposes to open the property as soon as hancial 
matters can be arranged. 

There are two tunnels on the property-one at an elevation of about 
255 feet above sea level, the other at 430 feet. These are called the 
250 and the 450 foot levels. The 250-foot or lower tunnel is about 
725 feet long; the upper about 427 feet. A tunnel at 100 feet above 
sea level, which is expected to intersect the ore body at about 900 
feet from the entry, is projected. 

The rocks of Mine Cove belong to the graywacke series, but they 
are somewhat more carbonaceous and argiilaceous than the .rocks on 
~Klag Bay. On the island at the entrance to the cove there is a shear 
zone cut by numerous quartz and calcite stringers. An old prospect, 
the Monte Cristo, lies on the main shore just south of this island. 
Several hundred yards west of the Hirst mine a tunnel about 30 feet 

. long has been driven into the hillside along a small shear zone. A 
quartz stringer about 6 inches wide at the mouth of the tunnel 
diminishes at  the face to about an inch wide. 

The lower tunnel on the Hirst property shows in sections across its 
face and roof a few inches of soft gray clay gouge, about a foot of 
crushed rock, through which run quartz stringers parallel to the foot- 
wall, and several feet of crushed argdhtic rock containing small 
gnarled quartz stringers a fraction of an inch thick. The crushed 
slate is very much slickensided and carbonaceous and contabs in the 
carbonaceous material considerable pyrite. A dike of much-altered 
porphyry, probably alaskite, similar in appearance to the other dikes 
of the region, runs along the footwall for most of the way through the 
ore shoot. The band of parallel quartz stringers differs in width 
from place to place and at the end of the ore shoot disappears entirely. . 
These stringers follow the well-defined footwall. That the quartz was 
deposited later than the movement that produced the shear zone is 
shown by the fact that it occupies the shear zone; and that some 
movement has taken place since the original movement is shown by 
the crushed condition of the quartz. 

In the upper tunnel thin quartz stringers occur in the face. The 
footwall is hard and quartzitic. Quartz bands are abundant for 
about 8 inches from the footwall, which here strikes about N. 35' W. 
and dips about 78' S. The rock toward the hanging wall, as in the 
lower tunnel, is greatly crushed and contains but little quartz. The 
width of the band of parallel quartz stringers ranges between a foot 
and 3 feet in the ore shoot. This quartz occurs chiefly in parallel 
bands about 3 or 4 inches wide, which are separated from one another 
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by narrow dark bands of argillitic material. Small quartz stringers 
cut out in placea a t  right angles to the footwall, but these probably do 
not carry gold. The f ootwall is at  most places a light-colored clayey 
gouge and is well defined. There is abundant pyrite with this gouge 
and with the quartz of the gouge. Pyrite is rather abundant, too, in 
crushed material along the hanging-wall side of the vein. A light- 
colored dike, possibly 5 feet wide, occurs in the graywacke of the foot- 
wall near the north end of the ore shoot. I t  is cut sharply off by the 
fault. The lode proper in this tunnel has a maximum width of a 
little over 34 feet and a stope length of about 225 feet. The dip of 
the shoot a t  its north end is about 79" W. and its pitch is not known. 

Quartz crops out on the hillside about 60 feet above the mouth 
of the upper tunnel, and about a hundred feet hgher in the stream 
some quartz is exposed as stringers in the graywacke. 

The quartz in the tunnel does not show much sulphide mineraliza- 
tion. The chief sulphide mineralization occurs in the crushed rock of 
the hanging-wall side of the vein, but it is generally reported that this 
sulphide does not carry the gold. The pyrite may be syngenetic- 
that is, it may have been originally in the slate in the form of iron, . 
and under the physical and chemical conditions to which it was 
subjected it formed coarsely crystalline pyrite. It might in this way 
have formed independently of the action of the solution which brought 
in the gold. One asspy, for instance, is reported to show $9 in gold 
in the quartz portion of the vein and only $0.85 in the pyrite-bearing 
slaty portion. Values as high as $56 in the upper level and $57 in 
the lower level are reported by the company. The gold appears 
to be irregularly distributed. The ore in this mine probably occurs 
in shoots. New shoots may be expected along the shear zone if it is 
followed, but nothing can be said about the distance that may have 
to be traversed before another shoot is reached, or about its tenor. 

OTHER PROSPECTS. 

A prospect from which some of the richest ore of the region has 
been taken is the Jumbo claim on the west side of Klag Bay about half 
a mile south of Chichagof. This is one of a group of four claims that 
extend over the hiU to Ogden Passage, and it was staked in the early 
days. At  the present time the workings consist of a tunnel about 
35 feet long and an inclined shaft 48 feet deep that is now filled with 
water. In the face of the tunnel there is a small crushed zone about 
6 inches wide that is filled with crushed slate and small quartz 
stringers. !l'wo large quartz stringers cut across the face a t  an angle 
to the small crushed zone. Pyrite is fairly abundant in association 
with quartz, and also occurs in stringers that cut the sIaty country 
rock. The country rock is a much-broken argillitic graywacke. 
The strike and dip of the fault plane is variable. Where measured 
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a t  the surface i t  stkkes N. 54" W. and dips 62" S. The plane flattens 
to about 45" S. a t  the bottom of the incline. The material in the 
dump shows brecciated slaty particles cemented by quartz in which 
are rather abundant well-crystallized pyrite, some galena, and some 
sphalerite. It is said that the quartz which shows rather abundant 

. sphalerite is as a rule not very rich in gold. Some of the best speci- 
mens of free gold in the region came from this prospect. 

The prospects Sitka No. 1 and No. 2 are on the east slope of 
Doolth Mountain about a quarter of a mile north of the Chichagoff . 
lode. Development only is reported. The upper tunnel lies a t  an 
elevation of about 950 feet. At the entrance to the tunnel in the 
creek bed a dozen or more quartz stringers cut across the direction 
of the tunnel. The tunnel is approximately 150 feet long and follows 
a shear zone of variable width. Almost no quartz occurs in this 
tunnel. A little pyrite was noted in the crushed rock of the shear 
zone. The strike of the tunnel is about N. 62" W., and the dip of the 
fault plane is 52" S. Sticky clay gouge follows the footwall a t  some 
places and the hanging wall a t  other places. The lower tunnel is a t  
an elevation of about 670 feet. The shear zone that it follows strikes 
about N. 52O W. and dips 52" S. A little quartz occurs in the crushed 
zone. The footwall is graywacke and the hanging wall is a carbona- 
ceous argillite. At the face of the drift cross stringers of quartz 
occur in fractures, and a little pyrite mineralization was seen there. 
The quartz stringers are on the footwall of the shear zone. 

The Flora claim lies on the east slope of Doolth Mountain, about . 
800 feet west of the Golden Gate tunnel of the Chichagof mine. The 
tunnel is in a shear zone that contains some quartz. 

The B a h t  claims, Anna, Rose, and Henrietta, are on the south 
side of Doolth Mountain a t  the head of Klag Bay. These claims 
are thought to lie on the continuation of the Hirst-Chichagof shear 
zone, and the Hirst-Chichagof Co. has secured a lease on the property. 

The Handy property, consisting of two claims, is on the east side 
of Klag Bay opposite Chichagof. Considerable prospecting has been 

I done on these claims. There is a t  the present time a tunnel about 
45 feet long and an inclined shaft about 175 feet long. Work had been 
suspended ah the time of visit. The dump consists chiefly of car- 
bonaceous slate, mosf of which is slickensided and highly graphitic. 
Some pieces of the quartz show mineralization with iron sulphide. 
The pyrite in most of the specimens occurs a t  the edge of a quartz 
band or in the slaty stringers in the quartz. About 40 feet above the 
tunnel mouth (80 feet above sea level) an outcrop shows quartz. 
The country rock is graywacke. The quartz stringers are lenticular 
and are practically confined to the footwall. The strike of the rocks 
is about N. 50"-70" W. and the dip is very steep to the south. The 
strike of the Chichagoff shear zone should carry it across the bay 
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somewhere near this point. The work on this prospect was started 
in September, 1916, and was discontinued in May, 1917. 

A prospect is located on the island between Chichagof and the 
Handy mine. This island has been located a number of times. It 
is now called the Submarine claim. Its workings consist of a shallow 
water-filled pit. 

Another prospect from which some rather rich specimens have 
been taken lies just within the entrance to Lake Anna and continues 
through to Klag Bay. This prospect was located in April, 1914. 
It lies along a fault zone in slaty rock. Srnall iron-stained stringers 
of quartz occur in the rocks on the dump. A remarkably smooth 
fault plane, which strikes about N. 20" E. and stands about vertical, 
forms the south side of the tunnel. The crushed zone as exposed 
irl the tunnel is about 3 to 5 feet wide. The tunnel is about 100 feet 
long, but no recent work has been done in it. Considerable pyrite 
occurs with the quartz. Some quartz was found which contains 
pyrite, galena, pyrrhotite, and sphalerite. Several other 'prospects 
of the types just described occur in the region, but they were not 
visited. 

Four claims a t  the head of Falcon Arm extend from the beach to 
the top of the peak, a distance of about 4,500 feet. A trail runs 
from the head of Falcon Arm to the claims, and they can also be 
reached without much difficulty from the head of Ford Arm. The 
claims are about 14+ miles by water from Chichagof. At an eleva- 
tion of about 400 feet above the beach a cabin has been built, and a 
short tunnel has been run in on a mineralized dike. This dike is an 
altered diorite aplite, and contains rather abundant pyrite. The 
main outcrop, apparently a mineralized dike, on these claims lies in 
a narrow gully at about 1,650 feet above sea level. Below the out- 
crop a tunnel about 30 feet long has been started into the crushed 
slate and graywacke to intersect the dike. Shots have been put 
into the outcrops of several other iron-stained dikes. 

The geology of the ridge is relatively simple. The country rock is 
graywacke, which here has been rather extensively intruded by I 

light-colored dikes that range from 3 to 15 feet in width. The dike 
a t  the cabin is mineralized with pyrite and is reported to carry gold. 
The outcrop a t  1,550 feet is greatly weathered, and as no develop- 
ment work has been done here its extent or relationships are not 
known. The prospecting tunnel is in crushed slate, and it does not 
cut the mineralized dike above it. A few scattered quartz stringers 
were seen in the tunnel. 

Galena, pyrite, and sphalerite occur in stringers in t.he rock from 
the outcrop. Samples from this outcrop are reported to carry gold 
and some silver. The claims were located in the fall of 1916. 
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A group of four claims is in the angle between Lisianski Strait and 
Lisianski Inlet, on Yacobi Island. The claims were located in 1917. 
The quartz vein along which the claims lie was fist located about 30 
years ago, and a tunnel about 35 feet long was run. It is reported 
that about $1,100 worth of gold was taken from the tunnel a t  that 
time. The exposure of the quartz is a t  tide level, and it appears to 
be in a shear zone, associated with a clay gouge. The width of the 
stzinger ranges from less than a foot to about 3 feet. The country 
rock is a rather basic intrusive that belongs in the Coast Range bath- 
olith. A few feet away from the tunnel entrance is a coarsely grained 
hornblendite. Both the country rock and the quartz are greatly 
fractured. In  the face of the tunnel the quartz has pinched out, 
but on the hillside at  an elevation of about 75 feet, apparently on 
the strike of the vein, quartz is exposed. The quartz is white, fairly 
coarse grained, and except for a little chalcopyrite is practically free 
from sulphides. A little free gold was seen in the pure white quartz. 

A goId claim on the north side of Stag Bay, about one .fourth mile 
northwest of the cannery, was located in 1917. The lode is in dio- 
rite and occurs as a quartz vein, which is about 3 feet wide a t  one 
place and about 1 foot wide a little lower down and is reported to 
extend about 200 feet up the cliff. This quartz is said to yield colors 
when crushed and panned. No development work has been done on 
the claim. The approximate strike of the quartz stringer is N. 30' 
E. and the dip about vertical. No metallic minerals were seen in 
the quartz. Quartz veins of similar appearance cut the diorite at 
a number of places. 

COPPER. 

GOLD--COPPER GROUP. 

A group of six claims called the Gold-Copper group lies about 3 
miles by trail from the head of Pinta Bay. The metals reported 
from these prospects are gold, silver, copper, and lead. Seven 
claims were h t  located in 1910 and were held by the Portlock Har- 

' bor Mining Co. This company is said to have failed to do necessary 
assessment work and the ground was relocated on January 2, 1916, 
by T. Baker, James Toby, and George Bolyan. Six claims were located 
and were called the Gold-Copper group. At the present time the 
claims are under litigation. 

The claims are reached by trail from the head of Pinta Bay. 
Pinta Bay lies about 18 miles northwest of Chichagof, and about 70 
miles from Sitka. The bay is a good harbor, as i t  is protected from 
the sea by Hill Island, and i t  has plenty of water. No reliable charts 
of the region exist a t  the present time, but i t  is hoped that one will be 
published shortly. The claims lie a t  elevations of 1,370 to 2,360 
feet, and a pack trail about 3 miles long connects them with the head 
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of Pinta Bay. A tram about 14 miles long could be built to connect 
the prospects with Baker Arm. An abundant supply of water for 
power is available in the stream that enters Pinta Bay a t  its head. 

The development work on these properties is not extensive. It 
consists of two tunnels a t  elevations of 1,360 and 1,440 feet, which 
were driven by the original holders of the property, the Portlock 
Harbor Copper Mining Co. The 1,440-foot tunnel is about 130 feet 
long and has about 30 feet of crosscuts. The 1,360-foot tunnel is 
about 50 feet long. Recent work has been done a t  a number of 
places on the hillside. At the elevation of 1,850 feet there is a shaft 
about 10 feet deep, a t  1,935 feet a cut about 25 feet long, a t  1,875 
feet a 91-foot tunnel, and a t  1,880 feet a small open cut. 

The prospects lie near the western edge of the greenstone area 
shown on the map. (See P1. 11.) The hills to the north are all 
greenstone, and the rocks along the ridge to the southwest belong to 
the unuerentiated metamorphic series. The country rock on top 
of Baker Peak is amygdaloidal greenstone, and that in the immediate 
neighborhood of the prospects is a hard he-grained, somewhat 
sheared greenstone. This rock is very much altered near the lode. 
Light-gray dikes of fine-grained igneous rock cut the greenstone. 
The dikes are highly mineralized with pyrite and are so badly altered 
that their original nature can not be dehitely told. They appear 
under the microscope to be altered aplites. Such iron-stained dikes 
are rather common on this hill and along the ridge toward the sea. 
Although mineralization has taken place both in the greenstone and 
in the dikes, it appears to be connected genetically with the dikes. 
The source of the copper may be in the greenstone, but the dikes 
appear to have had some influence on its concentration. Small 
 amount,^ of chalcopyrite were seen in similar-looking greenstone 
north of Morris Lake and dbove Slocum Arm. The chief visible 
metallic minerals of the lode are pyrite and chalcopyrite. Assays 
are reported to show gold, silver, and lead. 

The most promising showing of ore is in a new cut made in the fall 
of 1917, in which a zone heavily mineralized with chalcopyrite about 
10 feet wide is exposed. At this place the country rock is altered 
iron-stained greenstone, and the lode rock is altered dike (1) rock 
impregnated with and cut by stringers of chalcopyrite. This lode 
rock is followed by about 10 feet of rather massive chalcopyrite. The 
mineralized zone appears to strike about N. 30°400 W. and dip 
70' W. Along the strike of this zone about 250 feet to the northwest 
a 10-foot shaft shows a mineralized zone about 2 feet wide. 

A small open cut made on a dike about 100 yards east of the 
tunnel of the new workings discloses a rock strongly mineralized with 
pyrite. The more highly mineralized portion is about 6 feet wide, 
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and its strike is N. 50°-600 W. This mineralized rock is reported to 
carry silver and lead. 

SNOW SLIDE CLAIMS. 0 

A copper prospect is located in Pinta Bay a t  the head of Baker 
Arm. The prospect consists of two claims called the Snow Slide 
claims. They were located in 1.916 by the present locators of the 
Gold-Copper group. The prospect is on the steep hillside a t  an eleva- 
tion of about 650 feet and about 1,100 feet in a straight line from the 
beach. Substantial cabins have been built on the beach and a t  the 
prospect. The outcrop is exposed in the bed of a small stream. I t  
consists of a zone of thin-banded quartzose green schist highly 
mineralized with pyrite, chalcopyrite, and possibly some pyrrhotite. 
The zone where exposed is about 6 feet wide. The country rock is 
green schist. A tunnel 171 feet long has been driven to intersect 
this mineralized zone, but work on i t  was stopped before the zone, 
if it continues in depth, was reached. No very recent work has been 
done on this prospect. 

* 
LITTLE BAY CLAIMS. 

At the head of Little Bay, between Dry Pass and Nickel, four 
claims were located in 1916. The claims extend from the beach up 
the small creek which runs from Davison Mountain. Assays of 
specimens from these claims are reported to show copper, silver, gold, 
and in one specimen a trace of nickel. The only work done a t  the 
prospect on the beach consists of a few shots put into the outcrop. 
The minerals seen in the beach specimens were chalcopyrite and 
pyrrhotite. These minerals occur in a very fine grained quartzitic 
rock, whose exact nature is not known. The immediate country 
rock is not exposed, but the nearest e~posed country rock is the 
granitic and dioritic intrusive body which extends from Dry Pass to 
Cautious Pass. Near the head of the bay this rock shows considerable 
variation in character, and it is probable that the contact between 
the intrusive body and the intruded body is not far away. Owing 
to the lack of exposures the type of mineralization that has taken 
place here can not be told. The mineral specimens resemble those from 
the prospect a t  Hot Springs more than they do those from Nickel. 

CONGRESS CLAIMS. 

The Congress claims lie on the west side of Hill Island in the second 
bight north of Imperial Passage. A trail leads to them from a bight 
on Imperial Passage. These claims were located or relocated in 1916. 
The workings consist of a tunnel about 25 feet long, which is on the 
rocky seashore a few feet above sea level. The country rock is a gray 
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schist, somewhat micaceous and quartzose, and is probably a schistose 
phase of graywacke. The workings expose a quartzose schist zone 
body about 114 feet wide mineralized with chalcopyrite and pyrrho- 
tite. The sulphides coat the thin plates of schist. On the south side 
of the zone is a band of green chloritic and hornblendic schist, which 
is somewhat quartzose and contains a few specks of chalcopyrite. 
On the north side of the zone is a thinly plated and quartzose gray 
schist. The green schist may represent an altered intrusive with 
which the mineralization is genetically connected. The type of ore 
body is similar to that near White Sulphur Springs. (See below.) 
No very recent work has been done on the prospect. 

OTHER PROSPECTS. 

A mining claim has been staked on the shore of Bertha Bay about 
half a mile northwest of White Sulphur Springs. This claim, or 
claims, was located in 1916. A few shot holes represent the work 
done. The prospect is on the seashore, which here consists of jagged 
rocks that rise about 20 feet above the water and which is deeply cut 
by narrow ravines. Bare rock is exposed for about 50 feet from the 
edge of the water to the line of vegetation. 

The rocks along this shore are very highly metamorphosed, and the 
ordinary metamorphic minerals, such as andalusite and mica, are 
highly developed. The nickel-bearing gabbro of the Sea Level 
property lies about 7,000 feet to the southeast. Granite lies on the 
Porcupine Islands about 8,000 feet southwest and on the shore about 
2,000 feet north. The schist rocks that form the country rock here 
probably owe their schistose character to the dynamic contact action 
of the deep-seated intrusive rocks. The schist is dark gray and con- 
torted. At the point of discovery on the shore is a belt of light- 
colored quartzitio rock, iron-stained in places, which is parallel to the 
strike of the schistosity. It is separated from the schist by a sharp 
contact, and faulting may have taken place. This belt of quartz 
rock disappears under the moss at  one end, and a t  the other end it 
pinches down to nothing. At the southeast end of the belt the rock 
in contact with the quartz rock is a medium-grained dark hornblende 
rock, which seems to be an altered basic intrusive in the schist. 
Mineralization is in the green rock a t  the contact and consists of 
stringers of chalcopyrite and pyrrho tite. 

Similar types of mineralization in which chalcopyrite occurs in 
schist associated with greenstone were seen in Canoe Pass, a t  the 
&rance to Khaz Bay, on Hill Island, and in Little Bay. This type 
is different from that a t  the Alaska Nickel Mines property,, and 
although the mineral association of chalcopyrite and pyrrhotite is the 
same, little or no nickel seems to be present. None of these bodies 
examined appeared to have more than local extent. 
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ALASKA NICKEL MINES. 

Nickel is known to be present in only one locality on the west coast 
of Chichagof Island. The claims of the Alaska Nickel Mines lie on the 
outside coast between Portlock Harbor and Lisianski Strait. The 
principal prospects are on Fleming Island, a small tidal island, about 
26 miles by water northwest of Chichagof. The property in 1917 
consisted of 18 claims and two fractions. The original locations were 
made in 191 1, and a relocation was made in 191 5. The company 
holding the property was called the Juneau Sea Level Copper Mines 
until 1917 when the name was changed to the Alaska Nickel Mines. 
The developments in 1917 consisted of a 180-foot shaft with levels a t  -- 
80 feet and 180 feet (drifts totaled about 155 feet) and prospect holes 
a t  several places. A wharf site and water-power sites have been 
located by the present company. 

Q E R E E b L  C H A R A C T E R  OF THE DEF'OSIT. 

Exposures of rock in this part of the coastal plain are confined to 
the seashore, for everywhere else the rocks are concealed by a heavy 
growth of vegetation and by swamps. Three outcrops, heavily 
stained with iron, were noted on the shore. These outcrops form 

( irregular areas whose maximum diameter is about 70 feet and  project 
somewhat above the surrounding rock. The extreme outcrops are 
about a mile apart. The northwest cropping shows limonite, and 
although no sulphides were seen i t  is probable that they would be 
found under the leached zone. The 180-foot shaft was sunk beside 
the central outcrop, and ore is reported on the 180-foot level. No 
work has been done on the southeast outcrop, but the ore minerals are 
found on the surface. At a number of other places the ore minerals 

. have been found disseminated through the country rock in small 
amounts, but it is not yet known whether this type of so-called 
"disseminated ore" can be handled profitably. TFpo of the principal 
outcrops are close to the contact between the igneous rock in which 
the ore bodies occur and the quartz-mica schist which these igneous 
rocks intrude. The northwest outcrop is several hundred feet from 

. the contact; the central outcrop is a few feet from the contact; and 
the southeast outcrop also may be near a contact, but the heavy cloak 
of vegetation conceals the rock a few feet away from the outcrop. 
From the surface outcrops, then, it would appear that the distribution 
of the ore bodies is to some extent related to the contact between the 
igneous body and the schist. Most of the "disseminated ore" has 
been found near the contact, but some of i t  is farther away from the 

1 Nlatai ia definibly Inmm to oocur at only one other placa in Alsska. The wmul'moe is on Canyon 
creak, Copper River valley, and a brief description of the prospect is givm in U. 8. Geol. S m e y  Bull. 676. 
pp. 6243,1914. 

115086°-19--9 
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contact than are the two main outcrops. The only chance for 
underground observation was in the 80-foot level of the central 
outcrop. The shaft is in light-colored diorite that is free from ore 
min~rals. The drift for about 30 feet from the shaft is in barren 
hornblende gabbro, but the last 20 feet are in massive ore. The 
contact between the barren rock and the orebearing portion appears 
to be an irregular line. There is a rather rapid transition from barren 
rock to rock in which there are a few disseminated sulphides and then 
to massive ore. The change does not appear to occur progressively 
but irregularly. In the face of the tunnel and in a crosscut near the 
face are some blocks of barren rock, but the drill holes in the face of 
the main tunnel are apparently in sulphides. Some movement has - taken place in this tunnel, but its extent is not known. The 180-foot 
level could not be visited, but i t  is reported that ore was encountered 
on this level. The report that a clay gouge occurs in this level indi- 
cates that movement has taken place. The presence of niccolite on 
the 180-foot level indicates a secondary origin for some of the ore on 
that level. 

HIRERALOGY. 

The chief metals that may be of commercial importance found in 
this deposit are copper and nickel. Assays furnished by the com- 
pany show small mounts of gold and silver. The principal sulphide 
minerals are pyrrhotite, chalcopyrite, and pentlandite. In the hand 
specimen of the rock chalcopyrite and pyrrhotite are the only minerals 
that can be recognized, but in a polished specimen of the ore the 
pentlandite can be plainly seen. A few specimens of niccolite have 
been obtained from both levels. The niccolite is a secondary mineral 
and lines crevices in the country rock. InsufEcient underground work 
has been done to afford data on the relative abundance of the ore 
minerals. In some hand specimens chalcopyrite is more abundant 
than pyrrhotite, in other specimens the reverse is true. 

The minerals chalcopyrite and pyrrhotite have so often been 
described and are so common that they are known to all prospectors. 
Pentlandite, however, is a rare mineral and besides is not often distin- 

, guishable from pyrrhotite in an ore specimen. As the mixture of 
chalcopyrite, pyrrhotite, and pentlandite looks just like the mixture 
of chalcopyrite and pyrrhotite, the only way of determining defi- 
nitely whether nickel is present is to make a chemical test. A simple 
chemical method of testing for nickel is as follows: ' 

Grhd to a fine powder a eample--2 or 3 gram (30 to 40 graina); treat in a test tube 
with a few cubic centimetm of aqua regia (a mixture of 1 part nitric acid and 3 or 
4 parta hydrochloric acid), and boil nearly to dryness; then add enough nitric 
acid and water to hive all soluble mbstancea. Filter if  necemary. Dilute to 

1 H w ,  F. L., Nialrel: U. 8. Qeol. Survev Mmeral Resources, 1914, pt. 1, pp. IXL9-900.1916. 
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10-15 cubic cmtimetew (about one-third the contents of a test tube 6 inches long 
and three-fourths of an inch in diameter), add a gram or more (half a teaspoonful) 
of citric acid (solid), and dissolve by heating. Make the solution slightly ammo- 
niscsl, noting that i t  should contain no precipitate. To the alightly ammoniacal 
aolution add about 2 cubic centimeters (a half teaspoonful) of 1 per cent alcoholic 
solution of dimethylglyozime. A voluminous scarlet precipitate indicates nickel. 
The aqua regia solution is boiled nearly to drynw to remove from it the large excess 

of acid and anything, such as hydrogen sulphide, that would cause the precipitation 
of iron, cobalt, nickel, etc., in the arnmoniacal solution. 
The citric acid will prevent the precipitation of iron and aluminum as hydroxides, 

but will not prevent the precipitation of sulphides of iron, cobalt, nickel, and some 
other metals in the ammoniacal solution. 

If a brown precipitate of iron forms after the solution is made ammoniacal, it contains 
au M a e n t  quantity of citric acid. 

At the present time dimethylglyoxime may be difficult to obtain. 
The price for it is very high, but a small quantity (as much as will 
go on the blade of a pocket knife) should provide the prospector with 
enough solution to last a year. If copper is present the acid solution 
will turn deep blue when ammonia is added to it. 

Pentlandite is an iron-nickel sulphide, We, Ni)S. It is brittle and 
has a hardness of 3.5-4. It has a metallic luster and a light bronze- 
yellow color. Pentlandite carries about 22 per cent nickel. Except 
on polished surfaces none could be recognized in the rough hand 
specimens of the ore. 

Niccolite is an arsenide of nickel, N i s ,  and contains about 43.9 
per cent nickel. It is very brittle and has a pale copper-red color. 
It was found in small amount lining crevices in the rock. 

TYPE. 

One of the purposes of the rather close study of a deposit that is 
not very extensively developed is to determine the type of the deposit 
if possible and so compare i t  with known deposits of similar type that 
have been extensively developed. Much of the experience gained 
in the development af the known deposit can then be applied to the 
development of the relatively unknown deposit. One can not argue, 
however, that if one deposit is large, every one of similar type is 
equally large. The similarity between the nickel deposit on Chichagof 
Island and the deposits a t  Sudbury, Canada, is a t  once evident. 

A comparison between the deposit on Chichagof Island and the 
Sudbury deposits can best be shown in the form of a comparative 
table. The description of the Sudbury deposits is drawn largely 
from the report of the Royal Ontario Nickel Commission.l 

1 Report of the Royal Ontario Nickel Commission, pp. 95-286, 1917. 
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Comparison of Chichagof1~icHel deposit and th.e Sudbwy deposits. 

Alaska Nickel Mines deposit. 

1. Two of the outcrop are marginal in 
igneous rock, norite or diorite. The 
relations of the third outcrop are not 
known. 

2. Predominating mlphides are pyrrho- 
tite, chalcop~~ite, and pentlandite. 

3. Ore minerale occur in places a ~ l  blebs 
dieaeminated in norite. 

4. Later granitic intmive bodies cut the 
norite. 

6. In general the rocks $t the margin of 
the large intrusive body appear to 
be more basic than the rocks at a 
greater distance from the margin. 

6. Barren blocka of rock seem to be in- 
cluded in the ore on the 80-foot level. 

7. No mimpegmatite found. Acidic 
rocks are chiefly albite bearing. 

8. Freshest hyperathene occurs with the 
ore. 

9. Transition from nonore to ore is rather 
a*. 

10. Little secondary quartz and no cal- 
cite haa been obmrved, 

11. The ahape of the ore body i a  not 
known. 

12. The sulphidea are later than the di- 
ah. The pentlandite ia appar- 
ently in part later than the pyrrho- 
tite. 

1. Ore bodies are near or in norite. The 
chief commercial depbaits are mar- 
ginal bodiea outside the norite. 

2. Same. 

3. Same. 

4. Same. 

5. Same. 

6. Ore is rocky. 

7. Micropegmatite is abundant. 

8. Same. 

9. 'hmition from nonore to ore is eharp 
in Creighton ore body. 

10. Secondary quartz and calcite is re- - 
ported from some of the deposits. 

11. The &ape of the commercial ore 
bodiea is for the moet part rudely 
lenticular. Some are in  irregular 
cylindem or tubes; some are in die- 
tinct veins. 

12. Same. 

The nickel deposits of Chichagof Island and those of Sudbury are 
seen from the above comparative table to be essentially alike both in 
the general type of occurrence of the deposits and in the mineralogy 
of the ores. On the assumption, then, that the two deposits are 
genetically similar facts determined with regard to the Gudbury 
deposits may be applied to these deposits. Two types of occurrences 
have been recognized at Sudbury-'l marginal " deposits and " offset" 
deposits. Of the marginal deposits those that occur in the rocb 
adjacent to the norite contain the commercidy important ore bodies. 
The ore bodies found on Chichagof Island are in the igneous rock- 
norite, hornblende gabbro, or diori tebut  by analogy there s e w  to 
be no reason why the deposits should not be looked for in the adja- 
cent mica schist also. At Sudbury some of the commercial deposits 
are surrounded by rock in which the ore miner& are disseminated; 

\ 



THE WEST COAST OF CHICHAGOF ISLAND. 129 

on Chichagof, consequently, outcrops of ore bodies should be looked 
for wherever so-called "disseminated ores" are seen. The outlines 
of the partly developed ore body on Chichagof have not been s&- 
ciently delimited to afford comparison with any of the Sudbury ore 
bodies. The ore body appears to stand nearly vertical and t o  be 
somewhat disturbed by faulting. 

Other points to be noted in prospecting on Chichagof Island are 
that ore so far has not been found in the very coarse grained dark 
norite, and that if a very coarse grained diorite--chiefly one containing 
large hornblende crystals and feldspar-is found, some disseminated 
ore minerals will be found in the rocks near by. A diorite that 
resembles the diorite of the nickel intrusive and differs from the other 
diorites of the region is shown on the map near the southwest entrance 
to Lisianski Strait, and prospecting may reveal some nickel deposits 
near this diorite. The irregularity of the occurrence of the Sudbury 
ore deposits suggests the necessity of careful underground explora- 
tion by means of the diamond drill to determine the extent of the ore 
bodies. 

PETROQRAPEX. 

As the general type of occurrence of these deposits has already been 
discussed, a description of some thin sections of rock and polished 
surfaces of ore will be given here. The deposits are found in s body 
of medium to coarse grained igneous rock that shows considerable 
variations in type-variations that extend all the way from granite 
to gabbro. This igneous body, or bodies, intrudes quartz-mica schist, 
which is supposed to be the metamorphic phase of the graywacke 
that occupies much of the west coast of Chichagof Island. 

A thin section of this quctrtz-mica schist shows biotite in parallel 
arrangement making up much of the slide; muscovite also occurs, 
both as the coarse-grained variety and as the fine-grained variety 
(sericite) ; quartz is fairly abundant as grains between the mica laths. 
A niore intensely altered phase of this schist taken from the contact 
with the inkusive body shows a strong development of biotite, quartz, 
plagioclase (about olgoclasemndesine), garnet, muscovite, and acces- 
sory apatite.. The minerals all show undulatory extinction. Small 
grains of zircon surrounded by pleochroic hdoes occur in the biotite. 

I n  general a gradation in rock type from more acidic away from the 
contact to less acidic near the contact appears to exist. That this 
gradation is due entirely to differentiation, however, is doubtful; for 

' the most acidic bodies of rock, such as those in Cautious Pass and 
those in Mirror Harbor, seem to be later than the diorite and intrusive 
in it. The acidic dikes are definitely later than the diorite and norite. 
A thin section of a specimen of the coarse granite of the type similar 
to that found in Cautious Pass consists of coarsely granular quartz, 
fddspar, greenish biotite, muscovite, and garnet. The feldspar is 
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albite and albite-oligoclase. The rock gives evidence of having under- 
gone considerable pressure. The smaller light acidic dikes and bodies 
that cut the diorite are aplites and granites. The feldspar is albite 
and oligoclase. One of these dikes shows in thin section quartz, 
biotite, feldspar, and sericite. The feldspar is variable in composition, 
showing great variation in a single crystal, and ranges from albite 
to andesine. The feldspar crystals in the specimens examined show 
some alteration. One very coarse grained rock has feldspar crystals 
an inch or more in length. Practically no opaque minerals-mlphides 
or oxides-are present in these rocks. 

The rock that makes up most of the intrusive body falls under 
the general term of diorite. Different specimens show, however, 
great variation m color, texture, and mineral composition. The 
descriptions of only a few specimens can be given. A sample taken 
about 1,800 feet south of the main nickel outcrop is a light-colored, 
coarse-grained, somewhat gneissic rock containing a few scattered 
phenocrysts of feldspar. The microscope shows the rock to be 
somewhat crushed, a1 though the minerals are relatively fresh in 
appearance. The mineral constituents of the rock are plagioclase, 
biotite, garnet, apatite, chlorite, and actinolite (1). The plagioclase 
crystals are mnd  and hence are of variable composition, which 
rangss from that of ollgoclase-andesine to andesine-labradorite. 

' Biotite is almost free of inclusions. A few magnetite grains 
gathered along the edges of the biotite may represent the alteration 
of scime of the biotite. The chlorite is secondary and replaces the 
garnet. Many needle-like crystals (actinolite?) occur as inclusions 
in the garnet and the feldspar. The absence of hornblende is to 
be noted. This rock is a diorite. Specimens of another type of 
diorite collected from several places are of a fairly dark greenish- 
gray rock, which is coarse grained and porphyritic. The fhin section 
shows feldspar and hornblende phenocrysts set in a fairly fine 
grained groundmass. The feldspar is zonal, is variable in conipo- 
sition, and is considerably alter&. The average composition of the 
feldspar is about andesine. The hornblende phenocrysts are fresh 
and unaltered. The groundmass consists of altered feldspar, horn- . 
blende, and alteration products. Sericite, chlorite (pennine), and a 
small amount of epidote are the alteration products. A type of 
diorite that has been noted at a number of places near occurrences 
of "disseminated ore" is a very coarse grained hornblende-feldspar 
rock. This rock in thin section shows hornblende crystals an inch 
long, set in a quartz-feldspar matrix. The hornblende crystals are 
fresh in appearance but are replaced by a lit& chlorite; they are 
lath-shaped and seem to be eaten into or corroded by the feldspar. 
At one place feldspar or quartz appears to have replaced the whole 
cent~al portion of the hornblende crystal. The feldspar, which is 



THE WEST COAST OF CHICHAGOF ISLAND. 131 

near ohgoclase in composition, is extensively altered and replaced by 
sericite. Some of the feldspar is broken and shows bent twinning 
lamellae. This rock is quartz diorite porphyry. 

The most basic of the rocks-hornblende gabbro and norite-are 
found close to the outcrops of the ore bodies. A common rock of 
characteristic appearance that occurs near the ore bodies is a very 
coarsely grained hornblende gabbro or norite. The rock weathers 
to large rounded boulders with rough and pitted surfaces. Small 
amounts of ore minerals scattered in blebs are seen at some places 
in these rocks. A thin section of this type of rock shows it to con- 
sist chiefly of altered hornblende and pyroxene. Fresh-looking 
plagioclase occurs in small amount and is very basic in composition, 
being near labradorite-bytownite. The hornblende and pyroxene 
has altered almost entirely to a he-grained aggregate that may be 
talc or uralite. Small amounts of biotite, chlorite, and sulphide were 
also noted. Another specimen of rock taken from a locahty near the 
main nickel outcrop is a hornblende gabbro. The rock is medium 
to coarse grained and is greenish-gray in color. The light minerals 
and the dark minerals are nearly equal in amount. The thin section 
shows a rock consisting of mineral grains one twenty-Sth of an inch 
or less in diameter. The chief minerals are feldspar and hornblende; 
accessory minerals are sericite, chlorite, and quartz. The feldspar is 
near labradorite in composition; the crystah are crushed, show undu- 
latory extinction, and have bent twinning lamellae. The hornblende 
is pale greenish and yellowish and is not strongly pleochroic. Small 
stringers of sericite cut and replace the plagioclase. The quartz is 
present in the form of a stringer that cuts across a feldspar crystal. 
A specimen of rock from a point about 75 feet from the outcrop of 
the main ore body is a fresh light-colored hornblende diorite. The 
thin section shows hornblende, feldspar, and quartz. The horn- 
blende is green and strongly pleochroic and is fresh and somewhat 
&eddy. The feldspar is partly altered and has the composition of 
andesindabradorlte. A specimen of the rock from the shaft sunk 
alongside the main ore body is hornblende gabbro. This rock 
consists largely of plagioclase that has a composition near that of 
labradorite. The mafic minerals are interstitial and are chiefly 
common hornblende. The apparently homogeneous crystals of 
hornblende in this rock and in many of the other rocks examined 
are really made up of differently oriented crystals, so that the ex- 
tinction takes place at  different times in different parts of the crystal. 
A specimen of rock from the 80-foot level, about 10 feet from the 
shaft, is a dark-greenish medium-grained hornblende gabbro. The 
mioroscope shows altered hornblende, plagioclase,' and a little 
sulphide. The hornblende is greatly altered; the feldspar crystals 
am broken and are cut by stringers of chlorite (I). The composition 
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of the plagioclase is near that of labradorite. Another specimen 
taken from the 80-foot level, about 30 feet from the shaft, is a coarse- 
grained greenish hornblende gabbro. The plagioclase crystals, which 
have a composition about that of labradorite, are somewhat broken 
sad bent and are replaced in part with sericite. Some of the horn- 
blende crystals show bending. A specimen of the "disseminahd 
ore" is a dark-brown fairly coarse grained rock. It consists chiefly 
of hornblende, pyroxene, and feldspar, together with disseminated 
pyrrhotite and chalcopyrite and a little biotite. The hornblende is 
brownish and is strongly pleochroic. The pyroxene is orthorhombic; 
it occurs in lath-shaped crystals rounded at the ends and has altered 
somewhat to hornblende. Where the pyroxene crystals are cut by 
the ore minerals there is a narrow border of an alteration mineral 
(serioite?). Pyroxene makes up about one-quarter of the section. 
The feldspar is plagioclaae that has an average composition near 
that of labradorite. The feldspar is clear and relatively unaltered 
and shows zonal arrangement. One of the crystals has been broken 
across, and the fracture is occupied by a differently oriented crystal 
of pltlgioclase; another crystal has bent twinning lamellae. A little 
chlorite was noted replacing the feldspar. Most of the opaque 
minerals replace and are definitely later than the principal silicates 
in the section. The replacement of the pyroxene by sulphide is 
particularly evident. The opaque minerals also occur as grains in 
the original minerals. Nickel was found in this specimen. 

A thin section of a specimen of the ore consists chiefly of opaque 
mineids with a little hornblende, pyroxene, and feldspar. The 
crystals of hornblende and pyroxene are rounded and are replaced 
in part by the ore minerals, which have entered the cleavage cracks 
of these minerals. The rounding of the hornblende and the pyroxene 
crystals may have been caused by their replacement by ore minerals, 
but this same type of rounding has been noted in specimens of norite 
and hornblende gabbro in which there are no ore minerals. If 
selective replmment of feldspar alone had taken place the resultbig 
appearance of the mafic minerals would have been the sank. 

A polished surface of the ore shows pyrrhotite, pentlandite, and 
chalcopyrite. The pentlandite is of two kinds, one of which is in large 
grains that show cleavage and that surround and appear tobe later than 
grains of pyrrhotite, and the other is in stringers, shreds, and patches 
in the pyrrhotite grains. The grains of pyrrhotite show blading simi- 
lar to that seen in polished surfaces of chalcopyrite. Chalcopyrite in 
this particular specimen replaces the gmgue minerals more extensively 
than do the other minerals. At no place in a dozen specimens exam- 
ined could any decisive evidence aa to the relative time of formation of 
the sulphides with reference to one another be obtained. At one or 
two places the pentlandite appears to be possibly later than the 
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pyrrhotite, but a t  most places there is no indication which mineral 
was formed later. The same is true with regard to the relations of 
the chalcopyrite to the pentlandite and pyrrGotite. In places small 
stringers of pyrrhotite defbitely cut chalcopyrite, and there can be 
no doubt about this particular bit of pyrrhotite being later than the 
chalcopyrite. Until more evidence is available than is afforded by 
the polished specimens examined, a decision as to the relative age 
of the opaque minerals to one another will have to be postponed. 
They are, however, definitely later than the original silicates. 

USES OF N1CKEL.I 

The uses of nickel depend on its properties of toughening, whitening, hardening, 
i n d g  the elasticity, and preventing the oxidation of certain e y s ;  on its own 
x&&nce to alteration under atmospheric conditions; its beautiful white 1uatk.r; the 
high polish it takes; and the ease with which i t  is electroplated. As with all other 
metab, ita use depends on the fact that i t  is isolated from its ores with comparative 
eam and cheapneea. * * * 

The aya ta lhe  structure of nickel steel is more minute and the modulus of elasticity 
is about the same as that of carbon steel, and i t  is harder. 

The alloy of iron and nickel known as "invar" is called a steel. Invar containing 
38 per cent of nickel ia practically without expansion or contraction when exposed to 
varying temperatwee. I t  is used for scientific inatnunents, pendulums, and steel 
tapes. 

An alloy of 25 per cent nickel and 75 per cent copper is used in the 5-cent piece or 
"nickel" of United States coinage. The small coins of Belgium, Denmazk, England, 
France, Sweden, and Switmrland contain some tin and zinc, the Italian coine only 
tin, and Chilean coins contain copper 70 per cent, nickel 20 per cent, and einc 10 per 
centa Some other countries use pure nickel for their subsidiary coins. From 1857 
to 1864 the United States used a composition of 12 per cent nickel and 88 per cent 
copper in l-cent pieces, a very much better alloy than that now in use, which is 95 
per cent copper and 5 per cent tin and zinc.3 

&nel metal is an alloy of nickel and copper made by the International Nickel Co. 
by smelting the Sudbury ores without separating the two metals. As stated by the 
Bayonne C d n g  Co. the composition is 67 per cent nickel, 28 per cent copper, and 5 
per cent other metals, probably m d y  iron and a little cobalt. It has a tensile 
6trength equal to good nickel steel, re&ts many corrosive agents, and has a color and 
tskee a polish equal to that of nickel. I t  is used for propellers'for warship and smaller 
craft, including racing motor boats; for valves on high-pressure steam lines; valve 
stems; pump rods and liners; acid pumps ; burning points in enameling and japanning 
ovem; pickle frames and rods in tin-plate mills; wire cloth; golf-club heads; and 
room materir,ls. 

The addition of a small percentage of nickel makes a silver-white alloy with copper, 
and coneiderable quantities of nickel are used in the alloy known as German silver, 
used for the more valuable metal. German silver is used direct for table ware and 
0th' utends and as a base for ailver-plated ware. 

Nichrome ia a proprietary name for an alloy of nickel and chromium whch was 
first used for resistance wires in electrical work. It stands temperatures considerably 
above a red heat with little oxidation and without melting, so that it is used in small 
resistsnce furnaces in place of platinum. I t  is also used for chemist's triangles, etc., 

 heas as, F. L., Nickel: U. 8. &ol. Survey MineralResouroes, 1915, pt. 1, pp. 76C763,766,1917. 
2 Brannt, W. T., Themetallicslloys,pp. 307-308,1808. 
Ann. Rept. Dir&or of Mint, 1911, p. 9,1913. 
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for m a g  carbonizing pots, and in wire cloth for dipping baskets where articles are 
to be dipped in acid dutions. * * * 

Great quantitiee of nickel are used for plating iron and other articles where a beauti- 
ful protective finiah ia desired. 

It seems remarkable that, with its toughness, resistance to corrosion, and good color, 
pure nickel cooking utensils are not manufactured. 

HOT SPRINGS. 

Two hobspring localities were visited in the western part of Chi- 
chagof Island. Both places had been previously visited by Waringl 
and are described as follows: 

HOT BPRINGS ON NORTH ARM OF PERIL BTBAIT. 

On the north shore, about three-quarters of a mile eastward from the head of North 
Arm of Peril Strait (Eooniah Sound), heated water issues at  about half-tide level from 
the muasel and kelp covered rocks. As the warm water &a beneath or flows into the 
cold sea water, its preaence is betrayed by convection currents, which give an oily 
appearance to the surface; but when examined at low tide the warm water haa no 
noticeable taste nor odor. There is only a little bubbling, aa of gss, and a small 
amount of dark-green vegetable growth, either algae or a seaweed. 

The three principal springs found issue from fissures in the rock, seprated by spacea 
of 5 and 2 feet, about 100 yards northwest of a small cold-water stream. The tem- 
perature of the springs was 101° F., and their flow per minute, aa near as it could be 
measured, was, respectively, about If gallons, a quarter of a gallon, and three-quarters 
of a gallon, but the discharge appeared to diminish as the tide fell, perhaps in part 
because of the draining off of contaminating sea water from the adjacent rocks above 
the springs, but probably in greater part because of the lowering of the hydrostatic 
pressure by the falling tide and the escape of the warm water from lower crevices. 

The analysis of the water of the largest of the three springy * * * shows that i t  
has a high total mineral content and is of the sodium sulphate type. Although the 
sample collected contained considerable chloride i t  seeme not to have been greatly 
contaminated with sea water left in the moss and gravel by the receding tide, for i f  it 
had been so contaminated i t  would have contained more chloride than sulphate. 

Beneath a low cemented gra~el bank, near a large boulder 100 yards northweat 
of the principal group of springs, slightly warmer water (temperature 103' F.) forms 
oil-like convection currents over an area of several square yards in the adjacent bay 
water, but the outlet of. this spring lowers with the tide, so that its discharge is not 
measurable. No other warm springs were found in a search extending from the head 
of the bay to a point a quarter of a mile east of the cold-water stream near the main 
spring group. 

Cliffs of massive granitic material rise from the narrow bouldery talua slope along 
the shore. In the main the rock seems to be comparatively unaltered, but near the 
springs there is a zone, possibly a dike, of fractured and altered dioritic rock. In 
the band specimen this material shows considerable epidote and chlorite, products 
of the alteration of the original hornblende, and 5'. L. H a ,  of the United States 
Geological Survey, noted that i t  contains much sphene. The eecape of tpe spring 
water, probably heated either by the depth from which it risea or by chemical reactions 
in the altered rock, is apparently facilitated by the presence of this fractured mass 
of rock in the larger mass of intrusive crystalline material of the region. 

Becau~e of their inconspicuous ieauance and their inaccessible location for bathing, 
the springs are little known, and no attempt has been made to improve them. 

1 Wsripg, G. A., Mineralsprings ofAlaska: U. 8. Geol. Survey Water-Supply Paper US, pp. 3335,1917. 
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HOONIAH WAFUd BPRINQB. 

Hooniah Warm Springs are on the oceanward coast of Chichagof Island, about 70 
mila  northwest of Sitka. They may be reached by launch in calm weather, but 
as the coaat is rocky and there is usually a heavy surf they have not been often visited. 
A log bathhouee or sweat chamber has been built over the principal spring, however, ' 

and the locality is the occasional camping place of huntera and trappem. The springs 
are in a small rock cove, in which much driftwood is cast up on a beach of large 
rounded stones. 

The principal spring iasues at the edge of the forest, a few feet above the limit of 
drift logs and about 25 yards from and 15 feet above normal high-tide level. The 
waterisaues at  a temperature of 111' F. from a vertical opening the size of one's hand, 
in dark, hard schistose rock. After flowing through a natural rock pool, over which 
the bath chamber has been built, the discharge30 gallons a minute-cascades down 
to tidewater. 

The spring water tastes only faintly sulphureted, and there appears to be no escape 
of gas. A noticeable bubbling in the water below a small cascade in the run-off 
channel is probably due to air trapped in the cascade rather than to gas escaping 
from the water. Mueh pale salmon-colored to white, stringy algal growth forma 
along the run-off channel, as is usual at  sulphureted warm springs. 

The analysis of water from this spring * * * shows that it is a moderately 
concentrated sodium chloride water containing considerable sulphate. Silica forms 
more than a third of the total content, pomibly in part as a soluble silicate. 

A second spring, with a temperature of 110' F. and a discharge of about a gallon a 
minute, isaues among the cobbles 20 yards east of and 7 feet lower than the main 
spring, and vapor, powibly from the same spring or fiesure, h u e s  from openings in the 
forest mil 15 yardsshoreward. A third spring, with a temperature of 8 4 O  F. and a 
flow of half a gallon a minute, rises with slight bubbling in the muck of a small stream 
channel 50 yards west of the principal spring. 

Conditions at  the main spring, where the water appears to iasue directly from a 
&sure in the schist, indicate that the thermal water rises along such seams in the rock, 
which dips 80' S. 20' W. The abnormal temperature of the water may be due solely 
to the depth from which i t  rises, but i t  seems probable that i t  is due, in part at  least, 
to the presence of intrusive rocks, which form a wide zone east of the springe, The 
achiet from which tho warm water issues is a common alteration phase of the Pdeozoic 
or Meaozoic eedimenta near their contact with intrusive rocks throughout southeastern 
AIik3ka. 

The hot springs on the north arm of Perrl Strait (Hooniah Sound) 
were visited at  high tide,'so the actual openings could not be observed. 
These springs issue at or near a contact, for although the rocks on 
both sides of the arm for several miles are granite, the small island 
just south of the spring is composed of marble. Other springs 
probably occur on the hillside, for steam could be seen rising now 
and then above the trees several hundred feet up the slope. Time 
was not available for an extended search for these springs. The 
writer was told of these springs by an old Indian, who said that he 
had found them 40 years ago. 

The White Sulphur Springs, formerly called the Hooniah Warm 
Springa, have been surveyed by the Forestry Bureau, and some 
attempt is being made to attract attention to  them. Two cabins 
have been built, and a bathhouse has been constructed over a pool 
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made in the native rock. This work was started in the fall of 1916. 
The temperature in the bath is 100' to 105O F. A good trail runs 
to the small bay at Nickel. 

Tne water issues from fissures in the schist. The schist is a h k -  
gray contorted rock, which contains large metamorphic minerals- 
mica, garnet, staurolite, corundum, and others. It seems to have 
undergone later movement, for it is broken and recemented. Light 
and dark colored dikes cut the schist. The nature of the cogstal 
plain to the east is for the most part concealed by muskeg swamps, 
but the few exposures show the same type of schist. A fairly large 
body of igneous rock occurs about 4,500 feet southeast of the springs, 
and a smaller body about'3,500 feet northwest. The rock of the 
Porcupine Islands off the coast, 13 miles southwest of the springs, 
is schist intruded with granite rocks. Copper-nickel ore occurs in 
the igneous body to the southeast, and a copper-nickel ( a )  claim 
has been located about 2,000 feet northwest of the springs. 

A hot spring is reported by Waring from Liaiauski Inlet, but this 
spring was not found. 



PI&l'EWM-BEARING AURIFEROUS GRAVELS OF CHISTOCHINA 
RIVER. 

By THEODORE CHAPIN. 

INTRODUCTION. 

Slate Creek is the best known of a number of productive gold- 
bearing placer streams on the headwaters of Chistochina River, 
on the south side of the Alaska Range, in the upper Copper River 
baain. The other gold-bearing streams are Ruby Gulch, Chisna 
River, a d  Lime Creek, all of which are within a few miles of Slate 
Creek. 

I - GEOLOQY. 

CaRBONIFEROUS ROCKS. 

The oldest rocks of the region are the Chisna and Mankomen for- 
mations, both of Carboniferous age. As originally described, the 
Chisna formation, the older, consists of tuffs, quartzites, and con- 
glomerates; the Mankomen formation is essentially black slate and 
limestone. 

TERTIARY CONGLOIKERATE. 

Unconforrnably overlying the Mankomen rocks is a conglomerate 
composed essentially of well-rounded boulders of amygdaloidal 
greenstone, diorite, and quartz, with lesser amounts of black slate, 
limestone, schist, and porphyry. It is commonly of a brick-red 
color, due to the solutions of iron oxide that have penetrated it, and 
is known locally as the red conglomerate. The greenstone pebbles 
are the most permeable of the boulders and are often almost entirely 
weathered, containing only a small core of unaltered rock. The 
diorite pebbles are less permeable, but they generally contain a 
stained shell and are extensively fractured in parallel planes across 
the boulders. These fracture planes appear to have been channels 
of solution, and along each plane, although the boulder shows no 
displacement, is a polished surface resembling a slickenside. The 
conglomerate contains locally a great many boulders of Mankomen 
rocks, both slate and limestone, but no Chisna rocks. 
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Fault blocks of similar conglomerate (see fig. I), one of which 
occurs in the bed of Slate Creek and a paralleI one that extends from 
the head of Ruby Creek westward to John Grosh Gulch, and an 

F I Q ~ E  1.--8tructure section across Slate Creek 14 miles abwe its mouth. 

unknown distance beyond, are believed to be composed of rocks of 
the same formation and have reached their present position through 
faulting. These rocks are not believed by the miners to be the same 
formation as the auriferous conglomerate that caps the.ridge a t  the 
head of Miuer Gulch. The conglomerate of the fault blocks is not 
known to carry any appreciable amount of gold, but it does contain 
a little sandstone and shale that carries thin seams of coal in places. 
The conglomerate on the ridge above .Miller Gulch and Big Four 
Gulch is called "wash" by the miners, owing to the presence of a 
thick covering of residual detritus made up of rounded boulders 
derived from the conglomerate. The firmly cemented conglomer- 
ate, however, is exposed in a number of places. The difference in 
the content of gold is easily explained by the fact that the conglom- 
erate a t  the head of Miller Gulch lies a t  the normal base of the 
conglomerate, where the heavy minerals would naturally be con- 
centrated, whereas in the fault blocks of conglomerate the base is 
nowhere exposed. The presence of the coal seams in the fault blocks 
but not on the Miller-Big Four divide, and a t  other places where the 
conglomerate rests normally upon other rocks, is easily explained 
by the fact that the rocks exposed in the fault blocks represent a 
higher part of the section. The contact of the conglomerate with 
the Chisna formation on Slate Creek is a fault. At the head of 
MiUer Gulch the conglomerate unconformably overlies the Man- 
komen formation and on Ruby Creek and John Grosh Gulch it 
occupies a fault block that has dropped down between Mankomen 
rocks on both sides. This conglomerate on Slate Creek probably 
belongs to the Gakona formation, of Eocene age, as mapped by 
Moffit in the Chistochina district. 



The bench gravels of glacial origin and the stream gravels are 
younger formations than the Tertiary conglomerate and are of 
special interest on account of their valuable deposits of gold and 
platinum. 

DISTRIBUTION OF TEE FORMATIONS AND STRUCTURE. 

The distribution of the formations is dependent upon the struc- 
ture. (See fig. 1, p. 138.) The Chisna formation, which at this place 
is made up of quartzite, tuffaceous conglomerate, and breccia, 
occupies an area south of Slate Creek. It is bordered by a fault 
that extends along the south bank of the valley of Slate Creek. This 
appears to be one of a system of parallel faults that extend in an 
east-west direction and dip toward the north. Pour main faults 
which were observed show two downfaulted blocks of conglomerate 
inclosed between Mankomen and Chisna rocks. The main fault 
appears to be the one on the south side of Slate Creek, which has 
brought into contact the Carboniferous Chisna rocks and the Tertiary 
conglomerate. One of the downfaulted blocks of conglomerate is 
about coincident with the bed of Slate Creek. A parallel block of 
downthrown conglomerate extends across the heads of Ruby Creek 
and John Grosh Gulch. Along the upper contact of each of these 
fault blocks there was thrust faulting, so that at present the Car- 
boniferous rocks of the Mankouen formation actually overlie the 
Tertiary conglomerate. 

OCCURRENCE OF WID AND ~IATINEM. 

Gold and platinum occur in three formations (see fig. 1, p: 138) 
and appear to represent three stages of concentration. The onginal 
bedrock source of the gold and platinum is not known, a s  lodes of 
neither metal have been found in this region. The first concentra- 
tion appears to be the "red conglomerate," which represents a 
cemented gold and platinum bearing gravel. A second concentration 
is found in the glacial gravels that form high benches on the south 
side of Slate Creek. These benches are made up of material derived 
by the erosion of the conglomerate and other rocks. The third 
concentration has taken place in the stream gravels. These three 
formations, the Tertiary conglomerate, the bench gravels, and the 
stream gravels, all of which carry both gold and platinum, are re- 
grqded as promising sources of these metals. The stream gravels 
are very rich in gold and have been worked for a number of years. 
The bench gravels have not been extensively tested, but rich deposits 
of gold that occur within the bench deposits have been mined at a 
profit, and recent prospecting and sampling at a number of places 
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indicate that there are very large deposits of this gravel which can 
be worked at a profit when sufficient water is available for washing 
it. There is less chance of finding workable deposits in the conglom- 
erate, but recent prospecting has shown that it, too, may be profitably 
mined for gold and platinum. 

The gold and platinum usually occur together and appear to have 
the same source a s  far back as the rocks of the region record their 
history. There itre no near-by basic rocks from which the platinum 
is likely to have been derived. The only basic rocks present are 

I some small dikes that cut the platinum-bearing conglomerates. 

The output of gold on Slate Creek in 1917 is estimated at $100,000. 
No assays or other tests have been made to determine the relative 
amount of platinum accompanying the gold, but it is estimated to 
be a little over 1 per cent of the volume of the gold. As the amount 
of platinum be- such a small proportion to that of the gold, its 
increased production is not easy to bring about. 

In 1917 the principal productive mining was on Slate Creek, 
where two hydraulic plants were in operation but a number of 
outfits were mining on a small scale. The M. E. W. Gold Mining 
Co., operated by J. M. Elmer, F. B. Walker, and Ross B. Watkins, 
was the largest producer. The M. E. W. property comprises more 
than 20 claims and extends from a point near the moraine of Chisto- 
china glacier, at the mouth of Slate Creek, to the lower end of the 
claims of the Jack Miller estate, near the mouth of Miller Gulch. 
It includes also claims near the divide of Slate Creek and Chisna 
River, claims on Big Four Creek, and bench claims on Slate Creek 
that extend to the ridge between Pyramid Peak and the head of 
Miller Gulch. Options were taken in 1914, and the property was 
acquired during the following year and prospecting and drilling were 
done, Most of the season in 1916 was also spent in dead work, 
but a short run was made and $9,000 worth of gold taken out. A cut 
1,300 feet long was made along the south bank of Slate Creek from 
thamouth to the present position of the open cut. A flume and 
ditch was also constructed to bring in the water for hydraulicking. 
This ditch takes water from Chistochina glacier about a mile above 
the mouth of Slate Creek and at  present supplies 1,500 inches of 
water, which is utilized by three giants. Two giants are used to 
move gravels at the sluice head and one to stack tailings. A head 
of 125 feet is maintained at the open cut and 175 feet at the tailings 
giant. I t  is planned to develop more water power on the west side 
of Chistochina glacier and bring i t  across the moraine. 

. , 



. In 1917 work was commenced June 15 and continued until S e p  
tember. W o k  at the time of the writer's visit had been largely 
confined to two open cuts on Slate Creek. The deposits are in part 
in virgin ground and in part in rich gravels which had been once 
partly worked by the hand method of shoveling into sluice boxes. 
The old method never proved satisfactory, for the gradient of the 
stream is too low to admit of easy disposal of tailings, and floods 
often intertered with the work. 1 

Besides the producfive mining on Slate Creek, assessment and 
development work has been continued on Big Four Creek and on 
the bench gravels of Slate Creek. The bench gravels contain ex- 
tensive deposits of gold and platinum, and from their elevated 
position could be easily hydraulicked when water is obtained. 9- 

The claims of the Jack Miller estate were worked on about the 
usual scale. Twelve men were employed and bench gravels a t  the 
mouth of Miller Gulch were hydraulickcd. Above the Jack Miller 
claims three or four small outfits were occupied in groundsluicing 
and shoveling in. No productive mining was in progress on any of 
the other creeks. 

115086°-19--.10 



MINING ON PRINCE WILLIAM SOUND, 

GENERAL FEATURES. 

The mineralization of the closely folded rock beds that border 
Prince William Sound introduced into them a considerable variety of 
minerals, among which were gold, silver, chalcopyrite, chalmersite, 
ppite, pyrrhotite, ammopyrite, galena, sphalerite, stibnits, quartz, 
epidote, albite, chlorite, calcite, and ankerite. The valuable metals 
of the ores of this region are copper, gold, and silver. The gold thhs 
far observed is native. The copper occurs chiefly as chalcopyrite, 
but another copper-iron sulphide, chalmersite, which contains about 
233 per cent of copper, has been recognized at properties on Solomon 
Gulch, Landlocked Bay, and Knight Island. Silver has been noted 
as an alloy of the native gold and is also associated with some of the 
copper ores, but in what combinations is not known. 

The ore deposits of this region may be broadly grouped into two 
classes-copper deposits and gold-bearing quartz lodes. The min- 
eral associations in both gold and copper deposits are in general the 
same. The copper mines produce large quantities of gold or silver 
or both, and the goldquartz lodes contaiu very small quantities of 
chalcopyrite. 
The gold quartz ores are free milling. They are crushed locally in 

small stamp or roller mills and the concentrates are shipped to 
smelters. The copper ores are sulphides and require smelting, with 
or without previous concentration. At one plant a flotation process 
is in operation. As no local smelters are available, the copper ores 
are shipped to smelters at Tacoma, Wash., and Anyox, British 
Columbia, where their copper, gcld, and silver contents are recovered. 
The productive mines on Prince William Sound in 1917, so far as 

known, included nine copper and eight gold mines. A much larger 
quantity of copper ore than of gold-bearing quartz was mined and 
treated, and the total value of the metals obtained from the copper 
ores was several times that of the metals from the gold quartz ores. 
The value of the total mineral output of the Prince William Sound 
region in 1917 was $4,667,929, compared with $2,975,200 in 1916. 
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COPPER MINING. 

GENERAL CONDITIONS. 

Capper mining was actively carried on in the Prince William Sound 
region in 191 7 and a large production of copperwas made. The regular 
producers, the Kennecott Copper Corporation at Latouche; the Ellamar 
Mining Co., at  Ellamar; and the Granby Consolidated Mbing, Smelt- 
ing & Power Co. (Ltd. ), owner of the Midas mine in the Valdez district, 
made large shipments as usual. Considerable ore was also shipped by 
the Latouche Copper Mining Co. from the Blackbird group on Latouche 
Island; the Alaska Mines Corporation controlling the Schlosser prop- 
erty, on Port Fidalgo; the Fidalgo Mining Co., on Port Fidalgo; 
and the Dickey Copper Co., on Port Fidalgo. Small shipments were 
reported from the property of Harry Moore on lhight  Island and 
from that of the Fatten Cooperating Co. The Threeman Mining Co., 
on Landlocked Bay, which has shipped mhch ore in previous years, 
made no shipments in 1917. Development work was done on some 
of the nonproducing properties and assessment work is reported on 
many others. Crude ore was shipped from all the producing prop- 
erties and in addition copper-bearing flotation concentrates were 
shipped from the Beatson-Bonanza mine, on Latouche Island. The 
copper-bearing mineral in all the ore shipped was chalcopyrite. 
Much of the copper ore mined also carries either gold or siher or both. 

WORK DONE DURING THE YEAR. 

LATOUCHE AND KNIQET ISLANDS. 

Large operationswere in progress at  theBeatsonBonanza mineof the 
Kennecott Copper Corporation throughout the year; the enlargement 
of the milling plant to a capacity of 1,600 tons daily was in progress, 
with consequent changes in power plant and mine. An average force 
of 345 men was employed by the company during the year. A large 
amusement hall, including moving pictures, bowling alleys, and cltrb- 
rooms for the use of the employees, was completed early in the year. 
Other surface improvements included a new store and warehouse, 
several new houses, a new compressor plant and building, and some 
small buildings and sheds. The head frame of the shaft was framed 
during the winter and erected in the spring. Three Diesel engines 
were installed in the power plant. The capacity of the shipping 
bunkers was doubled. Additional crushing and flotation equipment 
was installed in the mill. 

A new shaft was completed and put in operation during the ye&, 
and a hoist capable of handling &ton skips was installed. The main 
haulage ways and drifts were widened to accommodate larger cars, 
and two 44-ton atorage-battery electric locomotives were installed. 
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A 500-ton concrete ore pocket was also hished. A big manway 
raise was completed between the main level and the top of the ore 
bluff. Considerable diamond-drill work was done durkg the year, 
some of it on the 100-foot level. No other work was dono on this 
lower level during the year. The normal development work was in 
progress through the rest of the mine, and stoping operations were 
carried on between the main haulage level and the surface andeastward 
into the hill above the bluff pit level. 

The Blackbird claim of the Latouche Copper Mining Co. on Latouche 
Island was opened up and operated by Mr. W. A. Dickey. This 
claim lies just to the north of the Beatson-Bonanza mine, and the 
deposit under development on the Blackbird appears to lie in the 
northward extension of the same mineralized zone which includes 
the Beatson-Bonanza. Considerable underground development work, 
done both on the main-tunnel level and between this level and the 
surface, has developed an ore-bearing zone reported to be from 12 to 
50 feet in width and said to be traceable underground for 700 feet. 
During the year crosscuts and drifts were run to the extent of 300 
feet, and four stopes were opened up. Operations were, in progress 
from June to October, inclusive. In  October about 25 men were 
employed. A new wharf was erected during the year, a new black- 
smith shop was built a t  the mouth of the tunnel, and repair work 
was done on other buildings and the tram line. Several shipments 
of ore were made from the property during 1917. The last previous 
shipment was in 1907. 

Little was done on the other copper properties on Latouche Island. 
No development work in known to have been done on the Reynolds 
Alaska Development Co.'s property on Horseshoe Bay or on the 
property of the Seattle-Alaska Copper Co. on Montgomery Bay. 

On Knight Island no productive operations were in progress. The 
largest developments were on Rua Cove a t  the Copper Bullion claims 
(Rua property), which had previously been taken over by Mr. W. A. 
Dickey. A cabin and a house were erected near the shore of the cove, 
another building was completed a t  the upper camp, and a new black- 
smith shop was built a t  the mouth of the tunnel. A small water- 
power plant, with a two-drill compressor and two drills, was also 
installed. Underground work completed during the year totaled 
about 600 feet of tunnel and crosscuts. An average force of 10 men 
was employed during the summer. Operations were discontinued 
for the year on September 14, 1917, after a large body of low-pade 
copper ore had been partly blocked out. 

Some of the pyrrhotite ores of Mummy and Drier bays are reported 
to carry nickel, and during the season short tunnels were driven on 
the nickel-bearing lodes and some diamond drilling was done. 
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On the Copper Coin group on Drier Bay a small wharf was erected 
in the spring, and a compressor and supplies were placed on the 
ground but not installed. Only two or three men were a t  work on 
the property during the year, and no underground work is known 
to have been done. 

On the Pandora group on the Bay of Isles the only work done in 
1917 consisted of some open cuts. This lead is now reported traceable 
a little over 1,000 feet. 

Small shipments of copper ore are reported from the Copper Queen 
claim on Hogan Bay and from a property of Harry Moore on Drier 
Bay. 

UNAKWIK INLET, WELLS BAY, LONG BAY, AND QLACIER ISLAND. 

A new copper discovery, on property called the Globe claims, was 
made back of Long Bay during 1917. The ore body is reported to 
be of low grade, several feet in width, and two claims in length. No 
development work was done. 

On Cedar Bay, the Lenora group of five claims was surveyed for 
patent in 1917. Very little underground development work was 
done during the year. Three men were a t  work on the property for 
three months in the spring, and about 75 feet of tunnel was driven. 
A small force of men is also reported to have worked underground 
on the property late in the fall. Only assessment work is reported 
on other properties in this vicinity. 

On Glacier Island assessment work is reported on the Portsmouth 
and Sootia Bell claims of Jens Jensen. The ore body lies a little 
more than half a mile south of Finski Bay. The country rock is 
greenstone, and the ore minerals consist of quartz, epidote, pyrite, 
and chalcopyrite. Some development work has been done on min- 
er&l;ed showings along a pronounced gully which apparently follows 
a large shear zone. The lower tunnel, which has about 225 fwt  of 
workings, is a t  an elevation of about 250 feet. The main drift, 150 
feet in length, is on a shattered zone along a nearly north-south break 
that shows only a thin trace of gouge. This fracture dips 65O W. 
The maximum mineralized width of the shattered greenstone is 
about 3* feet, and the mineralization appears to be traceable about 
60 feet. The ore is a hard, shattered greenstone firmly cemented 
by sulphide-bearing quartz. A crosscut to the west encountered a 
mineralized shear zone that strikes N. 20' E. and dips 70' W., along 
which about 30 feet of drifts have been driven. A width of 10 feet of 
slightly cupriferow pyrite is reported to have been cut a t  one point 
in this shear, which may be the main shear followed by the gulch. 
The upper tunnel, a t  about 500 feet elevation, is driven 30 feet on a 
mineralized shear zone that outcrops on the east side of the gulch. 
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This showing is not traceable very far on the surface. The Iace of 
the tunnel shows 4 feet of shattered greenstone cemented by much 
quartz that carries sulphides, chiefly chalcopyrite. A streak of 
nearly solid chalcopyrite, which has a maximum width of 3 inches, 
runs along the hanging wall. Just over the mouth of this tunnel 
this shear strikes N. 5" W. and dips about 65' W., and the mineralized 
portion of the shear has a width of 5 to 12 inches. 

Between these two tunnels there are some mineralized outcrops on 
which a little open-cut work has been done. The mineral deposit in 
each place is in a sheared or shattered greenstone and has a width 
of 1 to 6 feet, but the mineralization is traced only short distances 
by the present development work. 

PORT VALDEZ DISTRICT. 

The Midas mine of the Granby Consolidated Mining, Smelting & 
Power Co., on Solomon Gulch, was actively developed during the year 
and was one of the important shippers of crude copper ore of the 
Prince William Sound region. An average force of about 50 men 
were employed during the year on the property. Surface improve- 
men& consisted of the erection of a new cook and bunk house and 
some open-cut work. The principal underground developments con- 
sisted in the sinking of an inclined winze, which has a dip of 60°, 
from No. 2 adit to a depth of 100 feet. No. 1 adit was also extended 
and considerable drifting done. 

A detailed account of the geology of this copper deposit and the 
copper-bearing area of the Port Valdez and Jack Bay district in 
which i t  is found is given elsewhere in this bulletin (pp. 157-173). 

ELLAMAR DISTRICT. 

The plant of the Ellamar Mining Co. was operated steadily the 
entire year except for shutdowns of two weeks in the summer and a 
few days in December. An average force of a little over 100 men 
was employed during the year. Surface improvements consisted of 
the erection of a social hall, the construction of a new warehouse on 
the dock, the shifting of the pump house to a new location in the 
glory hole, and the installation of foundations for a new power house. 
Most of the undeiground work this year h a  been between the sur- 
face and the 200-foot level. The water level was down to a few feet 
below the 500-foot level and the 500-foot level was open, but no 
work was being done on that level during 1917. Some work was 
done on the 100, 200,300, and 400 foot levels, but stoping operations 
were confined to stopes between the 300-foot level and the surface. 
Some diamond drilling was also done. Regular shipments were con- 
tinued as usual. 
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No shipments were made from the property of the Threeman 
Mining Co., on Landlocked Bay, and only one man is reported to 
have been at work on the property during the year. 

On the property of the Hemple Copper Mining Co. on Landlocked 
Bay development work started in May. Six men were at  work 
during the summer, but on October 1 the crew was reduced to three 
men. Work was temporarily stopped early in October but is said to 
have been resumed again about December 15. The work done up to 
October was all in tunnel No. 1 and consisted in driving a 110-foot 
crosscut, which cut a slightly mineralized shear zone at its inner end. 
On October 8 the shear zone showed a width of 8 feet, but at  that 
date the inner wall of the shear had not been encountered. This 
shear strikes N. 70" W. and dips to the east. 

Up to October 1 no work had been done in 1917 on the property 
of the Landlock Bay Copper Mining Co., on Landlocked Bay. 

Twenty-two men are reported to have been a t  work early in the 
spring on the property of the Standard Copper Mines Co., near the 
entrance to Landlocked Bay. Later in the season a force of only 
10 men was employed and for a period of about a month during the 
summer only 1 man was retained on the property. On October 8 
only the watchman was on the ground. A new cookhouse and bunk 
house were erected on the mountain side, and a small building was 
put up at one of the tunnel mouths. The tram was also fixed and 
was operated during the swnmer. Some underpound work was 
also done. The wharf was repaired, but no shipments of ore were 
made during the year. 

Only assessment work is reported on the Buckeye group on Land- 
locked Bay. 

PORT FIDALGO. 

Development work was in progress at  two of the copper mines on 
Port Pidalgo, and shipments of ore are reported from all three mines. 
The Fidalgo Mining Co. worked steadily with an average force of 
7 or 8 men and with a maximum number of about 13 throughout 
the year. Considerable underground development work was done, 
and some ore was shipped. Stoping operations were carried out 
between tunnels Nos. 1 and 2 and above tunnel No. 2. Tunnel NO. 2 
was extended and a crosscut already started was driven about 150 
feet toward a new lead to the east. A new lower tunnel (started in 
1916) was extended to a length of 300 feet. Considerable stripping 
was also done on the new lead. 

The Alaska Mines Corporation operated the old Schlosser property 
continuously throughout the year with a crew of 27 to 33 men. 
Underground work was done on four levels, and stoping operations 
were carried on over several of the levels. The ore deposit consists 
of lenses of sdphdes occupying a linked system of shears. The ore 
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zone as now developed has a width of 100 feet and strikes about 
N. 20" E. and dips nearly vertically. The ore shoots pitch to the 
north parallel to the hillside. Several hundred feet of development 
work besides stoping is reported to have been done in 1917. 

The Dickey Copper Co., owner of the Mason and Gleason claims 
on Irish Cove, is not known to have operated during the year, although 
a shipment of ore is said to have been made from this property. 

Ed. Banzer is reported to have done a little work on a copper 
property near the head of Port Fidalgo, but no details are available 
at present. 

CORDOVA AND VICINITY. 

Development was in progress during part of 1917 on a -copper 
property on Fleming Spit. The operations were in charge of Mr. 
R. E. Hutchinson. The company, the Tacoma-Cordova Mines Co., 
employed a force of three or four men from June to September, in- 
clusive. considerable work was done in two tunnels about 250 feet 
apart vertically, and a number of open cuts were made on the out- 
crop of the ore body under development. 

GOLD MINING. 

GENERAL CONDITIONS. 

The gold produced in the Prince William Sound region, other than 
that obtained from the gold-bearing copper ores, comes from both 
gold qua.%z lodes and gold placers. The placer deposits are few, 

, small, and irregularly distributed. They are worked only intermit- 
tently, on a very small scale, and contribute little to the gold pro- 
duction. The producing gold quartz lodes are in the Port W e b  and 
the Port Valdez districts. The Granite mine, on Port Wells, and 
the Cliff and Ramsay-Rutherford mines in the Port Valdez district 
are the largest producers. 

WORK DONE DURING THE YEAR. 

PORT WELLS DISTRICT. 

The Granite mine was the most productive property in the Port 
Wells district in 1917 as in the previous years. This property was 
in operation during the spring, but milling was stopped about the 
middle of May, and .all operations were discontinued on June 1. 
About 40 men are said to have been employed during the spring 
operations. The property is to remain shut down until water power 
can be installed. 

The Thomas-Culross Mining Co., on Culross Island, completed the 
installation of a milling plant early in the spring, and the mill was in 
operation during a part of the season. Prom 5 to 20 men are said to 
have been employed. A small shipment of ore is also said to have 
been made to the Tacoma smelter. 
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The Alaska Homestake Mining Co., whose property is on Harriman 
Fiord, report the installation of a 12-ton gyratory mill, crusher, and 
concentrator in 1917. The mill is said to have been operated only a 
few days. Development work on the property a t  the close of 1917 
is said to consist of an upper tunnel 225 feet long, a shaft 67 feet deep, 
and a lower tunnel 150 feet long conqected with the shaft. About 
18 men were employed on the property during the season. 

A new mill and aerial tram were erected ons the Sweepstakes prop- 
erty on Harriman Fiord in 1917 but were not operated. 

On the Hermann-Eaton property on Bettles Bay a water-power 
plant, air compressor, and machine drills were installed. A crosscut 
txnnel several hundred feet in length, driven a t  an elevation of about 
350 feet, is said to have intersected the lead on the claims late in the 
fall. From 5 to 9 men were employed on the property a t  different 
times during the year. The property was closed down for the year 
early in October. 

Development work is reported to have been in progress on the 
Banner group on Bettles Bay, and the adit tunnel on that property 
is said to have been extended to a length of over 400 feet. 

Three hundred feet of development work is reported on the Wagner 
& Johnson group a t  Golden. 

At the Osceola group on College Fiord drifting was continued on 
the lead, and the tunnel is said to have been extended 200 feet during 
the summer to a total length of about 400 feet. Five men were em- 
ployed on the property, and operations were in progress only during 
the summer. 

A crosscut tunnel was driven on the property of Chris Pedersen on 
Pigot Bay and a little drifting done on a lead in the tunnel. 

Two men were engaged in development work on the Tomboy group 
on Pigot Bay. 

Assessment work is said to have been done on many other prop- 
erties. 

PORT VALDEZ DISTRICT. 

The producing properties in 1917 in the Port Valdez district in- 
cluded the Cliff, Ramsay-Rutherford, Valdez Gold, Cube, and Slide. 
Development work was in progress on a few other properties, and the 
annual assessment was done on many others. 

The Cliff mine operated throughout the year, although the mill was 
run only intermittently. During January and February 18 to 20 
men were employed, and the remainder of the year about 9 men. 
As the shaft and lower levels were flooded, all underground work 
was cordbed to the 100-foot level and the levels above and to the 
stopes between these levels. About 450 feet of drifts and crosscuts 
are reported to have been driven during 1917. 
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The Ramsay-Rutherford, after operating during part of the 
year, closed down early in June. The mill is reported to have 
been in operation from January 1 to June 4, although not running 
continuously. Mining operations ceased June 7. From 13 to 19 
men were employed at different times during the season. Surface 
improvements are said to have consisted in the installation of an air 
compressor. Underground about 150 feet of drifting is reported on 
the lower levels. Stoping operations were carried on between several 
of the levels. 

The Valdez Gold Co. reports only assessment work. From 5 to 7 
men were a t  work on the property during July, August, and part of 
September. A very few tons of ore was milled and only a -little 
underground work was done. 

The Cube Mining Co. operated its mill during February and part of 
March and also for about a month beginning May 7. About 25 men 
were employed during the spring. The property was closed down 
early in July. 

A small shipment of ore was made from the Slide gold quartz claim 
near the head of Mineral Creek during the year. 

On the Alaska Gold Hill, formerly known as the Black Diamond 
property, 5 or 6 men were employed from January to September, tw6 
buildings were erected, and also a blacksmith shop a t  the tunnel 
mouth. This shop was later torn down. The upper tunnel was 
extended to a length of 605 feet. 

The Valdez Mining Co. let a contract late in the f d  to extend the 
lower tunnel on their Valdex Glacier property a distance of 75 feet. 

Some development wor& is also said to have been in progress during 
the year on the property of the Patten Mining Co. near Swanport with 
a force of 6 or 7 men. 

On the Shoup Glacier properties a little development work was in 
progress. Two men were a t  work on the Nymond property, and about 
100 feet of tunnel is said to have been driven. Work was also done 
on the Olson and McDonald properties. 

At the Gold King mine on Columbia Glacier 4 men were a t  work up 
to the end of April. The mill was not run. Late in the fall it is re- 
ported that a contract was let for sinking 50 feet farther a winze 
which had been sunk 15 feet during the spring developmenta. 

At the Mayfield on Columbia Glacier 2 men did the annual assess- 
ment work, which is reported to have consisted in driving an addi- 
tional 20 feet in the upper tunnel. 



MMEBAL RESOURCES OF JACK BAY DISTRICT AND VICINITY, 
PRINCE WILLIAM SOUND. 

INTRODUCTION. 

The object of this preliminary report is to describe briefly the 
distribution, geologic relations, and characteristics of the mineral 
deposits of the Jack Bay district and the adjacent area surrounding 
the upper portion of the adjoining valley of Solomon Gulch. A 
brief presentation of the geographic factors immediately bearing on 
the economic development of the mineral deposits of these areas 
plgcedes a short summary of the geology. The general description 
of the .mineral deposits is followed by detailed desc~iptions of the 
few ore bodies which have so far been found. A more complete 
account of tbe geology and mineral resources of these areas will be 
incorporated in the h a 1  report on the Port Valdez and Jack Bay 
districts now in preparation. 

Detailed geologic mapping of the Jack Bay district and vicinity 
was done in the summer of 1917. Several trips had been made in 
previous years, however, to the area adjacent to the Midas copper 
mine, near the head of Solomon Gulch, in order to study the mineral- 
ization of that area while studying the geology and mineral resources 
of the adjacent Port Vddez district, and in 1912 the writer was asso- 
ciated with Mr. S. R. Capps in a study of the geology and mineral 
deposits of the Ellamar district, which adjoins the Jack Bay district 
on the south. 

GEOGRAPHY. 

The Jack ~ a $  district comprises the small part of the Chugach 
Mountains that borders the northeast corner of Prince William Sound, 
which is drained by the several streams entering Jack Bay. (See fig. 2.) 
This report also discusses the mountainous area that surrounds the 
head of Solomon Gulch and Allison Creek, the waters of which flow off 
the northern slopes of the mountains bordering the north side of the 
south arm of Jack Bay into Port Valdez. The area under consider a- 
tion adjoins on the north the mountainous Port Valdez district and 
on the south the less rugged Ellamar district. The weste~n limit is 
the broad Valdez Arm of Prince William Sound. 

153 
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This area is one of strong relief. The Chugach Mountains, which 
inclose Jack Bay, rise from sea level to elevations ranging from 3,000 
to nearly 6,000 feet. The lower hills and mountains bordering the 
entrance to Jack Bay and th6 western portion of the ridge between 
the two arms of Jack Bay have the rounded characteristic forms of 
glacially overridden hills. The high peaks and ridges which sur- 
round the headwaters of the streams that drain into the heads of 

FrowE 2.-Index map showing location of the Jack Bay district. 

both arms of the bay, however, are sharp and pinnacled, and rem- 
nants of the glacial sculptors of this rugged alpine topography rest 
in their ice-carved basins and feed many of the larger streams. I n  
marked contrast to the rugged topography of most of the district 
are the flat gravel-covered lowlands a t  the heads of both arms of 
Jack Bay and the long, narrow gravel-floored basin of Solomon 
Gulch. 

Glaciers cover a relatively small part of the district but feed 
many of the larger streams. They are all of the alpine type. One 
through glacier lies in a col that connects Solomon Gulch with the 
headwaters of the main stream that drains into the south arm of 
Jack Bay, and another in cols that connect Sawmill Creek and 8 



pardel  stream adjacent to i t  on the west with the valley of a stream 
that enters the head of the north fork of Jack Bay. The remaining 
glaciers are valley-head glaciers or lie in cirques along the valley 
walls and are concentrated chiefly along the north side of the ridge 
on the north side of the south arm of Jack Bay. 

The shore line of both arms of Jack Bay is smooth and even. The 
shores are steep, in may places precipitous, and rocky, with few 
islands except along the westward contjnuation of the range which 
separates the two forks of Jack Bay. The heads of both arms are 
filled by tidal mud flats sloping up into the gravel-covered flood 
plains of glacial streams. Small deltas lie a t  the mouths of some of 
the other streams. Near Valdez Arm two small wide-mouthed coves 
indent the southern shore of Jack Bay. 

The drainage of the Jack Bay district enters one or the other arm 
of Jack Bay. Solomon Gulch and Allison Creek flow northward 
into Port Valdez. The streams that enter Jack Bay are all less than 
6 miles in length and drain narrow, steep-sided glaciated valleys. 
Solomon Gulch is about 73 miles and Alliion Creek a little over 4 
miles in length. All these streams derive .a considerable part of 
their water supply from melting snow or ice, and the stream flow is 
subject to wide variations during the year. Two power plants 
have been in operation on the lower end of Solomon Gulch in the 
Port Valdez district in recent years, but there are none in the Jack 
Bay district. There are some small undeveloped water powers in 
the Jack Bay district. 

The climate of the Jack Bay district closely resembles that of the 
adjacent Port Valdez district. Both districts are somewhat colder 
and drier than the more southern parts of Prince William Sound, 
which are more directly exposed to the influence of the Pacific Ocean. 
Numerical comparisons of the climatic factors of these two districts 
can not be made, however, because of the lack of weather observa- 
tions within the area here referred to as the Jack Bay district. At 
Valdez and Fort Liscum, situated a t  sea level, in the Port Valdez 
district, weather records extend over a considerable period of time. 
These records show a total annual precipitation of about 56 inches a t  
Valdez and 74 inches a t  Fort Liscum; the annual snowfall a t  Fort 
Liscurn is at  least 30 feet. The average temperature for the three 
summer months in the Port Valdez district is 52" F. and for the three 
winter months 21" F. Similarly situated portions of the Jack Bay 
district would appear to have a slightly greater rainfall and to be 
slightly warmer, owing to the somewhat greater exposure of this 
district to the ameliorating influences of the Pacific Ocean. Climatic 
conditions in the higher portions of the district are much more severe. 

Only that portion of the area covered by this report which imme- 
diately borders the shores of Jack Bay and Valdez Arm is forested. 
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The upper limit of timber extends froin a few hundred feet abom 
sea level in the bottom of the valley a t  the head of the north arm of 
Jack Bay to elevations of about 1,750 feet near the mouth of the 
bay. Spruce and hemlock greatly predominate, and only a few 
cottonwoods are found. The local timber from this and adjacent 
districts is suitable for mine workings and rough lumber, but the 
better grades of lumber are brought from Seattle. All of the tim- 
bered portion of the Jack Bay district lies within the Chugach Na- 
tional Forest. Those portions of Allison Creek and Solomon Gulch 
valleys covered by this report are not timbered. 

The larger animals reported to be native to this area include the 
bear, mountain goat, and mountain sheep. Both the goats and the 
sheep are said to have been obtained in the high mountains surround- , 

ing the head of Jack Bay, but only goats were seen during the present 
field season. Evidences of bears are plentiful in many places and 
both brown and black bears are reported. 

Wolverines, marmots, weasels, and porcupines are native to the 
area. Squirrels and rabbits are found in the adjacent Port Valdez 
district and probably range over parts of this area. Mink, marten, 
otter, and other small fur-bearing animals found in the adjaoent dis- 
tricts are probably also to be obtained here, although no evidences 
of their presence were seen in the summer of 1917. 

Ptarmigan live in the portions of the region above timber line, and 
grouse are found in the spruce forests. Geese, ducks, sandpipers, 
and other waterfowl and shore birds are obtainable here in season. 
Bald eagles, owls, cormorants, gulls, terns, magpies, blue jays, ravens, 
crows, divers, and smaller birds are abundant. 

Several varieties of salmon are caught in Jack Bay for the can- 
neries at  Valdez, Cordova, and Port Nellie Juan. Salmon trout, . 
bass, and flounders are also obtained. Blackfkh and whales are 
occasionally reported in the waters of Valdez Arm. Seals are com- 
mon, both in Jack Bay and Valdez Arm. The waters of the glacier 
streams flowing into the head of Jack Bay are milky from suspended 
rock flour, but the salmon ascend these streams for a t  least short 
distances. The few clear-water streams that enter the bay appear 
to be too precipitous in gradient to offer shelter to fresh-water fish. 

Valdez, the supply point of the Jack Bay district and for those 
portions of the Port Valdez district covered by this report, lies a t  
the head of Port Valdez. The town has a population of several 
hundred and is provided with wharves, bank, hotels, stores, public 
schools, telephones, and electric lights. A good stock of supplies 
is kept on hand, and prices are not high, except for fuel. In the past 
the town has suffered from occasional floods of the streams from the 
Valdez Glacier, but it is now protected by a dike that was built in 
1913- 14. 



Vddez is the coastal terminus of the Valdez-Fairbanks military 
road. It is connected by cable with Seward, Cordova, Juneau, and 
other points on the Alaska coast and with Seattle, and by telegraph 
with Fairbanks. Port Valdez is open to navigation throughout the 
year. Valdez Fan be reached in six days by steamer from Seattle. 
Two companies operate steamers to Valdez, giving a summer service 
of about eight times a month and a winter service of four to six times 
a month. Freight charges in 1916 between Seattle and Valdez 
ranged from $3 to $45 a ton according to classification. Passenger 
rates in 1917 between Seattle and Valdez were as follows: First- 
class, upper deck, $50; first-class, lower deck, $47.50, and second- 
class, $30. Regular stops in the Port Valdez district are Valdez 
and Fort Liscum, but there is also a wharf at  the Midas mine. 
There are no stops in the Jack Bay district. 

Transportation along the coast is effected largely by the use of 
gasoline launches, which can usually be hired for $10 to $30 a day. 
Regular service is maintained between Valdez and Fort Liscum by 
the post boat and between the wharf of the Granby Consolidated 
Mining, Smelting & Power Co. (Ltd.) and Valdez by the company 
launch. 

Much of the Jack Bay district and the adjacent portions of the 
Port Valdez district are but a short distance from tidewater. The 
Midas mine and the country adjacent to the Solomon Basin are readily 
reached from the wagon road which has been built from a point on 
the south side of Port Valdez a short distance east of Fort Liscum 
up into Solomon Basin. There are no roads in the Jack Bay district, 
and but one prospect is connected with tidewater by a trail. An  
aerial tram operated by the Granby Consolidated Mining, Smelting & 
Power Co. (Ltd.) between its wharf on Port Valdez and the Midas 
mine near the head of Solomon Gulch is used only for the transfer of 
ore and supplies. 

GEOLOGY. 

DIVISIONS OF THE ROCKS. 

The Jack Bay district lies in the southern part of the Chugach 
Mountains, which, in those portions bordering Prince William Sound, 
consist of folded and faulted Mesozoic ( I )  rocks--graywaokes, argil- 
lites, slates, and subordinate amounts of conglomerates and dark- 
colored limestones-altered in places to schistose types and intruded 
a t  diverse points by granites and basic igneous rocks of Mesozoic or 
Tertiary age. ,(See PI. 111.) 

115086°-19---11 
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The sedimentary rooks of the Prince William Sound region were 
subdivided by the earlier geologists into two great divisions-the 
Valdez and &a groups. The Valdez group was described as con- 
sisting principally of graywacke and slate, and it was presumed to 
be older, more metamorphosed, and to lie unconforplably beneath 
another great series of sediments of somewhat similar lithologic 
character, named the Orca group. The Orca rocks were stated to 
consist of interbedded slates and graywackes with' extensive baio 
lava flows and thick conglomerate beds. The Valdez group was 
mapped as occurring on the northern and western shores of the sound, 
whereas the Oroa rocks outcropped on the eastern shore an4 also 
formed the islands of the sound. The Jack Bay district lies within 
the Valdez group of these writers. It includes, however, some s m d  
areas of greenstone of the Orca group and on its southern border an 
area of oonglomerate probably also of Orca age. 

ROCKS OF THE VALDEZ GROUP. 

LITHOLOGIC SUBDIVISIONS. 

The rocks of the Valdez group. in the Jack Bay district are all 
regionally metamorphosed types of sedimentary rocks. The variety 
is not great and but two lithologic subdivisions have been made, the 
graywackes and the black slates. A thick black slate formation on 
the east side of Valdez Arm between Jack and Galena bays appears 
to underlie the massive graywackes south of Jack Bay. Broad 
bands of black slates and argillite, however, also occur interbedded 

the massive graywackes. In  fact, all gradations exist, both in 
texture and in thickness of beds, for the rocks range from slates to  
conglomerates and the beds from narrow alternating bands of slate 
and graywacke to massive members of both rocks. The areas 
mapped as slate are underlain dominantly by slate and argillite 
together with minor amounts of graywacke. The graywacke areas 
are underlain dominantly by graywackes but in places contain a 
greater or less proportion of slates and argillites. 

THE GRAYWACKES. 

The graywackes and argillites cover a much larger portion of the area 
considered in this report than any of the other formations. They 
cover the entire portion of the Jack Bay district south of Jack Bay 
except for the small areas of slate and greenstone along Valdez Arm, 
- - - 
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most of the northern part of this district, and much of the central por- 
tion between the two arms of Jack Bay and around the head of Sol- 
omon Gulch. The rocks grade from fine conglomeratic graywackes 
in a few places through gray to dark-gray coarse-grained graywackes 
containing feldspathic materiel to the darker ihe-grained argillites 
and slates. The formation is largely made up of graywacke, but the 
proportion of the other types of rocks difEers widely. The area south 
of the south arm of Jack Bay contains very little argillite and slate, 
but these two types are very' abundant in the graywacke series 
between the two arms of Jack Bay and are quite abundant in the 
northern part of the district and along the middle seotion of the 
Solomon Gulch valley. The graywackes in most places are well 
bedded, and the thickness of individual beds ranges from a few inches 
to many feet. Most of the rocks are rather fine grained and are com- 
posed of subangular fragments of quartz and plagioclase feldspar, 
comparatively little decomposed, in a carbonaceous, oalcareous, and 
argillaceous matrix. At one place in the mountains between the 
arms of Jack Bay a rather coarse grained graywacke contained nu- 
merous flat fragments of a mottled light-greenish chlorite schist. 
Locally the gr%ywackes adjacent to the igneous intrusions and also 
a t  some other places have been slightly altered to a reddish-brown 
bio tite-bearing graywacke. 

BLACK SLATES. 

The black slates are best developed along the east coast of Valdez 
Arm between Jack and Galena bays, along the north side of the 
streams draining into the heads of both arms of Jack Bay, and near 
the Midas mine on Solomon Gulch. The slates are dark-gray to 
black, vory h e  grained rocks and in many places have exceptionally 
well-developed slaty cleavage. A small amount of interbedded gray- 
wacke and argdlite occurs in this formation. Many of the areas that 
contain slate have been intruded by the greenstones of the Orca 
group, and the dates adjacent to these intrusions have been altered 
to rocks resembling hornstones and charts or to knotenschiefer. 
The knotenschiefer are especially prominent a t  the head of Solomon 
Gulch. Many of the smaller greenstone intrusives in the slates in 
some of the disturbed areas have become schistose, their schistosity 
paralleling the cleavage of the slates. Some of the areas of slate in the 
vicinity of the greenstone intrusives have been mineralized. 

AQE OF THE VALDEZ GROUP. 

The age of sedimentary rocks here assigned to the Valdez group is 
not definitely known. The present determination of a probable 
Mesozoic age for these rocks rests upon the unsatisfactory evidence 
of one fossil, a worm tube, TerebeUina pdachei Ulrich, which was 
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found in 1917 in the massive graywacke series on the south side of 
Jack Bay. S i l a r  tubes have been found by Grant in the black 
slates just north of the entrance to Galena Bay. These fossils are n6t 
diagnostic and serve only to determine the possible age of the con- 
taining rocks within wide limits. The present knowledge of this 
fossil appears to indicate a post-Triassic and probably Mesozoic age 
for it and for the containing rocks. 

ROCKS O F  THE ORCA GROUP. 

LITHOLOGIC BUBDIVISIONS. 

The Orca group includes both sedimentary and igneous rocks and 
consists of a thick series of basic lava flows, many basic intrusive 
bodies genetically related to the extrusives, and contemporaneous 
sediments. The intrusive phases of the igneous rocks are more 
abundant than the extrusive in this area, although the latter type are 
represented, to a certain extent at  least, in the greenstone area just 
north of the entrance to Galena Bay. All these igneous rocks are now 
largely altered to greenstones. No Orca sediments other than the 
conglomerates have been recognized. These conglomerates, which 
lie above the greenstone and contain pebbles derived from it, are 
tentatively placed in the Orca group. The presence of the green- 
stone pebbles in the conglomerate can not positively be construed 
as indicating an unconformity between the lavas and the conglom- 
erate, for the flows may have been partly subaerial, erupted con- 
temporaneously with the deposition of the conglomerate, and the 
greenstone bouklers and pebbles may have been obtained from those 
portions of the flows exposed above sea level or near enough to sea 
level to suffer erosion. - 
AN the igneous rocks of this area are in this prehinary report 

grouped under the general term " greenstones. " These greenstones 
and their schistose equivalents, the green schists, are the derivatives 
of basic igneous rocks of both intrusive and extrusive types. They 
comprise flows, dikes, sills, bosses, and some large irregular intru- 
sive masses. These basic rocks in many parts of this area intruded 
the graywackes and slates of the Valdez group, showing a marked 
preference for the slates. In the southwestern part of the Jack Bay 
district and in the adjacent Ellamar district they broke through the 
crust and flowed out over the surface of the sedimentary rocks. 

The largest single mass of greenstone lying within the area covered 
by this report crosses the head of Solomon Gulch a short distance 
above the Midas mine. This mass is known to extend in an east and 
west direction from the crest of the divide between the Solomon 
Gulch and Jack Bay drainage far up on the eastern slope of the valley 



of Solomon Gulch, and i t  probably extends beyond the area mapped 
for a considerable distance. Its width a t  the bottom of Solomon 
W c h  is 1 mile. Many sills of greenstone lie parallel to the contact 
in the slates and graywackes along the southern border of this mass. 

A small part of the immense greenstone area of the Ellamar dis- 
trict extends into the southwestern part of this area just north of the 
mouth of Galena Bay. I t  is surrounded on the north and northeast by 
slates and is partly overlain on the west by a small area of conglom- 
erate. Inclusions of black slate occur in this greenstone along its 
western shore southwest of the conglomerate area. Ellipsoidal flow 
structures are visible in places on the western slope of this mass and 
also along the shore.. Several basic dikes and sills, probably of the 
same age as the main body of the greenstone, cut the slates on the 
eastern shore of Valdez Arm just north of this large greenstone 
mass. 

A long, narrow mass of greenstone 3 miles in length, of irregular 
width and only one-fourth mile wide in its widest place, has intruded 
the slates and graywackes in the western part of the mountains 
between the arms of Jack Bay. It contains many inclusions of the 
country rock, some of which are slightly mineralized. Numerous sills 
and dikes occur in the mountains a little farther east. 

A small boss of greenstone about 1,000 feet in diameter lies in the 
slates just south of the Jumbo lode of the Midas mine. Near the All- 
American lode, also on the same property, sills and dikes, and some 
small irregulai- masses of greenstone are intrusive into the slate and 
argihte country rock and are well exposed in the canyon of hlomon 
Gulch to the west of that ore body. 

The greenstones are all fine grained. The textures include apha- 
nitic, h e l y  porphyritic, diabasic, and schistose. Diabasic textures 
were observed in the dikes, in the sills, and in some of the larger 
masses. Some of the dikes have aphanitic contacts and dense, f in4  
grained, or finely porphyritic centers. The color of the greenstones 
ranges from light greenish gray to dark green. The he-grained 
dike rocks are nearly black and in some places have lighter purplish- 
gray contacts. The schistose greenstones of the large area a t  the head 
of Solomon Gulch are dark green. In  some places the original struc- 
ture and texture have been completely masked by the schistosity 
developed by the shearing of the greenstones by later movements, so 
that the rocks in many places now appear as light-green bands of 
chlorite schist. This schistosity often occurs in sills and dikes in the 
slates. 

The greenstones are slightly mineralized in some places. Chal- 
copyrite, pyrrhotite, pyrite, ankerite, and quartz were noted. The 
outcrops of, these mineralized greenstones are usually rusty. 
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The largest exposure of conglomerate at present considered as of 
h a  age in the Jack Bay district lies along the eastern side of a small 
cove in the east side of Valdez Arm, about 1 mile north of Galena Bay. 
The ohly other occurrence of conglomerate of this age within this 
district is near by on a a d  island, one of the outer islands of the 
group at the north side of the entrance to Galena Bay and about s 
mile west of the htrmentioned locality. The large exposure along 
the emtern shore of the cove north of Galena Bay is about 1 mile in 
length and has a maximum width, near its southern end, of three- 
tenths of a mile. The conglomerate rests in. a marked depression 
within the arms of the older slates and graywackes and the greenstones 
of the Orca group and lies on the western slope of the large greenstone 
mass forming the hills to the southeast. It is best exposed along the 
shore of the cove. The vertical bluff at the south end of the cove 
decrewes in elevation and slope northward to a low, gently sloping 
outcrop at  the north end of the bay. The general tone of the rock is a 
dark bluish gray, and it resembles in many ways an indurated dark- 
colored till. 

The conglomerate near the southern end of the bluff is a massive 
coarse-grained heterogeneous mixture with no sign of bedding. 
There are abundant angular to subangular boulders of all sizes, the ' 
largest of which are several feet in diameter. Most of the boulders, 
however, are small and less than a foot in diameter: They consist 
chiefly of greenstone, graywacke, slate, and argillite. A few small, 
exceptionally well rounded pebbles of siliceous argdite are found. 
The greenstone boulders appear most abundantly in the lower part 
of the southern end of the bluff. To the northward the conglomerate 
is finer grained, and a few thin lenticular beds of graywacke 1 to 4 
inches thick, which strike N. 30445' E. and dip 12'-25' W., appear 
in the conglomerate. The pebbles in the conglomerate at  the north 
end of the bluff are mostly 1 to 2 inches in diameter, although in 
places larger boulders occur. 

Except for the greenstone boulders, which weather a light yellowish 
brown, the pebbles, boulders, and matrix are all dark. The matrix 
of the conglomerate is predominantly argdlaceous. 

AGE OF THE ORCA GeOUP. 

No dehite evidence is available regarding the age of the Orca 
rocks of this area. The greenstones intrude the Mesozoic (?) rocks of 
the Valdez group, so that it can be said that they are post-Valdez in 
age, but further than this no definite statements can be made, and 
it can only be stated that the volcanic activity took place either in 
the Jurassic'or in some later period of the Mesozoic or Tertiary. 



There is no paleontologic evidence available as to the age of the con- 
glomerates. From lithologic and stratigraphio evidence they appear 
to be younger than the greenstones and may possibly be separated 
from them by an unconformity. 

QUATERNARY DEPOSITB. . 

The Quaternary depodts, which were laid down by water and ice 
during an epoch of glaciation that has not yet closed are the youngest 
sediments of the district. The area has experienced intense glacial 
erosion, and most of the material eroded was carried by the ice far 
beyond the confines of the district. The Quaternary deposits con- 
sequently cover relatively small are& and rest unconformably on the 
glacial abraded surfaces of the igneous and consolidated sedimentary 
rocks of the district. They consist of unconsolidated material. The 
materials of these deposits were derived largely by the erosion of local 
glaciers from the bedrock of the area and consist dominantly of 
pywacke, argillite, slate, conglomerate, and greenstone. A small 
percentage of foreign material, however, is included, as is indicated 
by the presence of boulders of granitic and dioritic character on the 
eastern shore of Valdez Arm between Jack and Galena bays. No 
intrusions of the character of these boulders are known in place in the 
Jack Bay or Port Valdez districts. 

The unconsolidated Quaternary sediments consist of glacial de- 
posits; the gravel, sand, and silt deposits of the present glacial streams; 
small marine sand spits, short, narrow, barrier beaches, and little 
beaches filling the smaller indentations in the shore line; alluvial fans; 
and rather inconspicuous accumulations of talus. 

A thin, patchy mantle or veneer of glacial till-a heterogeneous 
mixture of boulders and pebbles in a fine, compact sticky blue clay- 
covers the lower-lying parts of the district, and low blufEs of till a few 
feet in elevation front the shore in places on Halibut Point and the 
shore to the west and south. 

The fluvioglacial deposits were laid down by anastornosing and 
aggrading overloaded glacial streams from valley glaciers, and their 
deposition in front of the retreating ice tongues is still in progress. 
They consist of washed boulders, pebbles, gravels, sand, and silt, 
derived fro'm the graywacke, argillite, greenstones, and conglomerate 
bedrock, and occupy long, narrow, glacially excavated rock basins, as 
on Solomon Gulch and on the main creek flowing into the head of the 
north arm of Jack Bay, or they form outwash, delta plains which fl 
the heads of both arms of Jack Bay. 

On the geologic map (Pl. 111, p. 158) only the larger fluvioglacial 
areas of Jack Bay a\nd Solomon Gulch, the few small alluvial fans 
which occur a t  the mouths of some of the streams discharging into 
Jack Bay, and a sand spit in the southwestern part of the district, 



164 MINERAL RESOTJRCES OF ALASKA, 1917. 

near Galena Bay, are indicated by the Quaternary pattern. The 
glacial deposits, as they are too small and patchy to completely mask 
the underlying bedrock, are not mapped. 

MINERAL RESOURCES. 

GENERAL FEATURES. 

The mineral resources of the Jack Bay district and those portions 
of the adjacent Port Valdez district covered by this report consist of 
lode deposits which contain copper, gold, and silver. In  the follow- 
ing discussions of the relations of the ore deposits, two types of ores, 
copper-bearing sulphide ores and gold quartz ores, are recognized. 
At present only the copper ores are mined, but all the valuable metals 
mentioned are obtained from them. The copper ore of the Midas 
mine, the only productive property of the area under consideration, 
contains in addition to its copper content considerable amounts of 
gold and silver. No facilities are available locally for the smelting of 
these base ores, and the copper ore from the Midas mine, in the past, 
after being hand-sorted, has been shipped, for further treatment and 
for the recovery of its valuable contents, to the smelter of the Granby 
Consolidated Mining, Smelting & Power Co. (Ltd.), a t  Anyox, 
British Columbia, and to the smelter of the Tacoma Smelting Co., a t  
Tacoma, Wash. But few gold-bearing quartz veins have been dis- 
covered, and none of those yet found have been of suflibient present 
or prospective value to justify extensive development work on them. 
Some of the quartz veins contain chalcopyrite, the valuable copper 
mineral in the copper-bearing sulphide ores, but the amount present 
in these quartz veins is very small, and i t  is of no value as a source of 
copper. 

The first mineral location in this area was made in 1901 by H. E. 
Ellis, when he staked what is now known as the All-American lode of 
the Midas. A little development work was done on this lode in 1905. 
The following year the Jumbo lode of the Midas property was located. 
This lode received considerable attention under different owners in 
1911, 1912, and 1913. In October, 1913, the present owners of the 
Midas, the Granby Consolidated Mining, Smelting & Power Co. 
(Ltd.), purchased the property and have brought i t  to ,its present 
position as an important copper producer of the Prince William 
Sound region. As a result of the gold quartz boom in the Port 
Valdez district in 1910 and 1911, the adjacent Jack Bay district r s  
ceived considerable attention. Few discoveries of gold quartz veins 
were made, however, in this rather barren-looking district, and little 
development work was done on the lodes found. Some slightly 
mineralized copper showings were staked on which short tunnels were 
driven, but the general belief that this portion of Prince William 



Sound was underlain by auriferous rocks of the Valdez group appears 
to have hindered the search for copper lodes and the development of 
the known copper deposits. 

At present the Midas mine is the only property that is actively and 
continuously worked, and assessment work is being done on only a 
few other properties. 

The area considered in this report lies entirely within the Valdez 
recording district, the recording office of which is at  Valdez. 

GEOGBAPHIC DISTRIBUTION OF THE ORE DEPOSITS. 

The Jack Bay district and that portion of the Port Valdez district 
covered by this report lie between the Port Valdez gold quartz 
district on the north and the Ellamar copper district on the south 
and immediately adjoin both districts. Both copper-bearing sul- 
phide deposits and gold quartz veins occur in this area. The copper 
mineralization is restricted to two small areas, one of which lies 
between the two arms of Jack Bay and the other surrounds the upper 
end of Solomon Gulch and extends into the adjacent valleys. Copper 
deposits of proved economic value have thus far been found only 
within the Solomon Gulch area. The gold-bearing quartz veins lie 
mostly to the south of the south arm of Jack Bay, although a small 
vein was observed in the broad slate band north of the head of this 
arhz. 

The mineralization has a known vertical range of at  least 2,500 
feet, extending from sea level in the Orion quartz claim and the copper 
prospect on the north shore of the south arm of Jack Bay to the 
Bayview copper prospect nearly 2,000 feet above sea level on Solomon 
Gulch and the gold quartz veins south of Jack Bay a t  an elevation 
of about 2,500 feet. Both gold and copper prospects occur a t  inter- 
mediate levels. The Midas mine is at  an elevation of about 800 feet. 

The only regularly producing property within the area discussed 
in this report is the Midas mine of the Granby Consolidated Mining, 
Smelting & Power Co. (Ltd.), near the head of Solomon Gulch. 
No &ipments of ore are known to have been made either to smelters 
or to custom mills from any of the gold or copper prospects of this 
area. 

GEOLOGIC R;ELATIONS OF THE ORJZ DEPOSITS. 

The copper deposits are closely associated with masses of intrusive 
greenstone. They occur either in shear zones in the greenstones or 
in near-by sedimentary rocks, or else as mineralized inclusions of 
sedimentary rocks in the greenstones. They furthermore appear to 
favor the black slates and argdlites rather than the graywackes. 
In the adjacent Ellamar district the black slates include some impure 
dark limestones, and i t  is not improbable that some as yet unrecog- 
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nized dark limestones may likewise occur in the black slate series 
of this area and in the Midas mine much of the sulphide impregnation 
and replacement may be the result of the action of sheared calcareous 
sediments upon the mineralizing solutions. 

The gold quartz deposits occupy simple fissures. Most of them are 
in the folded and faulted massive graywacke series south of the south 
arm of Jack Bay, but one occupies a fissure that cuts the broad band 
of black slates on the north side of the head of that arm of Jack Bay. 
Three of the quartz veins measured strike nearly north and south. 
The other two had strikes of N. 40" E. and N. 75" W. The dips 
range from 60" to vertical. The veins are narrow, not exceeding 
3 feet. The character of the country rock appears to have had 
little if any chemical effect upon the deposition of the few gold 
quartz lodes of the district. The country rock of the veins, however, 
has been somewhat affected by the mineralizing solutions and now 
in some places is impregnated with pyrite. 

The mineralogy of both types of ore is simple; the minerals are 
few and are common to most of the properties of that type. Two 
small mineralized shear zpnes on Solomon Gulch, however, in addi- 
tion to the minerals usually found in the copper deposits, contain 
chalrnersite, CuFe.$,, a rare copper-iron sulphide that carries about 
23.b per cent of copper, which has not yet been observed in the other 
copper-bearing ores of this area. 

The economically important copper-bearing mineral is chalco- 
pyrite. Gold and silver both occur in the copper ores and also in 
the gpld quartz veins. The gold is probably native. In  the gold 
quartz veins the silver is alloyed with the gold. The combination 
in which the silver occurs in the copper ores is not known. 

The original metallic minerals of the copper ores are chalcopyrite, 
chalmersite, pyrrhotite, pyrite, sphalerite, arsenopyrite, galena, gold, 
and silver. The nonmetallic minerals associated with these minerals 
in the copper ores are quartz and calcite. In  the gold quartz veins 
arsenopyrite, pyrrhotite, pyrite, gold, and silver are the ore minerals, 
and quartz was the only gangue mineral noted. Limonite oecurs 
in the weathered outcrops of both gold and copper deposits but 
most abundantly on those of the copper deposits. 

I n  all the mineral deposits of this area which were examined the 
primary sulphides are exposed a t  or very near the surface, although 
the outcrops of the ore bodies have in places been slightly modified 
by the postglacial oxidation of the sulphides in the veins shce the 
comparatively recent glaciation of this area. 

GENESIS OF THE ORE DEPOSITS. 

Two distinct periods of mineralization are now thought to exist 
in the Prince William Sound region, one in which gold quartz veins 
were formed in association with the intrusion of granites and the 



other in which copper ores were deposited in connection with the 
intrusion of large greenstone masses. The Jack Bay district lies 
between one of the typical gold quartz districts of the Prince William 
Sound region, the Port Valdez district, and a typical copper district, 
the Ellamar district. In  the adjacent Port Valdez district the gold- 
bearing quartz veins appear to be genetically related to small bosses 
of granite. In the Ellamar copper district on the south the copper 
deposits are associated with greenstones and are probably genetically 
related to'them. In the Ellamar district, also, there are a few gold- 
bearing quartz veins which appear to have the same relations to 
the greenstones as the copper deposits and which were probably 
formed during the same period of mineralization as the copper deposits 
and by solutions from the same source. In  the Jack Bay district 
and in those parts of the Port Valdez district considered here the 
copper deposits are associated with greenstones and the mineralizing ' 

solutions which deposited the copper deposits appear to have been 
genetically related to these basic intrusive rocks. The few quartz 
veins may likewise owe their origin to these same mineralizing 
solutions or they may be of the same age and origin as the gold 
quartz veins of the Port Valdez district. The evidence at hand is 
not conclusive. 

SUGGESTIONS FOR PROSPECTING. 

The possibility of finding gold quartz lodes of economic importance 
in the future in this area appears slight. Though the area is much 
h u r e d  and a few of these fissures are known to be filled with shghtly 
mineralized quartz, the small granite bosses and acidic dikes with 
which the gold-bearing quartz veins of this region are usually asso- 
ciated are lacking. Several of these bosses and d i e s  occur in the 
adjacent Port Valdez gold district, however, and some of the miner- 
alizing solutions which formed the gold lodes of that district may 
possibly have traveled far enough along the many .fissures of the region 
to enter and iill some of the numerous fractures of the Jack Bay 
area. 

The chances for copper prospecting are better, although most of 
the area is underlain by massive graywackes which offer little if any 
inducement to the copper prospector. The most favorable situations 
in which to search for copper lodes would seem to be in the black 
date and argillite areas, which are in the vicinity of masses of in- 
trusive greenstones. 
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MINES A N D  PROSPECTS. 

SOLQMON GULCH PROPERTIES. 

The Midas copper mine, now the property of the Granby ~onsoli- 
dated Mining, Smelting & Power Co. (Ltd.), of Canada, is 
+t side of Solomon Gulch, about 43 miles from Port Valdez, at  
e$l: devation of about 800 feet above sea level. The property &kers 
~ W Q '  separate ore deposits. The Jumbo lode, where the 6 e n t  
extensive developments are being made, is on the west side7& the 
valley near the head of the broad gravel flat which fills Solomon 
Basin and a t  the base of the high mountain. ridge which forms the 
west wall of the valley of .Solomon Gulch. The All-American lode 
is about half a mile upstream from this locality and in the middle of 
the valley bottom just above the head of the gravel flat. The nearest 
available standing timber is about 43 miles away, near the lower end 
of Solomon Gulch. 

The All-American lode was originally located by H. E. E& as 
"King Solomon's Copper Mines Nos. 1 and 2" in 1901. It was later 
located by C. G. Debney and relocated in 1904 by him aa the All- 
American Nos. 1 and 2. I n  1905 an option on the claims was given 
to B. D. Brown and P. J. L. Parker, and in the summer of that year 
a shaft and crosscut totaling 150 feet were driven by them on this 
group. The Jumbo lode was located in 1906 by Mary G. Debney. 
I n  1911 d. A. Cwson procured an option on the property and later 
assigned it to A. E. Grigsby and T. J. Devinney, who transferred 
thek interests to the Midas Copper Co. in July, 1912. Some develop- 
ment work was done in 1911 and 1912, and about 100 tons of copper 
ore was shipped to the Tacoma smelter in 1912. The Midas Copper 
Co. bonded the property to the Alaska Development & Mineral Co. 
from September 21, 1912, to June 27, 1913. Considerable under- 
ground work was done by this company before the property was 
turned back to the owners. In  October, 1913, the Midas Copper Co. 
sold the property to the present owners, the Granby Consolidated 
Mining, Smelting & Power Co. (Ltd.), of Canada, who started develop- 
ment work the following spring. The b t  shipment of ore under the 
present ownership was made in August, 1916, and the mine has been 
an important shipper ever since. A maximum force of 130 men 
were employed during the construction of the tram line. The aver- 
age force employed on the property in 1917 was 50 men. 

The principal method of transportation of supplies between the 
Midas mine and the wharf is an 80-bucket Riblet tram line, 5$ miles 
in length. The erection of the tram line was started in May, 1914. 
Work on it was discontinued on September 1, 1914, as a result of 
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*European war and was not started again until the following 
ApS. The tram line was Grst put in operation in August, 1915, 
m&has been operated much of the time since. The tram line is 
driwm by a 35-horsepower 220-volt two-phase General Electric 
motor, current for wbich is furnished by the local electric-light plant 
on Solomon Gulch. 
All passenger travel between the mine and the camp on the shore 

is over the trail to the foot of the reservoir and then either over the 
wagon road to the shore near Fort Liscurn or over one of two trails 
to the wharf. 

Surface improvements on the property include a wagon road from 
the shore of Port Valdez to the mine; an aerial tram, 5 %  miles in 
length, from the bay to the mine; a wharf and 3,000-ton storage 
bins a t  the coast terminal of the tram; several buildings on the shore 
near the wharf; ore bunkers, blacksmith shop, cook and bunk house, 
five cottages, sheds, and an air-compressor building a t  the mine. 
A 200-horsepower Diesel engine was installed at  the mine in 1916 
and furnishes all the power needed a t  the mine at present. This en- 
gine is used to drive a 160-horsepower Imperial-type Ingersoll-Rand 
air compressor and a 54-kilowatt 135-volt direct-current generator, 
which furnishes light for the camp buildings and the mine and power 
for the sorting belt and various small machinery. 

The underground developments on the principal ore body, the , 

Jumbo lode, total nearly 4,000 feet in length and consist chiefly of 
four tunnels, 500 to 900 feet in length, driven largely in the ore- 
bearing zone; several raises; stopes between the three lower tunnels; 
and sn incliied winze with a dip of 60°, which starts in No. 2 tunnel 
and extends to a depth of 100 feet. The vertical interval between 
the lowest and highest t u ~ e l  is 290 feet. Considerable open-cut 
work and stripping has also been done on the east side of the valley 
in an attempt to trace the eastward extension of this lode. On the 
All-American lode there are some shallow shafts and open cuts. 
The underground work on this group, which was done in 1905, is 
said to total about 150 feet. 

The Jumbo and All-American lodes lie within a broad band, eom- 
posed dominantly of black slates, which has been intruded a t  several 
places by small bosses, sills, and d i e s  of greenstone. Interbedded 
with the black slates are also argillites, cherts, graywackes, and 
quartzites. Schistose phases of these rocks have resulted from the 
extensive deformation to which they have been subjected. This slate 
band crosses Solomon Gulch in a general southeasterly direction, 
but the individual strikes of the bedding recorded a t  different places 
range from S. 70" E. to S. 83" E. The dips of the beds are from 40" 
to 67O N. This slate band appears to grade upward rather abruptly 
to the northeast into a graywacke series, the individual beds of gray- 
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wacke ranging from a few inches to more than 20 feet in thickness, 
On the southwest the slate band is apparently faulted against ther 
massive heavy-bedded graywackes of the peak southwest of themine. 
A large boss of greenstone crops out within the slate band on the we& 
side of Solomon Gulch, immediately south of the Jumbo lode. Nu- 
merous sills, dikes, and lenses of greenstone are exposed along both 
sides of the canyon just west of the All-American workings. 

, The present developments show two apparently distinct ore 
bodies-the Jumbo lode on the west side of the valley, where the 
present extensive developments are being made, and the All-Ameri- 
can lode about half a mile upstream from this locality, in the middle 
of the valley bottom. Both deposits occur in mineralized shear 
zones. The Jumbo lead has been traced for over 800 feet into the 
hill by the tunnels. On the surface the b h e s t  showing of ore is 
about 650 feet above the lower tunnel. The general strike of the 
crushed zone appears to be a little north of east, but the strikes of 
individual shears within the major shear zone range from N. 7Fi0 W. 
to S. 62O W. and the dips range from 40' to 70° N. The lead splits 
in the two lower adits, the branches having strikes of N. 7 5 O  W. 
and S. 65O W. The width of the ore-bearing shear underground 
ranges from a few inches to 20 feet, but the average width of ore is 
between 3 and 4 feet. An overthrust fault occurs in the graywackes 
along the probable extension of the Jumbo lead to the southwest 
and may be the continuation of the Jumbo break. The All-American 
lode appears as a sulphide-impregnated shear zone in the sedimentary 
rocks on the north side of the greenstone intrusions which are exposed 
in the canyon n e w  by. The ore body strikes a little south of east 
and dips 60° N. The mineralized zone is wider than the Jumbo 
lode, and the ore in this zone is said to be of lower grade than that 
in the developed ore body of the Jumbo. The outcrop of the All- 
American lode aa exposed by the open cuts has a width of about 25 
feet. 

The ores are partly replacements and impregnations of the crushed 
country rocks and partly the result of cementation of small fractures 
by the ore minerals. The sulphide minerals present are pyrite, 
chalcopyrite, pyrrhotite, and sphalerite. Abundant beds of fine- 
grained pyrite are found in places. A little quartz is assaciated with 
the sulphides, and in the driving of the lower tunnel on the Jumbo 
lode lenses of quartz which had a maximum thickness of 1 foot were 
encountered. Sulphide-bearing quartz stringers are also reported 
to occur along the footwall of the shear zone on this lode. Gold and 
silver are reported in assays of the ores, but neither metal has been 
observed in specimens. Some limonite has resulted from the sur- 
ficial oxidation of the iron-bearing sulphides, and malachite stains 
from the carbonation of the chalcopyrite. 



BAYVIEW CLAIM. 

The Bayview copper claim has been staked recently on a rnineral- 
ized zone in the large greenstone area that crosses the head of Solo- 
mon Gulch. The claim is on the west side of Solomon Gulch, near. 
the foot of a hanging glacier a t  an elevation of about 2,500 feet and 
about 1 4  miles south of the Midas mine. 

OTHER OOPPER DEPOSITS ON SOLOMON GULCH. 

Small sulphide lenses that carry chalcopyrite and chalmersite 
oc.cur in short, narrow shear. zones in the graywackes and slates 
along the southern contact of the large intrusive greenstone mass 
a t  the head of Solomon Gulch. These mineralized shears were found 
in similar places on both sides of the valley. The mineralization is 
too &ht to be of economic importance but is of scientific interest as 
furnishing the only occurrence as yet known of the rare copper min- 
eral chalmersite (CuFe,S,) in the Port Valdez or Jack Bay districts. 
Other minerals present in these small shears are chalcopyrite, quartz, 
and limonite. 

JACK BAY PROPERTIES. 

COPPER PROSPECTS ON JACK BAY. 

A tunnel about 40 feet in length has been driven a t  an elevation 
of 600 feet on the north side of the north arm of Jack Bay to the 
northeast of the large island between the two arms of Jack Bay. 
The country rock is a fine-grained bedded graywacke. The tunnel 
is driven on a shear zone that strikes N. 10' E. and dips 70° W. 
The tunnel is driven a t  the foot of a bluff a t  the lower exposed end of 
the shear, which shows in the face of the bluff above the tunnel for 
about 50 feet with a width of 2 to 4 feet. The walls of the shear are 
free and well defined and have a thin gouge in some places. The 
6 lhg  of the shear zone is not very badly sheared, and the shear is 
only slightly mineralized. The sulphides present in the ore are 
arsenopyrite, chalcopyrite, pyrrhotite, sphalerite, and galena. Quartz, 
calcite, and the crushed and altered country rock are the nonmetallic 
components of the ore. Some of the quartz occurs as small stringers. 
Limonite is present in the weathered ore. 

A small mass of greenstone intrudes the sedimentary rocks on the 
north side of the south arm of Jack Bay about 1 mile east of the tip 
of the point between the two arms of the bay. Many inclusions of 
the slate and argillite country rock are contained in this greenstone, 
and these inclusions are slightly metamorphosed and mineralized. 
The mineralization, however, everywhere appears very much too 
slight for the mineralized rock to constitute a possible ore body. 
These mineralized inclusions have been located as copper prospects, 
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and in one of the larger inclusions a tunnel 25 feet in length and with a 
25-foot approach has been driven a few feet above high tide. Pgrite, 
pyrrhotite, chalcopyrite, sphalerite, and a very little quartz are 
recognizable in the mineralized rock at this locality. 

Some mineralization appears in the sedimentary rocks along the 
northern contact of the intrusive greenstone mass on the crest of the 
divide between the two arms of Jack Bay, but this mineralization 
seems slight. Apparently, too, it has not attracted prospectors, as 
no evidence of development work was seen on any of the rusty 
croppings. 

Slightly mineralized float-iron-stained metamorphosed slates that 
carry specks of chalcopyrite and pyrrhotite-was found in creek 
wash from the broad area of slate dong the north side of the flat at  
the head of the south fork of Jack Bay. Heavily mineralized float 

' that carries chalcopyrite and galena is said to have been found on 
Friday Creek. The lead from which this float came has not been 
located, and it is not hown whether this lead outcrops within the 
valley of Friday Creek or whether the float was carried into that 
valley from the eastern portions of the Jack Bay district by the 
glaciers. 

GOLD QUARTZ PROSPECTS. 

Cudy E;idney prospect.-The Curly Kidney claim was located by 
E. Rohrbach in 1910 in the valley of a small unnamed creek flowing 
into Jack Bay from the south about 2 miles east of the entrance. A 
25-foot tunnel has been driven on the west bank of the creek a t  an 
elevation of about 600 feet above sea level, and some stripping has 
been done in the canyon a little farther upstream. The country rock 
is dominantly graywacke accompanied by a little argikte. The tun- 
nel is driven in a southerly direction on a shear zone 2 to 4 feet in 
width, which strikes S. 5' E. and dips about 80' E. This shear is 
very slightly mineralized. There is a small y o u n t  of quartz ia 
very small stringers and a little pyrite both in the quartz and in the 
sheared material. The main showing on the property appears to 
be farther upstream in the bottom of the stream canyon at an eleva- 
tion of 670 feet, on what is probably one of a system of closely linked 
shear zones. The strike of this shear zone is about north and south, 
the dip nearly vertical, and the width as exposed is from 2 to 10 feet 
and probably wider in places, where at  present the shear is not fd1y 
exposed. This shear contains a few lenses and stringers of quartz 
which have a maximum thickness of 3 feet. These stringem and 
lenses are short, and most of them are only a few inches thick. In 
most of the shear no quartz is visible a t  all. Arsenopyrite was the 
only sulphide seen in the ore. Assays of the ore are reported by the 
owner to show gold in the quarta. 
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O h  claim.-The Orion claim is at sea level on the south side of 
the south arm of Jack Bay about 13 miles from the head of the bay. 
The country rock is graywacke and a little argillite. About 75 feet 
of underground work has been done on the claim on a curving lead 
that outcrops on the shore. This lead is traceable about 25 feet across 
the beach and for about 50 feet in the tunnel. The outer end strikes 
N. 6' W. and dips 70' W. From 1 to 10 inches of quartz is visible in 
the lead, and this in places shows secondary banding parallel to well- 
defined walls. Arsenopyrite, pyrrhotite, and quartz were the only 
minerals observed in the ore. 

Other gold quartz prospects.-A well-defined quartz vein, 6 inches to 
3 feet in thickness, was observed a t  an elevation of 2,500 feet in the 
west wall of a small cirque the drainage from which is tributary from 
the south to the stream that enters the head of the south fork of 
Jack Bay, about 13 miles east of the head of the bay. The vein strikes 
N. 40° E. and dips 60' W., crosscutting the bedding of massive 
finegrained graywackes, and is traceable several hundred feet by 
local outcrops. The walls break free. The lead does not appear to 
be very well mineralized. Quartz, arsenopyrite, and limonite were 
the only minerals seen in the ore. The presence of traces of gold, 
however, is reported to have been shown by assays. The quartz 
shows secondary banding parallel to the walls in some places. 

A smaller quartz vein, only a few inches wide but traceable for a 
considerable distance, crops out near the divide on the side of the 
ridge that fronts on Galena Bay. 

A small quartz vein 2 inches thick cuts the thick black slate series 
, on the north side of the flat a t  the head of the south fork of Jack 

Bay. The vein crops out & the west wall of the canyon of a stream 
a t  an elevation of 100 feet and a t  a distance of la miles from the 
head of the bay. The bedding and cleavage of the slates here strike 
S. 75O E. and dip 60' N. The vein strikes north and dips 55' W. 
Chalcopyrite and pyrrhotite were the only metallic minerals observed 
in the ore. 

115086°-14--12 



MINING IN CENTRAL AND NORTHERN KENAI PENINSULA. 

INTRODUCTION. 

The mineral production of central and northern Kenai Peninsula 
comes entirely from gold quartz lodes and placers. Very little gold 
quartz mining was in progress during 1917, and placer operations 
were restricted to a few streams. 

GOLD QUARTZ MINING. 

The producing gold lodes in 1917 were in the Moose Pass district, 
on Porcupine Creek, and in the Hope district. The Kenai Alaska, 
one of the large producers of formeryears, did not operate; both the 
mine and the mill were closed down. In the Moose Pass district a 
small mill, operated by water power, was installed on the Ronan & 
James property on Summit Creek, and several tons of ore were 
milled. The installation of this mill was started June 15, and aU 
operations ceased on the property for the year on October 26. Under- 
p u n d  operations consisted in the driving of 100 feet of tunnel and 
the removal of the ore, which was later milled. Surface improvements 
also included the erection of an aerial tramway between the mine 
and the mill. Present underground developments on the property 
consist of a 137-foot crosscut to the lead, a 210-foot drift on the 
vein, an 85-foot raise to the surface a t  the point where the lead was 
struck, and a 30-foot shaft on the outcrop of the ore body. 

On the Gilpatrick property, in Moose Pass, two men were a t  work, 
and some ore was milled in an arrastre which had been erected in 
previous years on this property. 

On the Columbia and Ophir claims, also in the Moose Pass district, 
only 12 feet of tunnel was driven during the year, and the mill on 
this property was not operated. Only assessment work is reported 
on the Beatrice and Sampson claims. 

On Porcupine Creek two or three men were said to have been a t  
work on the Bluebell and Primrose claims in 1917, and a few tons of 
ore are reported to have been mined and milled a t  the small mills on 
this creek. 
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Some underground work was done on a gold lode property on 
Grant Lake, and the ore mined was milled in the arrastre on this 
property. 

The mill on the Lucky Strike property on Palmer Creek, near 
Hope, was operated from July 1 to October 1, one shift a day. The 
mine also was operated from June 1 to October 1. 

GOLD PLACER OPERATIONS. 

Placer operations were in progress on Resurrection, Crow, Mills, 
Winner, Canyon, Cooper, and Stetson creeks. Large mining opera- 
tions were in progress only on Resurrection and Crow creeks. 

On Resurrection Creek several hydraulic outfits are said ta  have 
been operating. The Mathison Mining Co. operated from June 6 to 
September 18 with a crew of nine men. E. E. Carson hydraulicked 
stream gravels from Nay 10 to July 2 with a crew of two men. 
The Pearsons and the St. Louis Mining & Milling Co. are also reported 
to have worked, but no data are available regarding their operations. 
Practically all these placer camps suffered greater or less damage 
during a heavy rain and wind storm which passed over the Kenai 
Peninsula early in September, 1917. 

A large crew was a t  work on the Crow Creek placer property during 
the summer, and considerable work was done. This property is said 
to have suffered extensively also in the September storm. On 
Winner Creek, a tributary of Glacier Creek, Axel Lindblad operated 
from June 1 to September 28. 

On M& Creek Robert Michaelson worked alone throughout the 
yeat, driving a tunnel, now 96 feet in length, in an old channel of 
Mills Creek. Fred Matz, on this same creek,.groundsluiced on his 
placer claim from June 1 to October 1. 

The Dunfranwald Gold Mines carried on extamive development 
work near the junction of Canyon Creek and East Fork preparatory 
to actual mining operations. This work is said to have consisted of 
the construction of ditches, dams, and flumes. Some development 
work was also done on the Lynx Creek gravels. 

The major operation on Canyon Creek was a t  the property of the 
Kenai Peninsula Placer Mines, where the instauation of a hydraulic 
plant is said to have been completed in September. The crew 
employed st this property during the season comprised 30 to 40 
men, and they were engaged in opening up bench gravels on the 
left limit of the creek. 

Small hydraulic operations are reported on Cooper and Stetson 
creeks. The property of the Kenai Mining & Milling Co. a t  the mouth 
of Cooper Creek was not in operation. 

Two men were a t  work on the Getchell claims on Gulch Creek, 
mining the old creek channel gravels by hydraulic methods. 



GOLD LODE MINING IN THE WILLOW CREEK DISTRICT. 

INTRODUCTION. 

Gold mining in the Willow Creek district in 1917 was confined to 
the exploitation of the quartz lodes, from whicli almost the entire 
production has been won for several years. Although the f i s t  gold 
recovered from this.area was gained by placer mining, the workable 
placers were soon exhausted, and of recent years their output has been 
negligible. The production from this camp in 1917 was made by four 
mines. Two of these mines, the Gold Bullion and the Alaska FreeGold, 
have been in operation for many years and have produced the bulk of 
the output of the district. The Independence mine, which has for years 
been a producer, was idle in 1917; though the mill was used to crush 
some ore from a near-by property. In 1916 a mill was erected and put 
into operation on the Mabel, and in 1917 a mill was completed on 
the property of the Talkeetna Gold Mining Co. To summarize these 
conditions, in 1917 there were five quartz miUs in the district, of 
which three were operated steadily and two at intervals, and another 
s m d  prospecting mill was ready to be set up. A report on the 
Waow Creek district,, comprising a degcription of the geology and an 
account of the mining developments through 1913, has been pub- 
lished.' A later summary of the progress of mining through 1915 
hae also been i ~ s u e d . ~  The following notes on the properties are 
incomplete but are intended to supplement the previously published 
reports by carrying forward the account of the progress of mining to 
the fall of 1917. 

In the accompanying table the production of the district is given 
by years. The large production of 1914 is due to the fact that 
during that year the cyanidation of accumulated tailings was begun, 
,and the gold so recovered came in part from ores previously mihed. . 
In 1915 and 1916 the two cyanide plants were operated principally 
on the current tailings. In 1917, as a result of the high price of 
potassium cyanide, considerable quantities of tailings were ponded 
for storage, to await a time of more favorable operating costs. 

1 Capps, 8. R., The Willow Creek district, Alaska: U. 8. Oeol. Survey Bull. 807,1915. 
1 CBpps, 8. R., Ooid +ing in the Willow Creek district: U. 8. Oeol. Survey Bull. 842, pp. 195-200,1916, 
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Gold and silver produced at lode mines in Willow Creek district, 1908-1917. 

Year. I I 

a The silver content recovered from the gold bullion is estimated. 

GOLD BULLION MINING GO. 

The Gold Bullion mine was operated throughout the open season 
of 1917. Milling was begun on June 1, and the 12-stamp mill was 
operated a t  different proportions of its capacity, the rate depending 
upon the water supply. During the month of June the ore was sup- 
plied from the old No. 2 tunnel, but from July 1 to the end of the 
season all ore milled was taken from the Gold Dust tunnels 8,9,11, 
and 12. About 65 men were employed, of whom 50 were a t  the 
mine and 15 at the mill and camp. At the mine no mechanical power 
is ussd, and hand drilling is still relied upon. Hydraulic power is 
obtained for the mill and to operate a part of the cable tram. The 
water supply, however, has always been inadequate, and the quan- 
tity of ore crushed in any year has been determined in large part 
by the amount of power available. In 1916 five 1,050-pound stamps 
were added to the mill, making a total of 12 stamps, and a pipe line 
and small Pelton wheel were installed, using water brought from a 
small. stream on the mountain to the south of the mill under a head 
of 425 feet, thus addmg notably to the milling capcity. 

The cyanide plant for the treatment of the sands was installed 
in 1914 and has operated satisfactorily. The sands accumulated 
before the installation of the cyanide plant have now been leached 
and the current mill product is being handled systematically. The 
plant has six leaching tanks, one of 37 and five of 30 tons capacity, 
and' three other tanks for solutions. The product treated is coarser 
than that formerly handled, and an extraction of nbout 78 per cent 
is reported; the slimes are stored for possible future treatment. 
The concentrates from the mill are now also cyanided on the ground 
and the precipitates are all retorted, so that the only product shipped 
is bullion. 

Several faults that add difficulty to the recovery of or? have recently 
been encountered in mining. One of these faults is exposed in Gold 



Dust tunnels No. 8 and No. 10 and in the No. 3 raise in tunnel No. 
8, and no ore has been found beyond it. Another fault in the old 
No. 2 tunnel cub  off the ore in several drifts and is said to show a 
displacement of 50 feet. 

Exploratory work was done in 1917 on a surface showing of rich 
quartz in a saddle of the Craigie-Willow Creek divide, near the east 
and of the Gold Bullion claims, in the hope of locating the vein in 
place. About 20 tons of loose ore was picked up a t  this locality and 
taken by pack horses to a chute in the Gold Dust workingj. 

The progress of underground mining on this property to September, 
1917, may be briefly summarized as follows: The old No. 2 tunnel 
has now over 3,300 feet of workings in addition to the stopes. Gold 
Dust tunnel No. 11, started in 1916, extends over 200 feet in a 
southerly direction and has three southwest drifts of an aggregate 
length of 550 feet. Gold Dust tunnel No. 12 lies approximately 180 
feet west of No. 11 and is about 150 feet long, with a southwest drift 
60 feet long. Gold Dust tunnels 11, 10, and 8 are now connected. 
No. 10 is 215 feet long, and much ground between it and No. 11 is 
stoped out. Old tunnel No. 9 is now caved and a new No. 9 has 
been driven to a length of 90 feet. The ground between the old and 
the new No. 9 tunnels is worked out. The main No. 8 tunnel is 225 
feet long and has four southeast drifts that aggregate 430 feet of 
tunnel in addition to stopes. 

Plans are under way to donnect the Gold Dust No. 12 tunnel 
underground with the main No. 2 adit, thus making i t  possible to 
haul all ore from the Gold Dust workings by an underground tram 
to the head of the wire tram a t  the mouth of No. 2. This work would 
make it possible to eliminate one cable tramway and a surface tram 
line, both of which can be operated only during the open season 
from July 1 to October 1 and would lengthen the possible mining 
season. I t  was also proposed to drive the south drift of No. 2 
tunnel through to the Willow Creek side of the mountain, to make 
accessible certain ores there that can not now be economically 
taken to the mill. 

ALASKA FREE GOLD MINING CO. 

klilhg was commenced a t  the mine of the Alaska Free Gold Mining 
Co. on May 20, 1917, and was continued throughout the summer and 
fall, except for one month when operations were suspended on 
account of labor trouble. Before the strike both of the two Lane 
mills were operated for 24 hours a day for about a month, but since 
the resumption of'operations ordy one mill has been turning. About 
25 men have been employed on an average, and the mill has worked 
three shifts, but the mine has run only a single day shift. Con- 
siderable improvements have been made on the property since 1915. 
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bunk house and a mess house have been built on the 
mountain near the workings, thus elimiaating a high climb dirily of 
the entire mining force. All the men now live a t  the mine except 
the miU crew of five men. A 16-horsepower Fairbanks-Morse gaso- 
line engine and an Ingersoll-Rand compressor have also been 
installed a t  the upper camp to supply power for an Ingmoll-Rand 
jack hammer. One man now does all the drilling and blasting and 
is said to replace 12 hand drillers. The cyanide plant was idle in 1917, 
as the increased cost of chemicals had greatly increased operating 
expenses. The sands are ponded for future treatment. In Septem- 
ber, 1917, the No. 8 tunnel was 225 feet long, the No. 9 tunnel 100 
feet long, and the crosscut 175 feet long. A new 150-foot tunnel 
has also been driven, and new stopes have been made in all these 
workings. At the time of the visit the ore was being taken from 
surface workings on the outcrop of the main vein south of the open 
cut that was made in 1915. 

INDEPENDENCE aow MINES CO. 

As a result of increased operating costs no mining was done in 1917 
on the property of the Independence mine. In 1916 an adit was 
driven below the old working tunnel to intercept the vein a t  a lower 
level. The vein was reached at a distance of 278 feet from the portal 
and was followed for 28 feet, but although its average thickness was 
2 feet the gold content of the portion mined was less than that re- 
quired to pay costs of mining and treatment. In 1916 a No. 2 Denver 
Chilean mill, which has a proved milling capacity of 36 tons of ore 
crushed to 40 mesh, was installed. In  1917 the pipe line that sup- 
plies the Pelton wheel was extended to a total length of about 1,100 
feet, giving a head of 210 feet a t  the wheel. A temporary arrange- 
ment was made with the owners of the Gold Cord prospect for the use 
of the mill, a kamway was meted  to the Gold Cord workings, and a 
few hundred tom of ore was milled. 

Considerable prospecting, including several open cuts and a 33-foot 
tunnel, on the east bank of Fishhook Creek, has been done in the en- 
deavor to locate new ore bodies. The northward strike of the Gold 
Cord vein indicates that the extension of the vein may cross the In- 
dependence property, and this possibility has stimulated prospecting. 

GOLD CORD MINING, MILLING 62 POWER CO. 

The Gold Cord Mining, Milling & Power Co. has nine claims on 
upper Fishhook Creek, located on a quartz vein discovered in the fall 
of 1915 by Byron and Charles Bartholf. Developments in September, 
1917, included cook and bunk tents, 245 feet of underground workings, 
and a wire-cable tram with two buckets of 500 pounds capacity, sup- 
ported by four towers, that connects the workings with the quartz 
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mill of the Independence mine, at  a distance of 2,400 feet. The slope 
from the mine to the mill is insufficient for gravity operation of the 
tram, and power for the tram is supplied from the mill. 

The Gold Cord ore body consists of a main vein, the so-called "blue 
lode," of blue-gray to greenish quartz mottled with white, which 
strikes in a general north-south direction and dips 40°-440 W. The 
vein ranges in width from 2 to 9 feet or more and cuts the diorite, that 
is, the country rock, for all the mines of this district. The quartz con- 
tains scattered specks and bunches of arsenopyrite and pyrite and 
some visible free gold. Near the portal of the tunnel the "blue lode " 
is apparently crossed, at  an acute angle, by a vein of white quartz 
that strikes west of north and dips west. At the time of visit this 
portion of the tupnel was partly covered by timbers and lagging, and 
the conditions could not be satisfactorily determined. 

The ore from this mine is said to carry encouraging amounts of gold, 
but s mill test of a few hundred tons is said to have yielded only 
a part of the gold content upon the amalgamation plates, the re- 
mainder being so entangled with sulphides that further treatment will 
be necessary for its recovery. 

MABEL MINING, MILLING & POWER CO. 

The Mabel mine and mill were operated throughout the open season 
of 1917, beginning May 23, and about 18 men were employed, of whom 
14 were working in the mine and 4 at  the mill. This property was 
equipped in the winter of 1915-16 with a 2-bucket wire-cable tram- 
way 3,500 feet in length, which has a vertical drop of about 1,500 feet, 
connecting the mine with the mill, in which a Denver Chilean mill and 
crusher of about 15 tons capacity were installed. Power is obtained 
from a 13-inch turbine wheel that is operated by water procured from 
Archangel Creek through a ditch half a mile long and supplied to the 
wheel under a 30-foot head. After leaving the amalgamation tables 
the tailings are ponded for future chemical treatment. The under- 
ground workings in September, 1917, consisted of an upper tunnel 
200 feet long, not including s topes, and a lower tunnel 260 feet long. 
From a hasty examination i t  appears that the workings show two dis- 
tinct veins, generally parallel and about 70 feet apart, which strike 
northeast and dip about 30" NW., and a third vein that is quite flat 
and connects the other two. This flat vein has not been followed be- 
yond its intersection with the two northwestward-dipping veins. 
The underground work has demonstrated a marked tendency of the 
veins to pinch and swell within short distances. Gold is also irregu- 
larly distributed in the veins, but for the last two years the mill has 
been supplied to capacity with ore of good grade. Near the surface 
cropping of the main vein and above the upper tunnel a small stringer 
of very high grade ore has been exploited. This stringer consists of 
banded white to rusty quartz that contains patches of sulphides, 
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stains of copper carbonate, and abundant visible free gold. I t  is gen- 
erally reportad in this district that this high-grade ore contains gold 
tellurides, but samples selected by the owners as their typical '' fallu- 
ride ore" upon analysis in the chemical laboratory of the United 
States Geological Survey failed to show any trace of tellurium. 

TALKEETNA C O W  MINING CO. 

The property of the old Matanuska Gold Mining Co., in the upper 
basin of Fairangel Creek, was purchased in the fall of 1915 by the Tal- 
keetna Gold Mining Co. The property was equipped in 1917 with a 
Denver Chilean mill of about 123 tons crushing capacity, operated 
by a Pelton wheel working under an 85-foot head. The present 
water supply is inadequate during part of the season, but i t  is planned 
to extend the intake pipe line to give a head of 125 feet or more a t  the 
mill. Ore is brought to the mill from the mine by a wire-cable tram- 
way composed of two sections. The upper section, carried by #-inch 
cable, with one supporting tower, is 1,500 feet long and runs from the 
mine to an angle station. The lower section carries the ore from the 
angle station to the mill, a distance of 600 feet. Comfortable quar- 
ters for the men have been erected both a t  the mill and a t  the mine, 
and an average of 15 men were employed in 1917. In September, 
1917, the main tunnel had a length of 60 feet. The tunnel was 
driven on a vein which near the surface showed a width of 1 to 3 feet 
but which in the breast of the tunnel was only 2 to 6 inches wide. 
Another tunnel, on a second vein, had a length of over 100 feet. The 
veins on this property, as elsewhere in the district, sbow a tendency 
to  inch and swell within short distances. 

KELLY-WILLOW CREEK PROSPECT. 

The Kelly-Willow Creek ground comprises five full claims and 
three fractional claims that lie north of the Independence Gold 
Mines property and adjoin it. The owners report five distinct 
quartz veins, all showing a tendency to lie in parallel planes. Two 
of these veins are near the summit of Independence Mountain, one is 
considered to be the extension of the Independence vein, and of the 
two others one lies 300 feet above and the other 200 feet below the 
Independence vein. Development work has been directed, in large 
part, toward proving the continuity of the Independence vein and 
toward the location in i t  of pay shoots. The workings consist of a 
number of open cuts and two short tunnels 20 and 25 feet long. 
The open cuts seem to prove that the Independence vein is continu- 
ous northward for many hundred feet beyond the boundaries of 
the Independence property, and according to reports it carries gold 
throughout its length, locally in encouraging amounts. The general 
strike of the vein is N. 23" W. and the dip 35" SW. 



RAY-WALLACE M-GI CO. 

The Ray-Wallace Mining Co. has acquired a lease on the old 
Rosenthal property that lies on the high ridge which borders the 
basin of Fishhook Creek on the east. The old tunnel on the property 
is reported to have reached a length of 330 feet in 1917, and a new 
tunnel, on the Trickster claim, had been driven a distance of 30 feet 
to intersect a vein that crops out above, but i t  had not yet cut the 
vein. A new vein, on the Morning Star claim, has been uncovered 
by several open cuts. It strikes nearly due east and dips about 
55' S. and shows a maximum of 6 inches of quartz and a foot or 
more of crushed and oxidized vein matter. The quartz contains 
some pyrite and arsenopyrite and some dark material in spots which 
is said to contain tellurides but which upon chemical analysis failed 
to give & trace of tellurium. The owners of this property plan to 
install a cable tram and a mill in the winter of 1917-18. 

MOEUWE MINING CO. 

The Mohawk Mining Co., which is incorporated as a stock company, 
has eight claims in the upper basin of Sidney Creek, a tributary of , 

Archangel Creek from the south. The main vein has been developed 
by two tunnels, one about 70 feet above the other. The lower 
tunnel, 30 feet long, failed to penetrate through the loose detrital 
material. The upper tunnel, which is 160 feet long, is now partly 
caved in. I t  follows a band of decayed diorite and gouge in which 
is some white banded quartz that shows arsenopyrite. The vein 
pinches and swells and is said to show a maximum thickness of 30 
inches of quartz, though at the breast the quartz vein was only 
6 to 8 inches wide. The vein strikes N. 35" W. and dips 45" SW. 
Average assays of the vein matter are said to have given promising 
returns in gold, but the percentage of the gold content that can be 
recovered by amalgamation can be determined only by mill tests on 
a considerable amount of ore. It is said that mllllng equipment for 
this property had been purchased, but it was not installed in 1917. 

NORTHWESTERN MINE. 

A group of 13 claims, called the Northwestern mine, has been 
located an  the west side of Moose Creek, about 3 miles above the 
canyon through which that stream emerges from the mountains. 
The ore body lies on a high mountain ridge, about 1,600 feet above 
Moose CTeek, a t  an elevation of about 3,800 feet. A horse trail 
leads up Moose Creek from its mouth, through the canyon, and from 
the valley bottom below the ore body a steep switchback foot trail 
leads to the prospect. 
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The country rock in this vicinity exhibits a gneissic phaae of the 
diorite mass that forms a large part of the Talkeetna Mountains. 
Near the south ridge of this mass, from Moose Creek westward across 
the basin of Little Susitna River, the intrusive rock has a more or 
less welldeveloped gneissic structure and locally shows a pronounced 
banding. Certain phases are also h h l y  hornblendic. A short dis- 
tance south of the property here described Tertiary arkoses overlap 
and conceal the gneissic and granitic rocks. The ore body, which is 
conspicuous on account of a rusty red gossan, has been developed by 
open cuts, strippings, and a 33-foot tunnel. It has been formed 
through the replacement of the gneissic rock by sulphides, chiefly 
pyrrhotite, pyrite, and chalcopyrite. Sphalerite b also reported. 
The banding of the gneiss, although somewhat wavy and twisted, has 
a general strike of N. 60°-75" W. and a dip of 65' S. to vertical, 
and the ore body lies parallel to the gneissic structure. As shown by 
the workings, the area of heavy mineralization appears to have a 
thickness of 25 to 30 feet, and disseminated sulphides occur for con- 
siderable distances on either side. The body of massive sulphides 
has been exposed by open cuts along the strike for a t  least 80 feet, 
and gossan shows beyond the cuts in both directions. Within this 
ore body the sulphides range in abundance from scattered specks 
disseminated without any marked arrangement in rather massive 
diorite to bands of sulphides that follow the banding of gneissic 
materials and to massive sulphide masses in which no gangue or 
country rock appears. Each of the three principal sulphides- 
pyrite, pyrrhotite, and chalcopyrite-occurs in places in large, nearly 
pure aggregates, but more commonly' the three are intermingled. 
The tunnel penetrates through the gossan into sulphides that are un- 
oxidized, except along joints and cracks down which surface waters 
have circulated. No one was resident on this property a t  the time 
of visit but assay certiiicates supplied by the principal owner showed 
from 0.04 to 0.08 ounce of gold and 0.8 to 1.2 ounces of silver to 
the ton, and from a trace to 5.6 per cent of copper. One assay also 
showed the presence of 0.03 per cent of nickel. 

OTHER PROSPECTS. 

In addition to the properties described above, there are many 
prospects in this region on which some work has been done. Some 
of these prospects were visited by the writer in 1917. Concerning 
others that he could not examine within the time available, infor- 
mation from sources that were believed to be reliable was obtained. 
The following notes include such information as seems worth pub- 
lishing. 

The so-called Jap claims, on upper Willow Creek, have been 
leased, and work was continued on two tunnels. On the Eagle claim 



No. 2 the tunnel in the fall  of 1917 was 200 feet long, with a 25-foot 
crosscut and a 50-foot winze. The vein is said to be 6 feet wide 
between walls, and the quartz vein matter averages 12 inches wide 
and is said to carry gold in commercial quantities. On the Mary 
claim is a tunnel 100 feet long on a quartz vein that is reported to 
average 2 feet wide but to be of rather low grade. Near the portal 
of this tunnel a winze has been started on a quartz stringer that is 
said to be rich in gold. 

The Bluebird claim, south of the Gold Cord, has been developed 
by numerous open cuts and a 30-foot shaft. The shaft is reported 
to shov a large body of quartz that contains visible free gold. 

A group of four claims, also known as the Gold Cord, for the 
owners believe them to contain the northward extension of the Gold 
Cord vein opened in the head of Fishhook Creek valley, has been 
staked in the upper basin of Sidney Creek. Open cuts show a few 
inches of white quartz that contains stains of copper carbonate and 
is said to carry visible free gold. 

Smith & Sutherland hold four claims in the southeastern portion 
of the Sidney Creek basin. I t  is reported that a 40-foot tunnel 
driven on this property has now caved in. 

Little work was done in 1917 on the Arch group. The old inclined 
. tunnel is caved, and another 80-foot tunnel driven at  a lower point 

on the same vein has now caved 50 feet from the portal and is inac- 
caaible. 

The Webbfoot group of two claims, lying on the south side of Arch- 
angel Creek and west of Sydney Creek, has been developed by a large 

. amount of stripping along. the outcrop of the vein, The vein is said 
to show an average width of several feet of quwtz and to carry 
encouraging amounts in gold. 

The Alaska Quartz group of two claims, on the mountain ridge 
between Archangel and Reed creeks, has been prospected by two 
tunnels 20 feet and 212 feet long. In the longer tunnel the vein 
carries 16 inches of quartz a t  the portal, but the quartz pinches out 
about 40 feet from the portal, and beyond that point the tunnel was 
driven along a slip zone that contains gouge. 

The Babcock-McCoy claims, on Reed Creek, are de&Ioped by open 
cuts and by a 100-foot tunnel. The open cuts are said to show a 
vein that ranges from a few inches to 9 feet in thickness and that is 
said fo carry promising amounts of gold. The tunnel, driven to 
intersect the vein at  some distance below the cropping, has not yet 
reached the vein. 

The Little Gem group of three claims lies on the east side of upper 
Archangel Creek. Two tunnels, the upper 25 feet and the'lower 60 
feet long, have been driven on the vein, which in the workings shows 
a maximum width of 8 inches. The vein carries a very rich streak 
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of ore, from half an inch to 2 inches wide, in which visible gold is 
abundantly present. The owners have on the ground a 5-ton Buster 
Brown mill and a 4-horsepower Moline gasoline engine, with hemp 
rope for a trarnw&y, although none of this equipment was installed 
in September, 1917. 

The R i s  group of three claims, commonly known as the Fern- 
Goodell property, is situated in the upper basin of Archangel Creek. 
An adit tunnel that has a total length of 96 feet was driven 40 feet 
to the vein, which was followed for 56 feet in an attempt to find an 
ore shoot that crops out on the surface. The vein in the tunnel is 
reported to have a maximum width of 53 feet and to carry some gold 
throughout, with a particularly rich streak a few inches wide on the 

. hanging wall. The vein quartz is white and shows amnopyrite and 
some gold, and the richest ore is mottled with bluish spots. Teilu- 
rides have been reported from this property, but their presence has 
not yet been conclusively proved. 

Vein quartz, carrying considerable molybdenite, has been found in 
at  least two localities in the Archangel Creek basin. One of these 
localities is in the upper basin of Fairangel Creek, and the other is 
on the divide between Archangel and Purches creeks. Neither 
locality was visited by the writer, and the extent of the deposita has 
not been determined. 

The Good Hope lode, on the east side of lower Reed Creek, was 
staked in 1916. It has been exposed in two large open cuts and is 
said to show a strong vein, several feet wide, from which a few colors 
of free gold may be panned. 

The Galena-Gold group of three claims was staked in 1917 on the . 
head of Purches Creek. Iiittle development work has been dohe, and 
neither the width nor the length of the ore body has been determined, 
but it is said that at least 1 foot of good ore, containing chalcopyrite, 
ppite, galena, and free gold, shows on the surface. 

The Jessie B p u p  of two daims lied in the upper basin of Peters 
Creek. The vein is reported to be from 2 to 5 feet wide, and speci- 
mens of ore show quartz stained with copper carbonates tand iron 
oxide. The vein matter is said to show free gold upon panning, and 
a considerable amount of ore is said to have been mined and stacked 
during the progress of development work. 



MINERAL RE~~OURCES OF THE WESTERN TALKEETNA 
MOUNTAINS. 

INTRODUCTION. 

The limits of the region here called the western Talkeetna Moun- 
tains are somewhat arbitrarily drawn. It includes that portion of the 
Talkeetna mountain mass that lies west of a sinuous line extending 
from the head of Little Susitna River northward along the rugged 
creat of the mountains and embraces the basins of a number of 
westward-flowing tributaries of Susitna River and the basins of 
Sheep River and Iron Creek, two tributaries of Talkeetna River. 

Although the Willow Creek gold mining district is geologically and 
topographically a part of this region, i t  is excluded from the area 
here treated, as a separate account of its mining activities is given 
elsewhere. (See pp. 177-186.) 

Systematic surveys were begun in this part of Alaska in 1898, 
when G. H. Eldridgel and Robert Mddrow, of the United States 
Geological Survey, ascended' the Susitna basin to Broad Pass and 
obtained the h t  accurate information concerning the geography of 
that great river system. During that same year W. C. Mendenhall: 
while attached to a War Department expedition in charge of Capt. 
F. W. Glenn, ascended Matanuska River to its head and proceeded 
northeastward to Delta River, thus skirting the Talkeetna Mountains 
on the south and east. The next notable survey in the region here 
discussed was carried out in 1906, when R. H. Sargent and Sidney 
Paige,J of the United States Geological Survey, ascended Matanuska 
River and Chickaloon Creek, ascended Talkeetna River to Sheep 
River, and thence followed the west flank of the mountains southward 
to Knik Arm. Their topographic and geologic surveys thus com- 
pletely surrounded the western Talkeetna Mountains but left inclosed 
within their route of travel a large unmapped area. In 1910 F. J. 
Katz4 spent a few days in the Willow Creek district, and in 1913 S. R. 
Capp5 made a detailed study of that area. 

1 El-, Q. H., A recoMaissanm in the Susitna basin and adjacent territory, Alaska, in 18961: 
U. 8. Qd. Burwy Twentieth Ann. Rept., pt. 7, pp. 1-28,1900. 

2 Mendemhall, W. C., A reoonuaisssncefrom Resurrection Bay to Tanam River, Ala* U. 8. Geol. 
Survey T- Ann. Rept., pt. 7, pp. 91-284,1900. 

8 Pa@, Sidney, and Ihopf, Adolph, Geologic reconn~sssnce in the Matmusks and Tdkeetna basins, 
Alaska: U. 8. Qeol. Eurvey Bull. 321,1907. 
Kab, F. J., A reconnsiss.nce of the Willow Creek gold region: U. 8. &of. Survey Bull. 480, pp. 138-153, 

1911. 
6 Capps, 8. R., The Willow Creek district, Alaska: U. 8. @0l. Survey BuU.807,1915. 
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On the Government railroad in progress of construction from 5 
Seward to Tanana River, rails were laid by the fall cf 1917 from *= 

lZuaagain Arm northward as far as Montana Creek, and the branch 
line up Matanuska Valley was in operation to the Chickaloon coal ' 

field. Upon the laying of a stretch of track along the north shore of 
Turnagain Arm, now rapidly approaching completion, rail transporta- 
tion will be available from Seward to points well up Susitna Valley, 
and the area thus supplied will expand as construction proceeds 
northward. 

The western Talkeetna Mountains have long been considered to 
offer a promising field for the prospector. In 1897 the h t  gold- 
placer claims were staked on Willow Creek, and although the work- 

. able ground proved to be of small area, considerable gold was pro- 
duced. In 1906 gold quartz was discovered in the Willow Creek 
district, and since that time the production of lode gold has steadily 
increased. From time to time prospectors attempted to extend the 
productive area of the Willow Creek district northward, and some 
encouraging quartz veins were found, but the cost in time and 
money of getting supplies into that area grew prohibitive as the 
distance from the water increased, and no serious attempts were 
made to develop mines north of the basins of Willow Creek and Little 
Susitna River. 

The passage of a bill by Congress authorizing a Government railroad 
up Susitna Valley and the progress of construction on this project 
greatly encouraged both prospectors and those seeking agricultural 
lands in this hitherto remote area, and i t  became desirable to complete 
topographic and geologic surveys along the route to be served by the 
railroad. Accordingly, in 1915, J. W. ~ a g l e y ,  of the United States 
Geological Survey, carried out a reconnaissance topographic survey 
in the western Talkeetna Mountains, covering an area of 835 square 
miles previously unsurveyed. In 1917 the writer, in addition to 
other duties, was assigned to the task of studying the more important 
mineral resources of that area and of mapping the areal geology in so 
far as time for that work was available. After returning from a few 
weeks' visit to the upper Chulitna basin, the field party, consisting 
of the geologist, a cook, and two packers, with seven pack horses, 
left Talkeetna on July 29 and ascended the valley of Talkeetna River 
and of Iron Creek to the vicinity of the numerous lode prospects in 
that basin: Two weeks was spent in a study of the prospects and of 
the geologic conditions of that vicinity, after which the party pro- 
ceeded southward through the mountains. Only 16 days was 
available for the areal geologic mapping of several hundred square 
miles of rugged mountains, but much of that area ia occupied by a 
single geologic unit, and i t  is believed that the general distribution of 
formations, as shown on the map (Pl. IV), is approximately correct 
in its larger features. 
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The conclusions reached in this paper are based on a preliminary 
study of the data gathered and are subject to modifications in the 
more complete report now in preparation. 

GENERA& FEATURES OF TEE REGION. 

GEOGRAPHY. . 

The region here described as the western Talkeetna Mountains is, 
as its name implies, predominantly an area of high relief, On its 
eastern border the summitpeaks of the mountain mass reach elevations 
of 7,000 to 8,800 feet and nourish many glaciers, the largest of which 
has a length of 12 miles. Farther west the mountains decrease some- 
what in height but are extremely rugged and steep for an average 
distanee of 20 miles from the divide. Within that area the land 
forms are characteristically those of a severely glaciated mountain 
mass in crystalline rocks with multitudes of cirque basins and rela- 
tively straight, troughlike trunk valleys. 1 

As the Susitna lowlands me approached the mountain topography 
undergoes a sharp change of type. The ragged sky line 06 the higher 
mountains disappears, and the interstream ridges on the western 
mountain flank have rounded oontgurs and plateau-like surfaces up 
to an elevation of 3,000 feet or more. Many facts prove that this 
series of plateaus, which may be regarded as a high beach now dis- 
sected, was once overridden by the northward-moving ice of the 
great Susitna glacier, and its subdued topography and rounded forms 
are due, a t  least in part, to the erosive effects of that ice mass. 

On their western flank the Talkeetna Mountains merge gradually 
into the Susitna lowlands. Susitna River flows southward through 
a b d  structural basin that is bordered on the east by the Talkeetna 
Mountains and their northward extension and on the.west by the 
Alaska Range and its foothills. 

Between these two mountain masses this lowland has a width of 
about 50 miles in the latitude of Kashwitna River but narrows to a 
width of 20 miles at  Talkeetna. From it  irregular projections extend 
up the valleys of the larger tributary streams. Along the axis of 
this basin the relief is slight, and the gradient southward to tidewater 
is gentle. Talkeetna, at  the mouth of Talkeetna River, is 80 miles 
from the head of Cook Inlet, yet its elevation above sea level is only 
350 feet. The flatness of the valley floor is relieved only by rolling 
morainic hills and by the comparatively shallow trenches of the 
streams that cross it. Toward its borders the relief increases, the 
stream trenches are of greater depth, and the rolling lowland merges 
into the flanks of the foothills and the mountain ranges. 
The area here treated contributes all its drainage to Susitna River. 

More than half of the region is drained directly to the Susitna by 
Willow and Little Willow creeks, Eashwitna River, and Montana 

115086°-14--13 



190 MINERAL RESOURCES OF ALASKA, 1917. 

and Sunshine creeks, all of which head in the mountains and flow 
westward to emerge into the lowlands through which they flow to 
join the Susitna. Sheep River and Iron Creek both head in glaoiers 
at the summit of the range and flow in parallel courses northwest- 
ward to join Talkeetna River 16 and 30 miles, respeotively, above its 
mouth. 

GIACIATION. 

The higher parts of the Talkeetna Mountains reach above the level 
of perpetual snow and nourish a large number of glaoiers. A con- 
siderable portion of the waters of Kashwitna and Sheep rivers and 
Iron Creek is supplied by the melting ice fields, and Montana Creek 
reoeives enough glaoial drainage to cloud its waters in summer. As 
measured by the standards of the neighboring Chugach and Alaska 
ranges all the glaciers in the Talkeetna Mountains are of small size, 
occupy only the extreme heads of the cirques, and are of simple form. 
Of those on the west slope of the mountains only three of four are of 
the type that comprises a somewhat extended main lobe fed by 
numerous tributaries. 

The largest glacier in the Talkeetna Mountains is that in whioh 
Sheep River heads. The upper basin of Sheep River is enciroled by 
the highest peaks of the range, and the northern slopes are protected 
from solar radiation, so that conditions are especially favorable for 
the accumulation of glacial ice. In addition to the main glacier 
there are more than thirty smaller ice fields over hall a mile l a g  
that send their water to Sheep River. The Kashwitna and Iron 
Creek basins also oontain numerous glaciers. 

Although glaoiers are so numerous in the range, the present glaciers 
are altogether insignifioant as oompared with the great ice fields that 
once covered this area. During the earlier period of glaciation all 
the mountain valleys were fUed to the brim with glacial ice, so that 
only the highest peaks and ridges projected above its surface. This 
ioe moved slowly down the valleys to join the enormous glaciers that 
occupied Susitna Valley. Some idea of the volume of the former 
Susitna glacier m y  be gained from the statement that a t  the mouth 
of Kashwitna River the glacier a t  one time reached a thiokness of 
close to 4,000 feet and had a, width of over 50 miles. 

f ROUTES OF TRAVEL. 

Although not far distant from tidewater, the western Talkeetna 
Mountains have always been rather d&cult of access, and few white 
men had traveled in them until the beginning of construction on the 
railroad gave promise of improved transportation to the region. Two 
routes of approach to the mountains have been followed, one by boat 
or sled up Susitna River and its tributaries and the other along the 
flfmk of the mountains northward from Willow Creek, the route 



chosen by any particular party being determined by the time of year 
when the trip was to be made and the means of transportation avail- 
able. Most prospectors and trappers in interior Alaska prefer to 
travel in winter by dog sled, when the frozen streams and the mantle 
of snow make it possible to haul heavy loads with the least effort 
and equipment. Trading stations and stores have long been main- 
tained at Knik, on Enik Arm, and at Susitna station, on Susitna 
River near the mouth of the Yentna. A trading station was also 
operated for some years at  the mouth of Talkeetna River but was 
abandoned in 1911. Winter travelers obtained supplies from one of 
these places and sledded them up the valleys to the chosen prospecting 
or trapping ground. In summer Susitna River is navigable for high- 
powered, shallow-draft boats as far north as the mouth of Indian 
River, and construction camps have been established at intervals 
along the line of the railroad by the Alaskan Engineering Commission. 
Talkeetna, a considerable village, including, in addition to the build- 
ings of the commission, several stores and many dwellings, has sprung 
up at  the mouth of Talkeetna River, and transportation by boat was 
obtainable in 1917 to the mouth of Indian River. The tributaries. 
of Susitna River from the east, however, are not navigable for power 
boats. Kwhwitna and Talkeetna rivers may be ascended for some 
distance by poling boat, but the swift current and shoal waters of 
these streams make navigation by small boat difficult and dangerous. 

The only feasible land route for summer travel up the east side of 
Susitna Vdey has been along the flank of the mountain pass. The 
Susitna lowlands contain much swampy ground and dense thickets of 
brush, so that very great diEculties were encountered in endeavoring 
to travel through them with horses. The b h e r  parts of the moun- 
tains are much too rugged to permit t a w  horses across them from 
one east-west valley to another, so that a route betdeen these two 
extremes must be chosen. Two such routes have been followed with 
pack trains in 1906,1916, and 1917 by Geological Survey parties and 
present no insurmountable difEculties. Between the east-west valleys 
the broad, timberless benches afford good footing, and trails have 
been cut across the brushy valley slopes. 

In  1917 construction work on the Government railroad was pushed 
rapidly, and by the fall of that year rails were laid to Montana Creek 
and the grade was practically complete to Talkeetna. Trails and 
wagon roads that roughly followed the railroad survey through the 
lowlands had been built, and thus a route of great natural difficulty 
became the main hghway of travel. Completion of the railroad to 
Takeetna, and the consequent building of trails and wagon roads up 
the main valleys leading into the mountains, should within a few 
years make the whole of this region easy of access. 
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VEGETATION. 

A sharp contrast exists between the thick timber and brush of 
p& of the lowland areas of this region and the barren slopes of the 
higher mountains. The Susitna lowland is thickly wooded with trees 
wherever the ground is fairly well drained. Thus there is a heavy 
growth of cottonwood and spruce along the banks of all the streams, 
and of spruce and birch on the rolling hills of the lowland and the 
slopes of the mountain flanks. Groves of cottonwood trees, many of 
which reach a diameter of 3 or 4 feet, grow in favorable localities in 
the stream flats, and birch and spruce trees attain 2 feet in diameter 
on the slopes. Within the lowland area, however, there are many 
places in which drainage is sluggish and which are characterized by 
marshes, entirely barren of trees or containing only stunted, scrubby 
spruce trees. The same distribution of thick timber interspersed 
with areas of scattered stunted trees and barren marshes is found in 
the valleys of the tributary streams. Timber line has, in general, an 
elevation of about 2,000 feet; below that elevation well-drained lands 
are timbered, but above it few trees grow. Although, locally, cotton- 
wood and spruce trees of suEcient size to furnish saw logs are found, 
the timber is for the most part too s m d  and of too poor quality to 
supply lumber for any but local uses, and no lumber industry of 
magzlitude is likely to be developed. There is a possibility, however, 
that considerable areas of cottonwood and spruce that lie near the 
largest streams will sometime furnish materials for a wood-pulp 
industry. 

Within the timber of the lowlands there is commonly a thick 
growth of willow and alder brush, and these bushes grow at  a con- . 
siderably greater elevation than the trees, so that there is generally 
a belt of thick brush above timber line. The brush affords fuel for 
the camper at &any places where trees are lackmg, but the dense 
growth greatly impedes travel, and the man traveling with horses 
who leaves the fbw poorly defined trails must do much trail chopping 
to penetrate the thickets. 

Grass for forage for horses is abundant throughout the region, and 
camping grounds can nearly everywhere be found where horses will 
obtain suflicienti grass for their needs. A variety of grass locally 
known as red top is particularly abundant near timber line, and over 
large areas it grows in thick stands to a height of 5 or 6 feet. While 
green it furnish@ good forage for stock, but upon freezing in the fall 
it loses its nourishing qualities. An even better forage grass known 
as bunch grass occurs in places, usually above timber line. 

The big-game animals of this region include moose, caribou, 
sheep, and bear. Moose are generally distributed throughout the 
lowlanda and range wherever trees and brush grow. Caribou range 



in the axt& above timber line, particularly in the northeast part of 
this region, although they are nowhere abundant. The white big- 
horn sheep is found in the highest mountains, particularly in the 
headward basins of Sheep River and Iron Creek. Black bears live 
in and near timbered areas, and brown and grizzly bears may be 
seen almost anywhere, as they range the higher mountains and also 
visit the stream valleys during the salmon run. 

Rabbits and ptarmigan are very abundant during some years, 
but theiraumbers vary greatly from season to season, and in 1917 
few were seen. Some fur-bearing animals, including fox, lynx, 
mink, and marten, are captured each winter. Salmon run up 
Susitna River and most of its tributaries to spawn, and practically 
a l l  streams not clouded with glacial silt are stocked with grayling 
and trout. 

POPULATION. 

There are settlements of natives at  Enik, Susitna station, and 
Talkeetna, and from these villages hunters and trappers have long 
made expeditions into the mountains for fur and meat, yet the 
visible evidences of their occupancy are meager. The Indian trans- 
ports his few belongings by dog sled in winter, following the frozen 
streams, and in summer uses a boat or loads his effects upon his . 
dogs, himself, and his family. He chops no trail but makes detours 
around obstructions, and his trails are of little use to the white man 
who travels with horses. 

Only within the last year or two have there been any permanent 
white inhabitants in the mountainous portions of this region. A 
single group of claims was staked on Iron Creek in 1910 and has 
been visited yearly by the owners since that time, but no permanent 
buildings were constructed, and the only white visitors to the moun- 
tains were a few prospectors and trappers. Within the last few 
years, however, many mining claims have been located in the Iron 
Creek basin, and some prospects are known in Montana, Kashwitna, 
Peters, and Purches basins. Some log cabins have been constructed, 
and the number of permanent residents will increase as railroad 
construction stimulates prospecting and mining. 

Susitna station has long been a permanent settlement of whites 
and natives. Talkeetna has had white inhabitants a t  intervals and 
is now an established village. 

Since 1915, the development of an agricultural population around 
Knik Arm and in Matanuska Valley has proceeded rapidly, and in 
1917 a large quantity of agricultural produce was raised there. Un- 
doubtedly this development will extend up Susitna Valley, where 
much land has farming possibilities, and a gradually increasing 
agricultural population may be expected in this region. 
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GENERAL GEOLOGY. 

CEARACTER O F  TEE ROCXS. 

The striking feature that at  once becomes apparent on inspection 
of the geologic map of the western Talkeetna Mountains is the great 
predominance af igneous materials over sedimentary rocks. Great 
areas of deep-seated granitic intrusives, older deformed lava flows, 
and little-disturbed Tertiary lavas occupy almost all the region in 
which the hard rqcks are exposed, and the granitic rocks and older 
lavas doubtless extend westward beneath the mantle of uncon- 
solidated materials. Except for a narrow and interrupted belt of 
sediments that crosses the basins of Sheep River and Iron Creek 
and a few isolated outliers of this group of sediments, with some 
materials of sedimentary origin intimately intruded by granitic 
rocks in the area between lower Sheep River and Iron Creek, the 
entire western Talkeetna Mountains are composed of igneous mate- 
rials. As has already been stated, the areal geologic mapping of 
this whole region was done hastily, for the prime object of the 

< writer's visit to the Susitna basin was the investigation of the min- 
eral resources of several widely separated localities. Time was 

. therefore lacking for a careful tracing of the contacts between the 
formations, and more careful and painstaking work probably will 
make considerable modifications in the geologic boundaries as here 
given. I t  is believed, however, that the general outlines of the 
areas occupied by the different rock types are shown in approxi- 
mately their proper position. 

In many areas sedimentary rocks that contain determinable fos- 
sils give the geologist certain tie points from which he can draw con- 
clusions as to the age of the rock formations with which he deals. 
In  this region, however, no fossils have been found. The few sedi- 
mentary rocks examined are highly metamorphic, and this meta- 
morphism included deformation and recrystallization, so that any 
fossils which the rocks may have once contained have been largely 
or completely destroyed. By their very nature the igneous rocks 
are unlikely to contain recognizable organic remains, so the age de- 
termination of the rocks in this area must be inferred from their cor- 
relation, upon lithologic or structural grounds, with other formations 
in surrounding regions where more satisfactory age determinations 
have been made. 

MICA ISmST. 

The oldest rocks known within the Talkeetna Mountain area are 
the mica schists that occur on the south flank of the Willow Creek 
basin. These schists have been described elsewhere1 and are not 
- - - 

1 Capps, 8. R., The Willow Creek district, AIaska: U. 8. Geol. Survey Bull. 607, pp. 28-30, 1915. 
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known to occur in the region here discussed, but it is of interest to 
note that they are of pre-Jurassic age and constitute one of the 
formations into which the granitic materials were intruded. 

LMLESTONES, MARBLES, SHALES, SLATES, AND QUARTZITIC 
SEDIMENTS. 

As shown on the geologic map (Pl. IV) a narrow and interrupted 
belt of sediments occurs at  the contact of the granitic rocks with 
the andesite-greenstones in the basins of Iron Creek and Sheep 
River. Srhall outlying patches of these sediments also occur both 
in the granitic rocks and in the andesite. The most conspicuous 
member of the group of sediments is a heavy bed of blue-gray lime- 
stone that forms prominent cliffs on the north side of Iron Creek, on 
the Middle Fork of Iron Creek, and a t  the head of Prospect Creek. 
It has in places a thickness of at  least 600 feet and from a distance 
appears to be massive. Close examination, however, shows that 
the rock has been greatly sheared and in part recrystallized. Upon 
weathering it breaks down into small prismatic bits and is seamed 
with thin films of calcite along the lines of cleavage. Within the 
limestone there are local masses of completely recrystallized mate- 
rial that now appears as beautiful pure-white marble. Associated 
with the limestone and overlying it there is in places a considerable 
thickness of shales, slates, and quartzitic beds that represent meta- 
morphosed clastic materials. 

A few miles south of Sheep River this group of sediments occurs 
in a narrow northeast-southwest belt. There the limestones have 
been completely altered to white and green contorted and banded 
marble, and the clastic beds to siliceous schists and quartzites. 
Fossils have nowhere been found in these sediments, and their age 
is not definitely known, but from a somewhat similar association of 
limestones, shales, and lava flows in the upper Chulitna region, where 
the limestones are of Triassic age, i t  is suggested that the sediments 
hare described may prove to be Triassic. 

ANDESITE-GREENSTONE S. 

A considerable belt of territory, extending from the basin of Iron 
Creek southward to the basins of Montana Creek and Kashwitna 
River, is occupied mainly by lava flows that are dominantly andesite- 
greenstones. These rocks are bordered .on the southeast in part by 
the series of limestones, marbles, and associated sediments and in 
part by an intrusive contact with the granitic rocks. The northwest 
border of the andesite-greenstones has not been carefully traced out 
but is believed to be an intrusive contact with granitic materials. 
The characteristic phase of this material consists of a medium- 
grained blue-gray or greenish-gray rock full of amygdules filled with 
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greenish-yellow epidote. The epidote commonly displays a radial, 
spherulitic structure. Associated with the amygdaloidal rocks that 
were poured out as lava flows are local bodies of somewhat coarser 
grained dark-gray or black greenstones that probably represent an 
intrusive phase of the same period of igneous activity and may mark 
the location of vents through which the lavas reached the surface. 
The andesite-greenstones are of especiql economic importance in the 
Iron Creek district, for i t  is in those rocks that the copper prospects 
of that basin have been found. Structurally the andesite-greenstones 
overlie the limestones, marbles, and associated sediments. Paigel 
has describedsimilarrocks, associated with abundant dacites, rhyolites, 
and tuffs, that occupy a large area in the upper Talkeetna basin. 
The area here shown (Pl. IV) as occupied by andesite-greenstones 
is directly c o ~ e c t e d  both to the northeast and soukhwest with the 
areas mapped by Paige. No d e f i t e  evidence of the age of the 
greenstones was procured by the writer in 1917, but in the exten- 
sions of this area, in the upper Talkee'tna basin, Paige obtained 
evidence that led him to classify the rocks as lower Middle 
Jurassic, and that age determination was later modified to Lower 
Jurassic. 

QRANITIC ROCKS. 

The dominant geologic feature of the Talkeetna Mountains is the 
great mass of granitic intrusive rocks that occupies a large portion of 
this region. These rocks f o m  a main roughly circular area, measuring 
about 50 miles in diameter, and some smaller areas around the 
periphery of the central mass. The largest of these smaller areas 
lies for the most part in the lower Tdkeetna basin and measures at  
least 12 by 15 miles. As shown on the map (Pl. IV), the higher 
portions of this mountain mass are composed exclusively of granitic 
materials, and the rugged character of the mountain peaks, with 
their multitudes of ragged pinnacles and serrate ridges, is due to the 
influence that this rock type has exerted upon the forms produced 
by erosion. 

The granitic rocks are in general coarse-grained gray to pink 
diorites and granites and show a considerable range in texture and 
compoqition. Throughout most of the area in which they occur they 
are massive, little altered, and free from the effects of metamorphism. 
In some localities, however, they have been metamorphosed and show 
all gradations from unaltered massive materials through banded 
gneisses to hornblende schists. Within those areas in which meta- 
morphism has occurred there is a larger proportion of dark horn- 
blendic rocks. 

1 Paige, Sidney, and I(nopf, Adolph, Geoloac recmmkwm in the Matmaaka and Talkeetna bdns,  
Alaska: U. 8. Geol. Burvey Bull. 321, pp. 16-19,1907. 



Structurdy the granitic materials are found in intrusive contact 
with the mica schists of the Willow Creek district, with the limestones 
and shales of Sheep River and Iron Creek basins, and with the andesite- 
greenstones of those areas. They are therefore younger than all 
those formations. They are unconformably overlain by the Tertiary 
lavas of upper Iron Creek and by the early Tertiary sediments of the 
lower Matanuska basin and so are known to be pre-Tertiary. The 
evidence is still insuilicient to prove their exact age, but there seems 
to be little doubt that they are Mesozoic, and although they have 
generally been referred to the Middle Jurassic are now believed to 
be of Lower Jurassic age. 

TERTIARY SEDIXENTS. 

Tertiary sediments, including arkoses, conglomerates, sands, shales, 
and lqpitic coal, occur a t  many localities around the borders of the 
Susitna basin. In general the outcrops occur along the flanks of the 
surrounding mountains or as isolated areas in which the Tertiary beds 
are surrounded by later unconsolidated materials and for the most 
part covered by them. The area of Tertiary deposits shown on the 
map (Pl. IV) is small, but the economic value of the formation is 
disproportionate to its area, for the Zignitic coal beds that are present 
in many places offer possibilities of the development of a valuable 
fuel supply. The best-known occurrence of this formation is in the 
Matanuska Valley, where a considerable area is underlain by workable 
coal beds. Farther west and north the beds are less conspicuous, 
and their distribution is not so well known. On the south flank of 
the Bald Mountain ridge, which separates the WiUow Creek basin 
from the eastward-trending portion of Little Susitna River valley, 
there is a large area of arkoses and conglomerates of Tertiary age 
which contains no lignite beds that are known to be extensive. An 
excavation on the railroad line, in the spring of 1917, 2 miles west of 
the Little Susitna bridge, showed Tertiary beds, and in the summer 
of that, year i t  was reported that a lignite bed was uncovered there. 
Lignibbearing Tertiary beds are reported on the west flank of the 
Talkeetna Mountains in the basins of Willow Creek and Kashwitna 
River, but these localities were not visited, and the area and thickness 
of the formation are not known. 

Similarly unconsolidated Tertiary sands and shales, which contain 
a thick lignite bed, are i eported on lower Chunilna Creek, a southward- 
flowing tributary of Talkeetna River, 4 miles above its mouth. What 
is probably the western extension of that same field lies along the 
east bank of Susitna River, from 7 to 12 miles above the mouth of the 
Talkmtna, and was briefly examined. In that locality, a distance of 
several miles, the river flows against a bluff composed of blue-gray 
sands, blue clays, a little sandstone, and some lignite. Good exposures 
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of undisturbed material are scarce, and'above the bluff the surface is 
covered by younger unconsolidated deposits. A 2-foot bed of fairly 
good lignite was seen, and scattered detrital materials indicate that 
other lignite beds occur in the same section. It is reported that af 
one locality a 4-foot bed is exposed, and the coal-bearing area is said 
to extend to the west side of the river. The coal-bearing beds are 
believed to be of Eocene age. 

TERTIARY LAVAS. 
/ 

The deposition of the Tertiary sediments was interrupted from 
time to time by the ejection of basaltic lavas, and a large volume of 
this material was poured out after the last of the Tertiary sediments 
were laid do-. Thus, in the Willow Creak district 'thin basal flows 
are confopriably interbedded with Tertiary arkoses. The greatest 
development of these lavas, however, took place somewhat later, 
when large areas, including most of the earlier formations, were 
buried beneath extensive flows of basalt. These lavas reach their 
grea&t development, in the area here discussed, in the upper basin 
of Iron Creek, where they form a nearly horizontal capping over 
many ridges and lie upon an erosion surface that was developed on 
both granitic rocks and greenstones. The basalt flows are of Tertiary 
age. Some are apparently Eocene, but for the most part they are 
believed to be post-Eocene. 

UNCONSOLIDATED DEPOSITS. 

The unconsolidated deposits include glacial morainal materials, 
glacial outwash gravels of both present and past glaciers, and the 
detrital materials of the present stream flats. As the earlier glaciers 
reached so great a development in this region, &g the Susitna 
basin to a height of over 4,000 feet and completely covering all the 
lower slopes of the mountains, the deposits left by them cover a large 
area and have a considerable vertical range. On the map (Pl. IV) 
the distribution of those materials is shown only in the localities 
where they are present in su£6cient thickness to conceal the ideatity 
of the underlying formations. Glacial materials have been recog- 
nized over a much wider area, but in places where the area and thick- 
ness of the material are small and where the character of the underlying 
rocks could be determined with little uncertainty the glacial materials 
were not shown on the map. During the withdrawal of the old 
glaciers large volumes of outwash gravels and sands were deposited 
over the lowlands, and these materials are still present in the form of 
gravel plains, locally dissected by the streams to form benches or 
terraces. The gravels along the flood plains of the present streams 
are composed both of the outwash from the present glaciers and of 
the products of normal weatbering and erosion by streams. 



ECONOMIC GEOLOGY. 

GENERAL FEATURES. 

The h t  discovery of valuable mineral deposits in this general 
region was made in 1897, when gold placer gravels were found in the 
Willow Creek basin. The area of workable gold placer deposits 
proved to be small, but their discovery led to prospecting for the 
lodes from which the gold came, which resulted in the finding, in 1906, 
of the lode on which the Alaska Free Gold mine is located. This 
discovery was soon followed by others, and a perm~nent gold lode 
camp, which had produced over $1,000,000 by the end of 1916, was 
established. All the producing mines in this district are confined 
within a small area, but there has been more or less consistent pros- 
pecting in the mountains north of the producing area, and some 
promising gold lodes have been discovered but await improved trans- 
portation for further development. 

In 1910 claims were staked on the Copper 'Queen lode, on Iron 
Creek, and assessment work has been done on that property each year 
since. By 1916 i t  became apparent that rail transportation up 
Susitna Valley was soon to be realized, and a number of men went 
into the basin of Iron Creek, and many claims were staked on copper 
and gold bearing lodes, and the activity was continued in 1917. More 
or less work was done on 15 or 20 groups of claims, and a large num- 
ber of additional claims were staked. In August, 1917, about 20 men 
were prospecting or carrying on development work in the Iron Creek 
bEbsin. 

At the time of the writer's visit, in August, 1917, the Iron Creek 
district could be reached only by a poor trail that offered di£Eculties 
even for a pack horse. Supplies for the prospectors were therefore 
limited to'articles that had been brought in by sled during the pre- 
ceding winter or to such materials as could be transported during 
the summer by pack horse. As a consequence of the remoteness of 
the district only the simplest forms of prospecting were carried out 
and even a small amount of development work demanded a large 
outlay of time and money. The ore bodies are opened only by rather 
shallow open cuts, and no attempt has been made to sink shafts or 
drive tunnels. In many places, too, the undisturbed bedrock near 
the ore outcrops is covered with vegetation or loose surficial material, 
so that i t  was difEcult or impossible to determine either the size or 
the geologic relations of the ore bodies. No property in the dis- 
trict had a t  that time any mass of ore which a conservative mining 
engineer would consider as being blocked out. 

The prospects examined were believed to be valuable for their 
content of copper or of copper and gold. Most of the ore bodies are 
due to the replacement, along zones of faulting and shearing, of 
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ttndesite-greenstone by metallic minerals, but one or two have some 
of the aspects of contact-metamorphic deposits, though they lie at  
some distance from the contact of the diorite and greenstone. So far 
as is known the content of the ores in free gold is not suEcient to 
justify the installation of crushing and amalgamating machinery on 
the ground. The base character of the ore will necessitate smelting 
for the recovery of the copper and gold. Furthermore, the ores con- 
tain large amounts of metallic minerah in addition to those which 
carry the copper and gold, so that concentration, to reduce the weight 
and b 3 k  of the ores shipped, is likely to offer dif5culties. LoaaUy 
there are bodies of nearly pure copper sulphides that need little 
concentration, but no large bodies of ore of this type have been 
developed, and the properties that develop into mines will probably 
prove to contain large bodies of ore of moderate richness. The 
imperative need of a mining camp of this type is therefore cheap 
transportation, and that can be obtained for this camp only by the 
construction of a branch line of the Government railroad either up 
Talkeetna River and Iron Creek, or up the Talkeetna to Sheep River 
and up that stream to and through the divide a t  Rainbow Lake and 
thence to the vicinity of the junction of the main forks of Iron Creek. 

PROSPECTS. 

The following descriptions of prospects are based on observations 
made in August, 1917. An attempt was made to visit all those 
properties on which any considerable amount of development work 
had been done or on which the owners were a t  work a t  the time of . 
the writer's visit. The properties visited are described in order, from 
west to east. A large number of claims have been staked in the dis- 
trict on which little work has been done, and time was not available 
to visit all of these. 

COPPER QUEEN G R O W .  

The Copper Queen group includes two claims that lie on the north 
side of Iron Creek, 2 miles below the mouth of East Fork. These 
claims were staked in 1910 by A. 0. Wells, Prank Wells, and John 
Coffee and cover the f i s t  lode discovery in the Iron Creek district. 
The ore body lies in a rock bluff on the bank of Iron Creek, and all the 
work done on i t  is in the valley bottom. Developments have been 
coniined to stripping the vegetation from the ore body and to the 
excavation of a shallow open cut. The country rock is an amygda- 
loidal andesite-greenstone, in which the amygdules are m e d  with 
greenish-yellow epidohe. The ore body, which lies along a zone of 
shearing and crushing that strikes N. 10" E. and stands nearly verti- 
cal, has been formed by the replacement of the sheared andesite. In 
the open cut this sheared zone is heavily mineralized throughout a 
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width of 21 feet across the strike, though within that distance there 
are many large lenticular horses of nearly barren country rock. 
Pyrite, arsenopyrite, and chalcopyrite are the common metallic 
minerals and occur as nearly pure masses of one or the other of these 
sulphides or intimately intergrawn with one another. The ore is 
generally banded parallel to the direction of the shear zone and in 
places consists of parallel alternating bands of country rock, pyrite, 
and chalcopyrite. Some quartz is present in the ore as gangue but 
is not abundant. Scatterea specks and blotches of sulphides occur 
both in the horses within the ore body and in the wall rock for some 
distance back from the zone of shearing. The owners report that this 
ore body is valuable for its gold as well as its copper content, picked 
samples having shown upon assay several dollars a ton in gold, in 
addition to the copper. 

COPPER KING GROW. 

The Copper King group comprises six claims thht lie on the south 
, valley wall of Iron Creek opposite the mouth of East Fork. The 

principal workings lie at an elevation of about 3,300 feet, 1,500 feet 
above the valley bottom. Development work on the property has 
been directed to the excavation of a large number of trenches and 
open cuts in the attempt to demonstrate the presence of a long con- 
tinuous ore body. These open cuts show that the andesite-greenstone 
country rock is cut by a shear zone that strikes northeast and dips 
about 60' E., in which the sheared material has been replaced in part 
by metallic minerals and some quartz. The shear ranges from 6 to 20 
feet in width, and the degree of replacement of the sheared andesite- 
greenstone differs greatly from place to place. The best showing of 
ore was in a large open cut that had been excavated down to undis- 
turbed bedrock. In this cut, through a width of 9 feet across the 
strike of the shear zone, abundant chalcopyrite and specular hematite 
with some pyrite and a little quartz were exposed. The ore is banded 
parallel to the direction of the shear zone and consists of alternating 
bands of nearly pure chalcopyrite, specular hematite intergrown with 
quartz, and pyrite. The individual bands are more or less discon- 
tinuous, and the characteristic mineral of one band may be present in 
small amounts in the other bands. Another cut near by shows 
several feet of nearly pure hematite with only small amounts of 
sulphides. Locally some quartz is present in the shear zone in small 
distinct veins. The ore from this group of claims is said to carry 
only small amounts of gold and silver. 

COPPER WONDER GROUP. 

The Copper Wonder group comprises seven claims that lie on the 
south slope of the Iron Creek valley, south of the mouth of Middle 
Fork. These claims were first staked in June, 1917, and the only 
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development work done by August of that year was the excavation 
of three open cuts in the bluffs of Alder Gulch, at an elevation of 
about 2,500 feet. These cuts show a zone of strong shearing in 
andesite-greenstone country rock, but the ground has been much 
dis t~bed,  and in the shallow excayation the strike and dip of the 
shear zone could not be defitely determined. In the larger open 
cut the andesite-greenstone is seen to be much altered along the shear 
zone, in which there is a heavy deposit of specular hematite, together 
with some pyrite and bunches of chalcopyrite as large as one's &t. 
A little quartz was also noted as a gangue mineral. The hematite 
has a thickness of 2 to 3 feet through an exposed vertical distance of 
20 feet, and there is considerable copper carbonate stain in the altered 
shear-zone material. Scattered specks of sulphides were seen in the 
andesite country rock outside of the shear zone. 

PHOENIX GROUP. 

The Phoenix group includes three claims on Hyphen Gulch, a small 
tributary of Iron Creek from the northeast, a little more than a mile 
above the mouth of Middle Fork. The only locality at  which any 
noteworthy excavation had been made was at an elevation of 3,600 
feet, where an open cut showed a small shear zone, 2 to 3 inches wide, 
in andesite-greenstone. This shear zone, or line of faulting, strikes 
S. 30" W. and dips 65' NW. a d  contains gouge and decomposed 
materials with a little quartz and some copper carbonatestains. The 
andesite-greenstone wall rock is, however, much stained with copper 
carbonate and has locally been partly replaced by chalcopyrite, 
bornite, specular hematite, and quartz. The bornite is closely associ- 
ated with chalcopyrite and is apparently a surface occurrence only, for 
a shallow excavation made at the best showing of bornite showed little 
bornite, at a depth of a few feet below the surface but an increasing 
abundance of chalcopyrite. A number of narrow veins of neahy 
pure hematite with little associated sulphides have been found on 
this property. 

BLUE LODE GBOUP. 

The Blue Lode group of five claims lies on the south side of the 
valley of Middle Fork of Iron Creek, about 23 miles above the mouth 
of that stream and 1 mile northeast of the Phoenix group. The 
principal excavation is at an elevation of 4,200 feet, where a large 
open cut has been made along a fault or shear zone about 2 feet wide 
that strikes N. 16" E. and dips 80" W. This zone is £illed with gouge, 
h e  crushed and decomposed material, and some quartz that contains 
chalcopyrite. The wall rock of this shear zone is andesite-greenstone, 
which has locally been replaced by specks and bunches of bornite and 
chalcopyrite. An andesite-greenstone cliff above the excavation 
shows abundant stains of azurite and malachite. Broken surfaces of 



the surface wall rock show bornite and chalcopyrite intimately inter- 
mingled, but a few feet below the surface the bornite becomes rela- 
tively scarce and chalcopyrite predominates, suggesting that the 
bornite occupies only a shallow zone of enrichment and that at greater 
depth the chalcopyrite will prove to be the prevailing sulphide. 
Another open cut farther down the mountain shows chalcopyrite but 
no bornite. This property was staked only a few weeks before i t  was 
visited, and too little development work had been done to determine 
either the size of the ore body or its character at depth. 

EASTVIEW GROUP. 

The Eastview group of two claims lies in the basin of Middle Fork 
of Iron Creek half'a mile southeast of the Blue Lode group and about 
the same distance northeast of the Phoenix, at an elevation of 4,500 
feet. The 'country rock is andesite-greenstone, and the workings 
include three open cuts, from which have been taken large lumps of 
banded quartz, hematite, and chalcopyrite. In these lumps of ore 
chalcopyrite is locally abundant, but as none of the cuts had been 
carried down to undisturbed bedrock at the time of the writer's visit, 
no ore in place was seen, and nothing is definitely known about the 
size or position of the ore body. 

TALKEETNA G R O W .  

The Talkeetna group of nine claims lies in the valley of Prospect 
Creek, &bout 2 miles above the mouth of that stream. The claims 
were staked in the spring of 1916, and their exploration and develop 
ment have been limited to strippings and open cuts made in the en- 
deavor to show the character of the ore in place. At the time of the 
writer's visit eight men were employed on this property. The main 
ore body is on the claim known as Talkeetna No. 2, where an exten- 
sive gossan on the steep mountain slope, at  an elevation of 4,200 
feet, renders the ore deposit conspicuous from a distance. A number 
of trenches and open cuts have been excavated through this gossan, 
but these have been made for the purpose of ascertaining the char- 
acter of the unoxidized ore body, and no consistent effort has been 
made to outline the area of mineralization or to determine its struc- 
ture and relations. The country rock is an amygdaloidal andesite- 
greenstone, and.the amygdules are filled with epidote. This green- 
stone is cut by a shear zone that strikes approximately east and west 
and dips 75' N. The shear zone has acted as a channel for the cir- 
culation of mineralizing solutions, and the sheared material, as well 
as the massive wall rocks, have been in part replaced by speculw 
hematite, chalcopyrite, pyrite, and quartz. The area of heavy min- 
eralization, as well as could be determined from the workings, is 
several hundred feet long and is locally at least 30 feet thick. Its 
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long dimension is parallel to the strike of the shear zone, which itself 
lies almost parallel to the steep mountain face, so that the ore b 
exposed on the surface through a vertical distance of a t  least 50 feet. 
The gossan is only a few feet thick and is abundantly stained with 
copper carbonate. 

Specular hematite is by far the most abundant metallic mineral and 
occurs in massive aggregates many feet thick, in which the only other 
conspicuous mineral is granular quartz that is intimately intergrown 
with the hematite. Another abundant type of ore consists 6f an inter- 
grown aggregate of hematite, chalcopyrite, and quartz that forms the 
matrix of a breccia and surrounds angular fragments of andesite- 
greenstone, themselves partly replaced by iron and copper minerals. 
Elsewhere the ore consists of sheared and schistose andesite-green- 
stone largely replaced by metallic minerals, which is banded with 
small quartz veinlets that include the same minerals-pykte, chalco- 
pyrite, and hematite. Veinlets of ore shoot off from the main ore 
body into the country rock, and sulphides and hematite are widely 
disseminated in the country rock for some distance on both sides of 
the shear zone. These claims are being prospected as a source of 
copper, and a large amount of work must be done before a proper 
estimate can be made of the amount of copper ore of any particular 
grade that is available. The principal copper mineral, chalcopyrite, 
differs greatly in abundance from place to place within the ore body. 
Locally hematite is present to the almost complete exclusion of the 
sulphides. Elsewhere chalcopyrite forms the bulk of the ore. In  
some places the chalcopyrite crystals are surrounded by a thin zone 
of hematite and that by quartz. I t  is reported that assays show 
from less than 1 per cent to 8 per cent of copper and small amounts 
of gold and silver. Underground exploration alone can determine 
the character and metallic content of this ore body with depth, but - the great size of the deposit may make possible the development of a 
mine even with a comparatively low grade of ore. 

Shallow excavations have been made on croppings of metallio min- 
erals on claims No. 3 and No. 7 of this same group, on the north side 
of Prospect Creek, where a number of open cuts, for the most part 
shallow and in disturbed ground, show similar ores, which have the 
same association of pyrite, hematite, and chalcopyrite. 

OTHER PROSPECTS. 

A number of claims, or groups of claims, in addition to those de- 
scribed above, have been staked in the basin of Iron Creek, but on 1 

most of them little development work had been done, and the restric- 
tions of time imposed upon the writer made i t  possible to visit only 
those properties that had been furthest developed. The location of 
many of these groups is shown on the accompanying map (PI. IV). 



Y'iorous prospecting in this district has been carried on only since 
the spring of 1916, and many of the claims were staked in 1917, so 
that the amount of work which has been done on any property is not 
necessarily an index of the value of the ore deposit, and some of the 
properties not visited and not described specifically may be of greater 
merit than some of those that are more fully described here. The 
possibilities for the discovery of still other ore deposits in this area 
have Ly no means been exhausted, and it is likely that other ore 
bodies more valuable than any yet discovered may be found. A 
large area in the basins of Sheep River, Montana Creek, and Eash- 
witna River has received scant attention. Hand specimens of rich 
copper and gold ores have been brought out from this area by pros- 
pectors, but the localities from which they came could not be learned, 
and the deposits were not visited by the writer. Late in the summer 
of 1917 reports were circulated of the discovery, on a northward- 
flowing tributary of Talkeetna River opposite the upper basin of Iron 
Creek, of a large dike the surface croppings of which yielded gold 
upon panning, and which was said to show an encouraging gold con- 
tent upon assay. A considerable number of prospectors visited the 
locality, and many claims were staked, but the lateness of the season 
prevented a thorough prospecting of the deposit, and its commercial 
value is yet to be demonstrated. The next few years will probably 
witness increasing activity in prospecting in the western Talkeetna 
Mountains, and tbere is every promise that some producing mines 
will be developed. 



' MINEBAL RESOURCES OF THE UPPER CHULITNA REGION. 

INTRODUCTION. 

The area here referred to as the upper Chulitna region includes 
what has generally been called the Broad Pass mining district. The 
prospects that have attracted considerable attention to this part 
of Alaska lie 15 to 30 miles southwest of Broad Pass, and that pass 
can be seen only in the distance. Furthermore, the term "Broad 
Pass regionj'l has already been used to describe an area including 
the headwaters of Nenana River and a part of the upper Susitna 
basin. In order to avoid oonfusion, therefore, the area here dis- 
oussed is termed the upper CIuZitna: region. It lies on the southeast 
slope of the Alaska Range between meridians 149' and 150" west 
longitude and parallels 62' 45' and 63' 15' north latitude. 

Although a few prospectors and explorers had penetrated to this 
part of Alaska, no systematic surveys had been extended to i t  until 
1898, when, through the disoovery of the rich gold placers in the 
Canadian Klondike, interest in Alaska was stimulated and a number 
of surveying expeditions were dispatched by the United States Army 

/ and the Geologioal Survey to different parts of the Territory. One 
of these expeditions, a Geological Survey party in charge of G.  H. 
Eldridge and Robert Muldrow, ascended Susitna River to Indian 
River and proceeded thence northeastward through the upper Chulitna 
basin to the headwaters of Nenana River. The map published as a 
result of their expedition gave the &t authentic geographic infor- 
mation about a large area on the upper Susitna basin. In 1902 
A. H. Brooks, of the Geological Survey, explored the west and 
north flank of the Alaska Range from the head of Skwentna River 
to the Nenana, and between that year and 1912 several mountaineer- 
ing, exploring, and railroad survey parties reached some part of this 
district but left no records that were available for the public. Among 
the more noteworthy of these explorations was that conducted by 
F. A. Cook, who in 1903 pushed southward across the range with 
pack horses through a pass lying somewhere between Muldrow 

1 Moilit, F. H., The Broad Pass region, Alaska: U. S. Geol. Survey Bull. Ba8,1915. 
1 Eldridge, Q. H., A reconnaissance in the Susitna basin and adjacent territory, Alaska: U. S. CeoL 

Survey Twentieth Ann. Rept., pt. 7, map 3,1900. 
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Glacier and Nenana River. His amount of the journey is not clear, 
and he made no accurate survey, but as nearly as  can be determined 
he orossed an ice-filled pass at  the head of Teklanika River and 
descended Bull River to the Chulitna. It is reported that the first dis- 
covery of placer gold in this district was made by John Coffee in 1907 
on Bryn Mawr Creek, and many lode olaims were staked in the basin 
of West Fork of Chulitna River in 1909. In 1912 a mountaineering 
expedition, conducted by Herschel C. Parker and Belrnore Browne, 
asoended Susitna and Chulitna rivers and what is now oalled Ohio 
Creek by dog sled, crossed a hqh, glaaier-filled pass to the West Fork 
of Chulitna Glaoier, and from the head of that glacier penetrated 
across another divide to the north slope of the Alaska Range. The 
sketch map of their route constitutes the first published record of the 
drainage along their line of travel through the range. In  1913 F. H. 
Moffit and J. W. Bag'ley, of the Geological Survey, mapped both 
the geology and topography of an area extending from Broad P m  
eastward to the West Fork of Susitna Glacier, and in 1914 D. L. 
Reaburn, of the Alaskan Engineering Commission: mapped the 
topography along the line of the Government railroad survey between 
the mouth of Indian River and Broad Pass. 

For several years development work has been done on a num- 
ber of lode claims in the upper Chulitna basin, and encouraging 
reports have been circulated concerning large bodies of gold ore 
there. This area, a t  present so remote, will become readily accessible 
upon the completion of the Government railroad now in progress of 
construction between Seward, on the coast, and Fairbanks, on 
Tanana River. It was therefore deemed advisable to make a t  least 
a hasty geologic investigation of the area, to determine the geologic 
conditions of the ore bodies and the probabilities of the development 
in this area of producing mines. Upon the entrance of the United 
States info the European war, a large number of the topographers 
of the Geological Survey were called upon for military work, and no 
topographer was available for making a topogrbphic survey of the 
region, but the maps of the Alaskan Engineering Commission along 
the main Chulitna Valley furnished control from which foot traverse 
and compass s k e t c h  could be carried westward. Plam were 
therefore made for a geologic party to visit this area during the 
summer of 1917, and the writer was assigned to carry them into 
effect. The season's work was to include investigations in other 
parh of the Susitna basin as well, so that only a short time could be 
spent in this area. The party, consiiting of the geologist and three 
camp hands, with seven pack horses, left Anchorage by railroad on 
June 18 for Matanuska, from which the horses were driven over the 

1 ~mt ,  F. H., op. eft., Pls. T and II. 
8 Re* of the Alaskan Engineering Cammission for the period from Mar. 12, 1914, to Dec. 31, 1915: 

64th Cong., 1st seas., H. Dffi. 610, pt. 2, map 6,1916. 
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trail to the terminus of the rails, a t  that time a t  Little 'Susitna River. 
From that point the pack train followed the construction road and 
trails along the general route of the railroad survey up Susitna and 
Chulitna valleys to Middle Fork of Chulitna River, where a trail 
branching off to the northwest leads up West Fork of Chulitna River 
to the vicinity of the lode prospects. In all a period of only 24 days 
was spent between the time of departure from Indian River and the 
return to that place. During this time all the prospects. in West 
Fork of Chulitna and Ohio Creek basins on which any considerable 
development work has been done were visited and the larger features 
of the geology of the area were mapped. The southeastward-flowing 
tributaries of Chulitna River have not yet been accurately surveyed, 
and the position of the drainage lines, shown on the accompanying 
sketch map (PI. V), as determined by foot and compass traverse, 
can be considered as only approximate. 
As $ready stated, the information on which this report is based 

was procured in the course of a hasty visit to the region, and during 
practicdy the whole time the weather conditions were very bad. The 
areas of the Werent geologic formations, as shown on the map 
(Pl. V), are therefore subject to revision when more detailed field 
work is done. 

GENERAL FEATURES OF THE REGION. 

GEOGRAPHY. 

The upper Chulitna region consists essentially of the valley of 
Chulitna River, a broad northeast-southwest basin, which is bordered 
on both sides by rugged mountains. At  a point just west of Chulitna 
Peas Chulitna River flows at an elevation of 1,200 feet, and a t  Broad 
Pass the basin floor rises to a height of about 2,400 feet. The south- 
east margin of the Chulitna basin lies only a few miles away from the 
river and is formed by a ridge of sharp and rugged peaks that rise 
to heights of 5,000 to 6,000 feet. The streams that drain this ridge 
are all of moderatesize, and their water is clear, indicating the absence 
of any large glaciers in those mountains. To the northwest the 
Chulitna bwin is of a different character, for it includes a long section 
of the southeast slope of the Alaska Range. There the lateral spurs 
of the main range begin only a short distance back from Chulitna . 
River and become constantly higher and more inaccessible toward 
the crest of the range, 20 to 35 miles from the river. AU the larger 
tributary streams from the Alaska Range, including Ohio Creek, 
West Fork of Chulitna River, BUM River, and their principal tribu- 
taries, carry glacial waters, and lai-ge areas in the valley heads are 
occupied by glacial ice. In  the rugged ice-sled portion of the range 
travel is difficult and hazardous, and a large area is still entirely 
unexplored. 
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GLACIATION. 

The portion of the Alaska Range that drains to Chulitna River is 
characterized by the number and large size of its existing glaciers 
and by the pronounced manner in which the surface forms have been 
modeled by the greater glaciers of earlier times, of which the present 
ice tongues are the remnants. The southeast side of the Alaska 
Range nourishes some of the largest alpine glaciers of the continent. 
Two of these glaciers, tributaries of Chulitna River though lying 
south of the area here discussed, are several miles wide and probably 
over 30 miles long. In the region with which this report is concerned 
the larger streams that drain from the Alaska Range, including Ohio 
and Copeland creeks and West Fork of Chulitna and Bull rivers, as 
well as their larger tributaries, are glacier-fed. The size of the 
glaciers is determined by the altitude of the surrounding mountains 
and the area of the catchment basins. 

There can be no doubt that the present glaciers are small compared 
with those that occupied this region in times past. At the time of 
greatest glaciation, ice from the Alaska Range moved southward 
down Chulitna and Susitna valleys, was augmented by other glaciers 
from the Talkeetna and Kenai mountains, and pushed down the 
Cook Inlet depression a t  least as far as the Forelands. Thus the 
entire Susitna basin was a great ice field and was connected to the 
east by way of the upper Susitna basin with a similar ice field that 
filled the Copper River basin. In  order to drain southward, as i t  
did, this glacier must have had a surface slope to the south of steeper 
gradient than that of the present valley floor, so that in the area 
here discussed the glacial ice must have reached a great thickness, 
and this conclusion is verified by evidence of ice sculpture high on the 
flanks of Chulitna Valley. The divide between West Fork of Chulitna 
River and Long Creek was overridden by glacial ice to an elevation 
of a t  least 4,500 feet, 2,300 feet above the valley of West Fork, 
directly to the north. The east wall of Chulitna Valley near Anti- 
mony Creek also shows erosion by a southward-moving glacier to a 
height of much more than 4,000 feet. In  the lack of an accurate topo- 
graphic map of this region as a whole i t  is not yet possible to outline 
the area reached by the glaciers at  the time of their greatest exten- 
sion, butit  is certain that a t  that t h e  only the high peaks and ridges 
of the mountains projected above the ice and that from the crest 
of the Alaska Range to the Pacific Ocean the area of land above the 
ice was very much less than the area of the glaciers. 

ROUTES OF TBAVEL. 

The upper Chulitna region has always been difEicult of access, and 
those who have visited it have done so only a t  the cost of much time 
and effort. The Alaskan prospector knows no barriers of distance 
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or bad trail if he is convinced that his chosen field offers a fair chance 
for the discovery of valuable minerals, but the time consumed in 
going to and from a remote area must be subtracted from the total 
season available for prospecting, and the actual time spent in the 
search for valuable ground is short when the trail to it is long and 
arduous. Heretofore two distinct methods of transportation, or a 
combination of the two, have been chiefly employed by those who 
have visited the region. The most favored has been the use of dog 
sleds up the frozen streams in winter. Supplies were procured from 
Talkeetna, where a store was maintained for some years, from Susitna 
station, or from Knik. A considerable part of the prospecting was 
done by a group of men who brought their supplies in during the fall, 
trapped for fur in the winter, and spent the summer in prospecting. 
Summer traveling was done for the most part by launch or poling 
boat up Susitna River to the mouth of Indian River, and 
thence by trail up Indian River through Chulitna Pass and up 
Chulitna Valley, crossing East and Middle forks to West Fork near 
the mouth of Bull River. A few parties came in by pack train from 
Knik Arm, following the west flank of the Talkeetna Mountains to 
Talkeetna River and crossing that stream to ascend Susitna Valley 
to Indian River. This method of travel was slow and.costly and was 
used for the most part by surveying parties, whose work was a 
study of the entire route rather than an effort to reach the upper 
Chulitna by the easiest means. 

In  the spring of 1915 active construction on the Government 
railroad, which is planned to extend from Seward to Fairbanks, was 
commenced, and the town of Anchorage was established as a base 
of supplies. During that year the work was for the most part con- 
fined to the areas bordering Knik and Turnagain arms and to the 
construction of a branch line to the coal fields of Matanuska Valley, 
but in 1916 and 1917 construction was carried on along the main 
h e ,  up Susitna Valley, and power boats were operated for trans- 
porting passengers and freight up Susitna River to the mouth 
of Indian River. In June, 1917, the rails extended to the rail- 
road crossing of Little Susitna River 174 miles from Seward, and 
stretches of wagon road, connected by trail, followed the railroad 
mute as far north as Talkeetna River. Above the Talkeetna a 
passable trail for pack horses was available all the way to West 
Fork of Chulitna River. By the end of 1917 i t  was reported that the 
rails were in place as far north as Montana Creek, 210 miles from 
Seward, and much of the railroad grade was completed as far as 
Dead Horse, about halfway between Talkeetna and Indian rivers. 
As soon as construction is completed to Broad Pass, the upper 
Chulitna district will become easily accessible, and the improved 
transportation will greatly stimulate mining and prospecting. 
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A favorable pass across the Alaska Range at the head of West 
Fork of Chulitna River has been used for sledding supplies acms 
the range in winter and has been crossed by pack trains in summer. 
It is necessary fo ascend the glacier at  the head of West Fork of 
Chulitna River for a distance of 10 or 12 miles to a low pass, which 
leads perhaps 2 miles down another small glacier to the edge of 
Muldrow Glacier, which is followed northward for about 10 miles to 
the north base of the Alaska Range. The route presents no insur- 
mountable dBculties late in summer, though trsvd would be diffi- 
cult until the soft snow has disappeared from the surface of the 
glacier. The distance from the last spruce timber on West Fork of 
Chulitna River to the first brush near Mddrow Glacier is about 20 
miles, and under favorable conditions the trip may be made by 
pack train in one day. 

The completion of the railroad will make the region easily accessi- 
ble from points on Tanana River by way of Nenana River. 

VEGETATION. 

In the upper Chulitna region timber is confined to the valleys of 
the principal streams. The valley of Chulitna River has a growth 
of trees, mainly spruce, but including some cottonwood and birch, 
up to an average altitude of 2,000 feet above sea level, though locdy 
trees grow above that altitude and considerable areas below 2,000 
feet are untimbered. In the vdeys tributary to the Chulifna 
through from the northwest a fringe of trees extends dong the lower 
valley walls to an elevation of perhaps 2,500 feet. Thus spruce 
groves composed of trees reaching a foot or more in diameter are 
present on West Fork of ChuIitna River to a point within 2 miles df 
the glacier in which the stream heads, and Ohio Creek has patches of 
good cottonwood and spruce trees for about 2 miles above $he 
mouth of Christy Creek, whereas Copeland, Long, Colorado, and 
Costdo creeks, with steeper gradients, follow timberless valleys in 
their upper COU~S~S,  and even brush of sullicient size to supply the 
moderate needs of the camper is lacking. 

There is little timber in the Chulitna basin that is fit for other than 
local uses. Patches af cottonwood trees, in the bottoms of the 
larger streams, will supply logs as much as 4 feet in diameter, and 
these will furnish a small number of saw logs. The spruce and 
birch trees are generally small, few attaining a diameter of more than 
2 feet, and although they will furnish cabin logs, mining timbers, 
cordwood, and an inferior grade of lumber, the products of the forests 
will be used only locally. 

Grass suEicient for forage can generally be found throughout the 
region. There are considerable areas of marshy bench lands and of 
s p ~ v e r e d  bottoms in which the prevaihg ground cover is 



sphagnum moss and low brush and in which grass for horses is not 
abundant, but within those areas there are scattered well-drained 
spots in which horsss will find sdficient food for a short time. The 
two principal varieties of forage grass are locally known tas "red top," 
which grows to a height of several feet, and as "bunch grass," which 
afTords a less heavy growth but exceeds the "red top" in nutritive 
value. At a few localities a vetch, known to the prospectors as the 
(6 pea vine," is abundant on the stream gravel bars and affords excel- 

lent forage. 
GAME. 

Although big game is not particularly abundant in the upper 
Chulitna bairn, the prospector is occasionally able to furnish his 
larder with fresh meat. Caribou range over most of the ares, and 
although usually found in small bands or as scattered individuals, 
when once seen they are easily procured by the hunter and so are the 
most useful u b ~ &  for food. Moose are present in the timbered 
amas, though in small numbers, and on rare occasions the white 
mountain sheep are seen in the areas of rugged relief. Black bears 
are not uncommon, especially in the timbered and brushy tracts, and 
brown and grimly bears are sometimes encountered. The relative 
scarcity of big game on this side of the Alaska Range is especially 
s-, for on the north slope of the range, not many miles away, 
is one of the most prolific game fields of North America. There sheep, 
caribou, and moose graze in great numbers, and their preference for 
the north dope of the range, rather than the south slope, is due 
directly or indirectly to climatic differences. The Chulitna slope of 
the mountains has a heavy precipitation, both in summer and in 
winter. The heavy winter's snows impede free travel and cover the 
h e r b  on which the animals feed, whereas the small snowfall on the 
north dope leaves wide areas of bare, wind-swept pasture upon which 
the game hards graze. In summer, too, the drier, sunny climate of 
the norfh dope and the abundant pasturage there are preferred by 
the wild aaimals. 

Of the smaller wild animals rabbits and ptarmigan are perhaps most 
useful, for they furnish a valuable supply of fresh meat. At times . 
both are extremely abundant, but in 1916 and 1917 they had almost 
oompletaly disappeared. Trout and graylmg may be caught in most 
of the clear-water streams, but as most of the rivers are glacier-fed 
and turbid, the opportunities for the traveler to get fish are infrequent. 
Each winter numeraus fur-bearing animals are taken, including lynx, 
foxl mink, and marten. 

NATIVES. 

Them are no established settlements of natives in the arek dis- 
cussed in thh report. The nearest settlement is a t  the mouth of 
Talkeetna River, where a few families spend part of each year catch- 
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ing salmon. Without doubt the natives a t  times ascend the tributa- 
ries of Chulitna River on hunting or trapping expeditions, but they 
have left little evidence of their visits. During the summer of 1917 no 
natives were encountered by the Geological Survey party north of 
Talkeetna River. 

GENERAL GEOLOGY. 

CHARACTER OF THE ROCKS. 

The rocks of the upper Chulitna region consist of a wide range of 
materials that have undergone different degrees of metamorphism. 
They include cherts, slates, and highly metamorphosed tuffs; less 
altered shales, graywackes, limestones, and tuffs; closely folded 
shales and graywackes; a thick series of shales and conglomerates; 
partly consolidated sands and clays with associated lignite; and 
several types of unconsolidated glacial and stream deposits. Igneous 
rocks are also present as basic lava flows, as dikes and sib, and as 
large intrusive masses. As shown on the map (PI. V), the largest 
bodies of intrusive rock within the area visited lie between Chulitna 
and Susitna rivers. Northwest of Chulitna River the Alaska Range 
proper shows on its flank a considerable amount of fragmental vol- 
canic material in the form of tuffs, associated with normal sediments. 
Farther to the northwest the main range is composed predominantly 
of sedimentary beds. 

The distribution of the geologic formations, as they have now been 
differentiated, is shown on the map (Pl. V). The mapping, however, 
was done in the course of a hasty trip of only three weeks, the 
principal object of which was the visiting of the numerous mining 
claims. During the mapping it rained almost constantly. In this 
area the geology is by no means simple, and the grouping together 
of ce~tain lithologic units and the areas assigned to them can be con- 
sidered as only tentative and will be considerably modified when more 
detailed studies are made. A base map was available only along the 
main Chulitna Valley. The main portion of the Alaska Range, from 
Chulitna River to the crest, is unmapped, and much of i t  is still 
unexplored. The drainage lines shown on the map as solid lines 
were taken from the surveys of the Alaskan Engineering Gommission. 
The drainage shown in broken lines was mapped by foot traverse 
during the progress of the geologic work in 1917. 

STRUCTURE. 

The dominant structural trend of the rocks on the southeaat flank 
of the Alaska Range is north-northeast, parallel to the axis of the 
range and to the broad trough of the Chulitna. A part of this struc- 
ture was developed during the growth of the present mountain range, 
and the structural features of the little+onsolidated Tertiary lignite 



beds may be attributed entirely to those mountain-building move- 
ments. The growth of the present range, however, took place in 
postrMesozoic time, The Mesozoic and older rocks are more strongly 
metamorphosed than the Tertiary lignite-bearing beds, and their 
structure must therefore be in part ascribed to movements that 
antedated the last mountain-forming processes. Indeed, in exam- 
ining the formations it is seen that each is more severely metamor- 
phosed than the one succeeding it. I t  is therefore evident that the 
site of the Alaska Range has long been a zone of weakness along 
which folding .has taken place from time to time, and the present 
mountains are but the topographic expression of the latest of the 
earth movements. Folding and faulting have both been operative 
in forming this massive range, and severe earthquakes in recent 
years suggest that even now the same slow forces are a t  work and 
that mountain growth still continues. 

BED-NTARY AND METAXORPIEIC BOCKS. 

GEEENSTONE TUFFS, SLATES, AND CHEBTB. 

What appears to be the oldest group of rocks in the area here de- 
scribed comprises greenstone tuffs, cherts, and slates that form the 
front of the mountain range northwest of Chulitna River. These 
rocks crop out a t  intervals along the valley of West Fork of Chulitna 
River below the mouth of Colorado Creek and appear also on Long, 
Copeland, and Ohio creeks in the areas indicated on the map (PI. V). 
These rocks are prevailingly so metamorphosed d altered that their 
original character is difficult to determine in the hand specimens. At 
many places in which comparatively fresh and unaltered material can 
be bbtained the characteristic rock consists of a multitude of frag- 
ments of basic dd-green to faint-purple lavas inclosed in a matrix of 
h e r  material of the same sort. The fragments are generally angular 
and of irregular shape and range in size from microscopic grains to 
piecb several inches in diameter. These rocks are composed of frag- 
mental material that was ejected violently from volcanic vents and 
accumulated in thick deposits, presumably in bodies of standing 
water. Their water-laid character is inferred not from any character- 
istic of the tuffs themselves, for they are free from any evidence of 
assortment of the materials, but from the association with the 
tuff beds of large amounts of chert and slate or argillite. At places 
the cherts and slates are notable members of the group, preponderating 
over the tuffs. Elsewhere they occur as thinner layers or lenses in 
areas where the tuffs are the prevailing rock. It is apparent that the 
normal processes of sedimentation, which resulted in the formation of 
the slates and cherts, were interrupted from time to time by volcanic 
outbursts, during which large quantities of fr agmentd volcanic 
material were ejected and accumulated rapidly in the near-by waters. 
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Between these periods of volcanic activity the normal sediments were 
laid down. The dark-gray to black slates occur in thin be&, 
alternating with light-green, gray, or blue-gray cherts. 

No fossils were found in this group of tuffs, slates, and cherfa, and 
their age is not definitely known. As will be shown later, however, 
they are known to be overlain by other materials from which Trissaic 
fossils were obtained. The structural relation between Chis group 
and the Triassic rocks has not been fully determined, but they are 
believed to be unconformable. If that conclusion is correct, the 
tuffs and associated slates and cherts are pre-Triassic and probably 
Paleozoic. No closer age determination is justifiable on the basis of 
our present knowledge. 

TRIASSIO TUFFS, LIMESTONES AND SHALES, AND LAVA FLOWS. 

Economically the most important group of rocks in the district is a 
series of Triassic tuffs, limestones, shales, and basic lava Rows with 
minor amounts of conglomerate and graywacke, which apparently 
lies unconformabiy upon the beds already described. Most of the 
mineralized lodes so far discovered occur in these rocks. The approx- 
imate position of the contadt between this group and the underlying 
group composed of greenstone, tuff, slate, and chert (see PI. V) 
crosses West Fork of Chulitna River a short distance below the 
mouth of Colorado and Bryn Mawr creeks, runs southwestward s;cross 
the valleys of Long and Copeland creeks, and crosses Ohio Creek just 
above the mouth of Christy Creek. Between Costello and Long 
creeks the relations between the two groups of rocks are not clear, for 
the surface is generally covered with vegetation, and intrusive dikes 
and sills are musually abundant. Farther south better e x p m e s  
are available, and on Ohio Creek an excellent section is exhibited. 
There the older group of tuffs, slates, and cherts forms the w d s  of the 
lower valley as far northwest as Christy Creek, where i t  appears to lie 
uncoaformably beneath a heavy bed of conspicuous red tuff and 
agglomerate. This red tuff is the basal member of a group of rocks 
that has an aggregate thickness of several thousand feet and includes 
tuffs, agglomerates, conglomerates, amygdaloidal greenstone flows, 
and massive limestone beds. The tuffs range in texture from he- 
gained rocks that resemble red sandstone, through coarser rocks 
composed of angular fragments from one-eighth to 1 inch in diameter, 
to coarse agglomerates containing fragments of volcanic d6br.i~ several 
inches across. They range in color from vivid red, in which the 
composing fragments are chiefly jaspilite, through green and purple 
shadss. In  some of the tuffs the fragments all appear to be sharply 
angular in outline; in others some fragments are angular and others 
partly rounded. These tuffs grade, by scarcely perceptible variations, 
into rocks composed largely of beautifully rounded quartz pebbles the 



size of a pea, so that characteristic tuffs and typical conglomerates are 
apparently connected by a series of intermediate rocks. On upper 
Ohio Creek five distinct and massive limestone beds form conspicuous 
features of the landscape. One of these beds yielded fossils that were 
determined by T. W. Stanton to be of Triassic age, and several other 
collections of fossils, taken from boulders in the bed of Copeland 
Creek, all appear to be of the same age. The tuff beds, so abundant 
in the lower portions of this group of rocks, give place to amygdaloidal 
lava flows in the higher parts of the group, and on Ohio Creek a con- 
siderable thickness of lava flows appears above the uppermost lime- 
stone bed. 

On West Fork of Chulitna River the section, though presenting 
certain features in common with that on Ohio Creek, is greatly 
different in detail. The red and green tuffs are present a t  the base 
and appear a t  the Riverside claims along Bryn Mawr Creek and on 
the cldms of the Golden Zone group. The abundant intrusive 
material, in dikes and sills, has altered the surrounding rocks by 
contact metamorphism, and as a result the limestones, here incon- 
spicuous, are generally changed to marble, and white, cream, and 
bluish cherts appear. The amygdaloidal greenstones, so abundant 
on upper Ohio Creek, are relatively scarce on West Fork of Chulitna 
River, where the group is overlain by a heavy body of black argillites, 
slates, and gra-ywackes. 

ARGILLITES, SLATES, AND ORAYWACKES. 

A conspicuous group of rocks that crop out along the valley of 
West Fork of Chulitna River and forms a large element of the Alaska 
Range is composed predominantly of black argillite, together with 
minor amounts of graywacke and some fine conglomerate. Its 
extant along the strike, from northeast to southwest, has not been 
determined, but from the width of the belt across the strike, as ex- 
posed on West Fark of Chulitna River for a distance of over 7 miles, 
i t  seems certain that these rocks are of wide distribution. Their 
thickness as measured across the strike can not, however, be regarded 
as the normal thickness of the group, for there is abundant evidence 
of close folding and faulting. The general structural trend is north- 
east, and the dips average 4 5 O  or more and are prevailingly to  the 
northwest. Intrusive dikes and sills are present throughout this 
group of sediments. Apparently this group of rocks lies structurally 
above the group of Triassic tuffs, limestones, shales, and lava,  though 
the relations between the two groups were not observed. Neither 
was it possible in the brief time available for the study to determine 
the relations of this group of rocks to the overlying formation, which, 
as will be shown, is probably of early Tertiary age. The only con- 
clusion that can now be drawn is that these beds are younger than 
that portion of the Triassic represented by the fossiliferous limestones 
and older than Eocene. 
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Certain other black argiIlites, slates, and graywackes oocur on the 
east side of Chulitna River and were observed from Granite Creek to 
Antimony Creek. These rocks are in general more highly metamor- 
phic than the rocks of West Fork of Chulitna River, just described, 
but are here included with that group, though the correlation is only 
tentative. 

Eldridge described a group of slates exposed along Susitna River 
for a distance of 50 miles, which he termed the Susitna slates, but he 
made 'no statement as to Oheir probable age. Bmoks a described a 
similar belt of rooks in Kichatna Valley that he believed to be "of 
unknown age, but probably chiefly Paleozoic." Capps found the 
same belt of rocks to be continuous from the Kichatna locality of 
Brooks northeastward and traced it almost to the area described by 
Eldridge. He classified the rocks as probably of Paleozoic or Mesozoic ' 

age. Throughout that distance the slates, a@tes, and graywackes 
of this group are perhaps the most abundant single element in the 
flank of the Alaska Range. The present investigation has disclosed 
the fact that a similar formation is prominent in the headwaters of 
Chulitna River, and although the correlation is by no means certain, 
i t  seems probable that the rocks there are a continuation of series of 
simile rocks mapped farther south. The evidence that the beds of 
the upper Chulitna are of Mesozoic age indicates a similar age for the 
great belt of rocks extending to the southwest, if future studies prove 
the stratigraphic continuity between the two localities. 

CANTWELL FORMATION. 

In  the upper valley of West Fork of Chulitna River the valley 
walls for some distance above and below the terminus of the glacier 
in which that stream heads are composed of conglomerates, impure 
sandstones, grits, and shales. The beds are gray to black. Con- 
glomerates, in unusual abundance, occur throughout the formation. 
Among the included pebbles argillites, gra-vwackes, and slates are 
most conspicuous, but pebbles of other rocks and of quartz are also 
present. Much of the conglomerate is fine, the pebbles averaging 
only a small fraction of an inch in diameter, but some coarser beds, 
inclosing boulders as much as a foot in diameter, were seen. The 
matrix mnsists of an impure gray sand or grit. All gradations are 
apparent in coarseness of bed, from come conglomerate through fine 
conglomerates and grits to sandstones and shales. 

I n  the general make-up of this group of sediments there is an un- 
mistakable resemblance to the Cantwell formation in the headwater - 

1 Emdge, Q. H., Areconnaissancein Susitna besin and adjacent territory, Alaska: U. S. Qeol. Survey 
Twentieth Ann. Rapt., pt. 7, pp. 15-16. 1900. 
2 Brooks, A. H., The Mount Mcginleyregion, Alaska: U. 8. %I. S w e y  Prof. Paper 70, pp. 67-68,1911. 
8 Cagps, 8. R.. The Ymtm district, &Iadm: U. 8. Qeoi. Survey Bull. 634, pp. 2.428, 1913. 



region of Nenana River, as described by Moffit,l and in the upper 
Toklat basin as described by C a p p ~ . ~  In those localities the beds 
have been determined, on the basis of fossil plant remains, to be of 
Eocene age, and as the area here described is directly along the strike 
and only a few miles away from the Toklat locality, and as the litho- 
logic aspect of the rocks, although unusual, is the same at these 
lod t i e s ,  the beds of ipper West Fork of Chulitna River are referred 
with little hesitancy to the Cantwell formation. The Cantwell for- 
mation is generally folded, tilted, and faulted and is cut by intrusive 
rocks. In places lava flows are interbedded with the sediments. 
The stratigraphic and structural evidence and the degree of indura- 
tion seem to indicate that these beds may be older than the Eocene. 

COAL-BEARING TERTIARY BEDS. 

The next succeeding formation that has been recognized in this 
region comprises the Tertiary coal-bearing deposits that occur a t  
scattered localities throughout the Susitna basin. These beds include 
unconsolidated or slightly consolidated shales or clays, sands, gravels, 
conglomerates, and some lignitic coal. With the area here described 
the coal-bearing formation was seen at only two localities, and at 
these its exposures are small, but the presence of pieces of lignite on 
the gravel bars of both East and Middle forks of Chulitna River indi- 
cates that the formation occurs on both of those streams and that it 
may be of considerable extent beneath the deposits of younger gravels. 
The coal-bearing formation crops out as a bluff of fairly firm con- 
glomerate at  the trail crossing of Middle Fork of Chulitna River, but 
no lignite was seen there. On Coal Creek, a small tributary of Cos- 
tello Creek, shales and sands, with lignitic coal, occur. They are 
described below (pp. 231-232). 

The age of the lignite-bearing formation throughout the Susitna 
basin has generally been regarded as Eocene. Some uncertainty, 
however, has arisen during the last few years, for on the evidence of 
the fossil plant remains obtained from the Cantwell formation that 
&190 has been classified as Eocene. Throughout the area in which it 
has been recognized the Cantwell formation consists of dark, com- 
pletely indurated rocks, which, though carrying a small amount of 
carbonaceous material, have nowhere been found to contain valuable 
coal beds. The Cantwell beds are also generally much tilted and 
deformed. The coal-bearing Tertiary beds, by contrast, are every- 
where hght in' color and are generally little consolidated and only 
mildly deformed. In both lithologic character and structure they 
differ greatly from the Cantwell formation and are certainly younger 

I Moilit, F. H., The Broad Passregion, Alaska: U. S. Geol. Survey Bull. 808, pp. 4049,1915. 
'Capps, 8. R., The Kentishna region, Alaska: U. 8. Geol. Survey Bull. 687, pp. 874,1919, 
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than the Cantwell. There can be but little doubt, howem, that the 
ligrvte-bearing beds of the upper Chulitna basin are to l~ wrrelated 
with similar deposits that occur at intervals throughout th& bmin 
and that have been classed as of Eocene age. 

UNCONSOLIDATED DEPOSITS. 

The unconsolidated deposits include a variety of relatively young 
sediments, including the morainal materials dropped directly by 
glaciem; bench or high-level gravels, mainly laid down by the streams 
that carried the outwash from the ancient greater glaciers; and the 
gravels of the present stream flats, composed in part of the outwash 
from existing glaciers and in part of the products of normal stream 
erosion. All these deposits are undeformed. Recognizable moraines 
were seen only near the lower ends of the glaciers in which the tribu- 
taries from the Alaska Range head, but a layer of unassorted glacial 
till, composed of blue clay studded with boulders and angular frag- 
ments of rock, was seen at many places and may be expected generally 
throughout those parts of the lowlands that have escaped vigorous 
stream erosion. The bench gravels are strongly developed along 
the main Chulitna and in the lower valleys of its large tributaries 
and are especially conspicuous from the trail where it crosses Little 
Honolulu and Honolulu creeks and East Fork of Chulitna River. At 
all them p l a w  the bench gravels are yellowish from oxidation and 
are capped by bluish, unoxidized glacial till. The present stream 
gravek, composed in part of glacial outwash and the reworked bench 
gravels and glacial materials, include also the products of present- 
day rock weathering and erosion. 

IGNEOUS ROCKS. 

The only mass of intrusive rock of sufficient size to map separately, 
in an investigation such as that on which the present report is based, 
is a large body of granitic material that lies on the east side of 
Chulitna Vdey and extends from a point below the mouth of Indian 
 rive^ northward to the vicinity of Honolulu Creek. It is composed 
of gray to pink diorite and granite, of medium to coarse grain, and is 
bordmed on the east by black slates and by unconsolidated materials. 
The area shorn on the map (Pl. V) as occupied by granitic intrusive 
rock includes &o some large bodies of slate that were caught up 
and inclosed by the molten rock when it was injected, but time was 
not available for tracing out the outlines of these slate bodies. Dikes 
of granite and diorite also radiate from this central ma= in all direc- 
tions and ramify through the neighboring formations. Indeed, 
acidic dike rocks that may be related to this large intrusive m w  cut 
all the formatiow already described except the Tertiary coal-bearing 
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furmation and the younger unconsolidated materials. The granitic 
intrusive rocks of the Alaska Range and of the Talkeetna Mountains 
have generally been referred to a period of extensive intrusion in 
Lower Jurassic time, and the rocks here described are of similar char- 
acter and possibly of the same age. This age determination is not 
considered h a l ,  however, for if the dike rocks that cut the Cantwell 
are referable to the same period of intrusion as the large granitic 
bodies east of Chulitna River, and the Eocene age of the Cantwell is 
accepted, the date of the intrusion must be post-Eocene. At present 
the evidence is not sec ien t ly  conclusive to justify a definite age 
determination for the granitic intrusives as a whole. 

The group of tuffs and sediments from which Triassic fossils were 
collected contains large amounts of basic lavas, already referred to, 
and some basic dikes that were observed may be related to the same 
period of igneous activity as the lavas. 

ECONOMIC GEOLOGY. 

H I S T O R Y  OF MINING AND PROSPECTING.  

Little information has been published concerning the early history 
of prospecting in the upper Chulitna region, and the date of the 
arrival of the first prospectors there is not known to the writer. 
Certainly the discovery of workable gold placer gravels on Valdez 
Creek, a headward tributary of Susitna River, in 1903, stimulated 
prospecting in the upper basin of the Susitna, and i t  is likely that in 
the following years some adventurous pioneers made their way into 
the Chulitna basin, but no valuable discoveries of gold were made, 
and the region remained generally unknown. So far as could be 
learned, the first claim Was  staked in this region by John Coffee on 
Bryn Mawr Creek in 1907, and that claim was worked by the owner 
in 1909. It is also reported that the first lode claim, the Golden 
Zone, was staked in 1909, although the present owners date their 
holdmg from 1912. The Northern Light lode was discovered in 191 1, 
and during the years 1911 and 1912 practically all the claims that 
are now hald and many other claims later relinquished were first 
staked. Tlze only valuable mineral actually recovered from this 
region has been a small amount of placer gold, which was taken from 
the head of Bryn Mawr Creek. Most of the interest in the region 
centers on the lodes, which contain gold, copper, and antimony in 
encouraging amounts. The ores are not free milling, however, and 
the prospective value of the lodes is in their possibility of producing 
a large tonnage of ore of moderate richness rather than small quan- 

I tities of high-grade ore. For the development of properties of this 
kind good transportation is a prime essential, both for the bringing 
in of supplies and equipment and for the shipment of the mined ore 
or concentrates to a smelter. The remoteness and difficulty of access 
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of the upper Chulitna region has so far effectually prevented any lode 
mining, but the transportation to be furnished by the Government 
railroad should make i t  possible to produce metal from those proper- 
ties that carry ores of sufficient richness to pay charges 'for mining, 
transportation, and smelting. 

LODE DEPOSITS. * .  

GENERAL FEATURES. 

No ore from the lode deposits of the upper Chulitna region has yet 
been reduced, and as a consequence no commercial production of 
metals has been made, so that all the lode properties are still to be 
classified as  prospects. Active development work hes been carried 
out on eight or ten groups of claims, however, and a lesser amount 
of prospecting has been done on several oth& properties. The fact 
that no producing mines have yet been developed in no way reflects 
upon the character of the ore deposits or upon the industry and 
initiative of the prospectors, for the lack of anything more than the 
crudest and most expensive means of transportation would have pre- 
vented the mining of all but the richest bonanza deposits. The real 
test of the merits of the properties will come when the Government 
railroad is finished and the best transportation that can be hoped for 
is available. Then, if the richness of the ore bodies justifies it, mines 
will be opened. 

Most of the claims in this region were staked and are held by men 
of small means, who have been compelled to finance their prospecting 
ventures in the summbr by their earnings during the rest of the year. 
As the simplest mining supplies have been brought to this remote 
country only a t  great cost of money, time, and effort, the amount of 
work accomplished in opening up the ore deposits is small, yet i t  
represents the utmost zeal and enthusiasm on the part of men who 
have worked under discouraging conditions. 

The accompanying sketch map (Pl. V) shows that with the excep 
tion of a single prospect on Antimony Creek, east of Chulitna River, 
all the lode prospects in the upper Chulitna region lie along a nearly 
straight line, near the contact between the older greenstone tuffs, 
cherts, and metamorphic sediments on the east and the Triassic tuffs, 
limestones, and shales on the west, and all lie within the Triassic 
materials. Aside from the lode claims on Ohio Creek, which are of 
somewhat different character, the claims that have received most 
attention lie in a narrow northeast-southwest belt about 7 miles long, 
cut across h o s t  centrally by West Fork of Chulitna River. 

It is a significant fact that in that part of the group of Triassic 
tuffs and sediments in which the ore bodies occur calcareous rocks 
are present, either as limestone, marble, or limy shale. Furthermore, 
in the vicinity of tbe ore bodies there is an unusual amount of igneous 



material, injected as dikes into the tuffs, limestones, and shales. 
The ore bodies themselves, as imperfectly exposed in the scanty 
workings, are not sharply outlined and have not generally a definite 
veinlike character. They appear to be irregular masses in which the 
mineralization is heavy in places but fades out into less mineralized 
country rock in all directions. Indeed, scattered specks of sulphides 
can be found in these rocks over wide areas. The principal metallic 
miner& recognized include arsenopyrite, pyrite, sphalerite, chalcopy- 
rite, pyrrhotite, stibnite, and galena, and assay returns show the 
presence of gold. Some small, distinct veins cut the ore bodies, and 
them carry sulphides in a gangue of calcite or quartz, or both, but 
most of the ore seems to consist of sulphides that have replaced limy 
rocks, or else i t  oacurs as disseminated sulphides in different types of 
material, including tuffs, cherts, limestones, and the dike rocks them- 
selves. The information at hand, therefore, indicates that as the 
result of the intrusion of acidic dikes the intruded rocks suffered some 
contact metamorphism. Mineralized solutions from the igneous mass 
penetrated the neighboring rocks and replaced certain of the limy 
beds. The calcareous beds were not alone affected, however, for 
sulphide-bearing solutions also penetrated certain tuff and chert beds 
and replaced portions of these with sulphides, but the larger ore 
bodies, as at present exposed, seem to represent the replacement of 
calcareous sediments by metallic sulphides. 

One great disadvantage under which the prospectors in the upper 
Chulitna region have labored is the difficulty of obtaining assay 
returns with sufficient promptness to guide the progress of develop- 
ment work. In  ore of this character the gold content, upon which 
the value of the ore largely depends, can not be determined without 
assaying, and the difficulty of travel to and from the region has 
usually resulted in compelling the prospector to have only a single 
group of assays made a t  the end of his season's development work. 

Such assays are too often made of picked samples of ore, rather 
than of average samples across an entire ore body, and the prospector 
is thus in danger of deceiving himself in regard to the average tenor 
of the ore. 

In  the following notes those lode prospects on which any consider- 
able amount of development work has been done are described in 
the ordar in which they lie from northeast to southwest. 

LODE PROSPECTS. 

N o r t h  Light group.-The Northern Light group consists of three 
claims on the noeheast side of Costello Creek, a short distance below 
the mouth of Camp Creek. These claims were first staked by A. 0. 
Wells, Frank Wells, and Joe Focket in 1911 and are still held by 
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these men together with some additional partners, who later bought 
interest in the ground. The mineralized area h t  attracted attention 
on account of the rusty red discoloration of the outcrops. The 
country rock comprises a confused assemblage of volcanic tuffs, 
impure limestones, and shales, cut by dike rocks. Much of the rock 
is so badly altered that its original character is obscure, but tuffs, 
sediments, -and ore are highly calcareous, and even the dike rocks 
contain calcium carbonate. The area of strongest mineralization 
is irregular in outline and has a greatest width of about 30 feet. 
The mineralized rock strikes about N. 65" W. and dips 70° SE. It is 

. apparently the result of the replacement of a limy bed by sulphides 
and contains veins and bunches of quartz. This limy bed appears 
to lie between metamorphic tuffs, which the owners term the hanging 
wall, and a h e l y  granular dike rock that forms the footwall. A 
tunnel 64 feet long has been driven into the highly stained bluff of 
Costello Creek through material that everywhere contains finely 
disseminated sulphides. At the time of the writer's visit, in July, 
1917, the breast of the tunnel showed a quartz vein 6 inches to 1 
foot thick, highly mineralized. Within the mineralized zone there 
are many horses of the footwall rock that are comparatively lean in 
sulphides, though gold and silver have been found in assays of the 
country rock on both sides the area of heaviest mineralization, which 
has been traced along the surface for a distance of about 800 feet. 
The metallic minerals that have been recognized include arsenopyrite, 
pyrite; chalcopyrite, sphalerite, and a little stibnite, and assays are 
said to show the presence of gold and silver in encouraging amounts. 

Lumtive group.-The Lucrative group, consisting of five claims, 
lies on Costello Creek near the moutli of Camp Creek. The only 
development work that was seen consists of a tunnel 15 feet long that 
is driven into a bluff on the west side of Camp Creek, about 1,500 feet 
above its mouth. The tunnel, which runs S. 70" W., follows the 
strikq of a rusty, mineralized, vertically dipping quartz stockwork 
in a mass of intrusive rock. The stockwork, as shown in the tunnel, 
is 15 to 18 inches wide, is much fractured and broken, and is bordered 
on each side by a sharply defined wall, along which movement has 
taken place, as shown by slickensides and gouge. The principal 
mineralization consisted in the formation of abundant arsenopyrite 
in bluish banded quartz, with some specks of chalcopyrite. The 
owners were not on this property at  the time of the writer's visit, 
arid no information was obtained concerning the content of. the ore 
in gold or silver. 
Silver King group.-The Silver King group, cqnsisting of two 

claims-the Silver King and Silver King Extension-lies on the 
northeast side of Colorado Creek about 14 miles above the mouth 
of that stream. This ground had been located in previous years, 
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but the title had lapsed, and it was staked by the present owner in 
March, 1917. At the time of the writer's visit development work 
on this ground had been copfined to the excavation of a number of 
open cuts. These cuts nowhere penetrated to solid, undisturbed 
ground, so that the geologic structure of the ore deposit could not 
be determined with accuracy. As shown by the shallow excavations 
the center of miiteralization appears to be in a dike that is highly 
altered. The dike probably cuts calcareous sediments, for i t  con- 
tains much calcite, and both the dike rock and the ore effervesce 
freely upon the application of dilute hydrochloric acid. The out- 
lines of the ore body had not been determined, but there is apparently 
a large mass of material that contains abundant sulphides. The 
sulphides that were recognized include arsenopyrite, pyrite, chal- 
copyrite, pyrrhotite, and stibnite, both in massive aggregates and 
h e l y  disseminated throughout the country rock. Small calcite 
veinlets were observed, and in one cut a body of massive stibnite 
from 6 inches to 1 foot thick that strikes about east and west and 
dips 23O S. is exposed. No assays were available, and the content of 
the ore in gold and silver was not known. 
Riverside group.-The Riverside group comprises several claims 

that adjoin West Fork of Chulitna River on its southwest side, about 
a mile above the mouth of Bryn Mawr Creek. Developments in 1917 
included half a dozen large open cuts, a shaft 15 feet deep, and two 
tunnels, one 10 feet long and the other of unknown length, now caved 
in. All these workings are at the base of a steep rock bluff, at  the 
edge of the broad gravel flat of West Fork of Chulitna River. The 
rocks exposed consist predominantly of steeply dipping green to red 
tuffs, with which are associated pale-pink, green, and blue-gray 
chmts, locally banded; rusty gray and white marble; and abundant 
dikes of medium-grained acidic intrusive rocks. The tuffs are hard 
and dense and range in texture from ke-grained to very coarse. 
The marbles and cherts are less abundant but are visible in several 
of the open cuts. Tuffs, cherts, and calcareous beds are all more or 
less altered by contact metamorphism, as a result of their intimate 
intrusion by the dike rocks. 

The openings that have been made on these claims are unconnected, 
and the surface between them is covered by vegetation and by loose 
glacii deposib and talus, so that little can now be said in regard to 
the geologic relations and extent of the mineralized area. Such data 
as could be obtained, however, indicate that here, as at other places 
in the district, the mineralization is the result of the replacement of 
calcareous be& by quartz and metallic sulphides, introduced by 
mineralizing solutions that were related to the intruded dike rocks. 
The ore examined consists of a rusty quartz gangue full of vugs into 
which project quartz prisms terminated by rhombohedrons. 
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Abundant sulphides, including arsenopyrite, pyrite, chalcopyrite, 
galena, and probably sphalerite are inclosed by the quartz gangue, 
and specks of these sulphides occur without quartz gangue in marble, 
tuffs, and dike rocks. A little green copper carbonate stain was 
noted. It is reported that average assays taken over a zone in the 
marble 12 feet wide yielded several dollars a ton in gold and silver. 
Lindfom qmup.-The Lindfors group includes three claims, known 

as the Hill Top, Morning Glory, and Lucky Strike, all lying a t  the 
head of Bryn Mawr Creek and adjoining the Golden Zone group. 
This ground was staked in 1913, and the developments consist of a 
number of open cuts and strippings along both bluffs of Bryn Mawr 
Creek. No underground work had been done on these claims in 
July, 1917. The country rock, as exposed in the creek bluffs and 
the open cuts, consists of a group of altered materials, the original 
character of some of which is obscure. Tuffs, marbles, and dike 
rocks in different stages of alteration were noted, and all contain 
some disseminated sulphides. It is evident that on these claims the 
mineralization was due to the replacement of calcareous sediments 
by quartz and sulphides and to the impregnation of different types 
of country rock with sulphides introduced in connection with the 
intrusion of acidic dikes. Apparently the intrusion was followed 
by a period of pneumatolytic alteration of both the dikes and the 
rock into which they were intruded, and some metallic minerals 
may have been introduced at that time. One open cut shows a vein 
of massive arsenopyrite from 4 to 20 inches thick that lies between a 
much decomposed dike and some altered tuffs. Another cut showed 
a considerable area in which disseminated sulphides and some small 
sulphide-bearing quartz veinlets, containing also a brown-weathering 
carbonate that is probably ankerite, cut through much altered cal- 
careous materials. henopyrite,  pyrite, chalcopyrite, and sphalerite 
were recognized, and i t  is reported that some rich assays have been 
obtained and that large quantities of materials carry encouraging 
amounts of gold. 

Gdden Zone group.-The Golden Zone group includes three claims 
in the upper basin of Bryn Mawr Creek, adjoining the Lindfors 
group on the northwest. The claims were staked in 1912, attention 
having been attracted to this locality by the presence of a large hill, 
the rock of which is oxidized to a rusty red and is conspicuous for a . long distance. This hill on examination proves to be composed of 
a body of acidic rock that is intruded into an assemblage of materials 
including tuff, marble, and shale. The intrusive mass is generally 
impregnated with scattered specks of sulphides, but locally the 
mineralization is heavy, and the rock is cut by many small quartz 
veinlets. In places the intrusive material is massive and appears 
fresh in hand specimens, but in the more heavily mineralized portion 



i t  is much altered and broken into slabs 3 to 8 inches thick, separated 
by layers of pulverulent material stained by iron oxide and copper 
carbonate. The developments include many small open cuts, one 
large cut 120 feet long, and 221 feet of underground workings. The 
large open cut shows altered and rusty intrusive material that con- 
tains disseminated sulphides and a little quartz, and an average 
sample through the whole cut is said to have yielded an encouraging 
.amount of gold and silver. The tunnel, which was driven in a 
northwest direction on the slope of the hill toward Bryn Mawr Creek 
is 'straight for 137 feet and a t  a point 82 feet from the portal has a 
crosscut to the southwest 84 feet long. The main tunnel was driven 
through an altered and generally decomposed mass of dike rock in 
which iron and copper sulphides are generally disseminated and are 
especially abundant along cracks, joints, and slip zones. Some 
bunches and stringers of quartz are present in the dike rock. The 
crosscut follows a slip zone which contains gouge. Some white to 
buff soft calcareous material was also excavated from the tunnel. , 
The metallic minerals that have been recognized on this property 
include arsenopyrite, pyrite, sphalerite, chalcopyrite, galena, mala- 
chite, and probably stibnite. It is reported that assays of the average 
mltterial removed from the tunnel show several dollars a ton in gold 
and silver, and some rather high assays were procured. No one was 
resident on this property $hen i t  was visited in July, 191 7. 

Hector group.-The Hector group includes two claims that lie on the 
Long Creek side of the divide between Long Creek and West Fork 
of Chulitna River, opposite the head of Bryn Mawr Creek. The 
ground was staked in 1914, and the developments include only a 
number of shallow open cuts. These cuts were made on small rock 
exposures that projected through a covering of vegetation and of 
surficial materials, so that no large surface of bedrock was available 
for examination, either for deciphering the geologic relations or for 
determining the extent of the ore bodies. The rocks examined 
include more or less altered materials that are probably the metamor- 
phic equivalents of siliceous shales, graywackes, and t d s .  The finer 
beds are banded white, brown, and green cherts, interbedded with 
dense graywackes and argillites. The beds strike S. 75"-80" W. and 
have steep dips, generally to the northwest. The whole assemblage 

- has been intimately cut by acidic intrusive rocks, which form dikes 
of considerable size and are locally interleaved in thin layers with 
the sediments. The cherts are highly siliceous, but all the other 
materials have an appreciable content of calcium carbonate, and 
both the graywackes and the dike rocks effervesce freely with dilute 
hydrochloric acid. 

The principal ore body, as exposed in a shallow trench, consists of 
chalcopyrite and pyrrhotite, intimately mixed, disseminated through 
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the coarser sediments and the dike rocks. A trench shows minerali- 
zation over a distance of 30 feet across the beddug, and other open- 
ings along the strike show abundant sulphides 250 feet from the 
principal opening. The sulphides replace certain beds and occur in 
the dike rocks themselves. Chert beds that cut through the mineral- 
ized area are almost free from sulphides. The sulphides range in 
abundance from scattered small specks of chalcopyrite and pyrrhotite 
to masses of sulphides in which little rock is visible. Some small 
quartz and calcite veinlets cut the ore, but the degree of mineralization 
seems to be independent of their presence. Assays of the best ore 
are said to have yielded 17 per cent of copper, but development has 
not yet proceeded far enough to determine the probable size of the 
ore body or the influence of depth upon the character and degree of 
mineralization. 

Ready Cash group.-l'he Ready Cash group, which is reported to 
include nine claims, lies on the northeast side of Ohio Creek about 3 
miles above the mouth of Christy Creek. At the time of the writer's 
visit, in July, 1917, no one was resident on these claims, and none of 
the owners were seen in the country, so that the only information 
gathered was that procured in a brief study of the workings that 
could be found by following trails from the camp site. The country 
rock in the vicinity of the workings consists of interbedded argillites, 
graywackes, and greenstone tuffs, all more or less metamorphosed. 
The local structure is generally diacult to determine, but the pre- 
vailing larger structural features strike somewhat east of north and in 
general dip rather steeply eastward. Apparently the attention of 
the prospectors was attracted to this locality by a quartz vein that 
crops out conspicuously on the east wall of a small gulch that is tribu- 
tary to Ohio Creek from the north. This vein, which cuts altered 
slates, graywackes, and tuffs, is 8 to 10 feet wide, strikee N. 15" E., 
and dips vertically. It is rusty and shows some stains of copper 
carbonate. A short distance down the mountain an adit tunnel 170 
feet long was driven in a direction S. 80' E., apparently for the purpose 
of cutting the quartz vein a t  depth. The breast of the tunnel had not 
yet reached the vein exposed on the surface, but in the tunnel a f ~ w  
small quartz veins from 1 to 3 inches wide were intersected. No data 
were obtained concerning the assay values of the ores a t  this property. 

It is reported that another tunnel 75 feet long has been driven on 
this property a short distance downstream from the tunnel already 
mentioned and on the same vein as that which the 170-foot tunnel 
was meant to cut. The vein is said to be from 12 to 15 inches wide, 
to carry abundant galena, and to show h g h  assays in silver. Pieces 
of ore which were found at the entrance to the long tunnel but which 
presumably come from the other tunnel show quartz with some cal- 



cite that carries abundant arsenopyrite, pyrite, chalcopyrite, and 
galena. 

North Cbrolina group.--The North Carolina group includes several 
claims that lie in the upper basin of Antimony Creek, a small tributary 
of East Fork of Chulitna River that joins that stream from the east 
a t  the trail crossing, 1 mile above the mouth of East Fork. M i  
developments include a log cabin, in the highest patch of timber on 
the creek, two tunnels, 40 and 10 feet long, and a number of open cuts 
and strippings. 

The mouth of Antimony Creek has an elevation of approximately 
1,625 feet above sea level. About 3 miles above the mouth of the 
stream, at  an elevation of 2,700 feet, a 40-foot tunnel has been driven 
into the steep north bluff of the valley, about 75 feet above the creek, 
on a claim called North Carolina No. 3. The tunnel follows the foot- 
will contact of a 3-foot basic dike with the shale, impure limestone, 
and graywacka country rock. The dike strikes S. 65' W. and dips 60' 
SE., and the sediments have about the same strike but dip more 
gently. The tunnel is timbered and lagged and is caved a t  the breast, 
so that no opportunity was afforded to study the conditions of struc- 
ture and mineralization in it. It is reported that a t  the breast there 
is a gouge-filled slip zone, in which are scattered cubes and bunches 
of pyrite in the gouge. Pieces of ore found on the dump show 
abundant pyrite, which occurs as veins or streaks in the altered shalexs 
or argrllites. The sulphide streaks are highly calcareous, and where 
the shales that ccarry the sulphides are more siliceous they contain tiny 
films and veinlets of calcite. Some secondary crystalline calcite also 
occurs surrounded by pyrite. The pyrite is probably due to the 
replacement of limy sediments by mineralized solutions that circu- 
lated along a fault zone. Assays are said to show the presence of 
s m d  amounts of gold. 

Farther up Antimony Creek, on the top of the bordering ridge on 
the north, a t  an elevation of about 4,000 feet, a 10-foot tunnel has 
been driven on a claim known as North Carolina No. 5. This tunnel 
penetrates black argillites, slates, and graywackes that on the surface 
are so weathered and disturbed that their structure is not determi- 
nable. The tunnel is timbered and is caved a t  the breast, so that the 
geologic conditions encountered in driving it could not be determined. 
An ore pile a t  the mouth of the tunnel contains several tons of massive 
stibnite ore that includes both finely granular stibnite and a mixture 
of the granular sulphide with acicular crystals. In  some specimens 
there is a considerable admixture of granular quartz through the 
stibnite, but other pieces show massive sulphide witah no visible 
gangue. Small amounts of yellow and reddish secondary oxidation ' 

product$, probably stibiconite and kermesite, were noted on weathered 
surfaces and in fractures in the ore, and some rusty quartz is associated 
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with it. The owners report that the stibnite occurs in lenses or kid- 
neys that have a maximum thickness of 2 feet and are only a few feet 
long and that lie.paralle1 in the vein. They report also that the 
stibnite carries some gold. 

Other prospects.-In addition to the prospects already described, on 
which a considerable amount of systematic development work has 
been done, there are within the upper Chulitna region a number of 
claims or groups of claims that show different degrees of mineralization 
and on which the annual assessment work has been done for some 

, years. On most of these claims too little work has been done to 
outline the ore bodies or to reveal the conditions or extent of the 
mineralization. The following notes mention those properties in this 
class to which the writer's attention was directed: 

The Center Star group of two claims lies northeast of the Silver 
Eing group and on a line between i t  and the Northern Light property. 
The openings, which include several small open cuts and strippings, 
show a bluish dike rock in which disseminated arsenopyrite, pyrite, 
and chalcopyrite were recognized. 

The Flaurier group of five claims adjoins the Riverside group on the 
west. The country rock includes the same group of chew, argdlites, 
tuffs, and possibly limestone cut by dikes that have already been 
described as occurring at the Riverside group. Open cuts show 
altered, rusty materids that locally contain considerable quantities 
of sulphides, which seem to be scattered through the rock by impreg- 
nation rather than to occur as a segregated replacement deposit. 
Assays taken over a considerable area of this material are said to show 
a few dollars in gold and silver to the ton. 

The Jumbo is a fractional claim adjoining the Riverside and lying 
2,000 feet southwest of West Fork of Chulitna River. On this claim 
a large open cut shows a fine-grained conglomerate in which are 
bunches and specks of sulphides, mainly pyrrhotite but with some 
pyrite and chalcopyrite. 

The Golden Zone Extension group includes some claims that lie 
adjacent to the Golden Zone group on the southwest. Prospecting 
has been carried on by the opening of a number of long, shallow 
trenches, which for the most part fail to penetrate through the loose 
surficial material to undisturbed bedrock. The underlying rock 
apparently consists of altered tuff, chert, and argdhtes cut by dike 
rocks, in which there is locally some disseminated arsenopyrite. 

I t  is reported that a large number of claims have been staked on 
the main northern branch of West Fork of Chulitna River for man- 
ganese. The manganese is said to occur in seams in slate and ser- 
pentine. The surface ores are all soft and decomposed,. and no 
excavations have been made that show the character of the man- 
ganese ore a t  depth. 



GOLD PLACER MINES AND PROSPECTS. 

In the upper Chulitna region, as in most other unexplored coun- 
tries, the efforts of the earliest prospectors were directed to the search 
for easily mined gold placer deposits, and in 1907 the first claims 
located in this region were staked for placer gold, on upper Bryn 
Mawr Creek. In 1909 some mining was done on this ground, and a 
small amount of gold was recovered. Prospecting for gold placer 
gravels has continued since that time, and although gold has been 
found a t  many places, it has nowhere been found in suf6cient amount 

/ to warrant mining under the conditions imposed by the remoteness 
and dif6culty of access of the region. 

In  1917 some prospecting for gold was done on West Fork of 
Chulitna River, but no workable deposits were found. Two men 
continued the attempt to discover a pay streak on lower Shotgun 
Creek, a tributary of lower Ohio Creek from the west. Encouraging 
amounts of gold have been found at that locality, and several persons 
have a t  one time or another attempted to mine there, but so far with- 
out success. 

The gravels of Gold Creek, a tributary that joins Susitna River 
from the east 2 miles below the mouth of Indian River, have long 
been known to be auriferous, and attempts to mine them have been 
made at intervals by different men. A small amount of gold has been 
recovered, but no ground rich enough to yield a profit to the miners 
has yet been found. 

Some gold has from time to time been won from the bars of Susitna 
River near the mouth of Gold Creek and a short distance below Dead- 
horse HiU. This gold was aU fine and occurred near the top of the 
stream-gravel deposits. Deeper holes sunk through the gold-bearing 
gravels failed to show any increase in the amount of gold with depth 
but rather a decrease. 

COAL. 

As has already been stated, coal-bearing Tertiary beds are widely 
distributed throughout the basin of Susitna River and are known to 
occur a t  two localities in the upper Chulitna regiqn. The only one 
of these localities that was visited in 1917 lies near the head of Coal 
Creek, a small stream that flows into Camp Creek, which in turn is 
tributary to Costello Creek from the northeast. There the bluffs 
show a section of Tertiary shale and lignite. At the time of the 
writer's visit, in July, 1917, a snow bank covered much of the oub 
crop, and the surface of the beds was partly masked by detritus, but 
in a vertical section of 24 feet ,three lignite beds, 6,5, and 9 feet thick, 
separated by shale beds, were seen. A 15-foot tunnel, driven on 
one coal bed, shows a 6-foot face of bright black lignite of fair quality. 
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Neither the top nor the bottom of this bed was seen in the tunnel, so 
tbe thickness certainly exceeds 6 feet. The coal beds dip about 14O E. 
The area of the coal field is not known, for exposures are few, but the 
coal is apparently limited on the west by Camp Creek and is said to 
crop out a t  least 1,200 feet east of the tunnel. This @te has had a 
amall local use by the prospectors for fuel for camps and as forge coal. 

I t  is reported that Tertiary deposits containing a lignite bed several 
feet thick crop out in the valley of a tributary of Middle Fork of 
Chulitna River, about 11 miles above the junctio~ of East and Middle 
forks, between the trail and the line of the railroad survey, and coal- 
bearing beds are said to crop out on Coal Creek, a southeastward- 
flowing tributary of the Chulitna, south of Ohio Creek. 



PLATINUM-BEARING GOLD PLACERS OF THE KAHILTNA 
VALLEY. 

By J. B. MERTIE, Jr. 

INTRODUCTION. 

The valley of Kahiltna River includes an area about 80 miles long 
and from 5 to 20 miles wide, which begins at the confluence of 
Kahiltna and Yentna rivers and extends somewhat west of north 
to the crest of the Alaska Range. This strip of territory, aggregat- 
ing about 1,000 square miles, forms the central part of the Yentnrt 
district. Cache Creek and its tributaries and the headwater tribu- 
taries of Peters Creek constitute the present center of mining activity 
in the Kahiltna Valley. 

The exploratory expeditions of Spurr and Eldridge in 1598 and 
of Brooks in 1902 yielded the h t  geographic and geologic knowl- 
edge of Yentna and Susitna rivers, but Kahiltna River and its tribu- 
taries were not visited by these earlier workers. The first authentic 
geographio howledge of the KaWtna Valley was obtained in 1906, 
when the area now known as the Yentna district was mapped topo- 
graphically by R. W. Porter, working independently of the Geolog- 
ical Survey, In  191 1 Capps visited the Yentna district, including 
the valley of Kahiltna River, and made numerous corrections and 
additions to the topographic mapping of Porter, and two years 
later his reconnaissance topographic and geologic map of the region 
was published. 

Placer mining began in the Cache Creek and Peters Creek basins 
in 1905 and has continued to the present time. Capps, in addition 
to his geologic work in this district, also studied the gold placers 
and reported on their occurrence, origin, and value. 

The Kahiltna Valley, including Cache and Peters creeks, was 
visited by the writer in September, 1917, with two objects in view. 
First, platinum had been recently reported from gold placers at  
several localities along the lower part of Kahiltna River, and the 

1 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: U. 5. Gwl. Survey Twentieth Ann. 
Rept., pt. 7, pp. 31-264,1900. 

Eldritige, G. H,, A reconnaissanre in the Susitna basin and adjacent territory, Alaska, in 1898: Idem, 
pp. 1-30. 

 brook^, A. H., The Mount McKinley region, Alwka: U. S. Geol. Survey Prof. Paper 70,1911. 
4 Cappa, 8. R., The Yentna district, Alaska: U. S. Geol. S w e y  Bull. 534,1913. 
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United States Geological Survey desired to investigate these occur- 
rences of platinum and determine, if possible, their significance and 
value, as well as to search for other platinum-bearing gravels; second, 
it was desirable to learn the amount of mining development which 

I had taken place during the preceding six years and thus to bring up 
to date the record of the placer-mining industry in this district. 
These objectives were accomplished in a trip of 27 days, starting 
from and returning to Anchorage. 

The writer takes this opportunity to achowledge gratefully the 
hospitality and oordial cooperation of the mining men in the Cache 
Creek district. Special thanks are due to Messrs. Harris and Murray, 
of the Cache Creek Dredging Co. and the Cache Creek Mining Co., 
respectively, for many favors received. 

GEOGRAPHY. 

The geographic features of the Yentna district have already been 
stated in some detail by Capps,' and the following notes are written 
only as a summary of the data for Kahiltna Valley. Eahiltna 
River has its source in Kahiltna Glacier, from which a number of 
glacial streams emerge and flow for miles as a system of anasto- 
mosing ohannels over an aggraded flood plain of sand and gravel 
but gradually unite downstream to form the main river. A main 
channel may be said to begin at  the mouth of Treasure Creek, about 
7 miles in an air line from the foot of the glacier, but even from this 
point downstream to the flats the river flows through many sloughs 
over a wide flood plain. At the Kahiltna Flats the main channel 
and sloughs unite and spread out across the valley bottom to form a 
wide expanse of shallow water and shifting sand bars, through which 
a shallow-draft poling boat in many places has Lscul ty in finding 
a channel. Below the flats the main channel is well defined, though 
in places sloughs cause islands in the river. At a point 20 miles in 
an air line below the glacier, at  Camp 2, the river enters a canyon and 
cuts through the Eocene cod-bearing formation for several miles in 
a series of rapids. Below the mouth of Peters Creek the river is 
incised in the cod-bearing rooks a t  many plaoes and is a swift stream, 
whioh here and there flows in a gorge. A stretch of several miles of 
this character at  the lower end of the Kahiltna is sometimes referred 
to as the lower canyon of the Kahiltna. The length of Kahiltna 
River, from Kahiltna Glacier to its junction with Yentna River, is 
about 42 miles in an air line, though much more than that by the 
windings of the stream. 

All the larger tributaries of Kahiltna River, with the exception 
of Treasure Creek, enter from the east side of the valley and drain 

! Cappe, 8. R., The Yentna district, Alaska: U. S. Geol. Survey Bull. 534, pp. 11-22,1913. I - .  



the Dutoh, Peters, and Little Peters hills. Named in order down- 
stream, they are Granite, Cache, Hungryman, Bear, and Peters 
creeks, of whioh Caohe and Peters creeks are the largest. These 
eastern tributaries of Kahiltna River emerge from the hills in gorges, 
of which the lower oanyon of Cache Creek is typical, and flow over 
the Kahiltna flood plain to join the main river. The east side of 
the Dutch and Peters hills is drained by Tokichitna River and its 
tributaries, which head against the headwater tributaries of Peters - 

and Granite creeks. 
The Dutch, Peters, and Little Peters hills form a kite-shaped area 

that is bounded on the northeast by the valle$ floor of Tokichitna 
River, on the southeast by the wide alluvial flats of Chulitna and 
Susitna rivers, on the southwest by the Kahiltna flood plain and 
Kahiltna Glacier, and on the northwest by Dutoh Creek, a tributary 
of Granite Creek, and the upper Tokichitna tributaries. n e s e  three 
groups of hills, which include the Cache Creek mining distriot, cover 
an area of about 300 square miles adjoining what may be termed the 
upper Kahiltna basin. The lower Kahiltna Valley may be said to 
begin at  the mouth of Peters Creek and to extend to Yentna River. 

, The Dutch Hills rise to an elevation of over 4,000 feet, the Peters 
Hills between 3,000 and 4,000 feet, and the Little Peters Hills o d y  
2,000 feet. A wide trough-shaped depression of glacial origin, occu- 
pied by Caohe Creek and the headwater tributaries of Peters Creek 
and lying for the most part between elevations of 2,000 to 2,400 feet, 
separates the Dutch Hills from the Peters Hills to the south. The 
Peters HiUs are separated from the Little Peters Hills by a wide, 
high, level flat at  the heads of Hungryman and Bear creeks. 

The valley floor of Kahiltna River and its eastward continuation 
into the Susitna Flats constitute the lowland area of Kahiltna Valley. 
These lowlands oonsist of wide stretches of level alluvium, with some 
low rolling hills, separated usudy  from one another by lakes, swamps, 
or sluggish mehdering streams. The lower Kahiltna Valley ranges in 
elevation from 200 to 500 feet; the elevation a t  the foot of Kahiltna 
Glacier is about 800 feet. In general, the lowland areas are timbered 
and densely overgrown by low brush. 

The only settlement in the lower Kahiltna Valley is McDougaZI, 
on the north bank of Yentna River about 8 miles above the mouth 
of the Kahiltna. The nearest post offioe is a t  Susitna, on the east 
bank of Susitna River a t  the mouth of the Yentna, 29 miles in an air 
line from MoDougall. About 100 men are engaged in mining in the 
Kahiltna Valley, chiefly in the valleys of Cache and Peters creeks. 
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GEOLOGY. 

LSLaTE AND GRAYWACKE SERIES. 

The larger geologic units of Kahiltna Valley have already been 
described and mapped by Ca.pps ' and are shown on the geologic 
sketch map in this report (PI. VI). The oldest rook formation 
known in the valley is a series of slates and graywackes, with certain 
phyllitio and quartzitic phases, which forms the predominating 
country rock of the Dutch, Peters, and Little Peters hills and extends 
to the northeast and southeast along the south flank of the Alaska 
Range. With regard to the lithologio character of these rocks, par- 
ticularly in the Dutch and Peters hills, Capps writes as follows: 

They consist chiefly of black to gray slates and phyllites, in  many places carbo- 
naceous, and beds of graywacke, which range from fine-grained to c o w  gritty rocks. 
In  some plqes the rocks are massive, with argillites instead of slates, but the foliated 
types are much more widespread than the maasive types. It is difEcult to &ate 
just what proportion of the whole series is formed by the graywacke beds. Many 
sections show great thicknesses of the slaty phases, with very little gmywacke present. 
At other localities the graywackes preponderate, occurring in thick, massive beds 
that show little foliation or schistosity and that are often mistaken by the miners for 
he-grained dike rocks, which they closely resemble. The whole series is much 
jointed, the graywackes leas closely than the slates, which are in many places broken 
into long prismatic pieces by sets of intersecting joints. 

Of the slates in general Capps further says: 
Evidences of mineralization are widespread in these rocks. A characteristic phwe 

of the slates in many places throughout the region contaim small cubical cavities, the 
largest a quarter of an inch in diameter, formed by the leaching out of cubes of iron 
pyrite, the rock being discolored for some distance around each cavity. Some of the 
graywwke beds also show the presence of much finely diwminated pyrite. 

The slate and graywacke series is greatly folded and faulted and 
exhibits great variation in strike and dip. The average strike, 
however, is about N. 60" E., and the general dip is a t  a high angle 
to the south. On account of the irregularity of structure and the 
lack of knowledge of these rocks over a large area, no reliable estimafe 
of thickness oan be made other than the statement, as given by 
C a p p ~ , ~  that the series is several thousand feet thick. 

This slate and graywacke series was correhted by Capps with: a 
similp series of rocks observed by Brooks A in the valley of Kichatna 
River and with the Susitna shfe described by EIdridge,5 w d  for 
lack of conclusive evidence i t  was assigned p rov i s io~ l f  to the 
Paleozoio or Mesozoic. During the season of 1917 two fossil shells 

1 Capps, 8. R., The Yentm district, -4laska: U. 8. Geol. Survey Bull, 534, pp. -7, I9M. 
s Idam, p. 25. 
*Idem, p. 27. 
4 B-, A. H., The Mount Mcginleyra([ian, AlaslrS: U. 8. Ged. 8umy Prof. Paper 70, ptb,Q-f&lSL 
6 EMaldge, G. H., A reoonnsissanm ia the Busitns basin and ad/scent tarrim, Illsalca, b &@& D. Ek 

W. &smey Twentieth Ann. Rept., pt. 7, pp. 15-16,1900. 
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little diEculty is encountered in identifying them. The beds consist predominantly 
of unconsolidated or loosely consolidated clays and eands, containing layers of h e  
pebbles, and commonly some lignitic coal. Even where the surface is covered with 
&etation pieces of lignite in the stream beds often serve to indicate the presence of 
these deposits. At the few localities where the relation between the Eocene sediments 
and the-underlying slates could be studied, the slates and graywackea have been 
deeply weathered and decayed, the slates having broken down to a bluiah-white 
kaolinic clay and the graywackes changed to a soft gritty sandstone before the over- 
lying materials were deposited. It is often difficult to determine the point at  which 
the clay shales of the Tertiary succeed the residual clays of the slats series. The 
coal-bearing sedimenb consist of alternating clays, sands, and fine gravels, the beds in 
most places being little consolidated, though here and there a coarser layer has been 
cemented into a rather fine conglomerate or grit. At a bluff on the east bank of 
Susitna River at  Susitna stqtion there is an outcrop of a coarse-grained conglomerate 
which Spurr refers provisionally to the Kenai formation, of Eocene age, but nothing 
similar to this rock was seen in the Yentna region. 

Lignitic coal occurs in the Tertiary rocks in many places. All of the coal examined 
waa rather fibrous and woody, of a brown to black color, and is of little value except as a 
source of local fuel supply. The beds examined are from a few inches to 12 feet in 
thickness. 

Structurally, the cosl-bearing rocks are distinct from the slate and 
graywacke series in that they are only loosely consolidated and, 
although folded, show only to a small degree the effects of meta- 
morphism. Only exceptionally are the ooal-bearing beds inclined a t  
high angles, as for instance about 28. miles below the mayon on 
Peters Creek, where these rocks and their included coal beds dip 70" 
NW. and strike N. 45" E. The folding is, in general, of the broad, 
open type, and the rocks are only imperfectly indurated. Their 
thickness is not definitely known but is believed to exceed 1,000 feet. 

The overlying gravel has been described by Capps as follows: 
The gravels are rudely stratified, aa though by streams, the largest boulders being 

about 1 foot in diameter, but most of the pebbles measure from 2 to 4 inches through 
and are mixed with much sandy material. A large variety of rocks is represented by 
the pebbles--dates, graywackea, black and gray conglomerates, and quartz are present 
aa well aa diorites and many other types of igneous rocks. The deposit throughout 
its thickness shows a yellowish color due to oxidation, but the yellow color is evidentIy 
only a coating on t$e pebbles, for it has dieappeared from the mater.ia1~ that have been 
rehandled by streams. The great age of these gravels is attested by their decayed 
condition, many of the pebbles being so rotten that they crumble and fall to pieces 
when disturbed, although they must have been hard and firm when they were rounded 
and deposited by the streams. 

The gravels, where seen by the writer on Gopher Creek, formed a 
rotten conglomerate made up in the main of greatly decayed pebbles 
a few inches in diameter, though cobbles as large as 18 inches were 
also seen. This conglomerate formed the bedrock underlying the 
stream placers a t  the upper end of Gopher Creek. The total thick- 
ness of the gravel is unknown, but a t  least 600 feet of such rock was 
seen by Capps a in the upper part of Treasure Creek. 

1 Cspps, 8. R., op. cit., P. 34. 1 Idem, p. I. 



QUATERNBRY SY BTEM. 

With the advent of Quaternary time there came a gradual change 
in climatic conditions, which resulted in the development of glaciers 
in this area on a large scde. The glaciers gradually extended from 
the Alaska Range southward to Cook Inlet, filling the valleys and 
covering all the prominent hills in Kahiltna Valley, The Peters 
and Dutch hills, if not actually overridden by ice, were covered by a 
n6v6 of snow and ice which contributed to the surrounding ice sheet. 
This ice advance, which occurred during Pleistocene time and per- 
haps extended ipto Recent time, was &ally stopped by further 
climatic changes, and the ice fields began to disappear. I t  is prob- 
able that the retreat of the ice was rhythmic in character-that is, 
the glacier alternately retreated and advanced-with a cumulative 
net loss that resulted eventually in the entire disappearance of the 
ice fields and the restriction of the ice to the present v d e y  glaciers. 

During the glacial epoch great physiographic changes took place. 
The details of the pre-Quaternary topography were entirely obliter- 
ated by the action of the ice and topography characteristic of a 
glaciated area was developed. Old stream valleys were scoured 
out and broadened into wide U-shaped valleys, and the hills were 
smoothed and rounded by overriding ice. The Alaska Range, the 
accumulating ground of the snow.and ice, was rendered more rugged 
and precipitous than before, owing to "bergschrund" sapping on 
the high ridges. When the ice fields &ally disappeared normal 
stream erosion again became effective, with the result that the 
glacial topography is now in the process of retransformation to the 
pre-Qusternary type. The gorges and canyons in Kahiltna River 
and its tributaries are an index of the degree to which normal stream 
erosion has been reestablished. Such gorges, though conspicuous, 
are relatively minor features of the present topography, and the old 
glaciated outlines still remain the dominating topographic features. 

These erosional processes have resulted necessarily in the develop 
ment of several types of detrital deposits. During the period of 
glacial action and in the subsequent retreat of the glaciers the debris 
eroded by the action of the ice was deposited in moraines of difFerent 
kinds, of which the ground moraines that were formed under the 
lower reaches of the ice field are best preserved. Terminal moraines 
a t  the ends of the glaciers appear for tho most part to have been 
removed, either as they formed or shortly afterward, by g l a d  
streams that issued from beneath the ice. The morainal material 
removed by the glacial streams was distributed over a wide area 
adjacent to the glaciers and subsequently, as the streams entrenched 
themselves in it, formed the bench gravels contiguous to the present 
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streams. These bench gravels, which consist of reworked glacio- 
fluviatile deposits, are essentially similar to the morainal material 
except that the detritus is more or less rounded and much of the h e r  
silt, or glacial mud, has been carried away by the transporting 
streams. The lower portions of the bench deposita carry the larger 
boulders and the upper portions the smaller boulders, cobbles, and 
pebbles. On Cache Creek a short distance above the mouth of Nug- 
get Creek the bench gravels have an average size of about 5 inches, but 
some of those at the base of the deposits are as much as 3 feet in 
diameter. 

As the glaciers retreated and the streams began to adjust them- 
selves in the vacated valleys, the irregular glacial gradients were 
gradually transformed by alluviation at  some places and stream 
erosion a t  others into normal or approximately normal stream gra- 
dients, with the characteristic water grades and headward steepening. 
This process has resulted in the development of the present alluvial 
deposits in the overdeepened glacial troughs and of canyons in the 
valley protuberances. There is little difference between the bench 
and stream gravels except that the process of stream sorting has 
been carried still furtherin the stream gravels. The coarser park of 
the bench gravels, which the streams have been unable to handle, 
remain in the headwater alluvial deposits, and the h e r  materials 
'have been deposited progressively downstream. In the lower 
courses of the large rivers the present alluvium is largely silt and 
h e  sand. 

MINERAL RESOURCES. 

VALUABIiE WNERALS PRESENT. 

Placer gold is the only mineral that has been exploited on a com- 
mefiid scale in the v d e y  of Eahiltna.River up to the present time. 
Other minerals of value, however, including principally platinum, 
cassiterite (tin oxide), and scheelite (calcium tungstate), have been 
found in the placer sands, and it is possible that some of these may 
later be produced in commercial amounts. Provision should be 
made for the recovery of platinum in the gold placers, where it is 
found in any considerable amount, and the district should be further 
prospected for workable deposits of placer platinum. Heavy con- 
centrates of cassiterite from the placer sands were noted~ a t  certain 
locaZities, and search should be made for their bedrock sources. The 
presence of scheelite in the placers, although it is not plentiful, indi- 
cates the presence of tungsten ore south of the ~ a s k 8  Range and 
should be remembered when prospecting for lode deposits. The 
Eocene coal deposits have already been used locaJly as a source of 
fuel and power 
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EUONOXIC CONDITIONS. 

The central supply for Kahiltna Valley and vicinity is the town 
of Anchorage, a t  the head of Cook Inlet. From that point passengers 
and freight are transported by launches across the inlet and up 
Susitna River to the mouth of the Yentna, where the trading station 
of Susitna is located. On account of present construction work on 
the Government railroad up Susitna Valley a small steamboat owned 
by the Government plies regularly between Anchorage and up-river 
points on the Susitna, stopping a t  Susitna station. Light-draft 
launches navigate Yentna River to a point above the mouth of the 
Kichatna but seldom go above the trading station of McDougall, a t  
the mouth of Lake Creek, which is the supply depot for Kahiltna 
Valley. A wagon road begins a t  McDougall, follows up the east 
side of the Lake Creek valley for about 15 miles, and then leads 
across into Kahiltna Valley, reaching Kahiltna River a t  Camp 2, 
about 26 miles in an air line above its mouth. A bridge spans the 
river a t  this point. Camp 2 is connected with the Cache Creek 
district by a soft, difficult trail. During the summer of 1917 the 
Cache Creek Dredging Co. operated a small boat, fitted with a gasoline 
engine, on Kahiltna River, transporting freight from Camp 2 to the 
mouth of Cache Creek, where i t  was conveyed by wagon up the 
canyon to the dredge, a distance of about 7 miles. A new wagon 
road, which has been surveyed from Talkeetna on the Government 
railroad to Cache Creek and vicinity, will when completed greatly 
facilitate communication with Kahiltna VaUey. 

The transportation of supplies into Kahiltna Valley is at present 
slow, laborious, and costly. The freight rate by water from Anchor- 
age to McDougall was $15 a ton in 1917, and the commercial charge 
for winter dog-sled freighting from McDougall to Cache Creek is 8 
to 10 cents a pound, though by the use of bobsleds and horses this 
may be reduced to 4 cents a pound. An extra charge of 2 to 5 cents 
a pound is made for taking supplies to the headwater tributaries of 
Cache and Peters creeks. The commercial freight rate in summer 
from McDougall to Cache Creek is 35 cents a pdund, of which about 
25 cents represents the actual cost. The minimum cost of freighting, 
therefore, from Anchorage to Cache Creek is $95 a ton. The new 
wagon road to Cache Creek used in conjunction with rail transporta- 
tion from Anchorage to Talkeetna should materially reduce the cost 
of supplies and wiU also make the district more acoessible than 
heretofore. 

Timber for use in mining is not in great demand in Kahiltna Valley, 
for little underground work is done, and most of the placer mining is 
accomplished by hydraulic plants. The dredge on Cache Creek uses 
coal to generate power. Wood is used chiefly as fuel for heating, 
and for this as well as for lumber and other necessities there is an 
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abundance of timber. Spruce 24 inches in diameter and cottonwood 
as large as 5 feet in diameter are available in the lowlands, but 
little timber grows above an elevation of 2,000 feet. The Cach? 
Creek mining district, on account of its general elevation above 2,000 
feet, is a t  a disadvantage because the wood needed must be brought 
up from the timbered valleys below. 

Water for hydraulicking is taken from the streams a t  some distance 
above the placer ground and led by ditches to the hydraulic pipes. 
The rainfall and stream flow are adequate to supply plenty of water 
with the required pressure at  most of the mining plants. Numerous 
good power sites for hydroelectric plants are available in the canyons 
of different streams and particularly in the lower valley of Cache 
Creek below the mouth of Spruce Creek, where a large and unfailing 
flow of water falls about 500 feet within a mile and a half or less. 

The atandard wage in the Cache Creek district in 1917 was $5 a 
day and board for eight hours of labor, and winchmen, cooks, and 
other specidiqed workmen were paid $6 a day and board. On the 
basis of a charge of $1.50 a day for each man for the cost and prepara- 
tion of food, the total cost of unskilled labor amounted to 81 centsl 
an hour and for sgilled labor 94 cents an hour. 

PLACER DEPOIITS. 

CACEE CREEK BASIN. 

QEIVlRAL FEATVEES. 

Cache Creek and its tributaries drain the western part of the 
glacial trough which separates the Peters Rills from the Dutch Hills. 
The main creek rises in the Dutch Hills, flows in a general south- 
msterly direction for 18 miles, and empties into Kahiltna River about 
13 miles below tha glacier. Cache Creek has a number of tributaries, 
of which those entering from the northwest are the larger and the more 
important as producers of placer gold. The largest of those named 
in order downstream are Nugget, Thunder, Falls, and Dollar creeks. 
The southwestward-flowing tributaries in order downstream are 

' 

Trout, Long, Windy! and Spruce creeks, of which only Windy and 
Spruce creeks have gold placers worthy of attention. The basin 
of Cache Creek embraces an area of about 75 square miles. 

In the upper part the basin of Cache Creek is a wide, open U-shaped 
glaciated valley, with a floor of soft coal-bearing rocks of Kenai age, 
into which Cache Creek has incised a V-shaped gorge that ranges 
from 250 to 300 feet in depth throughout its length. The tribu- 
taries of Cache Creek, including also upper Cache Creek, lie in the 
hard slate and grtaywacke that form the sides of the valley and have 
not been incised so deeply. For this reason canyons have developed 

wps, a. a., op. tit., p. 1s. 



on the lower courses of the tributaries, in order to join the slate 
and graywacke valleys with the more deeply incised valley of Cache 
Creek. Cache Creek also has cut a canyon in its lower valley in 
order to reach on a water grade the more deeply scoured valley of 
Kahiltna River. 

The glacial trough that forms the upper basin of Cache Creek has 
an elevation of nearly 2,400 feet in the upper valley. Cache Creek 
at its mouth has an elevation of about 600 feet, thus showing a 
fall of 100 feet to the mile for the length of the stream. The fall 
in the upper valley is considerably less than this but is counter- 
balanced by a heavy fall in the lower valley or canyon of Cache 
Creek. 

The location of the gold placer mines under operation in the 
Kahiltna Valley, including also those on Cache and Peters creeks, 
is shown on the map (PI. VI). 

CACHE CREEK. 

CREEK PLACERS. 

There are two sources of placer gold in the valley of Cache Creek- 
one in the glacial till and gravel that overlie the Eocene coal-bearing 
rocks in the broad valley and form the benches along the creek, and 
the other in the present stream' gravels, which have been derived in 
large memure from the erosion of the glacial di5bris of the benches. 

Little is known concerning the distribution, number, and charac- 
ter of pay streaks in the reworked glacial d6bris. This material, 
though largely till, has also zones of washed gravel and boulders, 
showing that stream as well as glacial action has effected its present 
distribution. The glacial till is composed of unsorted rocks and 
boulders of all sizes, showing usually little or no water action, together 
with a great amount of fine clay or glacial mud. Gold is distributed 
throughout the glacial material in greater or less amount, but true 
pay streaks are lacking on account of the paucity of the action of 
water, with its consequent sorting of material and concentration of 
the heavy metals and minerals. At some localities, more particu- 
larly where the action of water has played a more important part in 
the formation of the deposits, th&e is a slight concentration of the 
gold, so that the deposits may be mined at  a profit on a small scale. 
There seems to be no regularity, however, in the distribution of the 
placers in the bench deposits, and no method is known whereby they 
may be located by physiographic deduction. At some places in the 
Cache Creek district quite unsorted glacial till has been mined by 
placer-mining methods and yielded a profit, but such occurrences 
must be regarded as altogether fortuitous-that is, w deposits of till 
which happened to be derived from rich gold lodes and suffered little 
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distribution prior to their ha1  deposition. It is estimated that the 
content of gold in the more favored loc&ties on the benches may 
average 10 cents a cubic yard. The future of the Cache Creek dis- 
trict as a mining center is dependent on the mining of these low- 
grade bench deposits by large-scale hydraulic methods. By large- 
scale operation and economic management it may be possible to mine 
such placers for as little as 4 or 5 cents a cubic yard, particularly 
after communication has been established with the Government rail- 
road and the district becomes more accessible. 

The present stream gravels have so far formed the more attractive 
field for placer mining on Cache Creek. Gold was h t  discovered 
in 1906 on Discovery claim in the upper canyon of Cache Creek, 
and placer-mining 'bperations have been carried on intermittently 
since that time in the creek placers. The creek placers at  the canyon 
were examined in 1911 by Capps,l who reported as follows on their 
distribution and character : 

The ground worked was that of the present stream flat, and the gravela moved range 
from 4 to 7 feet in depth and lie on slate bedrock. There are some large boulders 
present, but most of them can be handled by one man. A short distaste below the 
canyon the slate bedrock gives place to the materiab of the coal-bearing series, which 
change character within short distances, ranging from a fairly firm, gritty sandstone 
to soft clay shales. The pay streak is said to be rather well defined in the canyon 
and for a short distance below i t  but soon spreads out in the wider valley below and 
ia d5cu l t  to trace. The gold is rather unevenly distributed, for, though most of i t  
is found on bedrock, the degree of its concentration depends somewhat on the char- 
acter of the bedrock, the harder strata having retained i t  better than the softer. No 
records have been kept which would show the gold content of the gravels to the 
cubic yard or to the square yard of bedrock, but it is reported that the returns have 
averaged about $10 a day for each man employed. The sluice boxes, 14 inches wide, 
are set on a grade of 5 inches to the box length. The gravels are ground-sluiced to a 
depth within a foot or so of bedrock by the aid of canva~ hose and water under pres- 
sure from the bench to the southwest, the rest of the gravel being shoveled in and 
bedrock cleaned by hand. The stream at Discovery claim can be depended upon 
to run a sluice head of water for the boxes used throughout the sewn, and most of 
the time it flows two sluice he&. The gold is coarse, bright, and eomewhat worn, 
though many pieces are rough, and some cubes of crystalline gold have been found. 
Pieces worth $20 have been taken from this claim, and only about one-third of the 
gold recovered will pass through a 16-mesh screen. 

The coarseness of the gold and the roughness of some of it indicate that it has trav- 
eled no great distance from its bedrock source. I t  must originally have come from 
the quartz veinlets of the slate and graywacke series in the upper part of the Cache 
Creek valley or at the head of Bird Creek, for the upper valley at one time contained 
a vigorom glacier, and ice also came into i t  from the head of Bird Creek across a low 
divide. This glacier eroded its basin and doubtlm scattered and removed any pre- 
glacial gold which may have been concentrated in its upper portion. No ground 
carrying paying quantities of gold has been discovered above the canyon of Cache 
Creek. Toward the mouth of the slate valley the ice scour was l e ~  severe, a~ the 
glacier joined a large sluggish ice sheet in the broad basin between Dutch and Peters 
hills. Here the valley deepening was not pronounced, and a part of the material 

1 Cspps, 8 R., op. cit., pp. 54-65. 



picked up by the ice in the upper valley was dropped. It may be that the glacial 
deposita here covered up portions of the preglacial channel of Cache Creek without 
disturbing them. When the glacier melted away, the stream cut through the glacial 
depoaita and at and below the canyon intrenched itself into the slates and the softer 
beds to the east. In the rehandling of the glacier material any gold that it contained 
was concentrated in the stream bed, and if the valley was cut through any undis- 
turbed portions of the old preglacial channel them too would have contributed to 
the richness of the present placer deposits. 

In 1916 the Cache Creek Dredging Co., operating under a lease 
from the Cache Creek Mining Co., built a dredge and began work on 
Cache Creek in the placer ground owned by the latter company. 
Beginning a t  the mouth of Windy Creek, the dredge had worked 
upstream three-quarters of a mile by the fall of 1917. The pay 
streak is from 150 to 300 feet wide and is believed to extend upstream 
for several miles. The depth of the gravels ranges from 3 to 7 feet, 
averaging perhaps 43 feet, and the bedrock is the soft, loosely con- 
solidated Eocene sand, clay, and gravel. Practically all the gold is 
taken from the gravels, but i t  b necessary for the dredge to remove 
bedrock in shallow ground in order to excavate a channel sufFiciently 
deep in which to float. The problem of working in shallow ground 
will probably be accentuated as the work continues upstream and 
may ultimately render necessary the reconstruction of the dredge or 
the purchase of a new one of lighter draft. 

The gold recovered by the Cache Creek dredge is a composite of 
the gold from various tributaries and can not be said to belong to 
any definite type. The assay value ranges from $17.60 to $17.80 
an ounce. Though more waterworn than the gold in streams like 
Thunder Creek, owing to its further transportation, the Cache Creek 
gold nevertheless shows in its lack of well-rounded edges the fact 
that it has undergone comparatively little transportation. Some 
very angular gold recovered is doubtless derived from the weathering 
of near-by gravel banks of glacio-fluviatile origin, and the generAJlv 
small proportion of well-rounded gold indicates that little of the gold 
has traveled very far. The gravel banks of the Cache Creek basin 
must be considered the source of most of the gold, as far as the pres- 
ent stream is concerned, though there are good reasons for believing 
that some of the gold has entered the placers from bedrock subse- 
quent to the retreat of the glaciers. The ultimate or bedrock source 
of the gold, however, is harder to decipher on account of glacial 
action, which has laid down a mantle of detrital material that con- 
ceals most of the original bedrock and is itself by no means so sus- 
ceptibIe to physiographic interpretation as stream detritus would be. 
It is believed both by Capps and the writer that the bedrock source 
of the Cache Creek gold is conhed mainly to the near-by hills-first, 
because the Cache Creek glacial trough appears to have been filled 
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with a sluggish ice sheet, which favored a minimum of glacial trans- 
portation, and, second, because the slate and graywacke bedrock in 
the basins of Cache and Peters creeks, particularly in the Dutch 
Hills, yields positive evidence of gold mineralization a t  several 
localities. 

A small amount of platinum metals, about 0.003 per cent of the 
gold by weight and less than 0.02 per cent of the gold in value, is 
also recovered. ' The platinum grains are small, few of them exceeding 
1 millimeter in size, and most of them are thin and flaky. Two kinds 
of platinum metals appear to be present. The more common type is 
a dark-gray to bronzy metal, which carries probably the main con- 
tent of platinum. The second variety consists of bright silvery grains 
and commonly shows what appear to be crystalline outlines. This 
variety is believed to be mainly iridosmium. On page 258 is given 
an analysis of the platinum metals received from Poorman Creek, in 
the Peters Creek basin, and i t  is most likely that this analysis is also 
a fair index of the character of the platinum metals on Cache Creek. 
On account of the flaky character of the platinum it is probable that 
the recovery made by the dredge 'in the sluice line does not fairly 
represent the platinum content of the placers; but, on the other hand, 
i t  ie unlikely that enough platinum is present in the placers to make 
the installation of more refined methods for its recovery worth while. 

As an indication of possible minerals of value in the territory 
drained by Cache Creek the concentrates or heavy minerals caught 
with the precious metals are also of interest. Examination of the 
concentrates from Cache Creek has revealed ilmenite, magnetite, 
cassiterite (tin oxide), zircon, quartz, garnet, limonite, pyrite, and 
scheelite (calcium tungstate). The presence of cassiterite and scheel- 
ite is worthy of particular mention, for the ores of tin and tungsten 
have heretofore been found chiefly north of the Alaska Range, in 
interior Alaska. 

The dredge operating on Cache Creek is one of the flume type, with 
buckets of 7& cubic feet and a daily capacity of 2,000 cubic yards. 
Power is supplied by a steam boiler, ender which coal is used for 
fuel. The coal is mined on Cache Creek a t  the mouth of Short Creek 
and is hauled by teams to the point where the dredge is operating 
and lightered on board to the boiler. A steam electrie or hydro- 
electric plant is contemplated, and either should materially lessen the 
ultimate cost of mining. Prospecting is carried ahead of the dredge 
by means of an 8-horsepower gasoline drill. The dredge ~J.I 1917 was 
handicapped by a short season and by two heavy floods in Cache 
Creek, both of which did much damage and caused the loss of con- 
siderable time. The second period of high water, which occurred in 

1 Capps, 8. R., op. cit., p. 64, 1913. 



September, was particularly disastrous on Cache Creek and its trib- 
utaries, and the highest known water marks for Kahiltna and Yentna 
rivers were surpassed. 

BENCH PLACEBI. 

On upper Cache Creek, just above the mouth of Gold Creek, the 
bench gravels on the left bank of the creek, a t  an elevation of 2,300 
f,eet, were being worked in 1917 by hydraulicking. The bedrock a t  
this locality is composed of Eocene coal-bearing sediments and con- 
sisb mainly of sandstone, with some clay shale and conglomerate and 
coal seams. The bedrock surface is decidedly irregular, and good- 
eized "pot-holes" are exposed as the surface is uncovered. A lens 
of conglomerate covered by a seam of brown to black iron hydroxide 
forms the bedrock surface a t  one place, and on this irregular surface 
ooame gold is fomd. Much of the gold, particularly &he coarse gold, 
occnrs on such iron-stained bedrock surfawa, as well aa in similar 
m.wttrined gravel beds higher up in the placer body. Some gcld, 
howwer, is distsibuted throughout the gravels. 

Most of the gravel is well rounded, with comparatively little sub- 
angular material. The average size of the gravel is about 4 or 5 
inches, though boulders a foot in diameter are common, and others 
as large as 3 feet were seen. A body of heavier gravel wash, about 
7 f&t thick, lies next to bedrock. It is apparent that such bench 
gravels have undergone a high degree of stream .sorting and are 
clearly to be distinguished from the glacio-fluviatile bench gravels a t  
other localities in this vicinity, as, for instance, on Bird Creek. 

A clay seam which has some interest is exposed in the cut a t  this 
property. This seam is about three-fourths of an inch thick, strikes 
N. 22' W. and dips 78" W., and cuts through both the bench gravels 
and the underlyiug bedrock. To the east of this seam the gravels 
are well rounded, as above described, but to the west the detritus is 
comparatively unsorted and bears more resemblance to till than to a 
fluviatile deposit. It seems certain that this seam of clay is a fault 
gouge and indicates that fault movements have taken place subse- 
quent to the deposition of the bench gravels. 

The gold a t  this property is bright and little worn, and the largest 
piece so far rscovered was worth $1.40. The assay value is about 
$17.50 an ounce. Considerable heavy sand is recovered with the 
gold, and samples of this sand contain ilmenite, magnetite, garnet, 
zircon, quartz, and pyrite. 

About 1,500 cubic yards of gravel had been hydraulicked and 
sluiced a t  this locality by the early part of September, 1917. Water 
is F e n  from Cache Creek and Columbia Gulch. One man was at 
work a t  this property. 

Stil l  farther upstream, where the old pack trail along the south 
aide of the Dutch Hills crosses Cache Creek, hydraulicking of the 
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benck deposits was in progress. This deposit, though showing plainly 
the effect of water action, is not nearly so well assorted rts the one 
just described. It may be considered to be intermediate in character 
between the glacio-fluviatile material and the well-washed bench 
gravels. The deposit is about 35 feet thick, and the lower 13 feet is 
subangular wash. Overlying this wash is 12 feet of blue glacial mud 
containing angular unsorted boulders, above which lies 8 feet of the 
same material stained brown by surface oxidation. The bedrock is 
slate, which continued downstream for several hundred feet before 
the Eocene coal-bearing formation be-ains. The gold is said to be 
distributed in the lower 12 feet of washed gravel, but little gold is 
present on the slate bedrock. 

gold is coarse and rather angular. The coarse& piece so far 
is valued a t  $9. The concentrates are composed chiefly of 
, with subordinate amounts of magnetite, arsenopyrite, quartz, 

. . 
4 2 ~  man was working this placer. Farther downstream p re fk r~  

t;icms were being made to open another bench deposit, and f&%s 
purpose a ditch 1,000 feet long had been dug, giving a head of 40%& 

NUGGET CREEK. 

Nugget Creek has been described by Capps as follows: 
Nugget Creek is the uppermost large tributary of Cache Creek, joining i t  a few 

miles below its head. Ita source is in the Dutch Hills, through which i t  flows in a 
wide, straight, U-shaped valley, which shows strongly the erosive action of the great 
glacier that once occupied it. In  the hills the basin of Nugget Creek is composed 
of the rocks of the date and graywacke series, and the atream flows in a p o s t g W  
canyon, which ie ahallow toward the valley head but narrower and deeper down- 
stream. At the point where it leaves the alate hills the creek occupies a canyon 
cut 200 feet into the rocks, but a t  the base of the hills the slatea give place to the 
mfter rocks of the coal-bearing series, and through these the stream hty widened its 
gorge, though the valley walls are high and steep throughout the remainder of its 
course to Cache Creek. ' 

During the summer of 1917 one plant was engaged in working 
the creek placers below the mouth of the canyon, on claim No. 4 
below Discovery, about 1,000 feet below the mouth of the canyon, 
along the west side of the creek. The bedrock is the coal-bearing 
formation, chiefly oonglomerate composed of pebbles, cobbles, and 
boulders of a graywacke, made up of fragments of flint, ohert, and 
slate. Overlying the bedrock is a thickness of 7 to 8 feet of gravel, 
in the lower part of which and on the bedrock itself is found most of 
the gold. The gold is coarse and is neither angular nor well rounded. 
The minerals mlleoted with the gold in the sluice boxes inolude 
quartz, magnetite, oassiterite, pyrite, garnet, and zircon. . 

1 Capps, 8. R., op. at., p. 6% 



This deposit is mined by hydraulicking. Two nozzles are used, 
one for hydraulicking the gravels and the other for stacking the 
tailings. Water is taken from Nugget Creek a t  a point some dis- 
tance above the canyon, and a pressure of 200 feet is thus obtained. 
The gravel is washed toward shear boards and thence into a line 
of sluice boxes. Six men were a t  work on this property. The 
owners intend to work out the creek placers on both the east and 
west sides of the creek and then to turn their attention to the benches 
on the west side. I n  spite of floods and adverse mining conditions, 
5,000 square feet of bedrock was cleaned a t  this property in 1917. 

One man was also a t  work on a bench on the east side of N u g w  
h P ,  about 200 feet above the creek. A cut about 300 feet long 
and jflZ feet wide bad been made, and 9 feet of gravels removed. 
The Iawer 4 feet consists of heavy, well-washed boulders. Most of 
the gold is moderately coarse, though some of i t  is fine, and is rather 
rough. The oomentrates recovered with the gold consist mainly 
of pymite, with some magnetite, arsenopyrite, quartz, and a few 
grains of sclieelite. This gravel was hydraulicked by a nozzle under 
s head of 50 feet, with water taken from a ditch 3 miles long. 

THUNDER CREEK. 

Capps thus describes Thunder Creek: 
Thunder Creek heads in the slates and graywackes of the Dutch Hills, near Nugget 

Creek. On leaving the hills it bends to the south, following the general direction of 
the Cache Creek valley, and joins Cache Creek 34 miles below the mouth of Nugget 
Creek. In its course below the hills it is intrenched below the level of the surround- 
ing plateau, its valley lying for the most part in the beds of the coal-bearing series. 
For a portion of its length, however, i t  has cut through the softer sediments into a 
ridge of underlying dates, The bedrock, therefore, varies in different portions of the 
stream's course. 

During the summer of 1917 one large hydraulic plant was operat- 
ing on Thunder Creek, on the Battle-Axe Association ground, about 
13 miles below Discovery claim. A number of low benches along 
the west side of the creek have been worked out, and present opera- 
tions are codbed to a high bench on the east side, about 150 feet 
above the creek level. 

The gravel deposit a t  this looality is 80 feet thick and resembles 
oonsiderably the gravel bank on Caohe Creek, above the mouth of 
Gold Creek, in that the gravel shows the effect of much water action. 
The lower 40 feet is much iron-stained, and layers of hard iron hydrox- 
ide cement near the bottom render this part of the deposit more 
resistant to the nozzle. Overlying the lower 40 feet is a body of 
h e ,  well-washed gravel 8 feet thick in a dark-blue olay cement, 
overLain in turn by a yellow gravel deposit much like the lower part. 

Cspps, S. R., ap. cit., p. 61. 
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This placer body is most remarkable, however, on 8ooount of 
the peauliar charaoter of the underlying bedrock. The coal-bearing 
formation is oonsidered to be the bedrock, though hydraulia opera- 
tions have cut through it in places, exposing a much weathered 
phase of the slate and graywacke series, whioh projects upward 
as reefs. It is evident, therefore, that the coal-bearing formation 
forms only a thin mantle upon the slate and graywaoke series. 
This mantle of soft bedrook constitutes the puzzling feature. In 
general, the rook a t  this looality is a brown clay, locally oarrging 
thin streaks of 4, which strikes N. 40" E. and dips 35" NW., 
or toward Thunder Creek. Two well-defined beds of quahose 
materiat, however, interbedded with the clay rock, and these beds 
oarry ooarse angular gold. The giant has little effect on this mate- 
rial, but on exposure to the air it slacks and flows away in a maddy 
ooze. These quartzose seams are composed largely of angular 
fragments of a much weathered and disintegrated gold quartz and 
a minor amount of well-rounded quartz pebbles, cemented in a white 
clayey materid, which on close examination proves also to consist 
largely of fine fragments of quartz-that is, i t  is a siliceous clay. 
Thin seams of ooal also are found in these siliceous seams, together 
with .fine fragments of ooal in all orienhtions, resembling washed 
material. A considerable proportion of the gold reoovered at  this 
plant comes from this silioeous olay, and even the adjoining brown 
clay contains a little gold. Two such silioeous deposits, each aver- 
aging about 12 feet in thiokness, are exposed in the cut, about 50 
feet apart stratigrephicdy. Both these deposits oan be traced 
downstream, and in that direction they appear to lie farther apart. 
Seams of day goqp that strike N. 80° W. and dip 85' N. cut these 
seams, as well as the other coal-bearing sediments, showing the 
presenoe of later faulting. 

It is &cult to formulate a satisfactory genetic interpretation of 
these siliceous beds. The angular shape of the quartz fragments and 
particularly the lack of admixture with other detrital material point 
unmist(hkab1y to a minimum of transportation in the formation of 
these deposits. On the other hand, the presence of even a small 
percenhge of rounded quartz pebbles indicates that the action of 
wtater waa certainly s factor in their formation, and the presence of coal 
seams also relates them to the detrital Eocene sediments. One fact 
that m a t  have an important bearing is the evidence of deep residual 
weathering a t  this IocaJity during the deposition of the coal-bearing 
sediments. The slate and graywacke under these coal-bearing beds 
are extremely decayed, being altered almost to the condition of a 
clay. Some of the quartz pebbles in the quartzose seams were also 
found to be badly disintegrated and ready to fall apart into angular 
fragments when separated from the clay matrix. Momver, the 



matrix, when viewed under the microscope, is keen to be composed of 
subangular to rounded grains of decayed cloudy quartz. All the 
evidence indicates that these quartzose seams are the result of deep 
residual weathering, with a minimum of water transportation, and 
the only logical inference is that some large gold-bearing quartz 
veins are present in the slate and graywacke series under the Eocene 
coal-bearing mantle a t  no .great distance from this locality. It is 
not safe, however, to say that such quartz veins will be uncovered by 
following the quartzose beds in any particular direction, for too little 
is k n o m  of the conditions of deposition or of the direction from which 
the detrital material came. Neither is i t  safe to infer that the quartz 
veins when uncovered will prove to be comparable in content of gold 
with the derived detrital material, for much surface enrichment must 
have occurred in such deep weathering. If representative samples of 
the quartz fragments and pebbles could be obtained, quite free of 
the matrix, assays of the material might yield an approximate 
indication of the gold content of the original vein material. 

The gold recovered a t  this plant is coarse and bright, and most of 
i t  is angular, only about 2 per cent being rounded. The assays range 
from $17.50 to $18.15 an ounce and average perhaps $18. The 
largest pieces of gold recovered from the gravel ba9ks were valued 
a t  about $10 or $12, but a nugget worth $1 00 has been taken from the 
Eocene quartzose seams. The concentrates recovered with the gold 
are composed of quartz, ilmenite, magnetite, garnet, zircon, pyrite, 
arsenopyrite, cassiterite, and a few grains of scheelite. 

Twelve men were employed a t  this plant early in the summer of 
1917, but some of them left toward the end of the season. Three 
other operators were placer mining in a small way on the Battle-Axe 
kocia t ion  ground-two below this plant, working low benches along 
Thunder Creek, and one upstream, working in the creek placers. 
Considerable native copper has been found in the bed of Thunder 
Creek a t  the upper plant. 

FALLS GREEK. 

Falls Creek is described by Capps as follows: 
Falls Creek is the next important tributary of Cache Creek muth of Thunder Creek. 

It heads in the slates and graywackes of the Dutch Hills, flown in 8 course roughly 
parallel to that of Thunder Creek, aind j o b  Cache Creek about three-fourths mile 

I aouth of it. At the point where it  p m  from the slates to the be& of the coal-bearing 
series it has developed a narrow canyon and a waterfall, which suggested its b e .  
Gold waa h t  mined on Falh Creek in 1905, in the canyon cut through the slates, and 
the atream afforded considerable production for a few years. In the narrower portion 
of the canyon the difficulties of diverting the creek prevented mining except for a short 
time in the spring when the volume of the stream wae small. 

I 1 Capps, 8. R., op. cit., p. 62. 
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done under a head of 200 feet, and when conditio~ls are favorable 
about 1,000 cubic yards of material can be put through the boxes 
in a day. 

WIXDY CREEK. 

Windy Creek rises in the Peters Hi,Us and flows in a general westerly 
course to join Cache Creek between Falls and Dollar creeks. I t  is 
the only tributary of Cache Creek from the southeast side of the 
valley that has been found to carry placer gold in economic amom&. 

The placer is a bench deposit about 80 feet above the creek 1-1, 
on the left side, consisting of 160 to 180 feet of glacio-fluvibtile 
material. The lower 40 to 60 feet consists of gravel, of which the 
lower 6 feet is iron-stained and firmly cemented. This body of 
gravel is overlain by 100 feet of blue mud containing large angular 
boulders, and this in turn is covered by 20 feet of gravel which 
extends to the surface. The gravel in general avertbges 5 inches in 
diameter, though boulders from 1 to 3 feet in diameter are uncovered. 
The bedrock is clay and sandrock of the coal-bearing formation. 
Most of the gold occurs in the lower 6 feet of the deposit and is fine 
and flaky, the largest piece recovered being valued a t  $1.85. The 
concentrates are composed of pyrite, quartz, ilrnenite, magnetite, 

, game t, limonite, arsenopyrite, zircon, and a little cassiterite. Pyrite 
1 is particularly abundant in the upper gravel bed. Native copper in 

s m d  amount and scheelita are also reported from the concentrates. \ 
This great bank of gravel and mud is washed down by two nozzles, h 

of 4 and 5 inches diameter respectively, with a head of 225 feet. 
High and low line ditches from Windy, Little Windy (a fork of 
Windy), and Fox creeks supply the necessary water. Between 
300,000 and 400,000 cubic yards of material was hydraulicked at 
this property in 1917. Four men were employed. 

PETERS CREEK BASLN. 

PETER8 CREEK. 

Peters Creek rises in the Dutch Hills, flows for 17 miles to the 
southeast, cuts thrcdgh the Peters HiUs in a narrow gorge, and then 
flows in a direction south of west for about 19 miles to join Kahiltna 
River about 5 miles below Camp 2. That part of Peters Creek 
which drains the Dutch and Peters hills-that is, the upper 12 miles- 

I is t&o scene of placer mining in this drainage basin and is the subject 
1 of discussion in this paper. Peters Creek in its lower valley flows in 

a flat, open-timbered countryq over the outwash .of glacio-fluviatile 
1 

deposits. 
The chief headwater tributaries of Peters Creek are Cottonwood 

Creek, which enters from the northeast, and Bird Creek, which enters 
from the west 4 miles upstream. Poorman and Willow creeks are 



important tributaries of Cottonwood Creek and enter from the 
northwest side of the valley. Cottonwood, Willow, and Poorman 
cr&ks redly drain the northeastward extension of the Cache Creek 
glaciated trough, whereas Bird Creek and the extreme headwater 
tributaries of Peters Creek cut back into the Dutch Hills. A low 
saddle west of the mouth of Cottonwood Creek separates Peters 
Creek from the headwaters of Cache Creek, and a similar low saddle 
separates the head of Cottonwood Creek from Long Creek, a tributary 

' of Tokichitna River. 
Capps describes the physiographic features of Peters Creek as 

follows : 
P e t .  Creek occupies a valley intermediate between Kahiltna and Tokichitna 

rivera and in its uppet portion is roughly parallel to these two streams. I t  heads in 
a broad, severely glaciated, U-shaped valley in the Dutch Hills, turns at a right 
angle to cross the Cache Creek plateau, crows the Peters Hills through a deep trans- 
verse trough, and enters the broad lowland of the Susitna Valley, the west edge of 
which it follows to its junction with Kahiltna River. Its total length is more than 
35 milee. In  its course through the higher parts of the Dutch Hills i t  flows in the bot- 
tom of the glacial trough in a channel which has been notched little or not at all into 
the slates and graywackes of the hills. In  the more easily eroded coal-bearing beds 
of the Cache Creek plateau i t  has intrenched itself deeply in a casyon-like valley 
that extends headward into the slates for some distance above the mouth of Bird 
Creek, and a similar canyon extends for more than a mile up Bird Creek. The down- 
ward slope of the Cache Creek plateau toward Peters Hills causes the stream valley 
to become ehdlower and wider in that direction, but on entering the valley through 
these hilh the creek again flows through a rock canyon. This second slate canyon 
terminates at  the east border of the Peters Hills, the stream once more flowing between 
valley walls of the coal-bearing series and the banks gradually becoming lower down- 
stream through the little-known area of the Susitna lowland to the south and east. 

No placer mining was being done on Peters Creek in 1917, but 
prospecting was 31; progress along the benches and in the stream 
gravels a t  the lower end of the Peters Hills canyon, and below this 
locality. About 2 miles of claims in this vicinity have been leased 
by one operator, and it is expected that these placers will be thor- 
oughly prospected in 1918. 

With regard to the discovery of gold on Peters Creek and particu- 
larly with reference to the earlier work done in and near this canyon, 
Capps a writes as follows : 

Gold waa discovered at zb number of placea on Petera Creek and its affluents in 1905, 
and mining haa been done on that creek each summer since that time. In  1911 work 
wae in progrem at  two placea on the main stream. At the mouth of the canyon, 
through Petera Hills, a short distance above the point at which the &ream passes from 
the s l aw onto the eoft bedrock, two men were mining on a bench about 30 feet above 
the stream level, where a few feet of gravel lie on  a slate bedrock. Water under a 
pressure of 70 feet, brought by ditch and canvas hose, was used for piping the gravels 
into the sluice boxes. The gravels contain rather abundant boulders. At the time 

lCapps, S. R., op. oit., pp. 63-64. 'Idem, pp. 64-85. 
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the place was viaited some of the ground was still frozen. The gold, which i s  for 
the moet part concentrated on bedrock, is coarse, flat, worn, and somewhat rusty, and 
gives evidence of having traveled some distance from its wurce. The largeat nugget 
found weighed 9 pennyweights, and the gold =ys about $17.75 to the ounce. The 
ground worked in 1910 was a short distance downstream from that worked in 1911, 
on a bench only a few feet above the stream. The bedrock at this place is a hard, 
rusty dike intruded into the slates. Proapect holes in the creek gravels below the , 

canyon show placer gold on a soft bedrock, but the gradient of the creek is too low 
and the ground too deep to permit mining by pick and shovel methods. 

The bedrock source of the gold in lower Peters Creek is still open to queston, but 
this gold, like that in the other parts of thia district, was doubtleea derived from the 
quartz stringers in the slates and graywackes. In lower Petera Creek some of the 
gold may have come directly from the rocks of Peters Hills, through which the valley 
is cut, but ss gold is found in the stream gravels above Peters Hills and up to the head 
of the &ream it seems probable that the present placers are in large part the product 
of reconcentration of gold that was scoured from the upper tributaries of the streams 
by glacial ice, scattered throughout the valley, and again reconcentrated by post- 
glacial erosion. 

About three-fourths mile below the mouth of Bird Creek, at the lower end of the 
upper rock canyon of Peters Creek, two men were mining in 1911 near the contact of 
the slates with the soft bedrock. A dike of a crystalline intrusive rock crows Peters 
Creek at thia place. The creek gravels average about 6 feet in depth and the gold 
values are concentrated on or near bedrock. At the time the creek was viaited in 
1911 little ground h d  been mined, but the claims between the mouth of the canyon 
and Bird Creek are mid to have produced a few thousand dollars altogether. 

I n  1916 the creek gravels on a bar west of the creek itself, about 
2,000 feet below the mouth of the canyon, were mined by two men. 
A cut 700 feet long and 48 feet 6 d e  was worked by open-cut meth- 
ods, and the material was shoveled into sluice boxes in three 16-foot 
cuts. The depth to bedrock was 4 feet but increased rather ab- 
ruptly on each side of the cut. This cut is an old watercourse of 
Peters Creek. The ground is reported to have yielded $1 a cubic 
yard of gravel mined. Downstream from this cut a number of 
prospect holes have been begun, but a t  a depth of 5 or 6 feet water 
was encountered and the work ceased. The bedrock, however, is 
known to be composed of the Eocene coal-bearing formation, con- 
sisting of sandstone, shale, and lignitic coal beds. If the drii shows 
that this lower ground is favorable, i t  may perhaps be worked profit- 
ably by dredging. About three-quarters of a mile below the canyon 
the valley floor that is suitable for dredging is about 1,200 feet wide, 
and the canyon is a .fine power site. 

At the lower end of the canyon, at  an elevation of 1,880 feet on 
the west side, the contact between the slate and graywacke series 
and the coal-bearing formation is exposed. The slate and gray- 
wacke formation a t  this locality strikes N. 70" W. and dips 30' N., 
though the original strike for this vicinity is probably more nearly 
N. 5 5 ' - ~ . ,  and the dip is steep to the northwest, as seen farther up 
in the canyon. Numerous diabase dikes cut the slate and gray- 



wacke and weather out conchoidally as "niggerheads." Quartz 
veinlets and stringers are also numerous. 

In this vicinity-that is, at  the lower end of the canyon-a small 
bench placer about 15 feet above the creek and embracing about 
5,000 square feet was hydraulicked in 1915 or 1916. The over- 
burden comprises 3 feet of gravel and 3 feet of overlying soil. Far- 
ther from the stream the overburden is heavier, and the work was 
discontinued. A similar bench about 50 to 80 feet above the creek 
bed was worked in 1916, and about 20,000 feet of bedrock was 
cleaned. It is possible that a larger hydraulic plant could be in- 
stalled here and could work the deeper and heavier bench gravels 
at  a profit. 

POORMAN CREEK. 

The headwaters of Poorman Creek rise in and cut through the 
rock of the slate and graywacke series, but the coal-bearing forma- 
tion begins a short distance downstream and continues to the mouth. 
Discovery claim lies at  the contact between the slate and graywacke 
series and the coal-bearing formation. Twenty-four claims, cover- 
ing practically the whole creek, are now owned by two men, who are 
workmg this ground every year. In  1917 most of the work was 
done on claim No. 1 below Discovery and a smaller amount on Dis- 
covery and claim No. 1 above Discovery. 

On claim No. 1 below Discovery a bench deposit was worked. 
This deposit consisted of 25 feet of gravel, lying upon a bedrock 
composed of Eocene conglomerate and clay shale. The lower part 
of the gravel is a heavier wash than the upper part and contains 
boulders 1 foot in diameter and some as large as 4 feet. It is also 
much iron stained. The upper part is made up of fber gravel and 
contains a number of beds of peat several inches thick. Much of 
the gold is found in the lower part of the gravel and on bedrock. 
About 2,500 square feet of bedrock, aggregating about 2,300 cubic 
yards of gravel, was hydraulicked on this bench in 1917. Water is 
usually scarce, and the hydraulicking has to be done intermittently, 
when the dam upstream fills with water. 

Also on claim No. 1 below Discovery, but upstream from the bench 
deposit just described, at  the mouth of Dandy Creek, a tributary of 
Poorman Creek, two men worked the creek gravels by hydraulick- 
ing. The bedrock is composed of Eocene conglomerate, and the 
overburden is about 10 feet thick. The pay streak, which ranges in 
width on Poorman Creek from 6 to 150 feet, is here a t  its widest. 
Some hydraulic mining also was done on Poorrnan Creek above the 
mouth of Dandy Creek. 

The gold recovered from the upper end of Discovery claim and 
from claim No. 1 above Discovery is coarse, shotty, and rather dark 
in color, and some of i t  is much iron stained. The bench gold is 
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similar but a little coarser. The gold from Poorman Creek a t  the 
mouth of Dandy Creek is brighter, h e r ,  and more flaky. The 
bright gold is valued at $17.70 to $17.78 an ounce before melting, 
and the dark gold is worth somewhat more. 

The concentrates taken with Pooman Creek gold are of special 
interest on account of their content of platinum and tin. A mixed 
sakple of the concentrates taken from bench and creek pltboers 
showed the presence of garnet, cassiterite, zircon, magnetite, h e n -  
ite, pyrite, quartz, and platinum. This sample, after exaministion 
by the writer, was submitted to Ledoux & Co., of New York, who 
report the presence of 36.54 per cent of tin-that is, thei sample 
must have contained about 46 per cent of cassiterite. The cassiter- 
ite is present as small crystals, none of which in the sample examined 
exceeded a quarter of an inch in diameter. Another sample of con- 
centr&tes, which weighed 647 grains and which was the very heaviest 
of the pannings and represented perhaps a five-hundredth concen- 
tration of the &st sample, was found to have a considerable amount 
of platinum metals, perhaps 100 grains. 

The platinum metals from Poorrnan Creek are essentially similar to 
those from Cache Creek. Two kinds were obtained-the dark-gray 
to bronze flat, flaky pieces, which presumably are largely platinum, 
and the bright, silvery, commonly crystalline variety, which is sup- 
posed to be chiefly iridium and osmium. A sample weighing 41.6 
grains was picked by hand from the heavy concentrates above men- 
tioned and was submitted to the chemical laboratory of the United 
States Geological Survey for complete analysis. R. C. Wells, the 
analpt, reports as follows: 

Analysis of sample of platinum metals from Poonnan Creek. 
. . fhhca, etc ..................................................... LO 

Iridoemium... ................................................ 32.0 
Iridium.. ..................................................... 11.3 
ahodium.. .................................................. 1.4 

.................................................... Platinum. 47.3 
h n  ....................................................... :. 5.2 
Gold ......................................................... 1.5 
Palladium .................................................... b e .  
Copper.. ...................................................... .1 
Nickel.. ..................................................... .03 
Zinc and silver.. .............................................. Trace. - 

99.83 
Specific gravity of sample, 18.1. 

More platinum was seen on Poorman Creek than a t  any other place 
in the Kahiltna Valley, yet even at this locality it is doubtful whether 
enough platinum is available to make its recovery on a commercial 
scale worth while. 



Poorman Creek shows evidence of intensive mineralization. On 
Discovery claim, a t  the contact of the slate and graywacke series with 
the coal-bearing formation, the slate strikes N. 35' E. and dips 55' 
NW. A dike of soda rhyolite porphyry cuts the slate just above the 
contact, and others crop out farther upstream. The porphyry consists 
of phenocrysts of quartz and albite in a fine-grained, much altered 
groundmass of the same material, and both phenocrysts and ground- 
maas show the result of later sericitization (replacement by sericite) . 
Mineralized quartz veins and stringers commonly accompany these 

' 

dikea. In claim No. 1 above Discovery the slate bedrock is soft, de- 
composed, and much mineralized by pyrite. This zone of mineral- 
ization in upper Poorman Creek appears to extend into the Willow 
Creek and Long Creek basins and must have had a strong influence on 
the placers a t  those localities. It can not be doubted that some of 
theplacer gold on Poorman Creek has been concentrated directly from 
murcea in mineraked be,drock subsequent to the retreat of the ice, 
although concentration from the glacio-fluviatile deposits certainly 
took a major part in the process. One fact that bears on the localized 
origin of the gold on Poorman Creek is the recent discovery of a gold- 
bearing gravel channel in the coal-bearing sediments just above their 
contact with the slate and graywacke series. The value and extent 
of this channel bave not been investigated, but the very fact of its 
existence indicates that some of the gold was localized in this drainage 
basin, for no means of transportation other than water was effective 
in the coal-forming epoch. The origin of the platinum metals is not 
known. 

WILLOW CBEEK. 

On Willow Creek placer mining was carried on by one operator 
a t  two different localities-on Ruby b k ,  a headwater tributary of 
Willow Creek that enters from the east side, and on the main Willow 
Creek some distance downstream. 

On Ruby Creek, where most of the summer's work was done, the 
present stream gravels were being worked in a pay channel a t  least 
30 feet tDide, in which 4 feet of gravel lies upon Eocene coal-bearing 
bedrock. The gold is found largely on the bedrock. About 400 
feet of the creek bed, or about 12,000 feet of bedrock, was worked by 
the hydraulic nozzle in 1917. On Willow Creek the gravel was 
shoveled into boxes. 

The gold is rather h e ,  flaky; and bright. I t  resembles very much 
the gold from Poorman Creek a t  the mouth of Dandy Creek, though 
it is a little h r .  Platinum in small amount was noticed with the 
gold, though i t  may be considered negligible as a commercial product. 
The concentrates collected with the gold in the sluice boxes &e made 
up of garnet, magnetite, ilmeni te, zircon, cassiterite, pyrite, and 
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quartz. A sample of these concentrates was submitted to Ledoux & 
Co., of New York, who report the presence of 20.03 per cent of tin, 
hence the concentrates must consist of about 25 per cent cassiterite. 
The cassiterite is of the same character as that found on Poorman 
Creek-that is, i t  consists of small crystalline grains. 

On Gopher Creek, another headwater tributary of WiUow Creek, 
which enters from the west side, another man was hydraulicking the 
creek gravels. A cut 1,200 feet long and 40 feet wide had been 
worked, exposing Eocene bedrock in the lower part of the cut and 
slate bedrock in the upper part. At the upper end of the cut two 
subsidiary pay channels that cross the main channel were discovered, 
and plans for future work involve the working of a left-side bench in 
the hope of finding a continuation of these channels. The overburden 
in the cut is about 4 feet thick, and the gold lies chiefly on bedrock. 
A preglacial conglomerate, composed of greatly decayed pebbles of all 
kinds, the largest 18 inches in diameter, was observed at the upper end 
of the cut. The gold is rather fine, the largest nugget so far recovered 
being valued at $4. An interesting exhibit from this placer con- 
sisted of a specimen in which native gold and lead were intimately 
intergrown. 

BIRD CREEK. 

At the lower end of Bird Creek, about two claim lengths from the 
mouth of the creek, one man was engaged in 1917 in working a bench 
deposit on the north side of the creek and about 50 feet above it. 
The bedrock is composed of slate and is overlain by a gravel deposit 
which is 8 feet thick a t  the north side of the cut and decreases to a 
few inches toward the creek. The bedrock is very uneven, owing 
partly to the hi& tilt of the alate and partly to erosional potholes. 
The best paying material is found mainly on the bedrock. The gold 
is coarse, dark, and iron stained. The largest nugget so far recov- 
ered weighed 1 ounce. A soda rhyolite porphyry dike crosses Bird 
Creek just above the bench, and numerous quartz stringers occur in 
the slate bedrock. Mining is done by means of a hydraulic nozzle, 
but the bedrock is picked, cleaned, and shoveled into the  boxes by 
hand. 

One claim length farther upstream on Bird Creek another man was 
a t  work on the St. Louis bench, on the south side of the creek. The 
bench is 50 feet above the creek levvl, and a 40-foot head is used in . 
hydraulickmg the deposit. 

The gold placer body on the St. Louis bench is quite different from 
any in the Peters Creek basin previously described, and so far as any 
workable placer in  the Cache Creek district is concerned i t  is come- - 
latable only with the glacio-fluviatile auriferous deposit on Windy 
Creek, in the Cache Creek basin. This deposit seems to be purely of 
glacio-fluviatile origin and consists of 50 to 75 feet of glacial mud 



and angular to subangular boulders of all sizes, resting upon a much 
broken, decayed, and uneven-surfaced slate. The upper 10 feet is 
stained yellowish brown from the effect of surface oxidation. Gold 
is distributed rather evenly throughout the placer body, with no 
particular concentration a t  or near bedrock. 

The gold is both coarse and fine but is almost universally angular, 
only about 1 or 2 per cent being worn. One pretty specimen of 
dendritic gold and others of wire gold, all quite unworn, have been 
recovered. As a rule the gold is dark in color, and the largest nug- 
gets are deeply iron stained. A piece of gold worth $12 is the 
largest so far found.. 

The concentrates contain about 95 per cent of pyrite, both in 
cubical and massive form. The fiw remaining constituents include 
arsenopyrite, magnetite, and a very little scheelite. A little native 
copper is also found occasionally in the concentrates. 

TOKICIIITNA BASIN. 

LONG CREEK. 

Long Creek heads against Cottonwood and Poorman creeks and 
flows northeastward for about 6 miles to join the Tokichitna a short 
distance above Home Lake. Its drainage basin lies entirely within 
the area of the slate and graywacke series. In  1917 one man was 
engaged in placer mining on Canyon Creek, a small headwater tribu- - 
tary of Long Oreek that enters from the west. Both Canyon Creek 
and Long Creek above the mouth of Canyon Creek cut through the 
slate in gorges. 

The valley floor of Canyon Creek in the gorge is from 8 to 30 feet 
wide, and the pay channel has a greatest width of 7 to 15 feet, averag- 
ing perhaps 6 feet but narrowing in places to 1 foot. A cut 600 feet 
long in this channel was mined in 1917, the placer being shoveled 
into sluice boxes. At the upper end of the cut the gravel is only 2 
feet thick, but it increases to 8 feet at  the lower end. Most of the 
gravels are in the form of cobbles averaging 6 inches in diameter, 
theugh boulders as large as 2 feet are present. m e  gold, which is 
coarse, lies for the most part on or near bedrock, and much of it is 
iron stained. The largest nugget found was worth $34, but pieces 
worth from $1 to $3 are common. A few small grains of platinum 
were observed with the gold and in the heavy sands. 

The concentrates include magnetite, ilmenite, garnet, zircon, cassit- 
erite, specularite, quartz, and occasionally a little platinum. In  a 
sample of the heaviest of these minerals, panned from the general 
run of concentrates, some h e  specimens of crystalline cassiterite, 
with quite unworn edges, were noticed. 
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At the lower end of the cut on Canyon Creek a zone of soft, clayey 
decomposed slate about 50 feet wide is exposed, which is cut by quarfz 
stringers and visibly mineralized by pyrite. This zone trends N. 15' 
E., the general trend of the slaty cleavage a t  this locality. At the 
head of Long Creek acidic dikes and numerous quartz stringers cut 
the slate. It is believed that much of the Long Creek gold in the 
present creek placers has been concentrated directly from miner- 
alized bedrock in this vicinity, rather than from the glacio-fluviatile 
deposits. 

KAHILTNA RIVER. 

In 1917 prospecting for gold and platinum placers was carried on 
a t  two localities on Kahiltna River-one about 3 miles by stream 
below the mouth of Petem Creek, where five men were a t  work; the 
other 30 miles downstream, where seven men were employed. 

The bedrock a t  the upper camp is the coal-bearing formation, 
composed of iron-stained sandrock, blue clay with included woody 
material, and numerous lenses of h e  iron-stained conglomerate. 
This formation is exposed above and below the camp in the bluffs 
along the river. Beds of lignitic coal are also present in this vicinity. 
The extreme width of the gravel channel is several hundred yards, 
but the boundaries of a definite pay channel had not yet been deter- 
mined a t  the time of the writer's visit. Along the east side of the 
river, near the water's edge, the gravel is 6 feet thick, but farther 
back, in the timber, it is 9 feet to be&ock. Seven drill holes had 
been sunk to bedrock, and the gravels were found to range from a , 
few inches to 2 feet in diameter. There is said to be a heavy con- 
centration of black sand in the gravel. The gold is very fins, as the 
coarsest pieces are worth 1 or 2 cents, and it is said to be worth a 
trifle over $18 an ounce after melting. Platinum is also reported in 
these gravels. 

Mining on a very small scale has been carried on intermittently for 
a number of years along the bars of Kahiltna River, and some fairly 
rich spots have been found, particularly on the bars projecting into 
the river a t  sharp turns. Sholan Bar a t  this upper camp contains 
some surficial placer of this character. Thirty pans of gravel, panned 
for the writer, contained considerable fine gold 'and a few grains of 
platinum. The concentrates taken in these 30 pans consisted of 
garnet, magnetite, ilmenite, zircon, and quartz. It is believed by 
the present prospectors that a good chance exists of finding similar 
amounts of gold, but more particularly platinum, in the deeper 
gravels extending to bedrock. The content of free platinum, how- 
ever, appears to be small, and the writer h d s  no evidence to support . 
$he idea that platinum is present in chemical combination with other 
minerals of the concentrates. 



At the lower camp on Kahiltna River seven men were engaged in 
prospecting and related work. Forty-five claims are owned and 
options are held on 36 others in the vicinity of this lower camp by 
the same owners as a t  the upper camp. Prospecting has been done 
chiefly a t  the bars along the river by hand methods and by means 
of two gasdine drills of 4 and 8 horsepower. Thirteen drill holes 
had been sunk by September, 1917. 

The lower camp is on the west side of Kahiltna River just above 
the mouth of Beaver Creek, a small tributary entering the river about 
8 miles above the Yentna. At Round Bend Bar, on the east side of 
the Kahiltna about 8 miles above the camp, about $1,500 in gold 
was rocked out by two men from about 100 cubic yards of gravel 
taken from the bar in 1908. Some platinum was found with the 
gold. The concentrates included magnetite, ilmenite, hematite, limo- 
nite, quartz, garnet, zircon, and a little platinum. Each cubic yard 
of gravel is said to have contained 3 pounds of black sand. About 
0.1 cubic yard of gravel from the water's edge was panned for the 
writer and found to contain some h e  gold and a few grains of plati- 
num. Four claims are held at  Round Bend Bar and vicinity, and 
seven drill holes have been sunk, but none of them have reached 
bedrock. 

At Boulder Bench, on the same side of the river and downstream 
from Round Bend Bar, a small open cut about 600 square feet in 
extent has been made in the gravel bank about 15 feet above the 
river's edge. This has been prospected a t  different times since 1907. 
The gold-bearing bedrock is exposed a t  a height of about 6 feet above 
the river, but a layer of hardened gravel and clay about 9 feet above 
the river has been used as a false bedrock. The average amount of 
gold to the cubic yard from this cut indicates a commercial gold 
placer, but the extent of the pay gravel is not known. A little plati- 
num also was found here in pieces as much as oneeighth inch in 
diameter. No drill holes have been sunk a t  Boulder Bench. 

Other bars along the Kahiltna also carry some gold. At Leslies 
Bar, about 2 miles above the camp, on the west side of the river, four 
men working in 1907 made $13 a day for each man, and another bar 
near by produced $500 in 1906. At both these localities, however, 
the pay gravel was within 1 foot of the surface. One drill hole was 
put down 9 feet on Leslies Bar in 1916 and ic; said to have shown 
favorable conditions. Five drill holes were sunk in 1917 on the Red 
Hill Bar, across the river from the Round Bend claims. 

COAL DEPOSITS. 

The coal-bearing formation, as shown on the accompanying map 
(Pl. VI), includes many beds of lignitic coal, which crop out a t  numer- 
ous localities in Kahiltna Valley. These coal beds range in size from 



264 MINERAL RESOURCES OF ALASKA, 191'7. 

mere strinpers a few inches thick up to beds 14 feet thick. The coal 
is classed as lignite, though it varies somewhat in grade. There is 
little promise that such fuel will ever have a market, even in the 
near-by Cook Inlet district, because of the presence of better coal in 
the Matanuska Valley which can be more easily procured. Yet a 
good opporCunity exists to use this coal locally for fuel and power, 
and this is now being done by the Cache Creek Mining Co. 

A number of coal beds are exposed on Short Creek, a tributary to 
Cache Creek. Probably the best one is a bed of high-grade lignite 
about 8 feet thick, without partings, near the head of the creek. An 
entry 100 feet long was driven into this coal seam, and it was mined 
for a period by the Cache Creek Dredging Co., but the upkeep of the 
wagon road up the canyon of Short Creek was found to be too costly 
and the work was abandoned. 

At present the company is mining another coal bed a t  the mouth 
of Short Creek, about half a mile below the mouth of Falls Creek. 
About 1,000 tons a month was mined during the summer of 1917, 
most of which was used for generating power on the dredge. Some 
of it, however, was used for heating in the camp. Ten men, includ- 
ing a foreman, were employed. This coal bed strikes about west, or 
perhaps N. SO0 W., and dips about 10' S. An entry 475 feet long, 
with a height of 6 feet in the clear, has been driven on the strike of 
the seam, and rooms have been turned off a t  regular intervals to the 
northwest, a t  an acute angle with the tunnel, in order to avoid work- 
ing directly up the dip. So far eight rooms have been turned off, 
the largest of which, No. 8, is 200 feet long. Gravity haulage is 
employed in the rooms. A tipple with a capacity of 50 tons has 
been built a t  the mine entry, and from this tipple coal is dumped 
into wagons and then haul'ed downstream to the dredge on Cache 
Creek. 

The coal seam is rather uniform in thickness, averaging 5 feet 2 
inches. About 14 inches of coal is left in the roof to support the 
overlying clay, and the rooms are therefore 4 feet high. No clay 
partings are present, but a streak about 4 inches thick in the upper 
half of the seam is of noticeably lower grade. 

Anofher promising bed of cod is exposed along the east bank of 
Peters Creek about 23 miles below the mouth of the canyon. This 
bed contains a fairly high grade coal, which is reported to do fairly 
well for blacksmithing. The strike of the bed is about N. 45' E. 
and the dip about 70' NW. The shale footwd is exposed, but the 
hanging wall is covered by slide. About 10 feet of coal is exposed, 
but the total thickness of the bed is probably 12 or 14 feet. 



CHROMITE DEPOSITS IN ALASKA. 

By J. B. MERTIE, Jr. 

Deposits of chromite have been known in Alaska for a number of 
years, but they became of economic interest only in 1917, when the 
relatively high price of the ore recalled them to the attention of 
mining. men, with the result that ore is commercially mined a t  one 
property. 

The chromite deposits of present economic interest are a t  the 
southwest end of Kenai Peninsula, in two areas, one along the north 
shore of Port Chatham and the other a t  Red Mountain, about 16 
miles to the northeast. (See fig. 3.) Both deposits occur in bodies of 
altered peridotite, and, so far as known, these are the only bodies of 
peridotite in this vicinity, but exploration farther from the coast, in 
the mountains, may reveal others. 

Peridotite of the same kind also occurs in large and small masses 
a t  several other places in the area between Yukon and Tanana rivers, 
and a t  Livengood, in that area, there is a deposit of chromite, but 
the ore in the interior of Alaska could not be mined profitably except 
when prices are very high. 

The chromite of southwestern Eenai Peninsula occurs in lens- 
shaped bodies that range in thickness from a few inches to 20 feet 
and that lie in attitudes ranging from horizontal to vertical. None 
of the lenses appear to be more than 150 feet long, and most of them 
measure considerably less. The ore is not of uniform grade. Some 
of it averages 50 per cent of chromic oxidc, and some is a mixture 
of chromite and peridotite, the leanest part of which may yield only 
5 to  10 per cent of chromic oxide. All gradations between these 
extremes are found. 

The deposit now being mined is on a spit a t  the southeast end of a 
peninsula known as Claim Point, which projects sou theas tward in to 
Port Chatham. This peninsula measures about 4,000 feet from east 
to west and about 2,200 feet from north to south, and is joined to the 
mainland by a neck of land about 200 feet wide. The rock of Claim 
Point is entirely peridotite, which crops out also on the mainland to 
the north and continues southward into Port Chatkam for an un- 
known distance. The known area of peridotite here covers about 
three-fifths of a square mile. 

265 
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The ore body is almost completely covered by water a t  high tide, 
so that mining must be done between low and half tide. The deposit 
is in a vertically placed lens, which has a length of about 100 feet 
and a maximum width of 20 feet. 

About 800 tons of ore containing from 46 to  49 per cent of chromic 
oxide was mined in 1917, and about as much more remains in sight 

Men 

FIGURE 3.-Map of the Baldovia district. Shaded areas show location of-chromite deposits. 

above half tide. Ultimately i t  will be necessary to work from a 
shaft or cofferdam and hoist ore to the surface, a method that will 
increase materially the cost of mining. 

Probably the upper half of the deposit has been removed by 
erosion. If so, and if the deposit becomes thinner downward for 30 
feet and the ore has a speciiic gravity of 3.9, only 4,000 or a t  most 
5,000 tons remains below the level of half tide. 
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Several other lenses of lugh-grade ore, none more than 3 feet thick, 
occur in this vicinity, as well as a number of bodies of low-grade ore 
that range in thickness from 5 to 20 feet and in content of chromic 
oxide from 5 to 15 per cent. At one place on the north side of Claim 
Point, near the crest of the peninsula, there are four lodes that stand 
nearly vertical, and the owners are considering the feasibility of 
driving a tunnel from a lower point on the hillside to crosscut them. 
These four bodies should produce, when concentrated, about 3,000 
tons of 50 per cent ore, but it is likely that the tunnel contemplated 
might also reveal other deposits. There should be available a t  
Claim Point a t  least 15,000 tons of chromite ore of a grade containing 
50 per cent of chromic oxide. 

The freight rate on ore from Port Chatham to Seattle is $3.50 a 
ton, and from Seattle to an eastern smelter is about $12 a ton, to 
which must be added the cost of lighterage to the steamship anchorage 
in Port Chatham or lighterage to the wharf at  Port Graham. 
The body of peridotite a t  Red Mountain is much larger than that 

a t  Claim Point but is more difficult of access, and the grade of the ore 
there is not so well known. The peridotite covers about 3 square 
miles and contains many stringers and lenses of chromite ore, of 
both hgh  and low grade. The largest deposit observed was a 

'lenticular body of high-grade ore not more than 75 feet long, that 
had a maximum thickness of 8 feet a t  the center and contained prob- 
ably not over 1,000 tons. At this place there are many other 
smaller deposits and perhaps some as large or larger, dl of which 
should yield at  least as much chrome ore and possibly several times 
as much as the body at Claim Point. On the other hand, these ores 
occur a t  an elevation of about 3,000 feet and a t  a minimum distance 
of 6 miles from tidewater, from which much of the route lies through 
a precipitous and densely vegetated country. In  winter the ore 
might be sledded out to tidewater, but in summer it would have to 
be carried by a tram. 





GEOLOGIC PROBLEMS AT THE MATANUSKA COAL MINES. 

INTRODUCTION. 

A brief visit was made to the Matanuska coal fields from August 
26 to 31, 1917, for the purpose of reviewing the mining developments 
that have been undertaken since the detailed geologic survey1 of 
that field was made and of conferring with Mr. Sumner S. Smith, 
the engineer in charge of the coal-mining oper~tions of the Alaskan 
Engineering Commission, in regard to structural and other geologic 
problems that had come up in connection with mining. 

MINES ON ESKA CREEK. 

GENERAL GEOLOGY. 

The mines on Eska Creek are in the NE. f NE. sec. 16, T. 19 N., 
R. 3 W., which is part of leasing block No. 7. At the time that the 
field work was done the workings included nine openings, all of which 
are drifts from natural exposures of coal beds near the level of the . 
creek. Three of these openings were productive mines, and the 
others included prospect openings, abandoned mines, and mines that 
had not yet become productive. (See k. 4.) 

The coal beds that are being mined and prospected on Eska Creek 
are exposed in a discontinuous series of low cliffs that extend inter- 
mittentlj. along one or the other bank of the creek but generally 
not on both of them. Between these cliffs are covered slopes, and 
back from them are gravel terraces and gently sloping areas covered 
with glacial drift and containing few if any exposures of rock. The 
outcrops on Eska Creek show that the creek cuts across two eastward- 
trending belts of gently dipping coal-bearing rocks-a southern or 
northward-dipping belt, in which the Emery, David, and Kelly 
drift9 are situated, and a northern or southwarddipping belt, in 
which the Maitland, East Eska, Shaw, Martin, and West Eska 
drifts are situated. The southern belt lies north of and is separated 
by a concealed interval from Cretaceous rocks that are older than 
the coal. The northern belt lies south of and merges into or is 
separated by a fault from a belt of intensely deformed coal measurea 

ldsrtin, G. C., and Katz, F. J., Geology and oosl fields of the lower MatanusgB Vdey: U. 8. ad. 
BIlh m, g8 PP., 10 PIS., 1912. 
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that probably is practically barren of workable coal and that extends 
northward into the great zone of faulting on the southern border of 
the high mountains. For immediate practical purposes only the 

FIQWE 4.-Map of the Esgs Creelr d mined. 

two gently dipping belts of coal measures need to be considered in 
further detail. As shown below (p. 273), these belts may be fault 
blocks or may be the opposite flanks of a syncline. The rocks of each 



belt are cut by faults, some of which show at the surface. whereas 
othew have been encountered in mining . Nowhere has the magni- 
tude of any of the faults been determined . 
The southern or northward-dipping belt of coal-bearing rocks 

extends from a point near the northwest corner of Eska town site 
to a point between the Kelly drift and the upper railroad bridge just 
above the old mine camp . The strike is in general N . 6O0-75O E., 
and the dip 30°-400 NW . Near the northern edge of this belt the 
following section is exposed: 

Section on west bank of Eska Creek opposite old mine camp . 
Sandstone . 

................................... 

{ ............................... 
Coal 

Coal (Kelly sesm) "Clod" 
Coal (average) ........................ 

.............................................. Concealed 
Shale (partly concealed) ................................ 

.............................................. Sandstone 
Gray shale with some ironstone ........................... 

....................... Shale -... ................. 
................................. 

[ .......................... 
Coal 

Coal (David seam) Yellow shale 
Coal ................................. 

Carbonaceow ahale ...................................... 
.............................................. Ironstone 

Gray shale .............................................. 
.............................................. Ironatone 

Gray shale .............................................. 
.............................................. Ironatone 

Gray shale .............................................. 
Ironstone .............................................. 

.............................................. Gray shale 
Ironstone .............................................. 
Gray shale .............................................. 
Ironstone concretions .................................... 
Grayshale .............................................. 
Sandstone lens (grades into shale) ........................ 
Shale with a few ironstone nodules ...................... 

.................................. Shale with a little coal 
Shale and cod ......................................... 

............................... I Bone 
Coal ................ .. .............. 

............................. Soft shale 
Coal ................................ 

............................. I Soft shda 
Coal ................................ 

These beds strike about N . SO0 E . and dip 30' N . Their relations 
are shown graphically in figure 5 . 
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Beneath this seotion the rocks are mostly concealed. Near the 
bridge at the lower end of the railroad yards is an outcrop which 
shows about 4 feet of impure coal that strikes N. 60" E. and dips 

ROWE 6.4tn1cture sections at the Eska Creek coal mines. 

45O N. This bed should be about 300 or 400 feet below the Emery 
seam, if there is no fault in the concealed interval. On the east bank 
of the creek near the northwe& corner of Eska town site is an outcrop 
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of dude, in part coaly, that should be several 
than the coal l w t  described. 

COAL MINES. 273 

hundred feet lower 

The next known outcrops, down the creek, are of Cretaceous sand- 
stone in the b l d  near the northeast corner of sec. 21. The inter- 
vening gap, about half a mile wide, would contain the contact of the 
coal measures with the underlying formation. There are reasons for 
suspecting that this contact is locally along a fault. The base of the 
coal-bearing formation is certainly not exposed along the creek, and 
apparently it is not exposed in the near-by hills. Consequently it is 
not possible to estimate the position of the coal beds just described 
relative to the base of the coal-bearing formation, or to state whether 
there are other coal beds beneath them. 

The northern or southward-dipping belt of coal-bearing rocks 
extends from the upper railroad bridge to the vicinity of the main 
forks of Eska Creek near the northeast corner of the SE. 3 SW. t 
sec. 9. The general strike is N. 60"-90" E., and the dip 5"-35" S. 
The discontinuity of the exposures, the presence of faults, and the 
presence of disturbances that may be caused either by faulting or by 
slumping and tilting of blocks of strata on the steep hillsides make it 
impossible to describe a complete section or to determine the thick- 
ness of strata and the number and position of the cod beds. The 
exposed strata are a t  least 300 feet thick and include four or more 
coal beds, among which are those opened at the Maitland, Eska, 
Shaw, and Martin drifts. Detailed measurements and discussions of 
the several incomplete locd sections are given on pages 274-275. The 
base of the coal measures is not exposed in this belt, and there is no 
infowation available in regard to the total thickness of the coal 
measures or the number of the coal beds beneath the surface. 

The contact of the two belts of gently dipping coal-bearing rocb  
lies in a concealed interval near the upper bridge in the railroad yards. 
Because of this concealment i t  is impossible to stata whether these 
belts lie on opposite flanks of a syncline or are fault blocks. As their 
contact lies approximately in line with the synclinal axis of Wishbone 
Hill, it might be assumed that the synclinal relation is the more 
probable. However, the synclinal structure of Wishbone Hill is 
shown only in exposures of the Eska conglomerate, which is less dis- 
turbed than the coal measures and overlies them possibly in uncon- 
formable relation, and consequently an unfaulted syncline in the 
conglomerate need not necessarily extend east to Eska Creek or down 
into the coal measures. Furthermore, the locality here discussed is 
nearer in line with the possible fault that marks the southern boundary 
of the conglomerate mass of Wishbone Hill than i t  is with the syn- 
clinal axis of the hill itself. The strata exposed on the opposite sides 
of the concealed interval are not suffjciently characteristic (see p. 274) 
to furnish reliable evidence as to whether they are identical. It must 
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be concluded, therefore, that either a fault or a synclinal axis is 
possible at this locality. The writer believes that the fault is more 
probable, but the actual relations can be determined with absblute 
certainty only by following the coal underground through the con- 
cealed interval. 

The northern or southward-dipping belt of coal-be- rocks 
appears in a discontinuous series of exposures that extends dong the 
east bank of the creek for about 600 feet, beginning near the railroad 
bridge, or about 400 feet above the Kelly drift. (See fig. 5.) The 
southernmost and presumably the highest (stratigraphically) of these 
exposures is the following : 

Seetion on eaet bank of Eska Creek w a r  upper railroad w d .  

Shale. Feet. 
Cad, with shale partings. ....................................... 4 
Sandstone and M e . .  ........................................... 20 

...................................................... Sandstone 7 
Shale ........................................................... 3 

....................................... 
.................................... 

3 
3-43 

Coal .................................... 3 

It is possible that the Maitland seam is the same as the Kelly seam. 
This correlation is suggested by the general 'similarity in section of 
the coal seams themselves and by the presence of a massive sandstone 
above the Maitland seam like that above the Kelly seam. The writer 
believes that this correlation should be considered a s  probable, 
though not proved. 

The strata are mostly concealed for a distance of about 300 feet up 
the creek from the Maitland drift. About 150 feet above the Mait- 
land drift is an old prospect opening that shows about 3 feet of coal. 
This coal bed and the strata in the concealed intervals on each side 
of it should lie below the Maitland seam and have a thickness of 50 to' 
150 feet unless they have been faulted. The probable presence of at 
least one fault in this interval is indicated by the fact that the Eska 
coal, which has been opened (see section below) near the northern 
end or at  the stratigraphic base of this concealed interval, is not 
overlain by the massive cliff-making sandstone and other-strata 
which overlie the Eska coal on the west bank of the creek, nor is there 
room for these strata in the concealed interval. (See section, p. 275.) 

At the upper end of this concealed interval is an exposure in which 
the East Eska, Shaw, and Martin drifts have been driven. The 
section a t  this locality is as follows: 

Sedion on east bank of Eaku Creek at upps  end of railroad apur. . 
pt. io. 

Sandetone ................................................... 20 
........................................................ Shale 6 

Cosl(Eskaaeam) ............................................ 2 6 



Ft . in . 
Shale ........................................................ 9 

Ft . in . 
............. ........... ....... 1 1 
................................ 1 

................................ 10) 
................................ -If 

Coal ................................ 2 0 
-- 4 2 

........................ Concealed (partly shale and earidstone) 25f 
........................................... Coal(Martinmm) 3f 

Above this point the best exposures are on the west bank of Eska 
Creek. where there is a discontinuous series of exposures that extends 
north from a point opposite the upper end of the preceding section . 
There are no exposures on the west bank of the creek between this . 
point and the Kelly drift. a distance of about 800 feet . At the south- 
ern end of these exposures a drift (West Eska) has been driven on 
the Eska seam . The following section is exposed at this locality: 

Section in c l ( f  on west side o j  Eska Creek opposite upper end of railroad spur . 
Ft . in . 

.............................................. Sandstone (cliff) 75f 
Soft sandatone ................................................ 9 
Shale with a little coal ....................................... 2 
Concealed (shale and sandstone) ............................... 64 
Shale .................... ... .. ..... ......................... 16 
Coal (Eskaseam) ............................................ 3 

........................................ Shale with coal streaks 5 
Shale ................................................... 14 
Carbonaceous shale ........................................... 2 
Shale and coal ................................................ 5 

Ft . in . 

Coal (Shaw? seam)< 

'Coal .............................. 11 
Shale .............................. 3 
Coal ................. .... ....... 10 
Shale .............................. 3 
Coal ................. .. .......... 10 
Shale .............................. 1 
.Coal .............................. 1 9 

4 11 
Shale ........................................................ 5 
Ironstone ..................................................... 1 
Shale ........................................................ 5 
Cod (shaly) ................................................... 2 6  
Coal ......................................................... 2 
Shale ........................................................ 5 
Coal .................. ..... ................................ 2 2  
Shale with ironstone concretions .............................. 23 
CoaS ........................................................ 1 
Shale ................. ...... ............................... 6 
coal ........................................................ 1 
Shale ....................................................... 10 
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The thick sandstone a t  the top of this section forms a olifI that 
extends continuously westward along the top of the bluff west of 
Eska Creek from the West Eska drift to a point near the northwest 
corner of the NE. + sec. 16. Beneath this sandstone clif£ are gentler 
slopes, generally covered with talus and soil, in which reliable expo- 
sures are by no means numerous or extensive. Some of the exposures 

Feet 

I 
...... .. ... ..... ... r:: 'I ... . ;:.;: . . .:. . . . .. . . ., . 

..... .., ,.. .:.;;: 

. ....' :; ..... ::.:.. .,...... 
>I... .. , :..: 

I ..., . '.'.. .. :.,..,. 
.: :.:: 

F r o w ~  6.-Hypothetical correlation of coal beds on west bank of Eska M, In 
the N. 1 NW. f sw. 16, T. 19 N., R. 3 E. 1, cuff near west Eska driit; a, about 
1,250 feet below forks; 3, about 1,1,00 feet below forks. 

a t  the base of the bluff apparently indicate faults and local folds that 
were not seen in the sandstone of the cliff. Some of the exposures 
are certainly blocks that have becn tilted or have fallen on the 
steep W i d e .  A larger number of the exposures may either be rocks 
in plsce or tilted or f d e n  blocks. If they are rocke in place the 



Isoft shales and coal beds may have yielded more than the massive 
sandstone under the forces that caused the folding and faulting, or the 
sandstone may overlie the coal-bearing shahs with an undetected 
unconformity and for that reason does not partake of all their 
structural complexity, or it may be that there is an undetected fault 
along the base of the sandstone cliff. 

The writer has published elsewhere a section which shows the 
strata beneath the massive sandstone at a locality about 1,200 feet 
above the West Eska drift. In another section a he shows the 
strata including and underlying the same sandstone at a locality 
about 1,350 feet above the West Eska drift. 

It will be assumed, in the absence of evidence to the contrary, that 
there is neither an unconformity or a fault at the base of the sand- 
stone; Therefore, if the coal beds are persistent the coal beds in 
section 36 and those in the upper half of section 37 may possibly be 
correlated with the coal beds 'exposed in the cliff near the West Eska 
drift, as is indicated in figure 6. 

A short distance above the place where section 37 was measured 
several faults are exposed in the west bank of the creek. One of 
these faults shows considerable displacement. Tbis fault possibly 
marks the northern edge of the block of rock that forms Wishbone 
Hill. Just north of this fault several northward-dipping coal beds 
are exposed, of which the following section was measured: 

Section on west bank of Eska Creek 1,450jeet above West Eeka drift. 

Sandstone. Ft. in. 
Coal (lenticular). .............................................. 4 
Shale. ....................................................... 14 
Coal .......................................................... 2 6 
m e  ........................................................ 2 
Coal .......................................................... 2 6  
Shale ........................................................ 8 
Coal ......................................................... 4 
Shale ........................................................ 8 
Cod., ....................................................... 2 
ahale. ...................................................... 1 
Coal ................. .. ..................................... 1 
Shde.. ...................................................... 20 

(with some shale). ........................................ 2 
Shale. ....................................................... 5 

The northward dip at  this locality is believed to be a local feature 
cawd by drag on the fault plane. The next exposures up the creek 
sre of southward-dipping strata and do not show coal beds. 

The exposures on the west fork of Eska Creek, above the main 
forb  in the SE. SW. a sec. 9, are of closely folded and much- 

1 Martin, G. C., and Eatz, F. J., Geology and coal fields of the lower Mstsnuska Valley, Alaska: U. 8. 
-1. Buroey BuU. 600, pp. 84-85, section 36, 1912. 

2 Idem, pp. 8-7, section 37. 
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disturbed rock, in which several thin coal beds and stringem of 
coal were noted. The thickest coal seen is near the northern boundary 
of sec. 9 and is recorded in section 38.' This exposure is possibly 
the same as that of which Mr. Sumner S. Smith has furnished the 
following measurement : 

Coal bed on west bank of Eska Creek near the w t h  bounduy of azc. 9,  T. 19 N., R. 3 E, 

Dark-brown shale that contains ironstone nodule. Ft. in. 
Mixed sandetone and shale.. .................................. 1 10 
Intrusive (?). ............................................... 2 6 
Dark-brown shale that contains petrified wood and nodules. .... 6 
Dirty coal that carries bands of sulphur.. ...................... 1 4 
Dark shale ................................................... 1 4 
Very hard black coal ......................................... 2 2 
Shale ....................................................... 1 

....................................... Very hard black coal.. 3 
SWe ....................................................... 1 4 
Very hard black coal ..................................... ., .. 2 10 
Shale that contains concretions.. .............................. 10 

Strike, N. '70' E.; dip, 73' S. 

The writer believes that any coal beds that may occur in this 
belt of intensely deformed rocks on the border of the high mountains 
are so inaccessible and probably are so lenticular that they have no 
immediate value. 

PROGREBS OF MIN'LNG). 

The workings on Eska Creek consisted, in the summer of 1917, 
of nine openings, three of which (the Kelly, David, and Shaw drifts) 
are in the northward-dipping belt of coal measures, and the others 
(the ~aitland, '  East Eska, Shaw, Martin, and West Eska drifts, 
and the unnamed prospect opening between the Maitland and East 
Eska drifts) are in the southward-dipping belt of coal measurm. 
Some of these mines (the Kelly, David, Emery, and Maitland driite 
and perhaps some of the others) were formerly worked by lessees. 
The Kelly, David, and Emery drifts had been abandoned, because 
the coal had been cut off by a fault, up to which it had been worked 
out above drainage. In the West Eska and Martin drifts main 
entries were being driven preparatory to mbing. The Maitland, 
East Eska, and Shaw drifts were producing wal in an aggregate 
average amount of about 100 tons a day. In addition to the fault 
that cut off the coal in the Kelly, David, and Emery drifts, a fault 
cuts, off the coal in the Maitland drift, and since the writer left the 
field faults have been encountered in the East Eska, Shaw, and 
West Eska drifts. None of these faults show at  the surface. The 
position of each of these faults in the mines is indicated in figure 4. 
The extent of the faults beyond the present workings is not known. 

1 Merhn, G. C., and Katz, F. J., op. dt., p. 87. 



CHICKALOON RIVER. 

The coal outcrops on Chickaloon River are situated in the S. 4 
NE. ) sec. 25, T. 20 N., R. 5 E., and in the SW. a NW. sec. 30, T. 
20 N., R. 6 E., which constitute part of leasing block No. 12. 

Chickaloon River enters'the general area of the Matanuska coal 
field (the Matanuska Valley proper) in the northern part of T. 20 
N., R. 6 E. After flowing through a gorge cut in the Eska conglom- 
erate in  sec. 5, i t  comes out into a more open valley, where there are 
discontinuous exposures, first on one bank and then on the other. 
These exposures, from the lower end of the conglomerate gorge in 
sec. 5 to the point where the river turns west in the SW. 4 NW. 4 
sec. 30, consist of steeply folded rocks that belong to the Chickaloon 
formation and of several intrusive masses. The Chickaloon forma- 
tSon underlies the Eska conglomerate and includes the coal beds of 
the Matanuska field. However, i t  is not everywhere coal bearing, 
and none of the exposures just mentioned contain any coal. The 
outcrops on the north or west bank of Chickaloon River in its east- 
west c o m e  from the eastern boundary of the SW. % NW. ) sec. 30, 
T. 20 N., R. 6 E., to the bend just above the west boundary of the 
NE. t sec. 25, T. 20 N., R. 5 E., contain numerous exposures of 
coal. These outcrops will be discussed more fully below. The 
south or east bank of the river in this interval contains no known 
outcrops of coal. From this locality to its mouth Chickdoon River 
flows past almost ,continuous exposures of steeply but somewhat 
irregularly folded rocks that belong to the Chickaloon formation 
d of numerous intrusive masses. These exposures contain no coal. 
Throughout the series of exposures along Chickdoon River, from the 
point where i t  comes out of the high mountains into the general area 
of the Matanuska coal field to its mouth, the general dip is northward. 
The structure, however, is not a simple monocline, for the rocks are 
probably repeated by faults as well as by partly overturned folds. 
The discontinuity of the exposures, the presence of faults of un- 
determinable throw, the possibility of unseen faults and folds in the 
conceded intervals, and the lack of characteristic horizon markers 
make it impossible to describe the structure except in general terms. 

The area back from the river is.mostly covered with terrace or 
glacial gravels. Exposures are in fact practically confined to the 
basfrs of the larger streams and to knobs of intrusive rocks.. The 
only exposures of coal known to the writer in the area between 
Chickaloon and Kings rivers are an 18 or 20 inch bed of impure 
coal about 200 feet above the mouth of the creek that enters Chicka- 
loon River in the SW. 4 NW. 4 sec. 25, a 15-inch bed of impure 
coal in the NW. 4 NW. 4 sec. 22, and a 3 or 4 foot bed of coke where 
a creek crosses the west line of the SW. 4 sec. 15. 

The coal exposures on Chiokaloon River are in the face of the bluff 
that extends for a little more than half a mile along the north or west 
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side of the river in its east-west course through the S. 3 NE. 4 sec. 25, 
T. 20 N., R. 5 E., and the SW. $ NW. sec. 30, T. 20 N., R. 6 E. 
This bluff, which is about 100 feet high, rises from the alluvid flat 
on the river's edge to a gravel terrace that is about a quarter of a 
mile wide. The upper part of the bluff is composed of terrace 
gravels, and the lower part is composed of steeply dipping ooal- 
bearing rocks that are partly concealed by gravels that have slid 
down over them. Several coal beds are exposed in outcrops on this 
bluff, but more complete exposures are afforded by 11 tunnels that 
have been driven into the face of the bluff. Detailed measurements 
of the coal beds and other strata in these tunnels, as they were 
exposed in 1910, are given e1sewhere.l Additional measurements 
were doubtless made by the engineers of the Bureau of Mines in the 
course of their mining operations of 1913, but these have not been 
published. 

The attitude of the coal beds differs somewhat in different  arts 
of the exposures. The tunnels on Chickaloon River are situated in 
four groups between which the rooks are more or less concealed. 
This grouping is indioated in the following list, in which the tunnels 
are arranged in sequence from east to vest: 

Coal tunnels on  Chickaloon River. 

1. Bend of river in east part of SW. 2 NW. f sec. 30, T. 20 N., R. 6 E. 
A,B,2 .  E . + S E . f N E . f s e c . 2 5 , T . 2 0 N . , R . 5 E .  
3 ,C.  W.+SE.fNE.fsec.25,T.20N.,R.5E. 
D , 4 , 5 , E , F .  S W . + N E . f s e c . 2 5 , T . 2 0 N . , R . 5 E .  

The five western tunnels (Nos. D, 4, 5, E, and F) and the eastem 
mcast tunnel (No. 1) are situated farther north than the othdi.  
&,all of these tunnels the strike is approximately e a t  and t& 
dip,& 50"-70' N. In the southernmost tunnels (Nos. A, B, and 87 
a ~ , & ~ ~ b a b l y  also in the near-by intermediate group (Nos. 3 and C) 
th$ahrike is northwest and the dip is 65"-85' S. In tunnel No. 2, 
the presenoe of what seems to be a typical underolay on top of one 
of the ooal beds indicates that the rooks are locally overturned. 

The attitude of the coal beds as described above, and the restric- 
tion of the known coal outcrops to this eastward course of the river, 
can not be definitely explained a t  present. There are several pos- 
sible theories concerning the lood structure that may explain the 
known facts, but none'of them oan be proved or disproved witbout 
further knowledge of underground conditions. These theories are 
thus outlined: 

(1) That the ma1 outcrops lie on a monoclinal northwarddipping 
block of cod-bearing rocks, in the southern part of which (as in 
tunnels A, B, and 2) the rocks are folded beyond the vertical. 

I W m ,  a. C., and Katz, F. J., Geo lw and coal fields of the lower Mstanuska Valley, Alssks: U. 8. 
h l .  Survey Bull. 500, pp. 784,1912. Regulstions governing coal-land leases in the m o r y  of AlasgS, 
~ p p . ,  meps, U. 8. Dept InWor, 1916. 



H this theory holds, the coal lies only north of the river. The 
rocks south of the outcrops are barren of coal unless another block 
of ood or another horizon a t  which ooai is present passes under them 
from the south. Eastern and western extensions of the coal belt 
may lie concealed beneath the terraoe gravels, or these extensions 
may be out off by transverse faults. 

(2) That the ooal outcrops lie in an anticline, of which.* coal 
beds of tunnels A, B, and 2 are on the southern limb. 'I& 

ao001ding to this theory, the ooal may be present in 
narth and south of the river. Suoh an anticline may 
and west beneath the terrace gravels, i t  may plunge in either or both 
directions, or it may be out off a t  one or both ends by a tmsverse 
Ianlt, The exposure at  tunnel No. 1 seems to indicate anticlinal 
f o m .  The northward-dipping rocks along the river below the . 
tunnels indioate that the antidine, md possibly the coal beds ako, 
are cut off by a fault and do not extend west of the bend of the river 
in the SW. 4 NE. 4 sec. 25, T. 20 N., R. 5 E. 

(3) That the coal outcrops lie in two monoclinal blocks separated 
by a fault. 

Under this theory the coal may underlie at  considerable depth an 
area both north and south of the river. The coal-bearing strata 
may extend east and west beneath the terrace gravels or they may 
be cut off by transverse f auks. 

The ,actual structure a t  the Chickaloon coal outcrops and conse- 
quently the extent of the coal in depth can obviously be determined 
with certainty only by underground exploration. Because of this 
condition, and because there is very little coal above drainage at this 
locality, i t  is intended to sink a slope for 600 or 800 feet on one of the 
coal beds and then explore in depth with the purpose of blockmg out, 
if possible, an area of workable coal. 

MINES AND PROSPECTS ON MOOSE CREEK. 

The Doherty mine, operated by the Doherty Coal Co. under a 
10-acre mining permit, is situated on the west bank of Moose Creek 
in the NW. a sec. 2, T. 18 N., R. 2 E. This mine was opened in 1916. 
The section of the coal bed is as follows: 

Gection of coal in  Doherty mine. 
Sandstone (roof). ~ t .  in. 

........................................... Bone ("cap rock"). 1 1 
Cd.. ...................................................... 1 11 
Bone.. ........................................................ 1 
Coal. ................. ... ................................ 1 3 
Carbonaceous ahale ("black dirt ") ............................ 3 

' Shale (floor). 
Strike N. 67' E., dip 4 5 O  SE. , - 

The coal is mined by the room and pillar system and is hoisted on 
a slope from the entry on the 400-foot level. On reaching the surface 
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it is screened and handpicked to remove the pieces of "cap rock" 
that come down in mining. The coal that goes through the screens 
is mixed with that which goes past the pickers and is hauled by a steam 
locomotive over a narrow-gage railroad, 3,000 feet long, to bunkers 
on a railroad spur one-fourth of a mile west of the mouth of Moose 
Creek. The output, about 50 tons a day, was sold in part to the 
Alaskan Engineering Commission and in part to the public in 
Anchorage. It is reported that the mine has been abandoned. 

The cod shipped from this mine is hgh in ash. A cleaning plant 
was being instdad, which should-result in a better product. If tbe 
operators of this mine are able to compete with other producers they 
will probably be able to find a moderately large area of workable cod 
in the vicinity of their mine. No structural disturbances have thus 
far been discovered. The mine is situated on the north flank of b 

small local basin or else on a southward-dipping fault block. If 
mining operations are extended a t  this point the slope should be 
continued either to the axis of the basin or to the lower edge of the 
fault block. 

A prospecting tunnel was being driven into the hill from the east 
bank of Moose Creek in the NW. 4 sec. 27, T. 19 N., R. 2 E., by 
prospective lessees of leasing blocks 2 and 3. The cod beds a t  this 
locality lie near the supposed zone of faulting that apparently forms 
the northern boundary of the structural mass of Wishbone Hill. 
They are badly disturbed and have also been burned. The tunnel 
was being driven in an attempt to get into an area of workable coal 
beyond the disturbed and burned zone. At the time the locality 
was visited the driving of the tunnel was still in progress. 

IIITTEE SUSITNA RIVER. 

A brief visit was made also to a locality on Little Susitna River, 
where a bed of lignite has been found in a "trap" from which ballast 
was being taken for the railroad. The locality is in sec. 21, T. 18 N., 
R. 3 W., near mile 175 from Seward. The bed is reported to have 
the following section : 

Section of lignite near Howton. 
Sand. 9t. in. 
Lignite ........................................................ 2 8 
Shale and bone ................................................ 2 
clay. 

At the time the locality was visited by the writer the coal was not 
exposed, the pit which had been dug into it being filled with water. 
The beds exposed in the trap are semi-indurated sand and clay like 
those of the Kenai formation of Cook Inlet. The lignite was found 
a t  the level of the swamp and is said to dip about 6 O  N. The bed 
consequently does not extend above drainage level. 

1 Martin, G. C., and Katz, F. J., op. oit., p. 87 (sections 40-42). 



SULPHUR ON UNALASKA AND AKUN ISLANDS AND NEAR 
STEPOVAK BAY, ALASKA. 

INTRODUCTION. 

Sulphur claims have been recorded lt three localities in south- 
western A l a s b i n  the crater of Makushin Volcano on Unalaska 
Island, on Akun Island, and near Stepovak Bay on the Alaska 
Peninsula. (See P1. VII.) The deposits covered by these claims 
have not yet been mined, but during the last year they have received 
considerable attention with a view to production. 

These sulphur-bearing deposits are of the volcanic type termed 
solfataras-that is, they are surface deposits formed by sublimation 
from hot sulphurous volcanic vapors. They are situated in the belt 
of active and quiescent volcanoes that extends throughout the Alaska 
Peninsula, the Aleutian Islands, and Japan. Similar deposits un- 
doubtedly occur at other localities in this belt. 

Unalaska and Akun islands are near the east end of the Aleutian 
Islands, in latitude 54" N. and longitude 166" W. They lie west of 
Unimak Pass, the chief thoroughfare for vessels to Bering Sea. 
Stepovak Bay is on the south coast of the Alaska Peninsula, about 
200 miles northeast of Unimak Pass, in latitude 55" 50' N. and 
longitude 159" 40' W., about 1,600 miles from Puget Sound. 

The only regular access to southwestern Alaska is by a small mail 
steamer that sails from Seward once a month. Unalaska is about 
1,150 miles from Seward and about 1,750 miles from Seattle in an 
air line or 3,000 miles by way of Seward. During the summer 
steamers from Seattle $0 Nome and St. Michael enter Bering Sea 
through Unimak Pass but seldom call at  Unalaska or near-by ports 
because of lack of trade. However, they would be available for ship- 
ment of freight to Puget Sound. Fishing vessels and Government 
patrol and supply steamers make irregular cruises along the coast 
during the summer and occasionally replenish their coal bunkers at  
Unalaska. A Navy wireless station at Unalaska is available for 
transmitting commercial messages. 
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The following descriptions of the sulphur-bearing deposits are 
based upon examinations made by the writer during August and 
September, 1917. 

MAKUSHIN VOLCANO. 

TOPOGRAPHY. 

Makushin Volcano, about 6,000 feet in altitude, is in the northern 
part of Unalaska Island, about 12 miles west of Dutch Harbor. (See 
figs. 7, 8.) It is 5 to 6 miles from the northwest coast and about the 
same distance north of Makushin Bay. 

- 

FIauam 7.-Sketch map of Makushin Volcano and vicinity. 

Makushin Volcano is a composite volcanic pile built up of alternat- 
ing accumulations of basaltic lava, scoria, lapilli, and dust. I n  shape 
it is a broad dome, which forms a prominent feature of the landscape 
on account of its snow and ice capped summit and flanks. Glaciers 
descend its slopes to  points about 2,500 feet above &a level, and 
mgged radiating ridges lie between the glaciers. A ring of ragged 
peaks surrounds a broad depression which marks the crater of a 
large extinct volcano. The mountain topographically dominates the 
part of the island it occupies over a radius of 5 or 6 miles. 

The crater of Makushin Volcano, as defined by its rim ridges, is 
broadly oval or horseshoe-shaped in plan and is nearly 2 by 14 miles 
in dimensions. Nearly continuous ridges form the crater rim except 
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on the northwest side, at  Big Gap, and at lesser gaps in the south 
and southeast sides. 

The floor of the crater is 300 to 500 feet below the higher crags 
of the rim, but the floor of the basin is exposed only in gn area of 20 
to  30 acres, where the sulphur deposits occur. Except in this bare 
area, the basin is occupied by glacial ice and snow that probably is 
several hundred feet thick in the central part of the basin. This ice 
and snow sags away from the walls of the crater and presents n con- 
cave surface that 
s 1 o p e s northwest- 
ward to the B i g  
Gap. This gap is 
the chief outlet of 
the crater, and the 
flow of ice toward it 
is indicated by the 
crevasses. 

THE SOLPATARA. 

POSITION AND CHAR- 

ACTER. 

The sulphur de- 
posit of Makushin 
Volcano is situated 
a short d i s t a n c e  
southwest of the cen- 
ter of the crater and 
is the only part of 
the crater that ap- 
pears to be perma- 
nently free from 
snow and ice. The 
bare area comprises 
a main s o u t h e r n  

Snow and ice Lava Sulphur- bean'* 

0 S:ale 
Qmund - I Mil. 

FIGURE 8.-Sketch map of part of Makushin Volcano show 
ing location of sulphur claims. 

portion about 1$00 feet long and 700 feet wide and a narrow tongue- 
like strip that extends north from the main area for about 1,500 feet 
and has an average width of 200 feet. (See fig. 9.) The area of 
these tracts is estimated to be 20 and 10 acres respectively. Some 
minor marginal patches extend beneath the overhanging edges of the 
ice. These marginal areas are, however, a variable quantity and are 
inaccessible, because they comprise the floors of grottoes or caverns 
and tunnels melted from the under surface of the snow and their 
roofs collapse from time to time. 
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The southern part of the solfatara is a hummocky hill or ridge 
which rises about 100 feet above the comparatively smooth surface 
of the surrounding snow and ice. On the southwest flanks of this 
ridge are several grottoes or tunnel-like caverns. These grottoes ap- 
pear to lead toward a large chimney-like hole in the ice, about 150 feet 
in diameter, from which hot vapor discharges. This hole evidently 
marks a cleft in the rock from which hot vapor has melted the ice, 
and the grottoes are irregular passages that were melted in the ice 
by the circulation of hot vapor. The sulphurous character of the 

crrYrRA L /A 
GROUP 

SOCML 
GRoUP 

DUMOND 
GROUP 

WELCOME 
GRlWP 

Ice 
Hole in ice 

( V a p o r e ~ c a ~ i n ~ )  - 

Hole in ice 
(Vapor escaping) 

Ice 

o Drill hole 
X Surface sarn~le 

vapor is indicated by the 
sulphur that is deposited 
about the mouth of the 
hole, which stains the snow 
slightly yellow. 

It is evident that the main 
solfataric area is kept pare 
by subterranean heat. The 
heavy persistent clouds of 
condensed vapor indicate 
that the radiation of heat 
is active and fairly con- k 1 stant. I n  calm weather the 8 condensed vapor rises many \. p 

& hundred feet and resembles 
$ smoke from a great chimney 

or a forest fire, but as vio- 
lent winds are common the 
heavy clouds of vapor are 

8 usually swirled and ed- 9 
died along the surface of 
the ice in different direc- 
tions. I f  the wind blows 

Fron~a 9.-sketch map of sui&r -a on from one direction for some 
Makushin V O I C ~ ~ O .  time there often is a per- 

ceptible yellowing of the snow with sulphur. At such times the 
solfatara is approachable only from the direction of the wind, as the 
sulphur fumes are strong and the thick vapor obscures the way over 
the crevassed surface. Probably the smokelike grayness of the vapor 

, is due to finely divided particles of sulphur, and the precipitation of 
these particles causes the yellow film on the ice. 

As a whole the sulphur-bearing deposit is earthy and appears to 
be composed chiefly of siliceous residual products of rock decom~osi- 
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tion that have resulted from the highly corrosive chemical actions of 
the hot solfataric vapors on the basalt. No outcrops of the basalt 
rock that are certainly in  place could be closely examined, because 
the only exposures are in the walls of the deeper fissures and down 
the throats of fumaroles from which vapors issue at temperatures 
too high to allow near approach. The firm, massive character of the 
walls of such openings probably confines the escaping vapor, so that 
it issues with a loud, roaring sound. The country rock is seen only 
in blocks, slabby fragments, and kernel-like pebbles and scaly flakes, 
in various stages of decomposition, that are scattered about on the 
surface and disseminated throughout finely divided residual mate- 
rial. The larger and least-altered blocks of basalt, from 1 to 2 feet 
in dimensions, have somewhat pitted light-gray surfaces but within 
are dark and of compact crystalline texture, similar to the non- 
vesicular portions of the lava flows on the flanks of the mountain. 
The underlying p k  of the solfatara, area is thus chiefly compact 
crystalline basaltic lava, but i t  probably includes alm some porous 
vesicular lava and possibly some fragmental volcanic material such 
as lapilli and dust, which are present in the old crater rim. 

The olivine is considerably decomposed throughout the compact 
cryshlline lava, but the other minerals are not extremely altered 
except near the surface. The leached surface layers of these blocks 
show the faded texture of the original lava and have a tendency to 
exfoliate or spawl off as concentric shells, especially when struck 
with a hammer. Some of the blocks have the form of roughly 
rounded boulders and cobbles and thus resemble volcanic bombs, and 
the residual earth suggests, at  first sight, a lighbcolored volcanic 
ash. However, none of the boulders show the vesicular texture that 
usually characterizes bombs, and the earthy deposit appears to be 
mainly residual in origin. 

The residual earth that constitutes the bulk of the surface mantle 
of the solfataric area is light gray to creamy white. As explained 
above, most of it was formed in place, although naturally some has 
been shifted locally by winds and rains, both of which are violent 
and frequent, and no doubt much of the finer clayey mterial  has 
been washed away. Test holes drilled into the deposit show that 
the earthy mantle in places is fully 16 feet thick and that i t  changes 
little in character to that depth, although some thin layers are dark 
brownish red. Tlze deposits were not bored to a greater depth than 

' 16 feet, but below that depth they are believed to grade into less 
decomposed phases of the country rock. For the most part the 
deposit has a coarse mealy texture, but some of i t  resembles loosely 
compacted sandy clay. I n  general the material is quite porous and 
comparatively light weight when dry. I t  resembles kaolin, although 
its aluminous content is low. 
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Although the earth is highly siliceous no sinter deposits were o b  
served. Slight cementation occurs, but the somewhat crusty char- 
acter of the surface zone seems to be due in part to the drying out 
induced by the warmth of the ground and also to the deposition of 
sulphur in the upper 1 or 2 feet of porous ground, especially on the 
immediate surface of the tracts that are more or less constantly 
bathed by sulphurous vapors. 

SOLFATARIC ACTION. 

The most striking feature is the rather vigorous solfataric activity 
of the greater part of the bare ground. This activity may be divided 
into two phases that are somewhat distinct but nevertheless closely 
related. The most manifest activity is the discharge of hot sul- 
phurous vapor that deposits sulphur in the cooler part of the deposit. 
The other phase of solfataric activity is the corrosive chemical action 
upon the rock in the zone of oxidation, which has*caused the forma- 
tion of a highly decomposed earthy residue that includes the bulk 
of the sulphur-bearing deposit and that rests upon the volcanic rocks 
from which the hot vapor emanates. Sulphurbus and sulphuric acids 
probably are formed in small quantities in this surface zone. 

The most active escape of hot vapor seems to be in the southern 
part of the area of bare ground near the highest part of the ridge. 
At this place vapor at relatively high temperature issues with a 
roaring sound from several openings. The largest vent is at the 
southeast end of the ridge in the lower wall of a pit, about 75 feet in 
diameter and 40 feet deep, the bottom of which is filled with steam- 
ing p a y  mud. The sound from this fumarole can be distinctly heard 
for a distance of half a mile. The temperature of this fumarole was 
not measured, but that of a smaller one on top of the ridge was 
810" P. at a point 2 feet down its throat. Temperatures of 170' 
and 180" were observed in crevices from which the escape of vapor 
was much less active, and fragments of ice were boiled in about 10 
minutes in a kettle placed over one of the openings after the crust 
of sulphur that partly sealed it was broken away. 

The temperature of 310" F. indicates that the vapor is far hotter 
than the melting point of sulphur, which liquefies at about 240". 
It was noted that no sulphur was being deposited where the tem- 
perature was 310°, although near the cooler border of the opening 
was a thin incrustation of sulphur. 

Several test holes that were drilled into cooler parts of the deposit 
tapped hot sulphurous vapor at  depths of 4 to 8 feet, indicating that 
the porous earthy mantle is more or less charged with hot vapor. 
Thus it appears that except for a comparatively thin superficial zone 
the solfataric deposit as a whole is probably too hot at  a short 
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distance below the surface to permit the deposition of sulphur, or 
conversely that the heat of the deposit below the surface is sufficient 
to keep most of the sulphur that may be present in a molten or 
vaporized state until it reaches the surface. I n  this connection it may 
be noted that sulphur may be extracted from ores of this character 
by melting it with steam under a pressure of about 60 pounds to the 
square inch. Steam under this pressure has a temperature of about 
292" F. No field evidence was noted, however, of any of the sulphur 
having been melted after its deposition by sublimation. 

The commercial bodies of sulphur in this deposit are clearly sur- 
ficial. The percentage of sulphur at the surface does not indicate 
that rich deposits exists at depth, as is usually believed by the 
optimistic prospector. 

THE SULPHUR DEPOS1T;S. 

OCCURRENCE. 

The richer deposits of sulphur occur within 2 feet of the surface, 
but there is also more or less finely divided sulphur disseminated 
to a depth of at  least 16 feet, the greatest depth from which samples 
were obtained. Some of the finely divided sulphur may be rede- 
posited, especially in. the earthy accumulations along the lower 
flanks of the ridge, but most of it was undoubtedly sublimed from 
the vapor where it is now found. 

The most conspicuous deposits of sulphur occur along crevices 
or large clefts that intersect the surface of the ground in many di- 
rection~ and around the holes from which large volumes of hot vapor 
issue continuously. Some of the larger holes axe true fumaroles. 
The cracks in the surface might be attributed to shrinkage of the 
earthy mantle, but as they have no geometrical arrangement it is 
more probable that they lie just above open fissures in the underlying 
rock. 

The largest masses of sulphur occur as irregular pieces, some of 
which are 8 to 10 inches in diameter. These pieces have more or less 
completely sealed the vents. Incrustations of sulphur an inch or 
more thick are being deposited on the lips of crevices and about the 
open vents. Hot sulphurous vapors issue from these openings in 
considerable volume, but only small amounts of vapor escape from 
sealed crevices. There may be a circulation of the sulphurous vapors 
from one set of crevices to another or from one part of a crevice 
to another part as the sealing progresses, the vapors seeking an out- 
let along passages of least resistance. In  this way the sulphur may 
become distributed over the solfataric area. 

At present the most abundant deposition of sulphur appears to be 
in the crevices and vents which have temperatures of about 170° to 
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180". Comparatively little sulphur is being deposited about the 
hot fumaroles, such as one whose temperature is approximately 310". 

In  addition to the sulphur that may be brought from primary 
sources in the hot vapors and deposited directly a t  the surface, it is 
probable that sulphur is revolatilized from the hot lower zones of the 
deposit and recondensed in the cooler surface zone. Thus there may 
be a migration of the sulphur from deeper parts of the deposit to its 
surface. It also seems possible that some of the sulphur reaches the 
surface dissolved in superheated water vapor and is directly sublimed 
upon condensation of the water vapor in the cool atmosphere. 

Some of the sulphur may be precipitated from mixtures of hydrogen 
sulphide (H,S) and sulphur dioxide (SO,), two compounds which 
presumably can not exist together and which when commingled set 
sulphur free. To judge by the odor, small quantities of both these 
compounds seem to emanate from the solfatara, but they undoubtedly 
constitute a very small percentage of the total vapor. The odor of 
hydrogen sulphide was evident but not very marked. As one ten- 
thousandth part of sulphur dioxide in air is intolerable to human 
beings there probably is not much sulphur dioxide in the vapor, for 
no particularly suffocating effects were experienced upon breathing 
the vapor, even near the hot fumaroles. Water vapor is by far the 
most abundant emanation. It contains some dissolved sulphur which 
i t  deposits when it is condensed on the ice. 

The sulphur deposit has not been sampled comprehensively, and 
it is very doubtful whether ordinary methods of sampling will give 
sufficiently accurate results to serve as a reliable basis for estimating 
the content of sulphur. 

The deposit may be divided roughly into two wnes on the basis of 
percentage of sulphur-a richer zone that forms a surface layer from 
1 to 2 feet thick that seems to owe its crusty character chiefly to the 
sulphur deposited in it, and a poorer subsoil zone that consists in 
greater part of moist, hot, porous, decomposed ma,te&l in which a 
small percentage of sulphur is disseminated as grains and blebs to a 
depth of at least 15 to 20 feet at  some points. 

The surface crust of the solfatara is rather irregular in general 
contour and quite uneven and hummocky in relief. Its minor ridges, 
hollows, and hummocks seem to owe their form partly to uneven 
deposition of sulphur along the intricate mesh of cmvices and vents 
and partly to subsequent erosion by wind and rain. The higher tracts 
along the main ridge of the solfatara appear to owe their general 
prominence to the proximity to the surface of the lava, which prob- 
ably underlies the whole solfataric area at  no great depth, for all 
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the blocks that are scattered about on or protrude from the surface 
of these tracts are of a uniform crystdine basalt and the walls of 
the fumaroles and larger openings appear to be similar solid rock to 
a level within a foot or so of the surface. 

No definite data regarding the thickness of the lower layer or zone 
are a t  hand, and it can not be assumed that the earthy mantle has a 
uniform thickness throughout the solfataric area. It is assumed to be 
thickest along the lower flanks of the area, where it has been tested 
to a depth of at  least 16 feet. Over some of the higher tracts it is 
generally thin and in places is entirely absent. 

The sulphur is very irregularly distributed even in the crusty sur- 
face zone of the deposit. Although practically pure masses of sul- 
phur occur as fillings in some of the dormant and semidormant crev- 
ices and vents and seal their outlets it does not extend down these 
openings very far. Some of these masses are estimated to contain 
several cubic feet of reasonably pure sulphur that could be mined by 
careful hand methods. The aggregate crevice and vent space thus 
occupied with sulphur is relatively small. Although a few of the 
crevices are 10 to 12 inches wide, most of them are not more than 2 
or 3 inches wide, and the cracks and crevices in which sulphur has 
been deposited are about the same size. The sulphur-bearing crust 
between the crevices averages about 12 inches in thickness, although 
in some places it is as much as 2 feet. I n  many places the upper half 
of this crust is composed chiefly of sulphur, and the lower half con- 
tains a large percentage of earthy material. The amount of sulphur 
in the solfatara is not so striking as the area of gray earth, streaked 
and dotted here and there by the sulphur deposited along discon- 
tinuous cracks and about small vents that are irregularly distributed 
over .the surface of the ground in more or less definite tracts. 

Of the approximately 20 acres of bare ground that comprise the 
main area of the solfatara probably not more than 5 acres, in the 
southern part of the area, may be classed as containing a good grade 
of sulphur-bearing material, the remainder being of inferior grade, 
and only certain rather small tracts in the 5 acres of better ground 
contain high-grade material, even in the surface crust zone. Probably 
the average sulphur content of this surface crust is about 60 per cent 
of the material that would be handled in mining. I f  this estimate is 
correct it indicates about 260,000 cubic feet of sulphur, on a basis of 
2 feet of depth, which is 12,500 tons at  125 pounds to the cubic foot. 

The high-grade sulphur deposited a t  the open vents is about 98 or 
99 per cent pure and is estimated to constitute about 5 per cent of 
the surface material as a whole. It is estimated that about 70 per 
cent of this surface material, to a depth of 1 or 2 feet, is composed 
of material of which four analyses show a sulphur content of 86.3 
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to 89.6 per cent and average about 88 per cent. According to these 
figures, the average sulphur content of the surface material to a depth 
of 1 or 2 feet is about 60 per cent. If the weight of the dried ma- 
terid is about 70 pounds to the cubic foot, as is indicated by the 
determination of the specific gravity of a sample that was assumed 
to be representative, the 5 acres of better ground should contain 
about 1,800 tons of sulphur to the acre within 2 feet of the surface. 

It is difficult to make even a rough estimate, like that just given, 
for the sulphur content of the remainder of the deposit, especially 
of the earthy portion beneath the surface crust. I n  the first place 
this earth can not be assumed to be of uniform thickness, and sec- 
ondly, in the absence of comprehensive sampling over the whole area, 
the quantity of sulphur that may be disseminated in it is a matter of 
conjecture. Five samples taken in the southwestern flanks of the 
deposit from depths of about 4, 8, 10, 12, and 16 feet contain, re- 
spectively, 47, 29.8, 14.7, 13.8, and 9.5 per cent of sulphur, averaging 
about 23 per cent. If this average holds the zone from 2 to 16 feet 
below the surface should contain from 716 tons of sulphur for each 
acre-foot at  a depth of 4 feet to 145 tons for each acre-foot at  a depth 
of 16 feet, or a total for the entire 14-foot zone of 4,900 tons to the 
acre. 

PURITY. 

The chief impurity ~f the sulphur is the earthy material in which 
it is deposited. In  the small samples collected by the writer this im- 
purity ranges from 1.5 or 2 per cent in selected pieces of solid sul- 
phur to 75, 80, and even 90 per cent in the poorer earthy material. 
This finely divided earthy impurity is composed chiefly of silica and 
lime and is comparatively light in weight. The separation of the sul- 
phur could be accomplished by heating the ore, for the sulphur would 
melt at a relatively low temperature and be drained off, making a 
commercial product of nearly pure sulphur. 

AKUN ISLAND. 

GEOGRAPHY. 

Akun Island lies on the western side of Unimak Pass about 23 
miles southwest of Unimak Island. (See fig. 10.) The settlement of 
Unalaska, on Unalaska Island, is about 45 miles southwest of the 
northern end of b u n  Island. 

Akun lsland is about 12 miles long from north to south, has a very 
irregular coast line, and the northern part is nearly divided from the 
southern part by two large embayments that lie opposite each other- 
Akun Cove on the east coast and Lost Harbor on the west coast. The 
heads of these bays are separated by a strip of low land about 1 mile 



SULPHUR ON UNATASKA AND AKUN IS-. 293 

wide. Except this narrow strip of land, the island is comparatively 
high and has a general rolling relief that is marked by rugged ridges. 
Rugged topography is particularly characteristic of the northern 

third of the island, the highest point of which is the summit of a 
roughly conical volcanic mountain 2,500 feet high. This volcanic 
mountain, locally called Akun Peak, stands near the northwest shore, 

r, 
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and its westward and northward slopes terminate 
cliffs 500 to 1,000 feet high. 

as abrupt sea 

The hard rocks of Akun Island consist at the base of rudely strati- 
fied volcanic fragmental materials (agglomerates and tuffs) that are 
overlain by andesitic lava flows. Each of these formations is 1,000 
feet thick where it attains its maximum development. Akun Peak is 
a typical volcanic cone and appears to have been one of the ihief 
centers of outflow for the lava in the northern part of the island. I t s  
conical form suggests that it is a comparatively recent volcano, and 
the laxas that flowed from it are little altered except by surface 
weathering. On the other hand, the basal deposits of agglomerates 
and tuffs, upon which the lavas rest, are considerably cemented and 
oxidized, and it is probable that they are considerably older than 
the lavas. At one exposure on the north side of Lost Harbor, where 
the contact between the lavas and the agglomerates and tuffs is well 
displayed, it is evident that the lavas flowed out and buried an old 

. land surface that had been eroded in the agglomerates and tuffs. 

!PEE SULPHUR DEPOSIT. 

LOCATION AND AREA. 

The sulphur-bearing area on Akun Island, upon which mining 
claims have been located (see fig. 11) , is situated on the upper flanks of 
a rugged mountain ridge, 1,800 feet high, that lies about a mile north- 
east of Akun Peak. This ridge is a somewhat detached outlying spur 

* 
FIQUBEI 11.-Sketch of sulphur clalme on Akun Peak. 

of Akun Peak, and divides the northward and southward drainage of 
this part of the island. The solfatara lies in the broad headwater 
basin of a steep gulch that descends to a small cove immediately west 
of Akun Head on the north shore of the island and is about 1 mile 
from the cove. The southward drainage from this ridge flows to the 
north shore of Lost Harbor in a gulch about 2 miles long, and the 
easiest approach to the solfataric locality is by way of this valley. 
The best route is along its eastern slopes and thence through a small 
gap, at  the head of a tributary gulch, that lies immediately south from 
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the deposit at an altitude of 1,600 feet. The sulphur-bearing area is 
between 15 and 20 acres in extent and stands f m  1,300 to 1,500 feet 
above sea level, but the part of the deposit that is characterized by 

'mild solfataric activity comprises only about 5 acres. 

VOLCANIC ACTIVITY. 

The solfatara is in rather mild or semidormant, activity. Within 
the smaller area of about 5 acres small volumes of steam and scalding 
water, accompanied by a small quantity of hydrogen sulphide gas 
(H,S), issue from fissures at  widely spaced intervals, and the 
remainder of the area shows no particular evidences of the escape o f ,  
subterranean heat. The most striking evidence of solfatarism is of 
chemical decomposition of the rock. 

GENERAL FEATURES. 

The surface of the deposit consists of highly decomposed mate- 
rial, apparently of residual origin, that resembles the deposits of the 
solfatara in the crater of Makushin Volcano but is thinner. This 
earth is light gray to dull yellowish and forms a mantle from 1 to 4 
feet thick. Much of it is essentially in place, but the steepness of 
the slope on which i t  rests has caused movement of some of the mate- 
rial and the h& waters that flow from crevices are transporting s 
small quantihy to lower levels. 

The earthy deposit is of uniform character throughout the area as 
is proved by the sections exposed in numerous open cuts that were 
dug in 1917. Many of thwe excavations are only 4 to 5 feet deep, 
but about six of them are from 12 to 15 feet deep and show the 
nature of the ground. . All these cuts show a highly decomposed, 
leached, porous surface layer of light-gray earth from 1 to 4 feet 
thick that conforms to the slope of the ridge. 

Beneath the surface layer is a zone of dark-gray semileached d e  
composed rock which in some places where i t  is saturated with water 
resembles massive clay. This zone mnges from 6 to 10 feet in thick- 
ness, and in its lower parts, where less decomposed, the joint planes 
and brecciated fragments may be seen. Along some of the seams in 
this subsurface zone a small quantity of alum salts is being deposited. 
This salt indiates that one of the changes which is taking place in 
the country rock is the decomposition of the feldspars. 

In the bottoms of the deepest cuts, 12 to 15 feet below the sur- 
face, the highly decomposed rock of the subsurface zone grades 
downward into a less decomposed compact crystalline rock and al- 
though considerably altered shows the mineral constituents dis- 
tinctly. 

The highly decomposed rock and earth within the solfatara ap- 
pears to be directly derived' from the andesitic lava that composes 
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the body of the mountain ridge, good outcrops of which may be ob- 
served on the crest of the ridge immediately above the solfatara. 
The area of the sulphur-bearing earth is clearly a locality where 
solfataric vapors have found an outlet and have intensely decayed 
the rock by highly corrosive chemical reactions. 

The present solfataric activity at this locality is of a much mild'er 
stage than that of the solfatara on Makushin Volcano. I n  fact on 
Akun Island the activity seems to be entering into the hot spring 
stage. The evidence furnished in the open cuts as to the relatively , 

shallow depths to which the solfataric decomposition extends indi- 
cates that this solfatara has never been extremely active. This con- 
clusion is further indicated by the comparatively small amount of 
sulphur present. 

THE SULPHUR. 

MODD O F  OCCURRENCE. 
* 

The sulphur in this deposit occurs chiefly in the form of crystal- 
line incrustations one-sixteenth to one-eighth of an inch thick on the 
walls of narrow crevices and small cavities in the .porous earthly 
surface zone. Most of the crevices are not more than one-eighth inch 
wide, and few of the larger ones are as much as one-fourth to one- 
half inch wide, and usually they are only partly filled with sulphur. 
Some sulphur is also disseminated through the decomposed material, 
but there are practically no solid bodies of sulphur, even of small 
size, in any part of the deposit. Apparently a small quantity of sul- 
phur has also been deposited in the cooler parts of the subsurface 
zone, as is shown by incrustations observed along the walls of the 
deeper open cuts at  points 10 to 12 feet below the surface, but this 
sulphur may have been deposited since the excavations were made 
by small jets of water vapor that now find an easier passage into 
the excavations. The sulphur-bearing vapor evidently rises through 
the material of the subsurface zone from a subterranean source by 
way of rather tight seams that mark joint fractures in the original 
lava. Where these crevices have been exposed in the excavations the 
vapor issues from them. 

The temperature of the vapor is little above the boiling point 
(212" F.) , and scalding water issues from some of the crevices, indi- 
catifig that a considerable volume of the vapor condenses before 
reaching the surface. 

AMOUNT. 

Most of the sulphur in this deposit occurs in the porous earthy 
mantle within 1 to 4 feet of the surface. The average thickness of 
this mantle is believed to be about 2 feet. Two samples, one taken 
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at the surface and the other at a depth of 4 feet, contained 55.5 and 
22.8 per cent of sulphur, respectively. I f  the average thickncxs of 
the sulphur-bearing surface mantle is 2 feet, and if its average sul- 
phur content is 40 per cent, it should contain 1,200 tons of sulphur 
per acre. I 

MINING AND SHIPMENT. 

Although this deposit is of low grade and is not very extensive, 
it, is fairly accessible. If the material should prove to be of sufficient 
value to justify mining it, there are no engineering difficulties to 
hinder development. 

The sulphur-bearing material can easily be excavated and could 
then be transported to Lost Harbor by an aerial cable tramway that 
would be a little more than 2 miles long. The rise from Lost Har- 
bor to the gap in the ridge about 1,000 feet south of the solfatara is 
1,600 feet and the descent from this gap to the deposit is only 200 to 
300 feet. 

The sulphur doubtless could be extracted from its earthy gangue 
by melting in retorts with steam, but there is no fuel on the island. . 
Oil, however, is now shipped from California to a whaling establish- 
ment on Akutan Harbor, 10 miles from Lost Harbor, for use in gen- 
erating steam, and coal which might be developed for local use is 
reported to occur on Avatanak Island, about 5 miles southwest of 
Akun Island. I t  would probably be unprofitable to ship the sulphur- 
bearing earth in bulk to a distant point for treatment. 

Lost Harbor d ~ e s  not afford good shelter for vessels, as it is open 
to the heavy southwest swell of Bering Sea and has a rocky bottom. 
Several vessels have been wrecked on its shores because their anchors 
failed to hold. 

STEPOVAK BAY. 

Stepovak Bay is on the south shore of Alaska Peninsula in latitude 
5 6 O  N. and longitude 160" W. The only important sulphur deposit 
reported in the vicinity (see fig. 12) is about 7 miles northwest of the 
head of the bay, at  an altitude of 3,000 feet, near the crest of the 
Aleutian Range, which is glaciated and contains numerous dormant 
or active volcanoes. This deposit was not visited because of the 
danger in crossing the crevassed glaciers covered with newly fallen 
snow that obstruct the only available route to it. As seen from a 
distance of about 2 miles, the supposed sulphur-bearing bed is a light- 
colored zone 100 feet thick and half a mile long in the wall of a 
cirque that may be the site of an extinct crater. A glacial moraine 
that extends from this cirque consists largely of sulphur-bearing rock 
that was probably derived from the light-colored band already noted. 

The sulphur-bearing rock in the morainic deposits consists of 
porous volcanic breccia that contains compact crystalline sulphur in 
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the interstices of the breccia and also in the vesicles of the constitu- 
ent fragments. Some specimens probably contain 20 per cent sul- 
phur (by bulk) in veins one-eighth to one-fourth inch thick and 
show masses up to 1 inch long at the intersections of the veins. I n  
much of the rock the sulphur is finely disseminated and probably 
does not constituta more than 5 or 10 per cent of the rock. I n  
regard to the sulphur content of the morainic material as a whole, 
it may be stated that parts of the moraine may contain 10 per cent 

'rcnae: 12.-Map of Stepovak Bay and vicinity showing location sulphur 

of sulphur, but larger parts are practically barren. The material in 
the moraine is probably poorer in sulphur than the bed from which 
it was derived and furthermore is a mixture of many different rocks 
rather than of those. from the best parts of the sulphur deposit. Some 
of the sulphur-bearing boulders are 30 to 40 feet thick, thus ilidi- 
cating a minimum thickness for the bed from which they are derived. 
The abundance of the sulphur-bearing material in the moraine also 
indicates that the original source was of considerable extent. 



THE BEACH PLACERS OF THE WEST COAST OF KODIAK 
ISLAND, ALASKA. 

INTRODUCTION.  

This paper is based on about three weeks' field work in July, 1917. 
Previous to the writer's visit the west coast of Kodiak Island had 
not been examined by the Geological Survey &ce 1895, when Becker 
and Dall l landed there in the course of an extended cruise along the 
Pacific coast of Alaska. Becker published a brief account of the 
beach placer mining in progress at  the time of his visit. 

It is not known in what year placer gold was discovered in the 
beach sands on the west coast of Kodiak Island, but mining Eas 
been carried on there for about 30 years, and the value of the annual 
production of gold is estimated to have been from $3,000 to $10,000 
during that period. The total production of the west coast district 
is variously estimated to be from $50,000 to $150,000. 

I t  is stated that as many as 100 men have mined along this coast 
in some years, especially during seasons when heavy storms have re- 
worked and concentrated the sands, but generally the number of 
miners has averaged not more than 25. In  1917, when the writer 
visited the district, only about 12 men worked for part of the year.. 
The most profitabl'e operations have been conducted early in the 
spring and late in the autumn. During the winter the beach deposits 
are often frozen, and during the summer the patches of sand that con- ' 
tain the best concentrations are as a rule covered by an overburden 
of light sands that is unprofitable to remove. 

G E O G R A P H Y .  

GENERAL RELATIONS. 

Kodiak Island (see PI. QIII) is situated between 57" and 58" 
north latitude and 152" and 155" west longitude. I t  is about 90 
7niles long from northeast to southwest and 50 miles wide from 

1 Dall, W. H., Report on cod and lignite of Alaska : U. 8.  Geol. Survey Seventeenth Ann. 
Rept, pt. 1, pp. 800, 843, 1896. 

a Becker, G. F., Reconnttlssanee of the gold flelds of wutbern Alaska: U. S. Geol. Survey 
. bllghteenth Ann. Rept., pt. 3, p. 86, 1898. 
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northwest to southeast and is the largest of a group of islands that 
is separated from the mainland of the Alaska Peninsula, about 30 
miles distant, by Shelikof Strait. Afognak Island, the only other 
large member of the group, lies northeast of Kodiak Island and is 
separated from it by a narrow channel. The remainder of the 
group comprises about 12 islands of comparatively small area, which 
are distributed along the shores of the two large islands. The group 
as a whole is about 150 by 50 miles in extent and trends southwest- 
erly. In  general it map be considered to be the submerged exten- 
sion of the Kmai Peninsula, which lies to the northeast, just as 
Shelikof Strait may be considered the southwestward extension of 
Cook Inlet. 

RELIEF AND SRORE LINE. 

The surface of Kodiak Island and also its associated islands is 
dominantly. rugged ahd mountainous. Altitudes of 1,500 to 2,500 
feet are reached in many sections of the coast, and in the central in- 
terior several summits stand between 4,000 and 4,500 feet in eleva- 
tion. The greater part of the shores is rock-bound and rugged, and 
the coast line, which is generally irregular, is indented by numerous 
deep narrow fiords and bays, some of which extend far inland. Many 
sections of the coast are bordered by outlying rocky islets and reefs, 
and most of the bays are more or less strewn with rocks. 

GEOLOGY. 

Only the general features of the bedrock geology of Kodiak Island - 
are known. These features have been briefly described by Martin; 
but the observations of the writer in the western part of the island 
have increased the knowledge of that district. I n  this report the 

' geology, as described by Martin, will be reviewed and will be sup- 
plemented by the notes of the writer concerning the western part of 
the island. 

GENERAL FEATURES. 

The rocks of Kodiak Island and the neighboring islands consist 
chiefly of slates and graywackes, which are cut by numerous but for 
the most part small intrusive masses, partly granitic. Schists that 
probably underlie the slates and graywackes are present along the 
northwestern part of the island, and small areas of poorly consoli- 
dated Tertiary sediments are reported to lie along the southeastern 
flanks of the island. Quaternary sediments that consist of groung 
moraine overlain by glacial outwash gravels and recessional moraines 
occupy the floors of all the larger valleys and form a considerable belt 

I Martin, G. C., Mineral deposits of Kodiag and the neighboring l a n d s :  U. 8. Geol. 
Survey Bull. 642, pp. 128-131, 1913. 





of coastal plain along the west coast. The sequence of the rocks may 
- ;be expressed as follows : 

Sequence of rocks of KodZak Island, Alaska. 

Quaternary : 
Present stream and beach deposits. Glacial outwash sediments, 

recessional moraines, and terrace gravels due to glacial 
ponding, ground moraine, or till. 

Tertiary ( ? J  : 
Sandstones. 
Lignite-bearing beds. 

Mesozoic ( ?) : 
Granitic intrusive rocks 
Graywacke and slate. 
Cherts and volcanic rocks of Triassic (7 )  age. 

Paleozoic ( ?) : 
Schist, greenstone, quartzite, and marble. 

SCHISTOSE ROCKS. 

Schistose rocks have been observed in only a small area on the north- 
west shore of Kodiak Island between Uyak and Sevenmile Beach, but 
from the reports of prospectors such rocks probably form a belt that 
extends southwestward from Uyak to the vicinity of Cape Ikolik and 
northeastward parallel to the northwest shore of the island, where 
they appear in outcrops on most or all of the promontories that over- 
look the coast of Shelikof Strait. Near Uyak these rocks comprise 
fine-grained quartzitic schist, crystalline limestone, and chloritic schist 
and constitute a group of diverse lithologic character but of uniform 
degree of metamorphism and structural complexity. 

Associated with the schistose rocks are cherts and lavas, p;esumably 
of Triassic age, and slates and graywackes, but the relationship of 
these rocks to the schists has not been determined. However, it is 
presumed that the schists are older than the cherts and volcanic 
rocks, which are tentatively considered to be of Triassic age because 
they closely resemble similar rocks in Seldovia Bay, on Kenai Penin- 
sula, that are definitely known to be of Triassic age. At Seldovia 
Bay highly metamorphosed rocks similar to the schists here consid- 
ered are closely associated with the cherts and volcanic rocks. 

On the west coast of Kodiak Island schistose rocks which corre- 
spond to those near Uyak were not observed in place, although peb- 
bles and cobbles of this character were found in the beach deposits. 
These materials may be derived from the Cape Ikolik peninsula, 
where some schistose rocks are reported to occur. This area was not 
examined, except in its southern part, where observations were made 
along its south shore for a short distance west from the mouth of a 
stream that is locally known as Old Red River. At this locality the 
rocky sea cliffs consist of highly deformed and somewhat severely 

115086°-14---20 
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metamorphosed volcanic agglomerates, tuffs, and breccias whose 
massive bedding strikes east and dips 40"-50" N. These nxks are 
composed primarily of volcanic fragmental materials, but some of 
the tuffaceous parts contain rounded cobbles of dark-blue, finely 
crystalline, hard brittle limestone. The tuffaceous matrix in which 
these limestone cobbles are embedded is schistose and well foliated, 
especially arobnd the limestone cobbles, to which it is firmly welded. 
Some members of this formation are highly silicified, and one mas- 
sive member in particular is altered to a bright-red jasperoid rock, 
but it shows no bedding-like sedimentary cherts. 

Possibly these volcanic clastic rocks of the Cape Ikolik area rep- 
resent a lithologic phase of the cherts and volcanic rocks near Uyak, 
which are presumed to be of Triassic age. However, the degree of 
metamorphism of the Cape Ikolik rocks suggests that they may be 
more closely related in age to the schistose rocks of the island. 

SLATE AND GRAYWACKE 

A series of interbedded slates and graywacke sandstones of con- 
siderable thickness forms most of the bedrock of Kodiak Island, to 
judge from the widespread outcrops of these rocks that have been 
observed along the northeast and northwest coasts, in the mountains 
of the southwestern.part of the island, and along the shores of the 
long fiord inlets, such as Uyak and Alitak bays, that extend far into 
the interior. Apparently the only other rocks that may displace any 
considerable areas of these rocks in the interior of the island are 
massive bodies of granitic intrusive, one of which occupies a consid- 
erable area along the shores of Alitak Bay. 

For the most part these semimetamorphosed sediments consist of 
approximately equal amounts of interbedded graywacke sandstone 
and slate in moderately thin beds, but in some outcrops the beds are 
more massive. Some conglomerate is present here and there; in one 
outcrop it is a hundred feet or more in thickness in the foothills 
north of upper Olga Bay. 

The slates and to a less degree the graywackes have well-developed 
secondary cleavage, which has generally obliterated the bedding ex- 
cept where marked differences in composition preserve it. I n  general 
the dynamic metamorphism that has affeded these rocks is expressed 
chiefly as thin cleavage in the slate members, which commonly show 
a tendency toward foliation, and as brecciation of the argillaceous 
graywacke members, which is generally marked by an intricate net- 
work of quartz veinlets deposited along the fractures. In  some, 
zones, however, the quartz-vein mineralization is chiefly of the tabu- * 
lar type, extending along bedding planes. 



The stratigraphic thickness of these slates and graywackes and 
their structural details are not known, but a thickness of a t  least 
several thousand feet and probably a much greater thickness is in- 
dicated. Isoclinal structure appears to be dominant. The average 
strike of these rocks throughout the island is northeastward, parallel 
with the trend of the belt, which ranges from N. 20° E. to N. 60' E. 
(true), and the dip ranges from 20° to 80' NW. 

INTRUSIVE ROCKS. 

The slates and graywackes of Kodiak Island are intruded by 
small dikes and sills, among which quartz-mica diorite, porphyrite, 
and soda rhyolite have been recognized. Large massive intrusive 
bodies of quartz-mica diorite and mica granodiorite also occur at  
wider intervals, and several such bodies have been noted along the 
northeastern coast and in the southwestern part of the island. 
Beckerl has described such a granite mass which forms Karluk 
Head, and the writer observed two large granitic areas in the 
vicinity of Alitak Bay, one of which forms the peninsula of Cape 
Alitak and the mountain mass named the Twins, immediately north 
of Lazy Bay, and the other a promontory locally known as Stock- 
holm Point, on the south shore of lower Olga Bay. 

I n  general the age of these intrusive masses is considered to cor- 
respond to that of the great bodies of similar rocks that are widely 
distributed throughout the coastal provinces of Alaska and which, 
where stratigraphic evidence is available, have been assigned with 
considerable assurance to late Mesozoic or early Tertiary time. 

The Tertiary sediments so far reported to occur on Kodiak Island 
appear to be distributed almost wholly along the southeastern or 
Pacifk seaboard of the island, although rocks of this age have been 
mentioned in Russian reports of doubtful accuracy as occurring in 
the northwestern part of the island. 

The only locality examined by the writer from which Tertiary 
sediments have been reported is that mentioned by Dall as situated 
in the bight of the west coast near Red River (locally known a s  
Old Red River) about 2 miles north of Ayakulik Island. Upon 
careful examination the outcrops that presumably were referred to 
the Tertiary prove to be marine beach sediments interbedded with 
deposits of till, which are described under " Quaternary deposits." 
(See pp. 311-316.) 

Becker, G. F., Reconnaissance of the gold fields of southern Alaska : U. S. Geol. Survey 
Eighteenth Ann. Rept., pt. 3, pp. 36, 41-42, 1898. 

'Dall, W. H., Report on coal and lignite of Alaska: U. S. Geol. Survey Seventeenth. 
Ann. Rept., pt. 1, p. 800, 1806. 
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The best-developed Tertiary sediments on Kodiak Island are fresh- 
water deposits which contain )beds of lignite and are -11y re- 
ferred to as of E8~fa.i (Eocene) age. Sediments of this character are 
reported at ~ v m d  localities along the southeastern coast of the 
island, particularly in the vicinity of Kiluda Bay; and also m the 
high island of Si$kinak, situated a few miles south of Cape Trinity, 
the southwestern extremity of Kodiak. The lignite-bearing de- 
posits of Sitkinak Island are reported to contain a number of coal 
beds, one of which is said to be 10 to 12 feet thick. 

QUATERNARY DEPWITS. 

OCCURRENCE. 

Unconsoli&ted deposits of Quaternary age are well developed in 
many parts of Kodiak Island, especially about its borders, and more 
particularly in itsl southwestsrn part, where they form a coastal plain 
of considerable extent. As the sediments of this coastal plain con- 
stitute a complete section of the Quaternary deposits, from the oldest 
to the youngest, a description of them may serve for the whole 
island. 

The thick cuvering of volcanic detritus that was deposited over 
all the northeastern part of the island by the eruption of Mount 
K a t w i  in June, 1912, did not extend west of Uyak Bay in note- 
worthy amounts and need not be considered in connection with the 
strictly sedimentary deposits, although fragments of pumice occur 
in the beach bpos,ib. 

CLASSIFlCCATION. 

The unconsolidated sediments of the island may be divided, ac- 
cording to the manner in which they have been formed and deposited, 
into four rather distinct but related classes. In sequence from oldest 
to youngest thesa classes comprise (1) the ground moraine or till 
deposited by glacial ice during the period when the ice was advanc- 
ing over the island from the interior mountainous highlands to and 
beyond the present, shore link ; (2) the widespread sheets of outwash 
gravels, sands, and silts th& rest upon or  are incorporated with 
the till and were formed by streams that accompanied the melting 
of the glacial ice during its movements of retreat from its maximum 
limits back to the mountains; (3) the terminal and lateral moraines 
which were deposited by the glaciers at points where they halted 
temporarily during their retreat into the mountains, and the most 
prominent of which now form the dams that retain the large lakes 
occurring in many of the glaciated valleys; and (4) the sands and 
gravels of the present beaches and streams, which are the result of 
postglacial erosion and deposition and are derived chiefly from the 
three classes of glacial material just outlined. Some of the material, 



however, in both the streams and beaches is due to postglacial erosion 
of bedrock, especially in the higher mountains and dong the rocky 
sections of the coast. 

The &st three classes of deposits here outlined are essentially 
aggradational, or are built up by the deposition of superimposed 
unassorted detritus. Only the deposits of the fourth or youngest 
class are of the degradational or assorted type favorable to the segre- 
gation of placer metals, and on Kodiak Island only the beach deposits 
are dominantly of this kind, for the present stream system has not 
materially eroded the unconsolidated deposits or the bedrock areas 
of the island. 

C H B R B r n R .  

The most extensive exposures of the unconsolidated Quaternary 
sediments on Kodiak Island are in the sea bluffs that bound the coastal 
plain abng its western shore from Cape Alitak to Old Bed River, a 
distance of about 30 miles. 

These bluffs range from 25 to 250 feet in height and their continuity 
is broken at only a few points by the narrow valley mouths of the 
larger streams. Their base stands at  the average level of high tide, 
and they are actively eroded by the waves whenever a surf is running, 
especially during violent storms, for this coast is open to the full sweep 
of the ocean from the southwest. 

The bluffs are chiefly composed of typical till but in some sections 
contain also a considerable proportion of outwash gravels and sands. 
At several localities coarse morainal boulder trains ape present. For 
the most part the till is compact and stands well in the bluff faces 
where freshly exposed. Where it is of uniform clayey composition, 
with little admidwe of sand and gravel, it presents characteristic 
massive exposures that weather to a hackly surface owing to an ir- 
regular i n a i p i ~ t  fracturing that is developed in it. There are, how- 
ever, large a m s  of the bluffs that have not been eroded recently, 
where the steep slopes are partly mantled by loose material that 
slumps and slides down from above to the upper edge of the beach. 
The till, besides making up the chief part of Che bluffs, also forms 
most of %he bedrock of the coastal platform upon which the loose 
beach sands and gravels rest. Without doubt the till extends some 
distance seaward as the floor of the coastal shelf upon which the surf 
is cutting, for it was noted that the sea was discolored by clay in sus- 
pension to a distance of 1,000 feet or more offshore whenever the surf 
was active. 

The till is unoxidized and of a typical gray color, as are also most 
of the outwash sediments associated with it, although in places dis- 
continuous strata in the outwash sediments and some portions of them 
near the tops of the bluffs are discolored brownish red and are slightly 
cemented with iron oxide. Springlike seepages are not uncommon at  
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the contact of the underlying impervious till and the overlying porous 
outwash sediments. Along the greater part of the bluffs from 3 to 6 
feet of peaty soil or turf overlies either the outwash sediments or 
rests directly on the till deposits, and disrupted masses of turf are 

- strewn about on the bluff slopes where slumping has been pronounced. 
Sand dunes 20 to 30 feet high occur locally dn the tops of some of 

the higher bluffs. 
In general the bluffs consist of a basal member of till overlain 

by gravels and sands which from their poor assortment and the cross- 
bedding are thought to consist of outwash material. Considerable 
sections, however, consist wholly of till, and some sections of lesser 
extent consist chiefly of gravels and sands with little typical till. 
There is also a section, about a mile long, in which two distinct mem- 
bers of till are developed that are separated by a more or less con- 
tinuous but variable member of sands and gravels, parts of which at 
least have been subjected to wave washing as a beach, for they con- 
tain many water-worn fragments of marine shells, some specimens 
of which are complete enough to be identified specifically. A con- 
siderable number of water-rounded boulders of lignite are also em- 
bedded in the beach deposit. On weathering, these masses of lignite 
disintegrate into fragments that are strewn along the base of the 
bluffs. Evidently the presence of these masses led Becker to sur- 
mise that Tertiary lignite-bearing sediments were present in the 
bluffs of this vicinity, as noted by Dal1,l but so far as the writer 
could learn lignite beds are absent. The lignite boulders apparently 
have been transported to this locality from a distance, together with 
the outwash deposits with which they are associated, and it is prob- 
able they once were morainal d6bris. 

This assorted beach outwash material crops out along the northern 
part of the bluffs north of a higher part of the bluffs that is locally 
named Canvas Point, or from 1 to 2 miles north of Ayakulik Island. 
The following species of marine shells have been identified tenta- 
tively by W. H. Dall, of the Survey, from the collection made by 
the writer, with the comment that the specimens are rolled and 
broken fragments of forms now living in the vicinity and that the as- 
sembly indicates a colder temperature than that now normal to the 
locality. 

Venericardia crebricostata Krause. Saxidomus giganteus Deshayes. 
Venericardia? paucicostata Krause. I Chrysodomus sp. fragment. 

Pecten (Chlamys) islandicus Mtiller. 
Monia macroschisma Deshayes. 
Tellina lutea Gray. 
Macoma middendorffii Dall. 

Venericardia crassidens Broderip and Boreotrophon sp. fragment. 
Sowerby. I Balanus sp. fragment. 

Mya intermedia Dall. 
Latisipho halli Dall. 
Tachyrhynchus polaris Beck. 
Astarte borealis Schumacher. 

-- -- - - 

~Dall, W. H., Report on coal and lignite of Alaska: U. S. Oeol. Survw Seventeenth. 
Ann. Rept, pt. 1, p. 800, 1896. 



The beach sand member that contains the marine shells just 
enumerated and with which the water-rounded masses of lignite are 
closely hssociated, ranges from 20 to 40 feet in thickness and is 
clearly interbedded with till deposits. The till deposit above the --. 
sands is from 50 to 100 feet thick, and the till below them is exposed 
along the base of the bluffs to heights of 20 to 30 feet above the 
present high-tide level. Thus the present position of this old beach 
deposit, lying above the present sea level, indicates that an uplift of 
30 to 50 feet has taken place along this particular section of the 
coast. It is clear that the old beach deposit was formed after at  
least 30 to 40 feet of typical till, upon which i t  rests, was laid down 
by glacial ice; that the ice then receded sufficiently to allow beach 
washing and deposition to take place at this locality, and that this 
interval was followed by a readvance of the glacial ice accompanied 
by renewed deposition of till to a thickness of 50 to 100 feet on top 
of the old beach sediments. This wave-washed beach member re- 
sulted from sedimentation that took place in the interval between the 
deposition of the older and the younger beds of till. 

The same relationship between beds of till and interstratified gav -  
els is indicated along other sections of the bluffs, expept that the 
absence of marine shells or similar fossil remains in the intertill 
sediments shows that they were not reworked or assorted by wave 
action or, in other words, deposited along a strand line. Yet in some 
exposures such sands and gravels, instead of being cross-bedded, 
like most of the outwash material, are fairly well assorted, as if 
deposited in ponded waters, and i t  is reported that some of the best 
placer concentrations occur in areas along the 'beach where these 
sands form the bedrock. 

Although the assorted beach material that contains marine shells . 
and occurs along about a mile of the bluffs is the only conclusive 
evidence that elevation has taken place on this coast during Quater- 
nary time, the bluffs present certain structural features which indi- 
cate that slight deformational movements occurred. It was noted 
that the outcrop of the upper surface of the basal deposit of till, as 
it is exposed along the bluffs, has a broadly undulating configura- 
tion and that although the till has a considerable horizontal extent, 
there are sections where the surface of the till sinks below the pres- 
ent high-tide level, and in these sections the bluffs are composed 
wholly of outwash sands and gravels. This might be interpreted as 
indicating merely irregularities in deposition of the till and out- 
wash deposits, such as often characterize glacial sedimentation of 
this kind. I n  view, however, of the evidence furnished by-the older 
elevated marine beach along the northern part of the bluffs, it 
seems probable that a general but slight deformation of the uncon- 
solidated sediments has occurred along this coast in late Quaternary 
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time. -This deformation is chiefly eqressed by elevation ef the 
lower bed of till to the extent of 30 to 50 feet above high tide, and 
in some places a corresponding depression in others. The coastal 
plain may then be considered to be made up of gently warped beds 
that form broad anticlines and synclines whose structure is possibly 
reflected in the generally rolling surface of the plain. However, it 
must be borne in mind that such features, with the exception of the 
elevated marine beach, may be fully accounted for by irregularities 
in the original deposition of the sediments. 

ORIGIN. 

As all placer deposits are directly or indirectly related to the topo- 
graphic development of the region in which they occur, it is useful to 
note the physiographic processes that have affected the placer beach 
deposits of Kodiak Island, especially because here they are clearly 
evident. As all the gold-placer deposits so far discovered on Kodiak 
Island are confined to the present ocean beaches and as practically 
no valuable placer concentrations have been found in any of the 
present stream gavels, the topographic development of the whole 
island must be considered in a study of the origin of the placers. 
The physiographic history of the island is therefore treated some- 
what more fully than might otherwise be considered necessary. 

G W  erodm.-In general the topography of Kodiak and the 
neighboring islands is the product of severe glaciation. The length 
and depth of the fiord inlets and channels are evidence of ice erosion 
that gave the major surface features their present form; and the 
numerous lakes in overdeepened or dammed-up sections of glaciated 

' valleys afford further evidence on the former presence of ice streams 
which failed to erode their valley troughs to the depth of those now 
occupied by the sea. The arrangement and trends of the fiords, 
channels, and deep valley troughs, some of which contain large lakes, 
shows that the glaciation of Kodiak Island was essentially local in 
origin and had its center of development in the high mountainous 
interior, where it took the form of an ice cap that ,buried all but the 
highest summits and ridges. This ice cap was the source and feeding 
ground of numerous glaciers that flowed from it in all directions. 
At the stage of maximum glacial development some of the larger ice 
flows extended even beyond the present limits of the island. In  fact, 
the whole of Kodiak Island appears to have been generally overrid- 
den by ice, with the possible exception of a small area situated in its 
northwebtern part. There a group of low mountains, the western ex- 
tremity of which farms Cape Ikolik, appears to have remained free 
from ice, as a nunatak area, in the western margin of the ice fields. 



With particular reference to the western part of the island, Uyak 
and Alitak bays may be noted as examples of great fiords that were 
fully occupied by large glaciers, whose terminal lobes extended be- 
yond the present headlands during the' stage of maximum ice de- 
velopment. Olga Bay was occupied by a great ice lobe that ex- 
tended to and bejond the present western shore line of the island in 
the vicinity of Low Cape, as shown by the morainal deposits that 
outcrop in the present coastal bluffs. The present western shore line 
of this bay is determined by a great crescentic terminal moraine 
that was deposited dong the border of the ice lobe during a stand in 
the general retreat of the ice. The valley of Karluk River and lake 
was eroded by a, long glacier, and likewise the valley basins now 
occupied by Ayakulik Lake and several other lakes of considerable 
extent, contiguous to Olga Bay, were eroded by glaciers and later 
dammed off by moraines. 

Thus the whole of Kodiak Island is dissected by a ramifyiGg series 
of glaciated valley troughs, some of which now stand above sea level 
but many of which are partly occupied by the sea. These valleys 
radiate from the high central mountainous part of the island, upon 
which the ice cap formerly rested. The ice cap that now occupies 
much of southwestern Kenai Peninsula illustrates in many respects 
a stage of glaciation through which Kodiak Island passed before the 
ice disappeared from it. 

Glue&$ deposition.-The lowland features of Kodiak Island, as 
well as its highland features, are distinctly of glacial origin. Thus, 
all the lowland tracts in the western part of the island are the result 
of glaciofluvial sedimentation that accompanied glacial erosion in 
the highland areas. Primarily, the development of the lowlands 
depended upon the deposition by the glaciers, during their advance, 
of large quantities of detrital material that was eroded and trans- 
ported from the bedrock of the highland areas. The greater part 
of this material was laid down about the borders of the island and 
along the larger valleys in the form of ground moraine or till- 
sediments composed chiefly of clays, with some sands and gravels- 
which contain scattered angular fragments of rock and subangular 
or fairly well rounded boulders and cobbles. The lowlands also 
contain widespread outwash deposits of silts, sands, and gravels 
that were formed during the retreat of the ice front from its maxi- 
mum limit back into the valleys. Besides the outwash sediments that 
overlie much of the ground moraine there are also terminal and 
lateral moraine deposits, chiefly of the recessional type, whose form 
has been little modified since they were laid down. 

Practically all the lowland deposits are of glaciofluvial origin. 
They are present at  the heads of the fiord inlets and bays and along 
the bottoms of the valleys that extend inland from tidewater; but 

0 
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in the valleys that have not been eroded by glaciers below 
sea level the valley floors are flat marshy tracts that 

the present 
are poorly 

drained by the streams and that contain many ponds and 
small lakes. Many of these valleys contain large lakes in basins 
which were formed either by unequal erosion of the bedrock or by 
the deposition of moraines that formed dams across the valleys. 
In  some places both causes probably acted in combination. 

The most extensive lowland tract on Kodiak Island extends along 
its western coast from Cape Alitak northward nearly to Cape Ikolik. 
This tract constitutes a typical fluvioglacial coastal plain, about 30 
miles long and from 2 to 5 miles wide, made up of coalescent sheets 
of ground moraine and outwash sediments with some modified ter- 
minal and lateral moraine deposits. Its rolling surface stands from 
25 to 200 feet above sea level and has the typical uneven configuration 
of glacial sedimentary deposits, little modified by the erosion of 
postglac?al streams. The greater part of the surface of this coastal 
plain apparently stands to-day as it was deposited by the outwash 
drainage from the retreating ice. Numerous poorly drained ponds 
and small lakes lie on its surface, and the few large streams that 
flow across i t  from the highlands have eroded only narrow valleys 
into the plain. 

Along its coastal margin this plain is bounded by practically con- 
tinuous sea bluffs cut in the unconsolidated sediments by the waves. 
These bluffs range in height from 25 to 200 feet, but in most places 
along the greater length of the 30 miles of coast they are between 
50 and 100 feet in height. This rather uniform line of steep wave- 
cut bluffs may indicate that the coastal plain was elevated since its 
formation. Some evidence to support this view was found in the 
bluffs at one locality, where marine shells occur in wave-deposited 
beach sands at  a height of 20 feet above the present limit of high 
tide. For the most part, however, the wave-cut bluffs. may be con- 
sidered as a measure of the horizontal wave erosion that has occurred 
along this section of the coast since the coastal plain was formed, 
for i t  is probable that the original limit of the plain was seaward 
from its present position and that a marginal belt of the uncon- 
solidated sediments, from 1 to 2 miles wide, has been cut away by 
postglacial wave action. 

At any rate, it is clear that the unconsolidated deposits of this 
coast have been eroded and reworked by the waves, and it is logical 
to presume that the placer metals now found in the beach sands were 
concentrated by wave action, especially as no placers have been found 
in the narrow valleys cut by postglacial streams in the coastal-plain 
deposits. There are, however, several factors to be considered in this- 
connection that will be discussed with reference to the bedrock sources 
of the placers. 



Postglacial erosion.-The present drainage of Kodiak Island was 
conditioned by the drainage that preceded glaciation. All the larger 
streams flow in valley troughs which were deeply eroded by the 
glaciers that formerly mupied them, and most of the large streams 
are merely the overflow outlets of the glacial lakes that occupy basins 
in these valleys. There are only two large streams on the island, Kar- 
luk and Ayahlik or Red rivers, and both of these drain large glacial 
lakes. Consequently most of the stream systems consist of one or 
more headwater branches and their small tributaries, which empty 
into the lakes, and a trunk stream that drains the lake to the sea. I n  
general, the present streams have performed an insignificant amount 
of erosion and have modified only slightly the dominantly glacial 
topography of the island. The sediments that the headwaters of these 
streams erode from the bedrock areas of the highlands are deposited 
chiefly in the lakes, and the sediments that are eroded by the streams 
below the lakes are transported to the sea to be incorporated in the 
beaches. The principal erosion going on now is the cutting of rela- 
tively narrow valleys across the unconsolidated glacial deposits of the 
lowlands. Thus little erosion or concentration either of mineralized 
bedrock or of older unconsolidated sediments which could form placer 
deposits of commercial value has been done by the present streams. 

To sum up the evidence presented by the topographic development 
of Kodiak Island it may be stated that postglacial wave erosion and 
concentration along the shores of the island, especially along the 
shores composed of unconsolidated fluvioglacial sediments, is the most 
active agency favorable to the formation of placer deposits. 

THE BEACH DEPOSITS. 

The presant beach along the foot of the bluffs that extend from 
Cape Alitak to Old Red River, a distance of about 30 miles, is the 
longest section of continuous sandy shore line on Kodiak Island. 
Sevenmile Beach, so named from its approximate length, which ex- 
tends westward from Uyak Bay along the foot of similar bluffs of 
till, is the next longest beach on the island. None of the other 
beaches, most of which e.xtend across the mouths of glaciated valleys, 
are more than 1 or 2 miles long, and the greater part of the coast line 
is characterized by rocky bluffs and headlands. 

The width of the west coast beach, as exposed between average 
high and low tide levels, ranges from 200 to 500 feet. The thick- 
ness of the loose beach deposits is from 3 to 6 feet, but, as in all beach 
sands and gravels that are undergoing active washing by surf, the 
thickness differs from place to place and time to time according to 
the manner in which the deposits are shifted back and forth by the 
surf and the variations effected by the ebb and flow of the tide. 
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As the upper l i t  of the beach is determined in greater part by the 
base of the bluffs, which in turn is determined by the average litnit 
of high tide, there is a comparatively small development of higher 
storm beach deposits along this coast. The only beach deposits of 
this kind are the short spits across the narrow valley months of a few 
large streams, which have cut down through the coastal plain to sea 
level, and several sections of barrier beach across the entrances to 
shallow tidal lagoons that occur between Cape Alitak and Low Cape, 
where certain tracts of the coastal plain are somewhat less elevated 
than elsewhere. 

The bedrock or marine platform dpon which the loose beach 'de- 
posits rest is, for the most part, the compact clay till that forms the 
chief part of the bluffs. There are variations in the composition of 
the bedrock, however, that correspond to variation in the material 
in the bluffs and which are directly controlled by them. Thus, in the 
localities where morainal boulder deposits are incorporated with the 
till the beaches are characterized by boulder pavements that rest on 
the beach platform and the greater part of the beach deposits 
consist of coarse gravels, cobbles, and boulders. A few of 
these boulders are from 5 to 10 feet in greatest dimensions and a 
number of them reach dimensions of 2 to 3 feet. Where the more or 
less assorted outwash sands and gravels, which are associated with 
the till, extend below sea level the bedrock is commonly com- 
posed of sandy silt and somewhat resembles quicksand 'in be- 
havior when exwated. This condition appears to be due to its 
being charged with considerable water, possibly derived from seepage 
and under hydrostatic pressure. 

The kypical till bedrock is said to be somewhat too slippery to  re- 
tain the gold as well as the " quicksand " bedrock, but nevertheless 
good concentrations are made upon it under certain conditions, par- 
ticularly during violent storms that sweep i t  quite clean of the Ioose 
beach sands. The so-called " quicksand " bedrock is said by the miners 
to be the most favarable for the retention of the placer gold and to 
afford the best yields, but the areas of such bedrock are not extensive. 
The boulder pavement areas of the beach platform are considered to 
be unfavorable for the concentration of the gold in profitable amounts, 
and besides they are the most difficult to mine. 

I t  is evident that marine wqve erosion has produced the practically 
continuous line of till and outwash bluffs which extends for about 30 
miles along the west coastaof Kodiak Island, and that the present 
beach deposits along the bases of these bluffs are the result of concen- 
tration by the waves of the sediments that compose the bluffs, with the 



exception of the small proportion of similar sediments deposited on 
the beach by the larger streams that cross the coastal plain. 

I f  the present configuration and extent of the coastal plain are 
accepted as a basis for estimating the former seaward extension of the 
original plain it would appear that before postglacial marine erosion 
set in the former shore line was from 1 to 3 miles west of tbe position 
it now occupies. I f  the composition of that part of the coastal plain 
that apparently has been thus eroded away was similar to khat of the 
present bluffs some idea may be formed of the character and great 
quantity of sediments that have been acted upon by mttrine erosion 
during postglacial time in producing the present beach placers. I f  
the placer deposits of the present beach represent the concentrations 
fmm a belt or strip of coastal-plain sediments about 30 miles long, 
2 miles wide, and 40 feet thick, it would appear that more than 
2,000,000,000 cubic yards of material has been reduced by wave 
erosion. Probably the average gold content of these deposits was not 
more than 1 cent in 50 cubic yards of the original coastal-plain ' 
deposits as laid down by glacial sedimentation. The small gold wn- 
tent of the gravels is indicated by the fact that practically no colors 
of gold have been obtained in prospeoting the coastal-plain sediments 
as they occur in the bluffs, even in those parts where the outwash 
gravels and sands show evidence in the form of stratification of hav- 
ing been somewhat thoroughly assorted. The writer was informed 
that only in two or three places have even very fine colors of gold been 
obtained in such prospecting. The results obtained in prospecting 
along the beds of the present streams that cross the coastal plain are 
aIso r e p o d  to be wholly negative. 

Apparently the slight stream erosion that the unconsolidated 
coastal-plain deposits have undergone since they were formed has 
contributed practically no placer metals to the beach deposits. 

CONCENTBATION OF THE BEACH PLACEZS. 

Prospects show that finely divided gold is present along the whole 
length of the beach from Cape Alitak to Old Red River, as well as 
in the shorter beaches along other sections of the coast of Kodiak 
Island. However, the best concentrations occur chiefly in the form 
of local patches that are comparatively small and are not permanent 
as to position or richness, because the loose sands and gravels and 
the placer metals associated with them are being continually mas- 
sorted and shifted according to the direction and violence of the 
storms. Because of this unstable condition of the beach deposits 
the concentrated heavy minerals do not form pay streaks in the 
usual sense, although the heavier sands do have a tendency to ac- 
cumulate along the upper limits of the beaches near the base of the 
bluffs that arrest the surf and regulate its backwash action. 
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The west coast of Kodiak Island is exposed particularly to storms 
from the southwest and northwest quarters and as a rule the best con- 
centrations of the beach result from such storms. The storms of 
autumn and spring, together with the higher tides of those seasons, 
are considered to be the most effective in concentrating the placer 
metals in the beach sands. The waves induced by these storms cut 
away the basal parts of the bluffs and add small quantities of new 
material to the beach to be concentrated. Apparently the beaches 
have become enriched by this process, which has acted for a long 
period of time on a great quantity of sediment. 

The ordinary range of$de on this coast is from 8 to 10 feet, and 
during the spring and autumn the extreme range is from 12 to 16 
feet. Thus there is a considerable increase in the zone of wave at- 
tack during the spring and autumn that enables the surf to reach 
and erode the foot of the bluffs more strongly. The higher surf 
also sweeps the rather resistant compact clay bedrock quite clear of 
the usual overburden of gravel and sand and more thoroughly con- 
centrates the-fine gold with the heavier sands in patches that may 
be easily mined during the intervals of falling tide, provided they 
are found at onca and recovered without delay. 
" Banking up " and " washing down " are the terms used by the 

miners to describe the constant eroding and concentrating action of 
surf on the beach. The power of the storm surf on this coast is great 
enough to move boulders that weigh several tons, of which there 
are a few distributed here and there along the beach. Boulders of this 
weight have been noted to change their positions appreciably in the 
course of several years. Z t  is said that a moderate surf, such as 
accompanies a " lazy summer swell," is often very effective in " wash- 
ing down " small areas of the beach and concentrating the fine gold on 
the compact beach platform of till in patches that yield good returns 
in mining, although the surf that accompanies ordinary moderate 
weather usually " banks up " the loose sands and thus builds up an 
overburden of the lighter sands from 4 to 6 feet thick that is prac- 
tically barren of placer. 

Although the shifting about of the loose sands and gravels on the 
beach platform, together with the placer meta.ls which they conta.in, 
is always more or less marked during a single storm and is carefully 
noted by the miners, the erosion of the compact till bluffs is rslrely 
noticeable in a short period of time. Al;parently there are periods 
of several years during which the appearance of the bluffs changes 
but little as a result of marine erosion. On the other hand, there are, 
periods in which the accumulative effects of wave action are consid- 
erable, especially in conjunction with other factors. Miners who have 
resided on this coast say that for several years previous to a series of 
rather violent earthquakes late in October and early in November, 1912, 
which are supposed to be related to the eruption of Mount Katmai 



in June of that year, the bluffs along the west coast of Kodiak Islasd 
for considerable distances had the aspect of .a smooth and even-sloped 
escarpment, the surface of which was mantled by a well-established 
growth of turf from high-tide level to the top. The earthquakes in 
1912, however, were severe enough to disrupt not only the bluffs but 
the greater part of the coastal plain as well. The ground was frozen 
at the time, so that the surface fracturing was emphasized. The com- 
pact till was ruptured and slightly faulted, some blocks were dis- 
placed to the extent of 3 feet with relation to one another, and the 
turf-covered surface of the coastal plain was greatly broken far 
inland from the bluffs, so that some cracks stood open as much as a 
foot. 

Since these earthquakes the bluffs have been eroded back by the 
waves 15 to 20 feet or more along practically their entire length, as 
is shown by well-established landmarks, such as cabins and other 
structures. I n  consequence of the concentration by the surf of the 
new material loosened from the face of the bluffs, it is stated that the 
gold content of the beach sands in recent years was noticeably greater 
than it had been for several years previous to 1912. This statement 
corroborates the view that the placer gold is derived chiefly from the 
bluffs of till and outwash sediments. 

I n  191'7 the bluffs presented sheer cliff walls for long distances, and 
although some sections were much broken by steps or benches the 
faces of the bluffs are so steep that ladders have to be provided for 
their ascent. Slides or slumps, such as characterize steep banks that 
are largely composed of clay, are common features, and small trick- 
ling streams erode steep gullies back short distances. No doubt such 
agencies tend to reduce the bluffs to a more mature aspect during 
periods when they are not disturbed by earthquakes or very strong 
marine erosion. Although no data are at  hand as regards their num- 
ber, earthquakes of considerable violence are known to occur fre- 
quently in this part of Alaska, and they may accelerata erosion, espe- 
cially in tracts of unconsolidated sediments such as the coastal plain 
here considered, where steep escarpments facilitate the delivery of 
loosened material upon a beach where it may be directly attacked 
by heavy surf. However, storms of unusual intensity or duration 
are the chief factors in concentrating the loose beach deposits and 
forming the temporary segregations of placer sands. The autumn 
of 1902 is stated to have been a particularly good season for mining 
on the Kodiak beaches, the good yields being attributed to a series 
of northwesterly gales that washed the upper parts of the beaches 
almost clean of the overburden of gravel and sand and left the gold 
concentrated in patches with a minimum of waste. 

Thus the loose beach deposits are unqergoing a never-ending as- 
sortment and reassortment with the addition of comparatively small 
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quantities of new material from the bluffs at irregular intervals of 
heavy storm erosion. 1n.this way the beach placers, whose aggregate 
content of placer metals is not great, pass through seasonal periods 
of temporary local enrichment that are more marked in some years 
than in others. These periods alternate with others during which 
erosion and concentration by the waves is not so vigorous Successful 
mining therefore depends chiefly upon the opportune recovery of 
the better concentrations at localities that can not be selected before- 
hand and at times that can not be predicted. 

THE PLACER MIBEBALS. 

The chief minerals that make up the heavy concentrates of the 
beach comprise magnetite, pyrite, chromite, gold, and a little plati- 
num. I n  most of the concentrates as mined there also is present a 
considerable percentage of artificially introduced metals, such as 
lead in the form of bird shot, solder from cans, and shoe nails of 
irbn and brass. Some of the concentrates ,contain many heavy flakes 
of oxidized iron that probably are derived from disintegrated cans 
and nails. Amalgam lost from previous operations is recovered in 
small mounts. 

By far the chief mineral of the concentrates is magnetic black 
sand (magnetite), which constitutes fully 95 per cent of several sam- 
ples examined, the remaining 5 per cent of nonmagn&ic material 
being pyrite and chromic sand, which in dried samples may be readily 
separated with a hand magnet. 

For the most part the magnetite sand is fine grained ; nine-tenths 
of it readily passes the 40-mesh screen, of which from one-third to 
two-thirds passes the 100-mesh screen. 

The following analysis (No. 3214) of placer platinum from Can- 
vas Point, west coast of Kodiak Island, was made by R. C. Wells, of 
the United States Geological Survey: 

Analysis o j  placer plcctimm from Kodiak Island, Atasla. 



MINING METHODS. 

The mining practice has been that usually followed by beach 
miners, that is, rough washing of the sands in rockers or small port- 
able sluice boxes which save only the coarser flake or scale gold and 
that part of the finer gold which amalgamates readily. It has always 
been realized that much of the fine or flour gold and also some of the 
light scaly gold was lost with the black-sand concentrates. Hereto- 
fore, the concentrates have been considered an unavoidable hindrance 
to the recovery of the gold, especially the flour gold, and, until recently, 
they have been discarded as soon as possible without secondary treat- 
ment. The platinum, which has been recently recognized in small 
amounts, in association with the gold, was overlooked in the earlier 
years of mining, for the manner of washing the sands was too crude 
to reveal it. Recently, however, secondary panning of the concen- 
trates, followed by drying and blowing and crude separation with 
small horseshoe magnets, has been practiced by a few of the more 
careful miners with a view of saving more of the fine gold ; and this 
has resulted in the recovery of a few pennyw6ights of platinum. 

The use of undercurrents in treating the concentrates, or, better 
still, the use of some form of concentrating tables, would without 
doubt give a much greater saving of the gold in the sands and a 
better separation of the platinum metals. But such treatment of the 
concentrates on a commercial scale, to be fully effective, would re- 
quire a community of interest in the mining operations that has not 
existed up to the present time and probably would be difficult to 
establish and maintain. 

Mining operations can be conducted on the beaches of Kodiak Island 
only during periods of receding or low tides, because high tides, or 
at  least the wash of the surf during such periods, reach to the base of 
the bluffs along practically the whole length of the west coast at all 
times. Consequently all mining equipment must be removed from the 
beach during high tide, and seldom can more t h m  four or five hours 
actual mining be done on the beach in one day. ~ h u s  no preliminary 
preparation is possible beyond prospecting with a pan or shovel as  
the tide begins ik ebb to determine a favorable place to mine. In 
former years rockers were used exclusively for such transient opera- 
tions, but recently ma l l  portable sluice-box equipment has been used 
to a considerable extent along certain sections of the beach where 
water is obtaimble. Rockers we still used where. water is not avail- 
able and during winter when the water supply for sluicing freezes; 
they are also used for washing rich sands, which are sometimes col- 
lected from the beach in small quantities and accumulated in holes on 
the bluffs for future treatment and for ,reworking concentrates. 

The sluicing operations are generally carried on by two or three 
men working in partnership and depend upon a water supply obtained 
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from the small lakes or ponds that lie on some parts of the masfa1 
plain within short distances of the top of the bluffs. The water is 
brroug4t to the 4433 of the bluffs in ditches, and t$enw it is conveyed 
to the beach, 40 to'70 feet below, by canvas hose ; or, in favorable situ- 
ations, where tb bluffs are benched, a combination of ditches and 
flumes is built to Gamy the water along the face of the bluffs in either 
direction from the supply dibh, so that it is available for sluicipg 
operations alcmg a considerable section of the beach. The same result 
is r&o accomplished by extending canvas hose along the bluffs. Thus 
some of the miners are able to use the portable sluice boxes at  any point 
along a section of the beach within half a mile of their main ditch, 
and, in a general way, such zones of operation are recognized as be- 
longin$ to the claimants of water rights and main ditches. 

The portable sluicing equipment consists of three boxes about 10 
feet long, 10 inches wide, and 8 to 10 inches deep. The two lower 
boxes are fitted with wire grating on top of burlap. The third or up- 
per box, into whi& the sands and gravels are shaveled, is provided 
with slat rif3es. A little quicksilver is generally used in the upper 
part of the lower box. The box line is set up on four or five horses 
that admit of adjusting both the height and grade as desired. The 
usual grade is about 8 per cent. The water is led into the boxes by 
canvas bow, about 6 inches in diameter, that is c o ~ e c t e d  with the 
permanent system by which it is conveyed along the bluffs. 

The w a l  practice is to prospect the beach as the tide begins to fall 
and thus locate a spot where good concentration is taking place 
without too much overburden of barren sand and gravel. The boxes 
are set gp on a satisfactory $pot as soon as the tide has receded mf- 
ficiently. Generally a foot or so of the top sands is shoveled aside 
from a strip 6 or 7 feet wide along each side of the boxes, and 6 to 12 
inches of the heavier sands that rest on the clay bedrock are shoveled 
into the boxes from both sides. The area of beach mined during one 
recession of the tide by three or four men working together is seldom 
more than may be properly shoveled into the boxes sts they are wt up 
in one position-an area about 30 feet long and 14 feet wide or from 
409 to 450 square feetalthouqh occasionally two set-ups or about 
twice this area may be mined. When the tide rises the equipment is 
removed to a safe place on the bluffs. 

It is considered unprofitable to attempt to mine in places where the 
overburden is more than 2 fwt  thick, and if possible a localit is 
selected where the back wash of the surf has temporarily "was %, ed 
down " the loose sands and gravels ta a foot or less in thickness. Such 

wash@ down " or transient concentpation of the beach usually oc- 
curs in a marked manner as a result of the backwash of heavy surf, 
and occasionally it is so thoraugh that all but 1 or 2 inches of the 
heaviest placer-bearing sands are swept from the clay hedrwk along 



the base of the bluffs. But the areas so concentrated are generally 
small and of little permanence, for often they may be covered by 2 
feet of lighter sands during the next advance of the tide and the 
placer concentration may be dispersed with this change. Such con- 
centrations are often scraped up hurriedly, shoveled into buckets, and 
placed in safe places on the bluffs, to be washed later with rockers. 

The miners patrol the beach at frequent intervals, test i t  here and 
there by panning for the development of favorable conditions of con- 
centrati~n, and thus secure the best yields. But under such transitory 
conditions mining is uncertain, and a month or more may pass without 
opportune conditions for activity, particularly in the summer, during 
which many of the miners make little effort to work. 

The compact till bedrock usually presents a surface that allows 
very little of the gold to become lodged within it, especially in those 
areas where i t  has been freshly scoured by the heavy surf that forms 
the best concentrations. Consequently i t  is seldom necessary to mine 
more than one-half to 1 inch of the somewhat softened surface of the 
bedrock in  order to deliver practically all the gold-bearing material 
to the washing apparatus, except in localities where the bedrock is of 
the so-called "quicksand" variety, which consists essentially of a 
plastic mixture of sand, silt, and clay, charged excessively with water. 
In this quicksand bedrock the gold often finds lodgment to a depth of 
6 to 12 inches below the ordinary surface of scour, and as  the gold is 
retained by it to better advantage such areas are stated to be more en- 
riched than those where the bedrock is of compact till. Such areas of 
bedrock are particularly searched for by the miners and are mined to 
a depth of about a foot. Apparently the patches of so-called quick- 
sand bedrock occur chiefly along those sections of the bluffs where out- 
mash sediments that are incorporated with the till deposits dip below 
sea level and thus form the beach platform upon which the surf scours. 
Sediments similar to the quicksand may be observed in the bluffs above 
high-tide level that do not contain prospects of gold, so it is probable 
that the richer concentrations of gold noted in this kind of bedrock 
are formed on the present beach. It appears that the quicksand bed- 
rock favors enrichment, as contrasted with the compact till, simply be- 
cause it is a looser-textured medium that offers more secure lodgment 
for and better retention of the heavier beach concentrates from the 
washing action of the surf as it shifts the loose sands and gravels about 
on, the beach platform. 

Mining is seldom attempted on those sections of the beach where 
boulders and cobbles are particularly abundant, and the compara- 
tively small amount of coarse material that may occur in areas that 
are mined is shoveled or rolled aside, according to size, as it is en- 
countered during the progress of digging. 



MINING IN THE FAIRBANKS DISTRICT. 

GENERAL CONDITION@. 

The mineral production of the Fairbanks district in 1917 included 
placer gold, valued a t  $1,310,000; lode gold, valued at $47,781; 
placer silver, valued a t  $6,904; lode silver, valued at $1,827; and lead, 
tungsten, and antimony, valued at $58,257. The total value of the 
mineral output in 191'7 was $1,424,769, as against $2,039,744 in 1916. 
The decrease was due in large part to a general retrenchment on the 
part of operators owing to the high cost of supplies, which prevented 
the working of low-grade ground. Failures were recorded in 1917 
on ground which in previous years netted a good profit, and but for 
the general retrenchment other failures would doubtless have resulted. 

Quartz mining showed a slight increase, which in large part was 
due to the interest in tungsten lodes. Two tungsten mines were 
in course of development. At one of these mines one unit of a 
75401.1 mill was in operation, and in the summer of 1917 was turning 
out several hundred pounds of scheelite a day. On the other property 
a similar mill was in course of construction during the summer. 
Development was in progress at  both properties. The surface show- 
ings indicate the possible presence of large tungsten-bearing deposits. 

Five gold quartz mills were in operation during a part of the year, 
and several other properties not equipped with mills made small 
outputs. On the whole the gold quartz mining was insigmficant. 

The production of antimony in 1917 was small. Stibnite was 
mined a t  two localities, and a t  a third some ore was recovered from 
old tailings. 

One silver-lead lode in process of development made several sh ip  
men& of high-grade argentiferous galena. 

GO W LODES. 

FAIRBANKS CREEK. 

The C r i b  & Feldman mine and mill, on Moose Creek, a tributary 
of Fairbanb Creek, were operated throughout the year. The 
character of the mineral deposits has been described in previous 
publications and need not be repeated here. 

The Mizpah mine on Fairbanks Creek was operated by a small crew. 
The mine is developed on an eastward-trending vein that dips 
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steeply south. An inclined working shaft extends along the vein 
to a depth of 160 feet, fram which drifb extend east and west. On 
the 80-foot level a slope 170 feet long reaches to the surface. The 
lode is a quartz vein from a few inches to 3 feet wide. It carries 
considerable stibnite and in places free gold is abundant and some 
very rich shoots occur. On the east end of the workings a galena- 
bearing lode has been encountered, which has been traced on the 
surface for a long distance. Last year a little scheelite was produced. 
The mine is equipped with a Huntington mill. 

Development work was continued on the Gilmore & Stevens 
property east of the Mizpcbh mine. A prospecting adit is being 
driven northerly into the hill for the purpose of crosscutting the 
Mizpah and other lodes which have been opened on the surface. I n  
September, 1917, this adit was 800 feet long and presumably is not 
far from the ore-bearing zone, which on the surface contains a number 
of lodes. The property is equipped with a 5-stamp mill. 

Near the head of Fairbanks Creek development work has been 
continued on the McCarty property, and some production has been 
m d e  of both gold and antimony. 

SKOOGY GULCH. 

The David mine on Skoogy Gulch was in operation during the 
summer. The property lies west of that of the Rainbow mine and 
is probably on the same vein that is exposed in the R h b o w  wo~kings. 
The underground workings consist of an adit driven from Skoogy 
Gulch dong the vein for about 100 feet and an overhead stope 65 
feet long. The lode is a quartz vein which difFers in width from 
place to place from 6 inches to a gouge seam. The property is 
equipped with e !&stamp Heady mill with two &foot plates. A 
wood-burning boiler furnishes steam for mill, hoist, and compressor. 
The Rahbow mine is idle on account of litigation. 

The Overgard property on Skoogy Gulch made a small production. 
This property is equipped with a homemade 1-stamp mill. 

The Heilig & Creighton property on the divide between Skoogy 
Gulch and Cleary Creek is now being prospected. A shaft has been 
sunk 60 feet and crosscuts started which show two parallel veins 
that strike N. 30' E. and dip 65' NW. The mine is equipped with 
a Little Giant mill and gasoline engine. 

C U d B Y  CRgBK. 

Work was continued on the Tony Goessman property on Bedrock 
Creek tributary to Clcary Creek and a small production was msde. 

There was no mining in 1917 a t  the Chatham mine, but the old 
tailings were picked over and some bh-grade ore sorted out for 
shipment . 
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Considerable developrhent work was done on deposits on the 
&vide betweefi &a and Ace creeks. Twenty-seven claims covering 
&I oi-6 body h o w n  as the Ryan lode and a number of adjacent 
lodes were bonded by the Alaska Mineral & Development Co., and 
from bctober, 1916, to June, 1917, some explotation work was 
done. The kyan lode was opened by one adit and flve shafts, 
from which the lode was prospected by nine crosscuts across the 
lode at depths of 50 to 100 feet. Where examined by the writer 
the lode is 50 feet or more wide. I t  is a stringer lode and is com- 
posed of veins of quartz that inclose fractured and mineralized schist 
and seams ot gouge. The lode carries considerable stibnite and is 
highly colored with the stains of antimony oxides. The lode strikes 
about north and dips east a t  high angles. Development work was 
started on the Ryan lode in October, 1916, and was suspended 
in June, 1917. 

On the Combination claim a few shallow pits exposed a quartz 
vein with hrsenopyrite scattered through i t  and coatings of scoro- 
dite and cervantite. The size or extent of the ore body was not 
evident from the few exposures. The claim is on the slope of Eva 
Creek near the Ryan lode. 

Development work was continued by McGlone & Smith on the 
Bill Sunday Fraction lode claim. This claim is on the divide 
between Evs and St. Patrick creeks, northeast of the Pairchance 
claim, and is probably on the same or a parallel lode. The lode 
stsikes N. 25' E. and dips from 70" SE. to nearly vertical. It has 
been opened by two shafts 100 feet and 20 feet deep and by surface 
cuts. At the surface the lode is solid quartz about 3 feet wide, but 
BC depth i t  widens considerably. At a depth of 50 feet the lode 
consists of stringers of quartz which cut mineralized schist and 
carry large seams of gouge. The quartz carries a large amount of 
stibnite and cervantite and in places free gold. Fine gold is easily 
obtained by panning either the quartz or schist of the lode. 

The St. Paul mine at the head of Eva Creek was operated through- 
out the yertr. The property is equipped with a ?-foot roller mill 
which ha& tl capacity of 20 tons a day. 

Roy McQueen k opening an antimony lode on the Jennie C. claim, 
situated on the divide between Ready Bullion and Nugget creeks. 
' h e  lode is nearly solid stibnite with a little quartz and occurs in 
lenses. f n  $aces i t  is 18 to 24 inches wide, and in others it pinches 
to a seam of gouge matter. The vein strikes N. 45" W. and dips 
75-E. The ore is mined by surface trenching and is hand picked 
and sacked a t  the mine. 
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SILVER-LEAD LODES. ' 

A silver-lead deposit is being developed near the head of Cleary 
Creek on property leased from the Eldorado Mining & BWhg  Co. 
Development work in the fall of 1917 consisted of an inclined shaft 
45 feet deep and about 30 feet of drifts and stopes. On the surface 
the vein was about 3 feet wide, aqd where the shaft was sunk i t  was 
composed principally of stibnite. Below the surface the vein 
attains a width of 10 to 15 feet. The vein incloses large bunches of 
pure galena, which is said to be rich in silver. Disseminated pyrite 
is abundant in parts of the lode. A strong hanging wall strikes 
N. 45' E. and dips steeply northwest. The footwall is not well 
deiined and is marked by a gradation from lode to country rock. The 
ore is hand picked and sacked for shipment a t  the mine. 

. TUNGSTEN DEPOSITS. 

Tungsten lodes have been discovered a t  two neighboring localities 
in the Fairbanks district; one a t  the divide between the tributaries 
of Fish and Smallwood creeks, and the other a t  the heads of First 

Chance, Steele, and Engineer creeks. (See fig. 13.) At the b t  
property one unit of a mill is in operation, and during the summer of 
1917 it was producing 500 pounds of scheelite concentrates a day. 
At the other property a mill was in course of construction and active 
development work was being carried on. ~ e s i d &  these two mines, 
a number of claims are located on the scheelite-bearing lodes. The 
scheelite deposits of the Fairbanks district are believed to be much 
mors extensive than the surface outcrops show and to give promise 
of a large future production of tungsten. 
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The tungsten lodes occur in an area of Birch Creek schist, described 
by Prindle as a series of highly metamorphosed siliceous sediments 
that consist of massive quartzites, quartzite schists, quartz-mica 
schisb, hornblende schists in part amphibolitic, carbonaceous schists, 
crystalline limestone, altered calcareous rocks, and associated eclo- 
gitic rocks, andalusite hornfels, and a small amount of granitic 
gneiss derived from intrusive porphyritic granite. 

ORE DEPOSITS. 

The ore deposits are for the most part replaced portions of the lime- 
stone and calcareous beds that occur interbedded with the schists. 
The deposits as far as noted appear to lie in a more or less continuous 
zone that strikes about N. 70' E. and parallels the general strike of 
the schist. The lodes are composed of quartz, calcite pyroxene, 
hornblende, garnet, epidote, biotite, and scheelite-minerals which 
are believed to have been.formed by the replacement of the l ime 
stone and calcareous sediments by the tungsten-bearing solutions. 
Besides the lodes that represent replaced calcareous sediments 
there are quartz veins which also carry scheelite. The quartz veins 
follow the silicification of the limestone beds and in places cut the 
earlier formed lodes, resulting in an enriched ore body. The known 
tungsten deposits of this region all occur on the border of a body of 
porphyritic granite and are believed to be genetically connected 
with it. 

XINES AND PROSPECTS. 

ALASKA TUNGSTEN MINES GO. 

The Alaska Tungsten Mines Co. has property on Yellow Pup, one 
of the tributaries of Fish Creek and on the knob between the heads 
of Gilmore, Smallwood, and Fish creeks. The principal work has 
been on the Tungsten claim a t  an elevation of 2,472 feet. The 
property is reached by a first-class wagon road from Gilmore on Pedro 
Creek by way of Gilmore Creek. The lode strikes N. 70" E. parallel 
to the schistosity of the country rock and dips from 20' to 40' NW. 
The footwall is well defined and follows approximately the bedding 
planes of the greenstone and quartzite schist. The vein ranges in 
thickness from 2 to 12 feet and more, but the richest ore is confined 
to lenses from 2 to 5 feet thick. There is no dehi te  hanging wall 
to the lode, but back of each is more ore. These are evidently 
structural planes, either bedding planes or less permeable zones in 
the original rock along which replacement has taken place. Thin 
stringers of scheelite-bearing quartz of later origin than the replaced 
rock follow the bedding planes and cut across them. 

- - 

1 Prindle, L. M., Geology ofthe FsirbanBs district, AlwW U. 8. Qeol. Survey Bull.626, pp. b%Bl, 
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The mine is being developed by an inclined shaft driven dong the 
vein. In  September, 1917, this shaft had been extended for 160 
feet and dips a t  an angle of 40" to 18". i n  places the shah widens 
out to stopes and chambers, and the laver part has been opened to 
a width of 40 feet. 

The Scheelite claim joins the fingsten on the east, and the ore 
bodies on the two claims are presurnabiy the same. No mining was 
in progress in 1917. The development is reported to consist of a 
75-foot inclined shaft along an ore shoot 10 feet wide and from 4 to 6 
feet high.' About 250 tons of me was shipped from this property in 
1915-16. 

The mill and camp of the Alaska Tungsten Mines Co. is on yellow 
Pup a t  an elevation of about 1,600 feet. One unit of a Faust con- 
centrating mill was installed during the summer of 1917 and in 
September was turning out 500 pounds of scheelite concentrates a day. 

The Murphy claim, on Yellow Pup just below the mouth of Pearl 
Creek, is under option to the Tungsten Mines Co., who are developing 
it. At, the time of the writer's visit the workings were inaccessible. 
Grab samples taken from the dump and crushed and panned appemcd 
to be rich from the amount of concentrate the pannings yielded. 
The vein is said to be 4 feet wide and to strike N. 75O E. 

The Columbia, mine is being developed by the Columbia Mining 
Co. The group of claims now controlled by this company represents 
the original locations of Jacob Meier and other claims acquired since. 
The claims are a t  the head of Steele Creek, about 10 miles from 
Fairbanks, with which they are connected by a good wagon road. 

A number of schselite+b~&ring lodes have been located. Location 
*as made on the Columbia c l d ,  where a scheelite lode and quartz 
vein that is aesocislted with i t  have been exposed by an open cut and 
adits. The upper adit has been driven,for 80 feet along the vein 
which follows s @unite hanging wall a d  sttikes about N. 20" W. and 
d i p  northeast. The lode hpparently replaces calcareous beds but is 
cut by large quartz veiirs, which also appear to carry acheelite. A 
lower adit is now being driven to cut this lode. 

The Spruce Hen claim, now being developed by the Columbia 
Mining Co., is on the divide between First Chance and Steele creeks. 
From appwmc* several lodes have been opened by chsseuts a t  
intervals for the entire length of the claim. The principal ore body 
appears ta be .an iron-stained lode about 4 feet wide. This lode has 
been opened by one cut to a depth of 8 feet. It strikes N. 50" E. 
and dips 45" NW. The lode appears to be composed of silicates, 

1 Mertie, J. B., jr., M e  mining in the Fairbanks district, AlssLs: U. 8. hl. Survey Bull. 662, p. 421, 
Mi?. 
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which have replaced limestone beds, and is cut by quartz stringers. 
Both the silicates and later quartz stringers are rich in scheelite. 
A little molybdenite also occurs. Seams of gouge occur along both 
walls of the lode. 

The camp and mill were in course of construction in 1917. The 
camp is a t  the head of Steele Creek a t  an elevation of 1,830 feet. 
The mill is on Steele Creek at an elevation of about 1,200 feet. A 
Marathon mill was first constructed, but this did not prove satis- 
factory. The new mill is a Faust concentrating mill. 

The Ptarmigan and Franklin claims, on the head of Gilmore Creek, 
are being developed by J. F. Zimmerman. Surface cuts, made across 
the claims a t  a number of places, have disclosed several mineralized 
zones, one of which appeared to be 15 to 20 feet across. The lodes 
strike N. 40' E. and dip northwest. The lode material is quartz, 
and silicate rock has presumably replaced limestone along selective 
zones. Scheelite occurs in the quartz and silicates. 

The Tanana group of five claims occurs a t  the head of First Chance 
Creek. On the Tanana No. 1 claim an inclined shaft has been sunk 
40 feet along the lode. The ore body is a mineralized zone of schist 
about 4 feet wide a d follows the schistosity of the inclosing quartzite 
schist. The lode s ! rikes N. 50" E. and dips northwest. 

The Tungsten Hill group of claims lies near the head of First 
Chance Creek. Of these Mertie says: 

Four Bcheelite lodes had been discovered on these c l a h  by Auguat, 1916, and it 
ia likely that others are present. On the Grand Duke Nikolaa c l a h  a scheelite lode 
in the schist country rock had been exposed in an open cut. Thia deposit consists 
of 6 to 8 feet decayed schist, carrying scheelite. Vein quartz containing a little gold 
ia also present, cutting the mineralized zone. 

On the Tungsten No. 1 claim another open cut had been made in a country rock of 
mica schist and quartzite schist. A zone mineralized by scheelite ia  present, but the 
width of the lode waa not apparent from the work done. 

On the General Joffre claim a scheelite lode, 14 feet wide, has been exposed. The 
Iode as a whole was considered low-grade ore; but i t  contains in the central part an 
18-inch etringer of decayed schist, which is of considerably higher grade. 

Theee & h a  certainly deserve further prospecting, for they are as a d v a n ~ u ~ l y  
situated with regard to the granite as other scheelite claims in the diatrict on which 
workable lodes have been developed. 

The Black Bear and Blossom claims are west of the Tungsten Hill 
group and are apparently in the same mineralized zone. The lodes 
consist of quartz stringer lodes in schist. Considerable open trench- 
ing has been done on these two claims, and several lodes are exposed 
that apparently extend across the two claims. The scheelite occurs 
in the quartz stringers that penetrate the schist. These stringers,in 
places are very rich, carrying large crystals of scheelite, and should 
be further developed. 

1 Mertie, J. B., jr., op. cit., p. 424. 



A MOLYBDENITE LODE ON HEALY RIVE. 

A molybdenite-bearing quartz vein has recently been opened on 
Hesly River. Its location is near the extreme head of the river on 
the south slope of Rainey Mountain, near the divide between Healy 
and South Fork of Goodpaster rivers. It is about 160 miles southeast 
'of Fairbanks by trail. This deposit was not visited by the writer 
and the following description is abstracted from a report made to 
the owners by Albert Johnson, of Fairbanks. 
The ore deposit is described as a quartz fissurevein inclosed in 

g r h .  It trends east and dips north. The lode has not been 
devebped to any extent but has been traced by shallow surface 
openiags and float for three claim lengths and is believed to be con- 
tin- for this distance. The vein is described as hard white quartz 
that c&es bunches of molybdenite scattered sparingly through the 
vein and rather evenly distributed. 

The deposit is 6,000 to 6,500 feet above sea level and considerably 
above timber, but timber is said to be available on Healy River 
within 3 miles of the property, and the water of Healy River is 
regarded as sd3icient for all mining purposes. Supplies are brought 
up Tanana River, a distance of 130 miles, to the mouth of Healy 
River, where a trading post has been established. From this place 
to the molybdenite deposit it is 40 miles. In summer pack horses 
may be taken along the ridge between Volkmar and Healy rivers 
and in winter the Healy can easily be traveled by double enders. 
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MINING IN THE HOT SPRINGS DISTRICT. 

MINERAL PRODUCTION. 

The cGef m b r a l  product of the Hot Springs district is placer 
gold. In  a portiop of the district a considerable amount of cassit- 
erite (tin oxide) occurs with the gold, but the amount recovered 
is insignificant in value compared with the gold. There are no 
independent tin placers, but the tin content of many of the gold 
placers is sficient if recovered to add considerably to the total 
value of the output. 

The production of gold in the Hot Springs district for 1917 was 
$450,000. In  1916 it was $800,000. This decrease was due to sev- 
eral causes. One of the principal causes is that which is common to 
all placer camps-the depletion of the bonanza ground. One of 
the immediate causes, however, was the cessation of the large scale 
operations of Howell & Cleveland, who for the last two years em- 
ployed a large force of men on Woodchopper Creek. Another 
important factor in this decline is the high cost of food and mining 
supplies, which prevented the working of any except the richest 
ground. 

It is not believed, however, that a decline in mining will continue 
from year to year, for there are large bodies of low-grade placer 
groupd, which, under normal conditions, will be worked profitably 
for a great many years. 

10 all about 16 plants operated for all or a part of the season and 
employed about 150 men. Besides there were a number of men 
prospecting and working in a small way. Several sm$l outfits were 
r e w o r k  old tailings for the recovery of tin concentrates and 
whatever placer gold might be recovered by methods more refked 
than those used when the ground was first worked. At that time 
the miners seldom used Hungarian r a e s  in the sluice boxes, and 
much of the gold was lost in the clay lumps which would go over 
the pole and bar r a e s  without breaking up. 

Prospecting in 1917 showed that both gold and tin occur in the 
basin c$ Sullivan Creek, considerably below the area which has yet 
been mined. Large bodies of low-grade gravels are being worked 
on Boulder Creek. 
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The production of tin in the Hot Springs district in 1917 is 
estimated at  about 25 tons of ore that contained about 30,000 
pounds of tin, valued at  $14,400. In 1916 about 70 tons of ore 
that contained about 84,000 pounds of tin, valued at $36,500, was 
recovered. The decrease was due latgely to the shutting down of 
the large plants on Woodchopper Creek. 

TIN ORE. 

OCCURRENCE. 

Although the stream tin, which oocurs with the gold, has proved 
a considerable source of revenue, it is nowhere concentrated to such 
an extent that it can at present be mined profitably, except tm an 
accessory to the gold. The bedrock sources of tin, which without 
much doubt occur somewhere within the drainage basin of Sullivan 
Creek, may contain workable deposits and will possibly support a 
more permanent mining industry than the placers. 

For a number of y e m  the tin concentrates were thrown aside by 
the miners as their nature and value were not known, and they 
were considered a nuisance, as they blocked the riflles and interfered 
with the recovery of the gold. In  1911 the true nature of the tin 
ore was pointed out to the miners by H. M. Eakin, of the Geological 
Survey, during a reconnaissance of this district, and since that time 
about 173 tons of cassiterite containing 208,000 pomds of tin, 
worth about $79,000, has been recovered. There was at first'little 
incentive to save the ore, as the miners generally did not know 
where it could be sold, and the price was not high enough to make 
its recovery worth while. Speculators at  first offered 5 cents a 
pound for the concentrates, and shipped them to Singapore and 
Wales for smelting. Since that time the price has advanced until 
in 1917, 14 and 15 cents a pound was ogered at Hot Springs for the 
concentrates, a price which netted the producer 12 to 13 cents a 
pound at the mines. 

Since the value of the tin became known, most of the operators 
have recovered as much of it as could be readily won. The tin ore 
is so much lighter than the gold that by a proper elevation of the 
sluice boxes the main separation of cassiterite, and gold is easily 
made. The small amount of fine gold that go& over with the tin 
concentrates is recovered by cyanidation or amalgamation. The 
most diflicult operation, and one which at present entails a wn- 
siderable waste of high-grade tin ore, is the separation of the cassit- 
erite from other heavy concentrates, principally pyrite and hematite, 
which are not easily separated from the tin by the ordinary sluicing 
methods. The tin ore ranges in size from particles the size of beach 
sand to boulders several inch@ in diameter and a few pieces nearly 
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rt foot in diameter. The large piectw are easily hand picked, and the 
ore is then put through a screen of appropriate mesh to remove the 
liy14t.e. T h w p j d h  occurs in cubes, the largest of khich are one- 
dighth incH in dihe ter ,  and mwh of the tin ore is in smaller pieces. 
It is thus obvious that much of the tin is not separable by screen- 
%. At p-t i d b  is nbt profitable to ship concentr~tes which 
contttinjaq ppite, a'nd a great deal of tin is thus wasted. The fine 
th we contahs a much larger proportion of metallic tin than the 
large pi&&, whi6h ~ n t a i n  more quartz. The quartz 'inchions of 
fhe large pi&% -however, are reported to carry a considerable 
amofint 03' gold: ~lrieh might partly compensatei for the smaller 
mt8nt of* dh' 'Phe sepmation of the tin ore from the associated 
heavy oo t i c~ba t tb  should be easily accomplished by the use of 
proper&~&ne$y. Where no pyrite or other objecthiablie heavy 
m i d r a t e s  'We pr&ent 'there is no difEculty in cohcentrating the . . 

> '  ' i ' u  

j I EXTmNT AND SOUROE, 

Th6 bi 6:e is p r a c t i ~ ~ y  confined to the basin of Sullivan Creek, 
and ip' cdn9entrations in general appear to coincide 4 t h  the gold 
placers of t6at basin. Stream tin has been reported on several 
streams b e l ~ x  the workable gold placers, but naturally the lighter 
&ar& &re ca+qied farther downstream. The uppar limit of the 
t$ ore on ~ d v a n  Creek and its tributaries appears to be rather well 
defined. Evidently the bedrock source is somewhere in the present 
basin of ~ d l i v n $  Creek and is presumably covered by grave@. Even 
if the loilea oi,lMoose Mountain contain tin, they are not b&eved to 
6e source qf ,tb; tin of Sullivan Creek, for then the heaviest con- 
cbqtiotions b f ' T $ k d i n  ore would normally occur just below the 
lo&s 'an$ decreyje do.kmhill toward Sullivan Creek. As a matter of 

- fict, litid6 st&&n 'tin is found between the lodes of Moose Mountain 
and a point a short distance above Old Tofty, where the rich con- 
centrations begin very abruptly, 
The amount of tin ore that can be won under present conditions 

a d  '&Y@ is %it ftirgei (As long as the placers of Sullivan Creek 
vat$ c'd!~ii;t& to'bljdratd on their pr&ent scale, there should be a 
produciioh'bf' 55 '6 50 tons of tin ore a year, or possibly twice that 
$mount ilf inore'~d'fia'ed methods of recovery are used. In the old 
ti&@ and I tb  iqw-grade gravels, however, several thousand 
hiib'bf tih cdncbd'trates could be recovered a t  a higher cost of pro- 

, .  , I 

duction. 
I I >  I MIHTN& 'OPERATIONS. 

'pSpbu{&q !pea, 'of the Hot Springs district extends from a 
point'near h h  Zake northeastward for about 35,miles to Pioneer 
Creek, a tributary of Eureka Creek. It comprises the drainage areas 
of Boulder, American, Sullivan, and Baker creeks. 

115086°-14--22 
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The principal aperatom of the Baker Creek valley are Frank & 
Graham on Pioneer Creek, a large tribufary of Eureka Creek that 
enters from the northeast. 

The south side o h h e  valley is steep wr4ued and contains no gravel. 
~ o A h  of the stream the valley wall is comparatidy flat and ex- 
tends a long distance to the summit of the ridge. Along the uppey 
part of this slope What Cheer and other bars are partly worked out, 
but below the bars are extensive deposits of low-grade gravels. The 
entire creek is now controlled by Frank & Graham, who are working 
the deposit by hydraulic methods. Two cuts are worked a t  once, so 
that they can be aluiced on alternate days, and the ground can be 
thawed by exposure to the sun and air. The gravel is shallow, and 
overburden and gravel are easily handled by water from the giants. 
Streams that cut across this north slope of Pioneer Creek co~t.%it~ 
much richer concentrations of gold. One of the richest of these 
tributary streams is Seattle Junior Creek, which is now being worked 
by hydraulic elevators. Operations here, however, are internhittent, 
as the @levators can be operated only when there is an ample supply 
of water. 

On Eureka Creek, about 2 miles above the mouth of Pioneer, one 
company which employs 5 men operated a hydraulic plant, sf.liiding 
bench gravds, and also did some prospecting. 

On Omega Wexk 'two men drove a drift in the winteir 09 19k6-17 
and dug an open cut during the summer of 1917. Wate? is scarce 
but the g r & ~ & s  at% shallow and vew easily worked. A wihte'r dil-inp 
was As6 taken -out on Chicago Creek. One ou%t that enipioyed 
four d e n  operated on Thahksgiving Creek, and sluicing was also 
done ah Rhode I&nd Creek and on the bench betWeen k h d e  Is- 
land m d  Glen creeks. 

SULLIVAN U B B E E  

The ody active mining on Cache Creek was a little sniping $or 
tin. Oh the Midnight Suh an$ Abe Lincoln claims, near Gld r'ofty, 
small p h t s  recovered both tin and gold. On Tofty Gulch anB the 
bench ta t%e west tihree men reworked tailings and recovered several 
tons of "tin ore and considerable gold. One s m d  plant was in opert+ 
tion on Miner Gulch, and be'tween Miner Gulch and 'Woodch'dpper 
there were 'thee 'outfits that employed horn 50 to 60 men. 

Extensive deposits w m  1oca;bed on Woodchopper Creek in 1914 
and for the two years following were actively exploited by a large 
force of men. These mines were not worked in 1917, and there Was 
little activity on Woodchopper Creek. 
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AMERICAN CREEK. 

American Creek is a comparative1y.short creek that flows into 
f i h  Lake. Mining is carried on in the upper part of the valley, 
which is floored with a deposit of shallow gravel from 10 to 18 feet 
deep. Below the mines the depth of the gravels increases a t  a steep 
grade toward Fish Lake. Three plants that employed about 16 
men were in operation in 1917, using both open-cut methods and 
drifting. Gravity water is available for the lower workings, but 
at one plant it is necessary to pump water to elevated sluice boxes. 

BOULDER CREEK. 

Boulder Creek is a stream about 25 miles long that flows into the 
swampy lake area west of Fish Lake. I ts  main branch heads on 
the south slope of Moose Mountain, but several large tributaries enter 
it from the north and head in the main ridge that forms the main 
divide between Yukon and Tanana rivers. Prospecting has been 
carried on in Boulder Creek for a number of years, and low-grade 
deposits were known to exist, but not until recently were there any 
active mining operations. 

Ground was staked on the main fork of Boulder Creek, known 
locally as Big Boulder, 14 miles above the main forks, and active - development work was started in the spring of 1916, when work was 
begun on a ditch which brings water 4 miles from a point near the 
head of Boulder Creek. The company controls 4+ miles of ground. 
An option was taken on this ground by Cleveland & Howell and 
worked by them during a part of the season of 1917, but work was 
stopped in August, and the owners continued to work on a small 
scale. 

The south wall of the creek is steep and contains no gravel. North 
of the creek the valley wall f o b s  a gentle slope which is floored with 
shallow alluvium, from 8 to 12 feet deep, that carries gold. The d e  
posits are low grade and spotted but are extensive and easily worked 
by hydraulic methods. The gold occurs on this bench for a length of 
several miles, and the workable areas, where explored, have a width 
of ,1,200 feet. Over 200,000 feet of bedrock was cleaned in 1917. 

One man was prospecting on Little Boulder, the main tributary 
of the creek. The stream was diverted from its course and carried 
for half a mile through the flat a t  the mouth of the creek. The al- 
luvium is from 6 to 12 feet deep and consists of silt that carries layers 
and lenses of angular slate fragments. 

Trail Creek is the first tributary of Boulder that enters from the 
north below the main forks. On one of its branches, known as Dry 
Creek, one plant was operating in 1917. The gravels are shallow and 
angular. Where exposed by the cut they are from 3 to 6 feet 
deep and are composed of black slate, graywacke, quartzite, and 
schist, rocks similar to those exposed on bedrock. Water is not . plentiful, but the ground is easily handled. 



TIN DEPOSITS OF THE RUBY DISTRICT. 

The following statement is based on a hasty reconnaissance of the 
Ruby district in 1917 to determine the possibility of the production 
of tin. Although stream tin occurs at a number of places in the 
gold placers, there has been only a slight output. Cassiterite has 
been noted in the concentrates from Long, Spruce, Short, Tamarack, 
Midnight, Trail, Monument, Birch, Ruby, Poorman, Flat, and Green- 
stone creeks. The cassiterite is plentiful at few places, and at no 
place has enough been found to pay for mining it, except as an acces- 
sory to the gold. The gravels on Midnight Creek have been pros- 
pected for tin, and 14 sacks of concentrates were shipped to Singapore. 
This shipment consisted of 1,037 pounds of ore which assayed 52.2 
per cent, or 537 pounds, of metallic tin. The net return of $156.22 
from ore recovered from 6,000 square feet of bedrock gives a yield 
of about 23 cents a square foot. Evidently the amount of tin recov- 
ered from even the richest tin placers now known is so small that 
even the shallow gravels can not be worked profitably for the tin 
alone. At best it adds but little to the profit derived from the gold. 
It is also evident that the tin ore is so disseminated that it will be 
very diEcult to recover any large quantity, although a few tons may 
be saved each year by the placer gold miners.. 
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The Tolstai district as considered in this report includes an area 
about 12 miles wide by 20 long that lies on the northwest flank of 
Mount Hurst. The drainage from the district reaches the,Innoko 
mainly thaugh Tolstoi and Dishna rivers. 

A t h e  and compass traverse was made of the Dishna River from 
its mouth to the%mouth of the Tolstoi, and thence up the Tolstoi to 
Madison Creek. Early in July, 1917, two weeks were spent in the 
vicinity of Tolsbi in collecting the data upon which this report and 
a podon of the accompanying geologic sketch map (Pl. IX) are 
based. 

TOP0 GRAPHY. 

Mount H v t ,  the highest point in the area, reaches an elevation 
of nearly 3,000 feet and gives a maximum relief to the district of 
approximately 2,500 feet. Northeas tward from Mount Hurst ex- 
tends a range of hills which have elevations between 1,200 and 1,800 
feet above sea level, becoming lower as they approach the Innoko 
to #e nortbewt. W'eet of these hills the country presents a much 
less rugged aspect, and low, broad, flabtopped hiUs between which 
stretch y4ds valleys are the characteristic features, though some of 
the miser st~eams are rather sharply incised. Northward toward 
&e b o k o  there appears fo be a succession of low hills, between 
which t h ~ r e  are wide swampy areas that merge on the west with the 
lowlands. of Innoko and Dishna rivers. 

Bib& of. the area under discussion lies within the besin of Tolstoi 
Biver, md the high ridge of hills which culminates in Mount Hurst 
forms the divide between the Tolstoi drainage and that of the upper 

. Innoko. 
The trend of the drainage when taken in conjunction with the 

geobgic map, indicates that the northerly course of a number of 
streams is due to bedrock structure. Modifications, however, have 
been cause& by alluviation or by lateral erosion, the latter in places 
where the stre-ams flow on bedrock as well as where the banks are of 
unconsolidated material. 
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Numerous lakes are a characteristic feature of the poorly drained 
lowlands. They are usually small in area and occupy slight depres- 
sions in unconsolidated sediments rather than depressions in bed- 
rock. ;'.They lie 4% llighgr Qe*dtiobs t l%~~the o k b w  W Wti are 
formed by changes in stream! ohalineIst, and they are probably the 
composite result of a number of factors which include soil flow, the 
damming of sluggish streams by the growth of vegetation, and the 
thawing of lenses of ground ice. 

CLIMATE. 

Climatic conditions in this district ar$ bsbentially the same as those 
fwmd, dsewhere within the lower Y u h  drainage b a s h  lWin$ers 
are, somekiPh@$ more, moderate thas in $he Upper Yukon, altbougb 
aey; airs b t h  1- and wid,, I t ! i  

Fair days in summer are usually verg plsasant, but their m b w  
vtu4@sl$rorn ym.1~40 year, ssl do the number of rainy days m ~ d  ithe 
tauowl$ of T ~ & .  Usually, however, ,the later part of the ~UmPlzer 
bm thq gr'8atar. precipitation. During July, 1817, tba : r a b  T m e  
unwualky hewy ithad frequent, IN that the Tolstoi reachsd ~ n d  m h -  
taiped'e &age of water for about 10 daya campwabls aaith ithat of 
the normal spring high water. In one rain during this period .there 
was a precipitation of mom t h m  2 intthes in a few hours. I n  the 
hi& hills near Mount Hurst, the rainfall is apparently gpatera$an 
in the low areas along the loGer,courses of ~olstof  and DGhna rl?erpl 
as thddq' hills weTe frequently hidden in clouds when' the 'sty W% 

' I  . r 

f&lY cib'ar, ov$ "the' '~a l l e~s .  
,: I 8 j ' * ?  , 3 s  ' *  . - I (  3 

2% hehvy dm$& $"phagntrzh nibsses d & m  all 'but the hiphddt'p&& 
addbt.e$b sl@p& d&Bavilj+ thb6i-ed areis. f % ~ e  conditions &~&fBv 6r- 
abld;4t.i%weas with good drihhge, gf.asse!ed make up a get&&' pi.bpoi~ 
%im ofi tfmdwg&d: oov~rihg.' Mdcirs, willows, and dwaH birchif o m  
&he lo*& t3P 'minor st~%am valleys and of the hillrsidw, md W 
larger wpscies 2w340ws, togather with spruoe; t a m a r ~ k ,  cottow 
wood, and some birch, make up the, major growth dong '5hstBhs 
and .Tblat;oi and aeir larger tributarieq .where thaimd ahat&died 

$ ~ ~ b ~ i ~ i o n s  most favwable for theh best1 de$afopmmb. 
The lporvrly draiaedi interskrmm areas are occupied by m mathred 
and stunted growth of spruce. Tamarack may occasionally be fmrnd . 
associated with id, , Gwd timber ,wcurs on the flanks. of M~mt 
Ilwt vp to 1,8QQ. pr 2,000 bet. Though timber is g?&1~ 
sprqcie,,,fhe~e p 3  Cj)gme patches of tamarack and a few k.ohw, - 

,At Tplstoi there\ were gasdeqs wherq the morR rapidly mat- 
rqgetabrl,es ware, q&ed. ns amounb so pr~dqoed, boyever,, ,waq 
only a small proportion of the total quantities cowwed, w&h the,~?;, 
ceptiqpf radishes and lettuce, of which practically the entireconsump- 
tion wv of local production. 
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, ANIMAL LIFE. 

',@qt.ck bear are,said to be fairly common in this rggionon, and one 
ww seen on $he $&hna. Caribou are only occasiondy qeen, Smaller 
arkrdq a m  nuperow, 

Geese and ducks were seen along the streams, and $be swampy 
weas afTord,,ideaJ, breeding places for them. Ptarmigjan are found 
on tb8 &h.q in spdl flocks, though in lesser nu~pbers than in 
former years. 

Grayling and trout are found in the streams and may be taken 
with a fly. Eing ,salmon ascend the Dishna and sometimes ascend 
the'Tdll$toi 'did. The smaller species of salmon were thk'eh in nets 
inSbo&$qera6le iabb'e? a t  the mouth of Mastodon Creek. 

I .  7 

I *  ;slCQ~QMIC FACTOR@ AFFECTING MINXNG. 

'16 fhd 'i4cinity of the'creeks, where there has been more or less 
pk$spe'cting,:i sdatthed growth of stunted spruce has afforded fuel 
for' the sm& plants used for thawing. With an increase in magni- 
ttidebf dpekdtiths, however, this type of fuel is unsatisfa'ctory ahd 
uneconomicd. In  addition, i t  is necessary to have largh timber for 
use in mining. For theLsopera$ions 04 ;Boob Creek cordwood and 
timber were haded a distance of 2 to 4 miles from Tolstoi River and 
f k b & . ~ d $ t & d ~  Creek. On other creeks, except those directly tribu- 
ttdy to Tohtoi River, where mining may be carried 6n, even greater 
difficulty ia @h&&ng; fuel will be found, and it is probable that for 
large operati&s i t  win be necessary to use liquid fuels. 

$ukh fuel$ can 'bQ carried by gasoline scows up Tolstoi River as far 
as Tolstoi and pdssibly still farther under favoriible,conditions of 
hi& wa t~ r .  Winter transportation from Tolstoi Bi'vdr would prob- 
ably prove, m& 'economicd. Under present conditions even winter 
t~alisportation to the upper portion of Madison Creek costs about 
5 cents a pouhd from Tolstoi River. Supplies can be brought by 
* a t ~ r  from Holy Cross to the mouth of the Tolstbi fhr 2 or 3 cents 
a pound. 

'Ng*ation to this point is comparatively free frdm difBculties 
except in unusuaJly low stages of water on Imoko and Dishha rivers. 
On T o l s ~ i  Bivek navigation is not practicable for power boats a t  
low stages. 
' '  Wages dwing the summer of 1917 were about the samb as a t  other 
Alaskrln cwps ,  $5 a day of 8 hours with board being paid for 'under- 
ground work and'$6 a day of 10 hours wikh board for surfisce work. 
No h a $ i v e s ' ~ i ~ e  einployed in mining but some worltcid'at the saw- 
mill at tbe mouth of Tolstoi River. 

The early s h &  of 1917 was unusually wet, yet on many of the 
smaller streams where prospecting was being carried on there was 
but little surplus of water over that required for sluicing. I n  normal 
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seasons i t  would appear thrqt there will. be a scarcity of water unless 
ditches are built to bring in water from two or more streams, or 
dependence must be placed either on the water svpply furnished by 
the melting snow in spring or on that afforded intermittenfily by 
rains during the summer. 'An internittent supply may be obtained 
by damming and " splashing. " 

As 4he creek gradients are low in tbe lpwer coves ,  some d$Eculty 
may be experienced in securing dump room and grade for sluice boxes 
without building trestles. 

GEOZVOGY. 

The geology of the region in general is simple, thoqgh its inteurpre- 
tation is a t  first somewhat difficult because outcrops of ths forma- 
tions are not everywhere common, especially on the lower hills and 
gentler slopes. Vegetation covers these areas, and the nature of 
the, usderlying rocks is revealed only by the materid taken from 
grospect holes, by isolated projecting rocks, or by exposures here 
and @ere along stream courses: The trend of the structural fea- 
tures, bowever, affords considerable help in geologic mqpping and 
was r&ed on +em other data were lackmg. 

PALEOZOIC ROCKS. 

The most conspicuous of the Paleozoic rocks is a limestone, which 
forms +;he lugh conical hills on the northwest and west flanks of Mount 
Hum4 and extends southwestward nearly to Tolstoi River? It 
crosses Hurst Creek and appears a t  the base of the hills on the east 
side of. this stream a short distance below the now abandonsd Jap 
ljbd,hom. A small outcrop lies between the forks of Mastodon 
and &mmoth creeks, and another appears on the south side of 
Myers Creek. Limestone pebbles are found in the gravels of Iron 
Greek, and this rock is said to crop out on the north side of the creek. 
I,t is not known whether or not it extends north of Madison Creek. 

Schiptose asd; &ceous phases of the limestone appear iq the vicin- 
ity of Mount Hurst, and the siliceous rock is finely crystalline. Else- 
&era- the rock appears to show but slight eff ecQ of cryptallizahion. 

A r w  of phyUites or schistose argillitic rocks are awaciated with 
#e q&tose limestone, but they are comparatively s m d ,  and on 
account of their similarity in composition can not everywhere be 
readily separated from some of the Cretaceous argditic rocks which 
b v e  been metamorphosed. As fossils have not been found, it is 
not possible to make a deh i t e  statement of the age of the limestone. 
Because of tbir lithologic similarities the limestone and associated 
rocks are considered to be of late Carboniferous age and to be cor- 
related with similar rocks on the lower Kuskokwim and an the lower 
Yukon near Marshall. 

1 Maddren, A. G., oral c~mmuntcstion. 
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Although the rocks of this group are of widely diveme types they 
am believed to be of like migin and to be closely related in age. They 
have been separated, however, in mapping, the t d s  and;chefts bmg 
grouped kgether and the greenstonea s b w n  sepmahely. 

They occur chiefly on the northwmt flank of &I& Hnrat and dong 
the divide btwuen Tobtoi and upper Innoko rivew, a,t tBa heads of 
Mastodon d W i s o n  creeks, and probsbly $90 b&w*n Hurst 
Creek and upper Innoko River, south of the head of Uaskodon Creek, 
in the ares mapped as undifferentiated. Small areaa are also known 
from other pmts of t4e district, and cherts appear QII the north side 
of Mastodon Creek about a mile northeast of Tolstoi. As consider- 
able faulting and folding were produced by the intrysions xhich form 
Mount Hurst and, by the monmnite between Mastodon aod Madison 
creeks, numerous other small patches of these rocks representing 
fault blocks will probably be found elsewhere ip the district. 

Andesite rocks constitute a large portion of the greenstones, includ- 
ing most of the dense he-grained dark-greenish t&s.between Hurst 
Creek and Tolstoi River and the more schistose phqes, which proba- 
bly represent altered flows, at the head of Mastodon Creek. 

In  addition to these two types other igneous qoclp, including b& 
saltic flows and the even more basic intrusives, which are probably 
the source of platinum in this district, occur in a nuqpber of small 
areas in the vkinity of Mount Hurst as well as to the north of Mas- 
todon (=reek. Their areal extent is not known, for they are not con- 
spicuous in plaoera-where they are a.t3sociatediwitb bgre&tones and, 
as has already been pinked out, rtn additional tiifhd%y ia mapping 
is ca,usedc by hwidwpsead distribution of the Quateraq deposits, 
which effiectudly conceds the underlying lwkoak. Pjmxenites 
occur in cloes awxiation w&h the gr~e~h~bnaa .  They a m  dark, 
coarsely grandm, nonpwphytic m&s, tba,B aomi& mady 0.6 augite 
and lesser amounts of diallage. In soma plb-mus; phgw areas 
the source of the platinum has been found in rocks of this type. 

The cherts occur north of Mastodon Creek and) along the ridge lead- 
ing to Mount Hurst west of Kursti Creels. They may be either hght 
or dark, ranging from light horn-colored to dark greenish gray, and 
may resemble some of the phases of @e bu#$a &h, w h b  they are 
closely associated. 

No definite age determination hm yet been e ~ f -  thew, rocks, 
but they overlie -toass which hwe bwo tentati~dy. w i p e d  to 
the Carbonife1:ow. Chert cobbles aad pebMes, are, f~wd in. a con- 
glomerate which overlies the grq~nsfoaes &a& yib,i& rnwh the b w  
of the Cretacenus in this district. The- age of tha gmup is therefore 
very late Pdw&c or early Mesozoic. It is not cwbfhiq whether the 
basic intrusive rock are of this age or younger. 



Pi&& quwtzwdnzonite, whichis.Ioeally known ss grad&, o c c q  
along the ridge between the Madison and the Mastodon drainage 8a;t 
ths hdad crf Eldoria& Creek, bekween Myers and I ~ o n  creeks, and also 
bitw&h Ifon an;dJNadisoh drde'lrs. The areas mhpped as moqoliith 
may bbo ~ o h t ~ ' s o m g  se'dimentary rocks, as between Iron <and 
MS&&h. creeks; ifffiere limestonep dccur. 

> I . >  ' 

8 3ferwgp. a, jr., 4 Eqrketm, a. t., Mbmil  re^^ of tha R u b e -  regl!m, Aleskw 
U. 8. W. Survey Bull. W, p. 133,1916. 
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It has been pointed out in a previous bulletin that elsewhere in 
tb Ruby-Kwkokwim ~ ~ g i o n  there is a clw gene$q,,c~nry;ction be- 
tween the ~uulifkauq, .mineralization and ths rno~anif+~ jqcks. In  
&e T ~ l s t o i  &t@$ WB relation also prabablg hold% :apd f ha acour- 
renw af gold plpma jrs, to .be attributed to these btru@yqs. '@ere is 
said to be some residual placer gold on the slopes of @wade up of 
the ~l;lom~pi@,. wd $he auriferous quarta veins, wh&h, aFur b the 
near-by ,aretgg af, - w a r y  rocks, are believed t9 be derim$c&om 
the monzonite intrusion. s , + )  , 

m e  q u w  ,qrwcmite is made up of quartz, orthoclase, ,wd  plagi- 
oclnse in aboqb equaLwounts, together with hor~bleasde, apd biotite. 
A H t e  and rnagpptit9 stre, present as minor accosspry, xlSiperBJs. 

A,correh$ion with sbqilar rocks elsewhere in tba R~tky~guskokwim 
regiop a would. astaI&h a Tertiary age for the quwtz,mo1~~6t-e. 

DIORITE. 

Diorites ,are perhaps more widely spread than the geologic map 
indicates, for it: is atkdmely likely that in the area of ~ a h n t i a t e d  
rocks east of Hdrst Creek a number of the higher peakstire composed 
of this type of'rbck. ' There are also numbrdus km$$ bdtcmpsiin th6 
greenstone' areU;khich hPe too small to represene o ~ ~ t h e  map. These 
outcrops represexit: dikes from tke larger bathobthic W t d s i W  which 
fmin Modnt. Harst and appear on Joffre Creek. 'From 'the relations 
of the diohte and.greeastone at the head of Joffte Creek, it appears 
likely that eveh where the diariteis not exposed it lies bebw the green- 
stone where thkt robk appears between Mount H u r ~ t  and Madison 
Creek. There are &6 dikelike intrusions of comiderabl'e &tent in  the 
Cretaceous 'se(titaents,"$ the limestones, and in &fie &&&tones 
and greebtofie !~tijl@$. In the greenstones especially,. the kimiIa?ity 
of appearahce On* wedthdred 'surfaces makes a detemhatim 'sf the 
extent of these htmsidnd difficult. 

$om@ differencks ih the appearance of the diorite are'diie partly to 
the a h o w t  bf weathering that the rock has undergone and partly 
to differences 'inieomposition. Weathering gives the rock a much 
darker and greener color than i t  has when unaltered, &wing to the 
formatioh tif sseiddndary silicates and ferromagnesian min&aLs, such 
as zoisite, chldrite, and hornblende, as well as hydrous iron miherais. 

Where the rock is'unaltered its constituents are plagioclase feldspar, 
biotite, and atq$e, tdiether .\lpith a minor an8 varying'amount of 
qutktz: Apatirte and ~llggnetite are everywhere pI'esent, the mag- 
netite vdryhg considdrably in amount. In  sbme plakes ilmenite 
appetlrs to t k e  the place of some of the magnetite drld.cidciik id some- 
what Iarger &bins. The feldspaw range from dbite Bfigoclase to 
labradohe: but the mean appears to be oligoclase ttn4esid ' 

' 

t .  

, , ? p $ . B . , i r . , a ~ p a ~ , f i .  L,,*opr$t.,pp. p,sw,,&%lB,,~t;, 
9 1  &,p.B6. 
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Possibly the basic gmnd&i- tdclks t iht are associated w-ith the 
greenstme, and YWfn WM the pbtimihis derived, are differentiatea 
from the & O W  %Ugma, bfit ~ c ~ t 0 ~  evideace .on this point is 
lackidg, dtho~lgh 'the %oYites ih the gr6ehstones am somewhat more 
basic 'than either $he ma,h a$s& of km!n't H?mst a ffie intrusive 
mass & $&re Wek. 

Althdugh gold 'hits h a d  &ttdl,on c7oBe and Madison mwh., in the 
diorh, %be gold not beeh derivedl f m  deposib which owe 
their origin to the intrusion of the momonite. 

Age ~determin&ions L* 01457 pw$Be where relstiuns to both 
younger and s lda  ~ o c h  are known. The eliorite cuts Cretaceous 
rocks a d  themf6m 5s postdmtc~ceous and probtrbly early Tertiary. 
Its age with relation to %he mnzoai0e is not known bwt both are 
assumed Co have b n  introdwed during the sttme pefiod 'of igneous 
activity. 

SODA RHYOLITE AND ANDESITE. 

North and ~lorfhwest of :~ount, Huwt low flat-topped hills appeaT to 
merge into the lowlands of the Dishna and the Innoko. So far as is 
known, these hi$s are made up d rhyolite Bows and tuffs, though 
andesite is present in dikes and flows and possibly slso in t d s .  They 
are mapped separately, but the rhyolite areas may include some 
and&&, and the mea mapped .as andesite may contain some rhyolite. 

The rhyolites are laght-colored rocks and at a distance present 
an apNarance l ike that of limestones with a slight buff tinge. In  
thin section they we seen *to be fine-grained porphyritic rocks, the 
phenocrysta being quartz and the plagioclase feldspar. The quartz 
is m u d y  of the smoky variety. Albite is the principal plagioclase, 
but the feldspars range between albite and oligoclase. Biotite is 
usually present in a few foik, which are also sometimes apparent in 
the hand specimen. Less commody hornblende may be seen in the 
section Magnetite may also be present. For the most part the 
groundmass is very fine grained anh alinost glassy in appearance. 
The flow or tufhceous character of the rock is apparent from the 
typical texture seen in thin section. 
ln the hand apecimen the aahesites are kght to hark greenish gray 

and can be read& disbinguished from the rhy&tes on account of their 
color. m e r e  thwandesites are in. the field they are also much darker, 
and they are miidly more completely covered by vegetation than the 
rhyolites. Associated with the flows or dikes are minor areas of 
dense $ne-gr&ed rocks &ich resemble argdliks in appearance -but 
which are probab'ly'he-grained t d s  or volcanic muds. The rhyolites 
appear to make up the entire hilltop and in m6ny places the steep 
slope to the flat of Tolstoi River, but the andesites north of polstoi 
appear at an elevation below the crest of the main ridge in small sub- 
sidiary ridgd Wicfi trs&d &ortheasWard in conformity with the 



GOLD AND PLATINUM PLACERS OF TOLSTOI DISTRICT. 347 

g ~ r a l  structural trend. Between Eldorado and Mastodon creeks 
the andesites occupy higher positions on the ridges, which correspond 
to those occupied by the rhyolites farther west. 

In thin eection andesine feldspar appears to be the chief con- 
stitueat of the rock, makmg up the phenocrysts as we31 as a consid- 
erable ambunt of the very fine grained groundmass. Phenocrysts 
of au@e amdso  present in places. Magnetite occurs in small grains 
in wld'elp vat7ing amount. Much of the groundmass is dtered and 
indeterminable arrd has been converted in part to secondary hydrous 
iron oxides, wWh give a general brown appearance to 'the section. 

It i~ wt possible to make exact age determinations of these rocks, 
although some 'generalization may be made. There is a suggestion 
as to %he .relative ages of the andesite and rhyolite afforded by the 
fo* of $210 outcrops of the andesite and by the relative position of 
the two series. The ridges north of Tolstoi may represent the up- 
turned eroded edges of flows the source of which lay eastward, 
although this is by no means proved. If this supposition is correct 
the rhyolites which lie to the west of the andesites flowed out over 
and c~r6 younger than the andesites. 

In other areas in western Alaska rocks of one or the other type are 
rather widely distributed. Ths exact lithologic equivalent of the 
rhyolite was seen on the north bank of the Innoko about halfway 
between Shagduk Slough and the mouth of Iditarod River. Collier1 

reporb that beta andesites and rhyolites cut the Cretaceous rocks 
between Ruby m d  Holy Cross. Andesitic and dacitic dikes, tuffs, 
and flows were f m d  by the writer2 to have a considerable extent 
along Anvik, Stuyahok, and Bonsila rivers, as well as in places along 
the Yukon be*d Anvik and Andreafski. At these occurrences 
thy me younger %ban the Cretaceous rocks with which they are 
sometimes associated and are older than the late Tertiary or Quater- 
nary basaltis d the lower Yukon. I n  other portions of the Ruby- 
Kuskokwim regioa both rhyolites and andesites have been foundS 

which are o'f l a b  Cretaceous or Tertiary age, and these are to be 
codrttwd with 49.10 corresponding rock types m the Tolstoi area. 

QUATERNARY D8POSITS. 

Unconsolidated material which is mainly of Quaternary age covers 
much 01 the lowland area of the Tolstoi district and extends nearly 
to the heads of many of the smaller streams and occzllpies the inter- 
stream ridges. This material is in part alluvial but probably is also 
in part of marine or lacustrine origin, and the ifat-topped hills a t  

- -  
1 Collier, A. J., 0llput)Med nbtes. 
9 Harrington, Q. L., The Anvilr-Andzeslski region, A l s s h  (including the MsrshalldidMct): U. S. Geol. 

Survey Bull. 653, pl. 2,1919. 
Mertie, J. B., jr., and Harrlngtc)n, Q. L., Mheral resoultea of the Ruby-w'rdrbkftrim~~m, A- 

U. S. Qeol. Survey Bull. 612, p. 238,1916. 



-elevations of 8Q0 t9  1,QQfl feat mag bq wave-cut terra* vpopw&h 
Wepe ~edimen@,wsre deg&ited. For ,,the most part, the sedimeets 
are thin and in large measurg have been removed or have been deft 
in only small apas. In  the lowlands the former stream comes 
were ,'$led with gravels, sw&, and @ts, but upon the reestablish- 
ment 9f drainage,.syshms aftqr the ,period of .inundatiop a large 
amount of the unconsolidated matepial was ,removed. Bstwees 
Tolptpk and Boob creek ,prospect h o b  which have been sunk @,,a 
depth of 125 feet pass through about 60 fwt of muck aad ice whi& 
overlies an equal thickness of silts, sands, and gravls. 

fn the silts thew are kqg9 amounts of ice, in sheets rather than in 
weggeis. These icg sheets *appear to coatain 4ifTereot amounts of 
silt apd bands of clear ice from an inch or leap to sevpral feet in 
thick&ss, altepating with bands of frozen siltlike matq$al, yhi& 
showa'-bariatioqs in thickness equally great. Possibly some of thg 
npm9b,us small lakes in the flatter, low-lying areas are dpe to &qpmsr 
sio?s,qaused b i  the, meltbg of ice layers undeweath. 

Th?<goY and: platinum content of the gravels has been coocen&ated 
by either the action of waves on beaches or by the current,af +reams, 
or there may hrlve been a reconcentration by streams frqw,oJder 
deposih formed along beaches or streaps. 

A somewhat unusual feature in consection with the placer m&1r6 
is thsf a short +stance above thg gravels there are fragments of 
vegeta:ion a?$ tufts of grass which resemble the niggerheds QQ t&e 
present wmfacs. :2'heir presence is easily explained. Tbere & a 
cover+g of silts, and sheet ice over practically all th9 gentkg lower 
dopes, an4 when r ~ ,  small or intermittent stream has cut throwh t b ~  
s;.f.q ,mat of yegetation it rapidly erodes the silt and ice tp $he 
grav9ls* or to bekock. By sloughing of the steep sides vegetam 
may &ach the bottom, of the cut, 20 feet or more in ,depth, . Bs  

b , $ 2  , 
contighow sloygbing, or 4y repeated freezing and thqming in faU 
an4 $ter, the,,9revice is completely filled with ice and muck, & 
the foqowing rpaq the stream may follow a different course, : , 

ocqum?~kw pf tusks, teeth, and other bones lsf P@etpp+!n~ 
mamihJals'in the placer gravels indicates the age of the deposits, 
although it is possible that kter reworking h a  taken place and that 
some of the placers are later than the Pleistocene. 

me Q u a t & . t ~ ~  history of this region has not been 'comFle&lp 
$vorked out, sbl&at it is not possible to Werentiate between &e 
Pleistocene a;nd3Recent deposits on account of theirSs&aritS; and 
the @ding ~lpwsid of one into the other. 

The' deposits ~LLich arb definitely of Recent 'age emgiace stream 
alluvium, talus, and other detritus produced thawugh &elactiua of 
frost azid other processes of weathering and the vegetal acchmiftatiops 
which cover large areas throughout the interior of Alwkrr. 
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MINERAL RESOURCES. 

I RZSTORY OF lKlNIIUC) DEVELOPMENT. 

The earlier history of the region has been given in the report of 
Maddren' on the mining developments in the Innoko basin to the 
time of his investigations in 1908. Some additional notes have been 
contributed by Eakina as the result of a reconnaissance trip from ' 

Ruby to Iditarod in 1912. 
Incident to the stampede to the Innoko, in the vicinity of Ophir, 

many claims were staked on streams in the Dishna drainage. A few 
men prospected their claims faithfully, although the high cost of 
supplies and the difficulty of getting them at any price necessarily 
made prospecting difficult. Many claims were held by other men, 
however, and upon them only sufficient work was done to maintain 
titles or not even the amount of work required by law. Title to most 
of these claims had been permitted to lapse by 1915, and when a 
rush during the spring and summer of 1916 followed the discovery 
of gold during the previous winter most of the ground along the 
creeks lay open for restaking. Prospecting was carried on quite 
extensively during the summer of 1916, but Boob Creek alone made 
any production and that small. Preparations for mining on a 
larger scale were made, however, and during the winter and spring 
of 1916-17, a considerable production was made by the which 
operated on claim No. 2 belov Discovery and the adjoining fraction 
above this claim. During the winter of 1916-17 there was a stampede 
from Ruby, Ophir, and Iditarod, which brought the population 
of the district up to about 450, most of whom staked claims. This 
stampede was followed during the winter by active prospecting on a 
large number of the creeks tributary to Tolstoi River, but for the 
most part this work failed to develop workable placer ground. As a 
result the population dwindled, until in July, 191 7, there were only 
about 50 left in the district. About $50,000 in gold was taken 
out in 1917, the result of the operations of about 25 men on five 
plants, most of the production being on Boob Creek. Boob Creek 
is the only creek in the district that produced platinum. The plati- 
num was not separated from the gold but was sold with i t  to the 
bank in Iditarod. The platinum in the gold was said to amount 
to about 1 per cent, so that about 30 ounces of platinum was pro- 
duced in 1917. 

GOLD PLACERS. 

The only plant which made any considerable production up to 
July, 191 7, is located on Boob Creek. Extensive mining operations 
have been confined to that creek, where one plant was in operation, 

I Maddnm, A. Q., The Innoko gold placar district, Alsska: U. 8. Geol. Burvey Bull. 414 pp. 19-21,1910. 
rEaldn, H. M;.,  he ~ditarod-~uby re.gion, ~ lasks:  U. 8. ~ e o l .  survey BUU. 678, p. a9,1914. 
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and several outfits were mgzgpd in prospecting during the spring 
and summer. 

The deposits are worked by underground methods for the aurif- 
erous gavels, 2 to 4 feet thick, lie beneath 25 to 35 feet of muck 
snd ice. The auFfme gradient of the stream is low, not wer  50 feet 
to the mile. 

. Besides gold snd platinum a t h a  minerals which may have economic 
importance are cinnabar and cassiterite, whioh are found in ma;U 
amounts. Cinnabar occurs in, s m d  pebbles up to half sn inch in 
diameter of a characteristic red color. Cassiterite in the, form 
known as woad  ti^ occurs in the typical botryoidal form, ahowi~g 
radiate structures when crwked open. The pebbles are aomewbat 
daker  than those seen in, the Ruby district, being nearly Mack. 
The crushed mipwal gives a very light brown powder. 

A small sample of the platinum from Boob Creek was pres&ed 
to the Survey by Mr. J. S. Pitcher, of Tolstoi. It was analyzed by 
a, C. Wells in the chemical Zaborastwy of the Survey and found to. 
have t,be following composition : 

Analysis of ppecimm of platinzrm from Boob Creek, Tolstoi distht.  

Plgtinum.. .................................................... 83.4 
Iridium. ..................................................... .4 
Palladium. .................................................. , 3  
Cbpper .................... .................................. None. 
Rhodium. .................................................... . 3  
Iran.. ...................................................... 9.8 
Oemiriiyrn, silica, aad c@eteqnined. ........................ -. 6 
Nicket. ..... ,. .............................................. None. 

Pyrite, magnetite, garnet, feldspar, and quartz also occur in the 
concentrates. 'The quartz is found in smaU brilliant transparent 
crystals as well as ili the milky white form from veins. A considerable 
number of gr&s of nearly opaque, brownish-black grains of obsidian 
or volcanic glass were aho noted. 

Some of the tributaries of Tolstoi River, which head against 
Mount Hurst or its spurs, were prospected during the spring and 
summer. Up to July none had made any production. Considerable 
prospecting had dao been done on tributaries of Mastodon Creek 
other khan Boob, but without result. 

On Madison Creek and seyeral of the streams flowing into it, 
including Esperanto, Joffre, and Eldorado creeks and their tribu- 
taries, eonsidwable pmpmting has been done. On Iron k k ,  
which emptias h40 Eldorado, there were at ane time seven OP eight 
outfits, but in July only one of these was working about 2- miles 
from the head of the creek. Mining was being done in an open cut 



by three men who were shoveling into the boxes. The gravels were 
largely composed of phyllitic rocks and granite but included some 
pebbles of limestone. Sections show from 2 to 4 feet of gravel 
overlain by about 4 feet of muck. A considerable amount of stripping 
had been done, and it was planned to work during the summer. 
No platinum was found on this creek. A considerable amount of 
prospecting had been done on a number of claims near the head of 
Madison Creek, but work during July was confhed to two claims. 
On claim No. 5 above Discovery three men were working. At this 
locality 4 feet of muck overlies about 8 feet of gravel, and the gold 
is found in the lower 4 feet. The gold from this claim is flaky, h e ,  
and worn. No platinum was seen in pannings, which in addition 
to the gold contained magnetite, ilmenite, augite, hornblende, 
garnet, and zircon, none of which have economic value under these 
conditions of occurrence. The creek valley is about 150 to 200 
feet wide on this claim. The ground in the center is said to be 
thawed, dthough i t  is frozen on either side. Operations were 
largely carried on with the purpose of ascertaining the extent and 
richness of the stream gravels. A small production was made from 
this and adjoining claims under the same ownership. 

One man was working on claim No. 7 above Discovery. A number 
of prospect holes had been sunk and the dirt from these holes and 
some short crosscuts had been rocked out. The gold, although 
somewhat worn, is considerably coarser than that found on claims 
lying farther down the creek and is described as "shotty" rather 
than flaky. An association of minerals similar to that on the 
lower claims is found in the concentrates. 



TIN MINING IN SEWARD PENINSULA. 

SUMMARY O F  MINING OPERATIONS. 

A r6sum6 of the history of tin mining ia Alaska up to 1911 has 
been compiled by Eakin? and the following summary of operations 
up to that date is largely abstracted from his report. 

Stream tin was first found on Buhner Creek, a tributary of Ani- 
kovik River, in 1900, and there has been some production of cassit- 
erite from placer operations in the York region since 1902. I n  1911 
a dredge was installed on Buck Creek which has been in operation 
each season since, Two dredges were installed on Anikovik River 
in 1914 for the recovery of both gold and cassiterite but were oper- 
ated only during that and the following season. A second dredge 
was installed on Buck Creek in 1915 and has worked each summer 
since that date. The machinery of one of the dredgm on Anikovik 
River was removed from the hull in 1916 and installed on a dredge 
on Swanson Creek, a tributary of Agiapuk River. The hull was 
carried out to sea by high water and lost. The other dredge on Ani- 
kovik River was idle in both 1916 and 1917. 

Collier statesZ that "small specimens of stream tin have been 
found in the northern part of Seward Peninsula, from Cape Prince 
of Wales to the south shore of Kotzebue Sound, and in the southern 
part of the peninsula the ore has been found in several streams of 
the Nome district." 

Hess mentions that Goldbottom Creek in the Nome district, Fred 
Gulch, north of Mount Distin, Dick Creek, Old Glory, and a "few 
other creeks of the Arctic slope east of Ears Mountain carry some 
stream tin." 

Cassiterite lodes were discovered at Cape Mountain in 1902 and 
on Lost River the following year. Mining operations have been car- 
ried on at both localities ever since, although in a somewhat desul- 
tory fashion. Two stamp mills have been erected at Tin City to 
handle ore from two properties, and a small tonnage has been pro- 
duced, but both properties have been idle for several years. At Lost 

1 Eakin, H. M., U. S. Geol. Survey Bull. 622, pp. 81-94, 1915. 
SCollier, A. J., U. 8. Geol. Survey Bull. 259, p. 126, 1905. 
UHess, F. L., U. 9. Geol. Survey Bull. 284, p. 157, 1908. 
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River assessment work has been done annually for a number of 
years on a group of claims, and a, fair stage of developmat has been 
reached. This property has been leased to different corporations 
which did some mining, milling the ore in a small test mill at the 
mine on Cassiterite Creek, In  1917 lumber and machinery for a 
mill at  this property was at Teller, but the only assessment work 
was done at the mine. 

Assessment work has been done for a namber of years on several 
lode prospects at several places in western Seward Peninsula. By 
far the largest proportion of the Alaskan tin production has come 
from the placer operations on Buck Creek or from Grouse Creek, 
into which it flows. A small production of placer tin has been made 
from Cassiterite Creek.= Placer tin has also been recovered in the 
Yukon-Tanana region in the Hot Springs district, and a miall pro- 
duction has been made in the Ruby district. Investigations of the 
possibilities of the tin production of these two districts were made 
in 1'917 by Theodore Chapin, and his reports appear in another 
chapter of this volume. 

Investigations of the tin deposits of the York region have been 
made by a number of Geological Survey parties, the scope ranging 
from hasty reconnaissance trips to obtain the new facts revealed 
by mining developments to detailed studies of the one occur- 
rence. The most complete of these studies were made by Collier 
and later by Knopf, in whose reparts will be found a description of 
most of the essential features covering the geologic occurrence of the 
cassiterite. The following publications deal primarily with the tin 
deposits of Seward Peninsula : 

Brooks, A. H., A new occurrence of cassiterite in Alaska : Science, new ser., vol. 
13, No. 328, p. 593, 1901. 

Brooks, A. H., An occurrence of stream tin in the York region, Alaska : U. S. 
Geol. Sarvey Mineral Resources, 1900, p. 270, 1901. 

Collier, A. J., The tin deposite of the York region, Alaska: U. S. Oeol. Elurvey 
Bull. 229, 1904. 

Collier, A. J., Recent developments of Alaska tin deposits: U. S. Geol. Survey 
Bull. 269, pp. 120-127, 1905. 

Hess, I?. L., The York tin region: U. S. Geol. Survey Bull. 284, pp. 145-157, 
1906. 

Kaopf, Adolph, Geology of the Seward Peninsula tin deposits, Alaska : U. S. 
Geoi. Survey Bull. 358, 1908. 

Hess, F. L., Mineral resources of Alaska, 1911: U. S. Geol. Survey Bull. 620, 
pp. 84-92, 1912. 

Eakin, H. M., Tin mining in Alaska: U. S. Geol. Survey Bull. 622, pp. 81-94, 
1915. 

The following publications contain only incidental references to 
the occurrence of tin in the same region : 

Enkin, H. M., op. dt., p. 89. 
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Brooks, A. H., A reconnaissance of the Cape Nome and adjacent gold fields 
of Seward Peninsula, Alaska: U. S. Geol. Survey Special Pub., pp. 192439,1901. 

Collier, A. 3.. A recDnnaisSance of the northwestern part of Seward Penin- 
sula, Alaska: 0. S. Geol. Survey Prof. Paper 2, pp. 49-51, 1902. 

A demand for a knowledge of the present possibilities of produc- 
tion of both the lode and placer tin deposits of the York region, re- 
sulting from the urgent need of tin, and the desire to find a source 
of this metal nearer than the Asiatic deposits led to the somewhat 
brief reconnaissance of portions of the York region in 1914. This 
report aims to present briefly the data obtained regarding develop- 
ments and possibilities of production rather than to p r w ~ t  geologic 
facts which have been given in the reports already cihd, especially 
those of Collier, Knopf, and Eakin. 

Acknowledgments are due and gladly given for courtesies received 
from Mr. T. A. Peterson, of the 'IJork Dredging Co., and Mr. A. 
Graham, of the American Tih Dredging Co., on Buck Creek, and 
Mr. William O'Brien on Lost River. Information regarding the tin 
deposits of Ear Mountain was received from Mr. T. Winfield, of 
Teller. Mr. Fred Hinton, of Teller, gave the writer his information 
regarding developments at  Tin City. 

CASSITERITE LODES. 

Qther work seriously curtailed the scope of the tin investigations in 
191'7, so that it was not possible to visit either Ear Mountain or Tin 
City. A superficial examination of the lode prospects near Potato 
Mountain was made, and portions of two days were spent on Lost 
River. 

LOST RIVER. 

, . I n  September, 1917, about 150 feet of additional drifts had been 
drivem since Eakin visited the property in 1914. He says concerning 
the development on Cassiterite Creek at the Cassiterite and Ida Bell 
lodes 
The mkxfmum witlth developed is 23 feet, and the average width is estimated 

a t  12 feet, from the evidence afforded by numerous crosscuts along about 1,100 
feet of drifts. The extreme limits of development work embrace a horimntal 
distance of 1,420 feet and a vertical distance of 410 feet above the creek bottom. 
The indications point to the persistence of the lode in form and character below 
the creek level, and no special mining difficulties at  depth are indicated. 
Some etrong vein8 carrying tin cPop out 300 feet north of the Cassiterite lode 

and dip 46' S. @he lode itself dips 85" in the same direction, and if these dips 
persist the veim should meet the lode a t  a depth of about 800 feet below the 
creek level. 

Developments on the Cassiterite lode in July, 1914, consisted of 1,094 feet of 
drlft9 on flve Wds, Besides a number of crosscuts, and ad. upraise of 108 feet 
between the flrst and second levels east. 

Eakin, 8. M., op. cit., pp. 86, 87. 
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About 2,000 tons of ore taken from the first and second levels east lies on the 
dump a t  the portal of the lower adit. 

The test mill of the Lost River mine plant has operated for two successive 
seasons. The dump, containing about 2,000 tons of run-of-mine ore, was sampled 
by trenching entirely across its center and milling all the ore a s  it came. The 
resalts of the test 'probably indicate very closely, the general tenor of the dump 
as a whole and of a large body of minable ore blocked out by the developments 
indicated. 

The managers report that about 4 per cent of concentrates were obtained fGom 
the ore milled during the two seasons and that no notable variation was ob- 
servable a t  any period of operation. The concentrates are very clean and are 
said to contain an average of 62.31 per cent of metallic tin and 11.08 per cent of 
metallic tungsten. 

The Ida Bell lode strikes northeast and intersects the Cassiterite lode at 
the surface 700 feet west of the creek and 225 feet above creek level. Its dip is 
approximately 90". I t  is wider than the Cassiterite lode, ranging from 25 to 35 
feet. Developments on this lode include a 70-foot adit and a 60-foot winze sunk 
a t  its extremity. 

Like the Cassiterite lode, the Ida Bell is a quartz porphyry dike, but the pro- 
nounced alteration of the former is not here dupltcated. For the most part the 
lode consists of firm, slightly altered quartz porphyry intricately traversed by 
thin, rich veinlets with cassiterite as the only conspicuous valuable mineral. The 
ore is reported to be of good quality, but owing to its hardness i t  will require 
different treatment from that adapted to the Cassiterite lode ores, which are 
soft. Further development of this part of the mine will await a higher develop- 
ment of the reduction plant. 

Development work since 1914 had been mainly on the east side of the 
creek; that for 1917 contemplated the enlarging of the main haulage- 
way of the lowest level 'of the mine. 

This property has sufficient ore either mined and on the dump or 
developed so that production could be commenced as soon as a mill is 
installed. Milling machinery and the necessary lumber for the erec- 
tion of a mill building were a t  Teller in 1917. I t  is probable that 
this equipment could be most easily hauled to the mine during the 
winter, for the road from the mouth of Lost River to the mine crosses 
the river by fords severals times and would be impadable at high 
stages of the water. Where it is above high-water stages, this road 
is in good condition. I f  'a great amount of hauling was to be done 
i t  would probably be economical to build a road on the east side of 
the creek, which would involve comparatively little work. 

For summer work hydroelectric installation would probably prove 
most satisfactory. For year-round operation, however, auxiliary 
power would be needed, which would be most economically furnished 
by internal-combustion engines, using crude oil or distillate as fuel. 
No timber other than driftwood on the beach is available for fuel. 
Timber for the mines must be shipped in. 

In  addition to cassiterite the ore contains considerable wolframite, 
which may equal the cassiterite in amount. I t  adds materially to the 
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value recovered from the ore. The two minerals should be separated 
before smelting. 

This property appears to offer the greatest hope of an increased 
production of tin, but although it is sufficiently developed to warrant 
the installation of a small mill, after thorough sampling and after 
data have been obtained as to costs of production, the output in the 
next few years is not likely to amount to more than a very small per- 
centage of the country's needs. 

EAR NOUNTAIN. 

The lode deposits of Ear Mountain, together with their earliest 
geologic features, have been described by Kn0pf.l A considerable 
amount of prospecting has been done in this vicinity, and there has 
been some development work since Knopf's visit. This work has for 
the most part amounted only to the annual assessment work necessary 
to maintain title to the claims. 

This area is much more difficult of access than Lost River, for i t  is 
12 miles from Shishmaref Inlet-a large lagoon of shallow water 
navigable only to very shallow-draft boats. Light-draft steamers 
must unload at least 14 miles from the entrance to the lagoon. On 
account of these conditions, a considerably higher grade of ore must 
be found in this locality than on the south side of Seward Peninsula 
in order to make mining profitable. 

A number of open cuts have been made on the tops of the hills 
near Potato Mountain, some of which are said to have shown good 
ore in the bottom, Bedrock has, however, been covered by the caving 
in of the sides of the prospect pits. The geologic features of the 
deposits of this area are described by Eopf .*  Since Knopf's visit 
a number of other cuts and prospect holes have been dug. A short 
tunnel, which shows some stringers of quartz with cassiterite, has 
$so been driven. Prospecting has failed to afford any indications of 
the extent of the ore bodies shown in the openings. 

This prospect lies about 16 miles from York. A road which has 
been in use for teaming supplies for the Buck Creek dredges since 
1911, runs within about 2 miles of the prospect. The road lies mostly 
dong the watercourses of Anikovik River and Grouse and Buck 
creeks, crossing and recrossing them, and consequently is not espe- 
cially good for heavy hauling. 

Until further development has taken place the possibilities of the 
production of this property can not be stated. Under present con- 

' Knopf, Adolph, op. cit., pp. 25-32. 
a Idem, pp. 32-35. 
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ditions it would take at least two or three years before any production 
could be made. 

c u e  arorrN!r&lv. 

A considerable smount of work was dohe fop a number of years 
near Cape Mountain. A study of thme deposits also was made by 
Knopf and a desceiption of them is ootltained ih his rep0rt.l 

Two properties have been extensively prospected by tunnels, shafts, 
and winzes, and a number of other claims have had a small amount 
of work done on them. 

On the property formerly belonging to the Bartels Tin Mining 
Co., which was later sold to the Empire Tin Mining Co. and still 
later is said to have been sold at marshal's sale to Fred Hinton, of 
Teller, there are about 1,255 feet of tunnels and winzes. Knopf 
states that at  the time of his visit an 18-inch belt of tin ore about 
400 feet from the mouth of the tunnel had not been exploited. A 
few tons of ore were milled in 1914 from the North Star claim, but 
the place in the workings from which i t  was obtained is not known. 
Some of the ore is said to run very high in cassiterite, but the re- 
ported average of such ore as is developed is tibout 3 or 4 per cent. 
The property includes a small mill, containing three stamps and a 
table. This group of claims has been patented and no work has been 
done since 1914. 

Although a considerable length of tunnels, cross drifts, and winzes 
has been driven, on this property, W r e  appears not to have been 
development commensurate with the labor expended. Probably the 
claims of the grobp contttin some bodies of good tin ore, but the 
dettelqment has failed to mfline them, and further work is neces- 
sary before a statement of the, potentialities of the property Cbn be 
made. 

On the property of the TJfiited States Tin Mining Co. a shaft has 
been wnk on a quartz ledge and a rather long tunhe1 driven in hard 
granib to intersect this ledge. A mill has be& erected near the beach 
at Till City to handle 01% frorrl thie property. ?he claims are pat- 
ented, but no work has been done on them for a t l u b e r  of yea&. 

Sufkient data are not dt hand to warrant any shtRment as to 
possibilities of production from the group of claims held by this 
company. However, as no work has been done for some time, at+&- 
vithsttmding the prices prevailing for tin in recent years, it May 
reasonlably be hhrred that the stage in development has n& get 
been reached where any appreciable production c m  be counted an 
itl the near hxtur8. - . - 

1 Knopf, Adloph, op. cit., pp. 35-41. 
2 Idem, p. 40. 
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OTHER LODES. . 
In addition to the properties above mentioned, there are a number 

of other prospects in the York region, including Brooks Mountain 
and others than those already mentioned in the vicinity of Cape 
Mountain. The work on these properties has been of a desultory 
character and of relatively small amount. They appear to be negli- 
gible in any consideration of the possibilities of the production of tin. 

Besides the lodes which are being worked for tin mainly or chiefly, 
tin could possibly be recovered as an accessory mineral from other 
lodes in the York region. There are a number of silver-lead pros- 
pects on Lost River, on two of which some work was done during 
the summer of 1917. A third on Rapid Creek, a tributary of Lost 
River, is said to be extensively developed. At the Southern Cross 
lode tunnel on Lost River, opposite the mouth of Tin Creek, assays 
are said to  show a small percentage of tin and tungsten, which 
probably owur as cassiterite and wolframite. In  any treatment of 
the o m  involving concentration on tables these minerals would be 
recovered. I t  is not known whether or  not cassiterite occurs at the 
other prospects, The output of tin as a by-product of these lodes 
will. probably be small. 

CASSITERITE PLACERS. 

LOST RIVER. 

A small production of placer tin was made one year on Cassiterite 
Creek, and it is said that a considerable amount of residual placer 
tin occurs on the slope of the hill near the mine. If hydroelectric 
power was used on this property and the water flumed to the mill, 
this ground could be sluiced and the tin recovered. 

EAR MOUNTAIN. 

A number of the creeks that head in Ear Mountain carry placer 
tin. Knopf statas that nuggets of cassiterite several inches in 
diameter can be picked off the bedrock riffles of Eldorado Creek, but 
on account of the small body of gravel the creek offers no placer 
possibilities. 

The gravels on Tuttle Creek are said to casry 5 ounces of cas- 
siterite to the pan, but their extent is not known, so that the oppor- 

, tunity for commercial placer development can not be stated. I f  the 
gravels are as rich as reported a small sluicing plant could possibly 
operate successfully. Transportation of supplies to this locality, 
however, involves a haul to the edge of Shishmaref Inlet and ship- 

lKnopf, Adolph, op. cit., p. 26, 
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ment across this lagoon to Sarichef Island, where during favorable 
weather, small coasting schooners lay offshore and pick up or deliver 
freight. 

BUCK CREEK 

By far the largest production of tin in the York region has been 
from the placers of Buck Creek, although during 1916 and 1917 the 
York Dredging Co. was operating on Grouse Creek, into which 
Buck Creek flows. The dredge of the American Tin Dredging Co. 
operated on Buck Creek. The area of placer ground on both streams 
suitable for working with a dredge is small, and a very few more 
seasons of work will exhaust the deposits. Sutter Creek was being 
prospected during the summer with a view to dredging, but this 
also is a short stream and would afford not over two or possibly 
three seasons' work with a dredge. There is a possibility that a 
considerable amount of ground above the limits of dredging opera- 
tions can be worked profitably by shoveling or scraping into sluice 
boxes. The amount that could be recovered in any one season is 
small, for the supply of water for sluicing is not great and the scope 
of operations would depend largely upon the quantity of water 
available. 

During the summer of 1917 two men took out a few tons of cas- 
siterite from Iron Creek, a short tributary of Sutter Creek, heading 
against Buck Creek in the saddle just east of Potato Mountain. I t  
is estimated that the gravels, which are 4 or 5 feet deep, carry about 
15 pounds of tin to the cubic yard for a width of 15 to 20 feet. 
Placer ground on this creek extends not over a mile, and the upper 
limits of operations had been nearly reached in 1917, at  a point 
where the stream valley becomes very narrow and the amount of 
gravel negligible in amount. Water for sluicing was scarce, and an 
intermittent supply for sluicing was obtained by building a small 
dam, which gave a full sluice head for a sufficient length of time to 
permit the successful washing of the gravel. Three boxes, 8 inches 
wide, were used, and the grade was 10 inches to the box length. Iron 
riffles were employed. 

In  a11 about 26 men were engaged during the year on Iron, Buck, 
and Grouse creeks in the production of placer tin. Two dredges and 
one plant shoveling in were operated. 

ANIXOVIX RIVER. 

No production of placer tin has been made on Anikovik River 
since 1916. The one dredge on this stream was idle in 1917 also. 
Assessment work was done on a number of claims. Data are not 
available to warrant any statement as to their placer possibilities. 
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SUMMARY. 

Lode mining in 1917 was confined to development work on Lost 
River and Ear Mountain without any production. Lost River is 
believed to have possibilities as a producer of lode tin. Further 
development is necessary at other properties. 

Placer mining in 1917 was limited to the vicinity df Buck Creek 
About 300 tons a year appears to be the limit of production for this 
area, and this production will be limited to a period of not over 
five years; after that time there will be production of only a few 
tons annually from sluicing operations. Placers may be developed 
in the vicinity of Ear Mountain, but the production in this vicinity 
will be small. On Lost River a few tons of residual placer tin may 
be recovered when water is available for sluicing. Anikovik River 
has a greater area of stream gravels which may be dredged than 
any of the other placers. A bedrock of finger slates, in a nearly 
vertical attitude and with numerous reefs, may interpose difficulties 
in dredging, involving a loss of some cassiterite and probably a con- 
siderable amount of the gold. The possibilities of the stream can 
not be stated. 



GRAPHITB MlNING IN SEWARD P E N I ~ ~ A .  

The g r ~ g h i b  deposits of Seward Peninsula have l m g  been known, 
but a nu'mber of factors have hitherto prevented t h e i ~  exploitation 
and development. 

Gold has so l~ng;  occupied the dowiaant positiop in the miff- 
era1 praduction of the district tbst other minerals have begn but 
little considered by the miner. Moreover, gold mining pmsesses 
aa exceptional advantage in that the product has usually an im- 
mediate local market through banks and merchants, at a reasonably 
high percentrage of its value, the base price remaining constant. 
With other minerals, and especially with graphite, it has been neces- 
sary to obtain a higher grade of product than that which results 
directly from mining operations. With graphite hand sorting at 
the mine g d  further treatment after shipment to Seattle or San 
Francisco has been necessary before the material cauld b marketed. 
A system ~f tre&ment hqd to be developed and a market found for 
the refbed product after tests had demonstrated its adaptability 
to certain uses and its unsuitability for others. The rather small 
market on the Pacific coast and the distance to the eastern market 
have also affected the output. Low prices until recently have been 
an additional drawback to mining in Alaska, where comparatively 
high prices for supplies and labor prevail. The high prices in 
1917, combined with. the fact that wages and southbound freight 
charges had increased but little, appeared to warrant extensive de- 
velopment of the deposits, provided a market could be developed. 

' 'Phese deposits were described by Moffit as follows: 
GtraPpttte ia @madapt in sQme of the black whist beds bela~@q tcl the Nome 

and Kigluaik groups and givgs them their characte~istie colop but is not @own 
in a form to make it of economic importance within the Nome and G r a d  ' 

ChtPal quadrangles. Just nerth of the Grand Central area, however, in the 
hwwatep  alteas of Qrand Central River aatd Wiady Cneek, espeuially. in the 
v a t s  sf the 4iPiqe BB~WWP them t w ~  streams, are mWte @.ea~itk oP cop- 
siderable size. Their occurrence, as w d l  as that of gr8pMte ~n t b  nwth side 
of the Kigluaik Range west of Cobblestone River, has been @own for a long 
time, but only kecently have they received especial attentioq from prospectors. - 

Moftlt, F. H., Wlqg cU thq NQW aecl Qmnd CeetrqL qu@drasgles, &ask&: U. k3. GeaL 
S m e g  Bull. 533, pp. 136136, 1913. 

t#13 
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A sharp ridge made up of biotite schist striking east and west and intruded 
by dikes and sills of coarse granitic rock or pegmatite rises on the south from 
the saddle between the Grand Central and Windy Creek. Some of the schist 
is highly graphitic, the graphite appearing as abundant m a l l  scales on the 
cleavage surface and much of i t  not being distinguishable on casual examina- 
don from flakes of biotite. Locally graphite is  segregated in beds or much 
flattened lenticular masses that conform in direction with the echist cleavage 
and reach thicknesses of 6,8, or even 18 inches. These beds include thin layers 
of schist containing numerous large garnets and much quartz. The ran* 
graphite found a t  this place is heavier than the higher grades of graphite, 
owing to its included quartz. 

The eills and dikes of pegmatite cutting the schist also contain graphite, 
which is associated with them in such a way as to suggest a close rdationship 
between the intrusives and the graphite. Graphite appears to be an original 
mineral in the pegmatite as well as to be associated with it in the schist. At 
one place about 8 inches of solid graphite is included between a pegmatite sill 
and the overlying schist. The steep slopes of the mountain are strewn with 
graphite fragments, which, owing to the fact that they are much lighter id 
weight than either the schist or the pegmatite, appear more abundantly on the 
surface, especially in gullies where water has brought about a rough sorting. 
One block, with dimensions of approximately 7 feet, 6 feet, and 30 inches, 
consists of about equal thicknesses of schist and apparently almost pure 
graphite. 

The graphitebearing schist extends eastward beyond the east fork of Grand 
Central River and westward across Windy Creek and the head of Cobblestone 
River to the region south of Imuruk Basin, in which the graphite is  even 
more extensively developed than in the locality described and from which a 
number of commercial shipments have been made. 

Development work has been chiefly coniined to those deposits on 
the north. side of the Kigluaik or Sawtooth Range, west of Cobble- 
stone River. Most of the work has been limited to two groups of 
claims, those of the Alaska Graphite Mining Co. and those of the 
Uncle Sam Alaska Mining Syndicate. The claims of the first group 
lie about 4 miles east of Graphite Bay, an arm of Imuruk Basin, and 
2 miles west of Cobblestone River. The camp of the other group is 
2 milas south of Graphite Bay and about 2 miles west of the camp 
bf the Alaska Graphite Mining Co. 

From Graphita Bay there is a moderately gently sloping gravel 
plain that extends up to the camps, the upper part of the slope being 
somewhat steeper than the lower part. The plain is formed of the 
gravels and alluvial dhbris, which were brought down from the 
higher parts of the range, and talus in interstream areas. Streams 
flow for short distances in V-shaped valleys, up to  50 feet deep 
through the talus accumulations, then their valleys widen and coalesce 
with the frontal plain of the range. 

At an elevation of 500 feet a distinct change in topography marks 
the contact of the talus and alluvial material with the underlying 
schists and gneisses, which form the steep north slope of the Kig- 
luaik@a+nge. Graphite lenses are found along this steep slope for 
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several miles west of Cobblestone River. Development work has been 
confined to those outcrops which lie between elevations of 500 and 
1,000 feet, although there are said to be other lenses higher up the 
slope. I n  September, when this area was visited, recent snows ex- 
tended down to about 750 feet, preventing any geologic work above 
that elevation. 

The lenses of graphite occur in association with quartz schists that 
carry biotite, but garnetiferous schists that carry some calcite are 
also locally prwmt. Some of the quartz schists have the appearance 
of beds of metamorphosed sandstone. Tourmaline was noted in small 
grains in the graphite at one locality. Granitic rocks appear to 
make up a portion of the core of the range. The general trend of 
the schists in which the graphite occurs is a little north of west, and 
the dip is 60"-75O N. Locally there are two or three series of 
graphite lenses which are parallel in strike and dip, but it can not 
be positively stated, without further very detailed studies, that they 
represent more than one horizon which may have been repeated by 
faulting or close folding. 

The topographic situation and nearness to water transportation 
have favored development work at these deposits, in comparison with 
those which are said to occur for several miles eastward, extending 
along the front of the range beyond Cobblestone River, and appear- 
ing on the hill slopes or in the stream valleys which are incised into 
the range. 

The first claims were staked in 1900, but in the succeeding years 
little has been done until recently except assessment work. Small 
shipments have been made from time to time for making mill tests 
or for s a m p b  of the material, but no steady production has been 
maintained. About 120 tons were shipped by the Uncle Sam Alaska 
Graphite Mining Syndicate in 1912; but no shipment has been made 
by this company since. Assessment work has, however, been done 
on the nine claims of the group. As the lenses dip with the slope of 
the hillside, but more steeply, little work has been necessary to prove 
the existence of the bodies, and the assqm.net work has therefore 
taken the form of open cuts, from each of which a few sacks of 
graphite have been taken, so that there is now sacked and ready for 
shipping a considerable amount of hand-sorted graphite. Some of 
this graphite will require resacking before shipping. Two short 
tunnels have been driven on claims of this group. The development 
work to date has shown the presence of a number of lenses of graphite 
which may be continuous, but their size and continuity have not 
been proved. 

A small frame bunk house is the only building on the property. 

'Mertie, J. B., jr., U. S. Geol. Survey Bull. 662, p. 449, 1917. 
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The property now being-worked by the Alaska Graphite Co, mn- 
sists of five claims which were staked in 1905 and three claims w&h 
were staked by N. Tweet in 1915 o r  1916. In 1906 the bunk houee 
on the property was built, and the following year about 35 tone d 
graphite was picked from the talus on the steep hillside and @hipped. 
Other smaller shipments followed in succeeding years. 

Several tons of graphite were mined in 1916 but not shipped, I n  
1917 a-large portion of the time of the seven men employed was oon- 
sumed in making and repairing the road to Graphite Bay, as the 
unusually rainy weather during August made it necessary to cor- . 
duroy the roads with alders, the only material at hand. I n  spite of 
this delay, however, a considerable tonnage of hand-picked graphih 
was mined from an open cut and shipped to San Francisco, together 
with that which was mined the previous year. 

Most of the production of 1916 and 1917 was made from an open 
pit about a hundred yards west of Glacier Creak, the first stream 
west of Cobblestone River. As exposed in the pit, the lens on which 
the mining was done had a width of 4 to 6 feet of graphitxi, the im- 
puritiers in which consisted of thin seams of quartz and schist. It 
appeaxs in  the bottom of the cut for a length of 30 feet, and the foot- 
wall has @ height of about 20 feet. The graphite, which is exposed at 
one end of the cnt, has a greater horizontal dimension than th& 
given, and its vertical dimension has not been determined. On the 
east side of Glacier Creek a lens or series of closely spaced lenses of 
graphite that has a total vertical height of 400 feet or more is ex- 
posed. A few small open outs afford some indications of a thiekmw 
which is compahble to that in the pit that is being worked. 

An &inch hydraulic pipe 400 feet long serves to convey the 
graphite from the pit to the loading station, 150 feet lower. Hand- 
sort* is done ah the pit, and there are a number of tuns of low- 
grade graphite on the dump. 

Transportation from the mine to Gmphite Bay is by trucks drawn 
by a gasoline wterpillar tractor. At Graphita Bay the graphite is 
loaded on scows, which are $owed to Teller, and there it is loaded on 
ocean steamers. 

In addition to the open pit near Glacier Creek there am a number 
of short tunnels rtnd open cuts about a quarter or half a mile west of 
Glacier Creek, near the bunk house and cook tent of the company, 
from which there has been some production in pmvious years. 

On the steep hillside between the pit and bunk house are a num- 
b& of exposum of graphite, but Tittle deveIopm6nt work has been 
done to afford an indication of the size of the bodies. Some of these 
bodies, so far as can be told on a surface partly obscured by talus, 
are at least 100 feet long, 50 feet wide, and a foot or moFe thick. 
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Them appears to be an opportunity for the development of a large 
amount of graphite from these deposits. Transportation problems 
are relatively simple. I f  a sufficient tonnage is Inked aerial trams, 
possibly of a gravity type, might be used from one or both properties. 
For smaller t o ~ a g e  good roads could be easily constructed for team 
or power haulage, and the power required for hauling loads would be 
small, on account of the generally uniform downhill slope to the 
chipping point. Graphite Bay affords a good shallow harbor, for 
uumerous small coves and islands give protection from storms. 
If a mill should be erected at either property hydroelectric installa- 

tions would probabIy prove the more economical for summer opera- 
tions, power being derived from some of the small streams which 
cross the claims. For winter operations other power would be 
necessary. 



THE GOLD AND PLATINUM PLACERS OF THE 
KIWALIK-KOYUK REGION. 

INTRODUCTION. 

The principal work of the Geological S u r ~ e y  in the general region 
of the Kiwalik and Koyuk basins was done by three parties, those 
of Peters and Mendenhall: who in 1900 ascended the Koyuk; 
of Witherspoon and Moffit? who mapped both topographically and 
geologically the region south of Kotzebue Sound; and of Smith and 
Eakin,8 who mapped the area between Nulato, on the Yukon, and 
Council. I n  addition data in regard to water resources have been 
obtained through the work of F. F. Henshaw4 in 1907 and 1909 and 
some geologic notes were also obtained by Mendenhall"t the close 
of the field season of 1901, when he visited the shores of Kotzebue 
Sound. 

The following report is based upon the reports of the earlier 
workers in this field, supplemented by data obtained by the writer 
during August, 1917, when he spent a. few days in the vicinity of 
Candle, two days on Bear Creek, and about two weeks in the study of 
the gold and platinum placers of Sweepstakes and Dime creeks. 

No additional information was obtained regarding the region out- 
side of the Kiwalik, Bear Creek, and Koyuk drainage, but for the 
sake of completeness the drainage and geologic features of the adja- 
cent region are shown on the accompanying map (Pl. X) . 

The kindly hospihlity of the miners and prospectors of the region 
is gladly and gratefully acknowledged by the writer, for without their 
assistance it would not have been possible to carry out the investiga- 
tions so easily or so speedily. 

- -- 

1 Mendenhall, W. C, A reconnaicrrance in the Norton Bay region, Alaska, in 1900 : U. 8. 
Geol. Survey Special Pub., 1901. 

' M a G  F. H., The Fairhaven gold pbcers, Seward Peninsula, Alaska: U. 8. Geol. 
Survey Bull. 247. 1906. 

aSmith, P. S., and Eakin. H. M., A geologic reconnaiesance in southeastern Seward 
Peninsula end the Norton Bay-Nulato reglon, Alaska: 0.8. Gml. Survey Bull. 449. 1911. 

Hemhaw, R. F., and Parker, O. L., 8urface-water supply of Oenard Peninsula, blaaka: 
U. 8. Geol. Survey Water-Supply Paper 314, 1913. 

6Mendenhall, W. C., Reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska: 
U. 8. Qeol. Survey P r d  Paper ,lo, 1902. 
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GEOLOGY. 

GENERAL FEATURES. 

The region covered by this report contains a number of geologic 
units. As far as possible these units have been mapped separately, 
but lack of outcrop and the brevity of the time spent not only by the 
writer but by other Survey parties engaged in geologic investigations 
in this region have prevented the obtaining of the information neces- 
sary for accurate mapping. Errors of detail may therefore occur, 
but the main geologic features will be found essentially as mapped. 
(See PI. X.) For the sake of completeness, the map is made larger 
than necessary to cover the work in 1917 in order to show the broader 
areaI,relations, which have been elucidated by the work of previous 
investigators. 

The oldest rocks of the region are the series of Paleozoic or older 
schisb, slates, and limestones, which, in the northern portion of the 
area, appear mainly west of the Kiwalik, although to the east of this 
river some outcrops are known. The series extends south to Golofnin 
Sound, where it includes also some metamorphosed igneous rocks. 

A series of andesitic volcanic rocks, which embraces some water- 
land tuffs and includes flows and breccias, occupies much of the area 
north of the Koyuk between the Kiwalik and the Buckland. These 
rocks have suffered some alteration, owing in part to weathering and 
in pafi to the stresses to which they have been subjected. Upon these 
and the other rocks Cretaceous sediments were deposited in large 
a r e a  east' of the East Fork of the Koyuk and of the West Fork of tho 
~ u o u a n d ,  and in much smaller areas west of these streams. These 
rocks' for the most part show considerable deformation of the beds, 
and $though slaty cleavage has been developed in argillitic rock 
,typG, none show schistosity, 

At several geologic periods igneous activity has been mani- 
fested in this z~gion by different types of intrusions, each in- 
trusion resultin.& in the deformation of some of the older rocks. Of 
this pha~acter are the greenstones of the Fish and Tubutolik river 
-valleys, and tpe granite3 monzonites, syenites, and diorites, which 
are found more or less widely distributed throughout the region, in 
naany places,.as a t  Kiwalik and Granite mountains, making up the 
highest points, or as in Benddeben and Darby mountains constitut- 
ing an integral part of those ranges. 

After the deformation of the Cretaceous beds, which probably oc- 
c u r r d  during early Tertiary time and was caused by intrusions 
such. as those of Granite Mountain, there appears to have been pe- 
riods of alternate elevation and depression of the land surfsce with 
respect to sea level, but these movements have been of regional rather 
thanf"lbcal character, and though there may have been some slight 



tilting of the land surface there has been no folding. During later 
Tertiary time vegetal material accumulated to form lignite beds 
such as those at  the head of the Kiwalik. Somewhat later in the 
Tertiary period or early in the Quaternary period lavas covered much 
of the terrane of what is now the base of Seward Peninsula and may 
have covered some of the region now occupied by Norton Bay. 
The events of the Quaternary period are so involved that it will 

require much more detailed studies than i t  has been possible to make 
to work out the complex history of the unconsolidated deposits of 
that period. Oscillations of the land surface have caused inun- 
dations, and each change of base-level has affected the topographj-. 
The stream valleys were overflowed by the sea, which later withdrew 
either partly or wholly. I n  those areas not inundated, and in the 
inundated areas after their emergence, the processes of erosion 
normal to subarctic climates, including frost disintegration and soil 

f 
9 flow, have been active. There has resulted an almost universal cover 
A 

a - of Quaternary deposits, which ranges in thickness from a few inches 
to 200 feet or more. I n  a general way the covering due to rock dis- 
integration in place and to solifluction has been mapped with tho . 

z underlying bedrock, and only those deposits of alluvial or marine 
z 
q, origin have been represented on the map. 
-, - 
2 5- PALEOZOIC ROCKS. 

The Paleozoic rocks in the northern part of the region have been 
described by Moffit l as follows: 

Under the head of "~etamorphic series" are grouped together a number of 
rock types of widely diil'erent character, the relationships of which are difficult 
to establish clearly, and the ages of which are in doubt. They poseem the cow- 
mon characteristics of having been in all cases greatly altered from their origi- 
nal condition a t  the time of consolidation. The changes inelude the folding of 
the beds and the production of secondary structures, such as schistosity, cleav- 
age, jointing, or faulting, resulting from pressure and the various movements 
of the rock mass ; the recrystallization of the mineral constituents and the devel- 
opment of new minerals; the infiltration of quartz, giving the numerous veins, 
stringers, and lenses of that mineral which are so frequent in the outcrops and 
are so important in some places because of their gold content; the peculiarities 
of structure due to the iatrusion of large masses of igneous rock; and other less 
noticeable features. The series includes massive and thin-bedded crystalline 
limestones and marbles, banded black and gray slates, and a variety of schistose 
rocks, both sedimentary and igneous, among which are mlcaceone, graphitic, 
qnart!mse, chloritic, felspathic, and amphibolitic phases. 

In  the mapping, as far as practicable, the limestones have been 
shown separately from the other Paleozoic rocks. In the area vjs- 
iasd during the summer of 1917 the Paleozoic rocks were seen only in 

'MotBt, F. E., The Fairhaven gold placers, Seward Peninsula, Ahnkn: U. & aeol 
Survey Bull. 247, p. 19, 1906. 



the vieinity of Candle and in the Haycock Ridge between Dime Creek 
and the Landing. At both places the strike is about W. 20" E., and 
the dip is nearly .vertical or steeply to the west. Schist pebbles were 
also seen in the gravels of Wilson Creek, at  the head of the Kiwalii 
drainage, although no outcrqs were noted. A few pebbles of slate 
and s~his t  were taken from the bott~ms of prospect holes on Little 
Eldorado Creek, and schist was seen at a few places on the east slope 
of the ridge farther south. The rounded knobs from which Haycock 
Ridge derived its name are of a light-gray schistose limestone. It is 
flanked on the east by a metamorphosed argillitic rock. The gravels 
on the claims below Discovery on Dime Creek contain slate pebbles 
which may be derived from them or which may represent a some- 
what metamorphosed phase of some of the more argillaceous Creta- 
ceous rocks. 

No reliable estimate of the thickness of this group of racks can be 
made, for although they are in places nearly vertical in attitude, 
and horizontal distance would therefore ordinarily afford an ap- 
proximation of their thickness, they are badly faulted and show some 
folding, so that probably there has been much duplication of bedding. 

Definite age determinations have not been possible for the indi- 
vidual members of the Paleozoic. From the earlier work of Smith 
and Eakin * there appears to be ground for the belief that these rocks 
range in age from pre-Silurian and possibly pre-Cambrian to Car- 
boniferous, and that the greenstones which intrude them are prob- 
ably Devonian or Carboniferous. 

ANDESITIC TUFFS, FLOWS, AXD BREWUS. 

In  the region extending from the Koyuk, near the East Fork, 
northward along the Buckland-Kiwalik divide, is a complex series 
of volcanic rocks, chiefly andesitic in character but also including 
diabases and peridotites. These rocks occupy one of the areas mapped 
by Smith and Eakin2 as "undifferentiated, nonmetamorphic in- 
trusive~ and effusives." I n  the northern part of the Buckland- 
Kiwalik area $hey were grouped in mapping by Moffit with the 
much later basalts. I n  the present report the basalts have been partly 
separated in mapping, but north of Quartz Creek the data a t  hand 
are'not suflicient to warrant an attempt at separation, and the an- 
desites as mappied,'therefore, include areas of the later basalts. 

A number of different phases occur in this series in a section that 
was examined for several hundred feet along Sweepstakes Creek. 

1 Smith, P. S., and Eakin, H. M., A geologic reconnaiseance in amtheastern Sewwd 
Peninsula and the Norton Bag-Nulato region, Alwka: U. 8. Geol. Sqney Bull. 449, .gp. 
93-95, 1911. 

a Idem, pl. 6. 
aMofgt, B. H., op. dt, pl. 3. 



GOLD AND PLATINUM. PLACERS O F  IUWALIK-KOYUK REGION. 373 

Typical graywacke beds appear, together with conglomerates and 
tuffaceous rock, yet they are composed of fragments of the near-by 
distinctively effusive andesites or of essentially the same minerals. 
These rocks, which are sedimentary in origin, are not greatly differ- 
ent in appearance from the effusive types, and it is not always pos- 

+ sible to separate the two without recourse to a microscopic examina- 
tion of thin sections. Practically all are dark gray, usually with a 
strong greenish tinge. Porphyritic facies are fairly common and the 
coarser grained of these are locally known as "diorita" Different 
degrees of metamorphism have been suffered by the series in different 
parts of the area; west of Granite Creek, between it and the bend . 
of Sweepstakes Creek, and half a mile below the Hot Springs on 
Spring Creek, the rocks have been deformed and appear to be much 
jointed, faulted, and sheared and to have a considerable development 
of quartz and calcite veins. Elsewhere they have suffered little de- 
formation, as at  the head of Greenstone Creek, where they can not 
be readily distinguished from the much later basalts, which here are 
less vesicular than usual. 

One of the features of a phase of these rocks on Dime and Sweep- 
stakes creeks is the weathering along closely spaced joints, so that it 
is difficult to get a fresh fracture surface, as the rock tends to break 
along the joints. The brownish-black weathered surface is termed 
"burnt rock " or "burnt lava " by the miners. 

Typically these rocks consist of phenocrysts of plagioclase, chiefly 
andesine, and augita in a finer groundmass of similar composition, 
and accessory magnetite is usually present. Ilmenite and olivine may 
be present also in some specimens. Secondary minerals give the 
rock its green color and consist largely of chlorita and some horn- 
blende. 

With the rocks of this composition, which are essentially extrusive 
in character, intrusive rocks are closely associated in some small areas. 
The intrusives are generally of a more basic character and include 
gabbros, diabaseg and peridotites, the last characterized by their 
dark color, as they consist essentially of olivine and a dark pyroxene. 
From these rocks the platinum is probably derived, as well as the 
chrome spinel, which together with the olivine appears in the con- 
centrates wherever platinum has been found in this larea. 

Several factors prevent the determination of the attitude of these 
rocks. Exposures in undisturbed outcrops are not especially com- 
mon and  here present are generally massive, showing little or no 
strudural fedures. On Sweepstakes Creek, on some of the d- 
mentary beds, strikes ranging from northeast to east and steep north- 
erly dips were observed. These rocks are much disturbed, as shown 
by the exposures on Spring Creek, yet from their wide distribu- 
tion and the general lack of infolded older or younger geologic 
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units, it is apparent that the series must have a maximum &hidmess of 
several thousand feet. 

D a b  as to the &ge OF these rocks do not permit a statement of the 
exact time of their formation. They are younger than the Paleo~oic 
rocks and older than the Cretaceous sediments, so that they may be 
very late Paleozoic or early or middle Mesozoic. As the basic 
coarsely granular intrusives in this series are not known to occur 
elsewhere, they are probably closely related in age to the rocks in 
which they occur. 

QBILNITES, SYENITES, AND DIOEITES. 

The granitic rocks in the southern portion of the area have been 
described by Mendenhall and by Smith and Eakin? and those in the 
northern portiorr by M~ffit .~ Only one area of these rocks was seen 
by the writer, the intrusive mass which forms Granite Mountain. 
Moffit describes these rocks as follows : 

Hornblende is the prevailing dark mineral of the granites, bnt at times 
biotite takes its place. By a decrease in the amount of qua& the granites a p  
~ o a c l r  syenites ih composition, 8uch phases being characterized by the abun- 
dance and large si4e of orthoclase crystals, which usually show Carlsbad twin- 
ning and have a roughly parallel arrangement, with the small intervening 
spaces filled with hornblende, biotite, and a small amount of quartz. Titanfte 

'is abundant. 

Moffit4 also describes a garnet pyroxene malignite which is re- 
lated to the syeqitic rocks just mentioned. Similar types appear in 
the g;ravels of Cqb Creek, and black garnets (melanite) from the 
same source are pery common in the concentrates from Rube Creek 
and less so in thgse from Sweepstakes. Coarsely porphyritic rocks of 
approximately the same nature are found on Sweepstakes Creek near 
the mouth of Granite. Near the hot springs on Spring Creek the rock 
is a typical diorite, composed essentially of plagioclase feldspars and 
hornblende, tagether with small amounts of accessory constituents. 

Dikes of syenitic type cut the andesite series, so that the dikes are 
the younger. From the fact that the pebbles of the Cretaceous con- 
glomerate s along; the East Fork-Buckland divide are similar in char- 
actw to these igneous rocks, their pre-Cretaceous age appears to be 
well established. Possibly, however, me of the types are pre 
Cretaceous, whereas others were not i r' truded until later a d  are 
approximately synchronous with the deformation of the Cretaceous 
sediments. 

1 MenBenhall, W. C.. Beconnal8aance in the Norton Bay region, Alaska, in 1W t U. 8. 
. GeoL S q e y  8pecial Pub., p. 204, 1901. 

'a Sdlth. P. 8.. and Eakin. 8. Me, OD. dt.. DD. 84-70. 
*lhf&< lf. E.., The Fairhaven b i d  plG& Beward Peninsula, A m :  U. 8. Qeol. 
","'.$I 'ra pp. p7-80, 1ms. 

4 I m, p. 29. 
Smith, P. S., and. Eakfn, H. M., op. cit., p. 68. 
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CRETACEOUS SBDIHEMTARY &OCXS. 

From a study of the distribution of the Cretaceoas r& of western 
Alaska it appears that at the beginning of the Cretaceous period a 
broad valley or embayment occupied much of the area east of the 
Darby Mountains, which included much of the Koyuk, lower Yukon, 
Innoko, and lower Kuskokwirn valleys Scattered through this wide 

. ares were small land areas, such as the Kaiyuh Mountains and their 
northeastern extension, a s  well as minor elevated points, which for 
a time furnished material for the vast amount of sediments of this 
age but which were later covered by transported silts and sands 
derived from other sources. In  this region the presence of the early 
Cretaceous has not been proved. During that epoch it probably Con- 
stituted a portion of the land surface. During later Cretaceous time, 
however, by a subsidence of the region now occupied by rocks of that 
age, the sea gradually encroached upon the land areas. Where the 

. coasts were bold and rocky, like much of the present southern 
coast of Seward Peninsula between the mouth of the Kwiniuk River 
and Topkok Head, conglomerates were deposited. The offshore de- 
posits were sands, and the zone of conglomerates was relatively nar- 
row. Where the sea encroached upon delta areas, as at the mouth 
of the Tubutulik or Kwik or the much larger deltas of streams cor- 
responding to the Yukon, much finer sediments were laid down, such 
as fine sands and silts, which later by consolidation formed sand- 
stones, shales, and slates. The offshore deposits were practically all 
shales, some of which were somewhat calcareous. The coal beds of 
this age were probably accumulated in swampy areas but little above 
sea level, where the climatic conditions of that time particularly fav- 
ored vegetal growth and accumulation. 

The distribution of the Cretaceous sediments is i n d i d  on the 
map (PI. X), but severd areas, such as the small areas on P m  River 
and the coal-bearing bed of the Kugruk, have not been delineated. 

Several types of deposits are illustrated by the rocks in the valley 
of Dime Creek, or near it. At the mouth of Silver Gulch the con- 
glomerates represent the near-shore or beach deposits along a coast, 
the rocks of which were Paleozoic limestones and slates. The peb- 
bles of the conglomerate are largely of these two lithologic types. 
Farther out in the valley of Dime Creek much finer grained rocks 
appear. They are highly calcareous, showing that the probable 
source of a large portion of the grains composing them was the lime- 
stone. ,QuaAz grains and clayey material make up most of the re- 
mainder of the sandstones. 

The grits and h e  conglomerates found near the landing are charac- 
terized by the presence of great numbers of small white rounded 
quartz pebbles. It appears likely that these sediments represent either 
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stream or offshore deposits. Quartz veins in the Paleozoic rocks were 
the source of the pebbles. 

In  the valley of Peace River a little evidence of the former presence 
of Cretaceous rocks is found, and it is probable that detailed examina- 
tions of all the exposures, and of fragments of bedrock from the 
numerous prospect holes would reveal a much wider occurrence of 
these sedimente than the present mapping indicates On Flat Creek 
fragments of sandstone were seen on the dump of a prospect hole, , 

and on Moon Creek, less than half a mile from the river, another 
dump showed fragments of slate and many white pebbles similar to 
those in the grits. These pebbles were probably of local origin, rather 
than stream-borne gravels. 

The other areas of Cretaceous rocks have been described by Smith 
and Eakin and are essentially the same in character as in the vicinity 
of Dime Creek. Fossil plants from the Kwik-Tubutulik divide serve 
to establish the Cretaceous age of the series. Moffita correlates the 
beds associated with the coal on the Kugruk with those of the K q u k  

TERTIARY ROCKS. 

It is not known how long sedimentation continued after the close 
of the Cretaceous. I n  near-by regions there is reason to believe that 
it was uninterrupted until well into the Eocene. By that time a con- 
siderable thickness of Cretaceous beds had accumulated, a large por- 
tion of which has since been eroded. At or near the close of the 
Eocene, however, earth movements of considerable magnitude took 
place4.Sa different parts of Alaska, and this region was affected by 
them. 4gneous intrusions along the axes of the folds accompanied 
this dimmkrophism. Some of the rocks of the Granite Mountain area, 
alrea ribed, and the accompanying dikes, which are found on 
Bear aa& Candle creeks, may be of this character. 

Smith- and Eakin describe a series of rocks which range in charac- 
ter from augite andesite to augite diorite in the vicinity of Christmas 
Mountain, and on the Shaktolik quartz porphyry was found by them. 
These rocks are post-Cretaceous. 

The topography funned by these intrusions and the earth move 
ments was much more rugged than that of the present, and conse- 
quently there was little or no deposition of terrestrial sediments until 
quite late in the Tertiary, when land forms comparable in character 
with those now found had been developed. I n  some of the basins of 

1 Smith, P. I., and HIaMn, H. M., op. cit., pp. 54-60. 
t 2 Idem, p. 56. 

.Idoftit, F. E.. op. dt p. 26. 
4 Brooks, A. E., The geography and geology of Alaska: U. S. Geol. Survey Prof. Paper 

45, p. 266, 1906. 
6 Smith, P. S., and &kin, H. M., op. dt., pp. 70-71. 
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that time terrestrial deposits were formed. It is not possible to state 
the extent of these deposits, both on account of the small amount of 
field work and on account of their great resemblance to alluvial ma- 
terial of considerably later age. One area has been described by 
Smith and Eakinl as occurring on the Rathlatulik. Another small 
area was observed by the writer on Wilson Creek, one of the head- 
water streams of the Kiwalik. At both areas are deposits of lignite 
in association with clam. 

j 
On Wilson Oreek ;he lignite is several feet thick and contains 

squeezed and carbonized tree trunks of small size. OverlgZng it is a 
bluish clay, which is oxidized to yellow on the surface. This clay 
has crept or flowed over the lignite until it has almost completely 
covered it. A small amount of lignite had been mined and the open- 
ing showed that the bed was at about the level of the creek. Appar- 
ently overlying the clay were basalt flows, which crop out on the west 
bank of the stream about 75 yards or less from it. About 200 yards 
farther downstream, at a second small cropping, a thickness of 6 or 8 
inches of lignite was exposed. Neither the rocks above or below it 
were exposed, and the lignite was partly covered by moss and other 
vegetation. 

There is no direct evidence of the age of these deposits, whether 
Tertiary or Quaternary. From the fact that they are apparently 
older than the basalts, which are believed to have been extruded dur- 
ing the late Tertiary or early Quaternary, an assumption of late 
Tertiary age is made. 

BASALTS. 

Vesicular basalts, generally containing olivine and in places, as a t  
St. Michael, associated with tuffs, are widely distributed in western 
Alaska, especially at  the base of I%ward Peninsula and the near-by 
regions to the south. I n  the Kiwalik-Koyuk region they occupy 
%reas comparable in size with those of any other lithologic unit and 
form the divides between the Koyuk and the Buckland, the Koyuk 
and the Kiwalik, and the divide at  the heads of the Koyuk, Kuzitrin, 
and Goodhope. They probably occupy considerably larger areas 
along the Kiwalik-Buckland divide than the map shows, and for- 
merly their extent was certainly much greater than now. Thus, the 
entire valley of Peace River may have been filled, so that the areas on 
either side of the river near Moon Creek were continuous, and, in- 
deed, the three large areas already mentioned may have been con- 
tinuous. The basalts would thus have filled'the entire valley of the 
Koyuk and extended south to include the area north of the Mukluk- 
tulik and that on the Tubutulik. Possibly the area a t  the head of the 
Koyuk had a different source and did not reach the other flows. 

Smith, P. I., and Eakin, H. M., op. cit., p. 140. 
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Whether there was a connection between these flows and those on the 
south side of Norton Sound has not been proved. 

Conmrning the lavas along the Koyuk, Mendenhall states: 
The r&a is a green, gray, or black rock, the color depending in part upon its 

freshneea I t  is compact or vesicular and usually porphyritic, olivine being the 
mpat conspicuous of the phenocrysts, although plagioclase is recognizable mega- 
~copicallJ! in some instances. Sometimes the vesicles are filled with opal ; more 
frequently they are without filling. 'The rock varies in texture, having sometimes 
a very glassy groundmass and in other cases showing a coaree, well-ddned, 
interstithtl aaprngernt  with almost no glassi * * * The basalt beds have 
not been disturbed sinoe they were poured out. They are horizontal wherever 
their attitude i s  determipable and overlie all the other rocks. 

lMofEO,a after describing the lavas west of the Kugruk, says : 
The basalts and diabases of the area west of Riwalik River are somewhst 

different in occurrence from'those previously described, in that they are found 
a t  considerably higher elevations and apparently are not directly connected with 
those of the more western area. The hills facing Kiwalik River on the east are 
largely $ade up of lavas in which the diabases predominate over the basalts. 
Sheeted flows do got occur frequently, and under the microscope the rock is 
seen a t  Hmes to We stEidewhat altered. 

Whether the Kiwalik-Buckland-Koyuk flows were connected with 
those ~t the head of the Koyuk is not readily apparent. Probably the 
lavas were discharged from different vents, even though the Koy& 
from its'source to its mouth was once filled. From the features which 
have been described by Moffit it appears likely that some of the lavas 
from the vents at the head of the Koyuk are relatively recent. On the 
lawer Koyuk, however, there is the evidence of the erosion of a thick- 
ness of 200 feet or more of these rocks from the valley of Peace River, 
by a relatively small stream, which, however, probably had a gr~dient 
mueh greater than it now possesses. Valleys cut since the extrusion of 
the lava have been filled to a depth of nearly 200 feet with gravel, 
and new channels, such as the present course of the Koyuk, were agaibin 
cut. From this evidence it is apparent that the lavas must have been 
extruded in either Tertiary or very early Quaternary time. 

QUATERNARY DEPOSITS 

Since the extmvasation of the lavas, which in this area at lea&, 
probably occurred in late Tertiary time, there have been oscillations 
of this portion of the earth's crust which have caused the submersion 
and emergence of the land surface and which were possibly repeated 
several times These movements took place with little ,or no attend- 
ant warping or folding. From the forms of the valleys and the 

1 lendenhall, W. C.. A reconnaiesance in the Porton Bay region, Alaska, in 1900 : 
U. S. Geol. Survey Special Pub., p. 206, 1901. 

9MofXtt. F. H., op. eit., p. 34. 
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depths of gravels, which in places lie well below sea level, it is ap- 
parent that the la id surface once stood at least 50 feet or more 
higher than it does at  present with regard to sea level. A6 elevation 
sf 100 feet, which is by no means improbable, would now make a 
land surface of Norton Bay and much of Norton Sound. 

I%roughout the Quaternary period erosion was in progress wher- 
ever the land lay above sea level. From the erosional debris a com- 
plex series of imbricated unconsolidated marine and alluvial deposits 
was formed through surface oscillations and filled the lowlands and 
stream valleys. Sections of these deposits are obtainable only from 
prospect holes and show alternations of sand and gravel. I n  places 
their thickness is more than 200 feet. On Dime Creek holes over 100 
fmt deep have been sunk. I n  some of these holes fragments of shells 
have been found, but the fragments are not of a nature to permit a 
dedrmination of their character and age. 
The older gravels are indistinguishable from those that occur 

along the present stream courses and beaches, so that possibly some 
of them may anted& the extrusion of the basalts, but &il more 
defhite hiformation is at  hand as to the age of both the basalts and 
the older gravels, ii appears logical to assume that the basalts are of 
Tertiary age and that the gravels, some of which contain basalt 
pbbbles, are of Quaternary age. 

In addition to those deposits of alluvial or marine origin, uncon- 
solidated debris and organic deposits cover much of the surface. 
Mechanical disintegration through different phases of weathering 
produces an ang~llar rock talus on all uncovered slopes; this material 
is gradually transported to the bottoms of the valleys by solifluction, 
of which g~avity and the action of frost appear to be the principal 
farms. A large number of the gentler slopes show the lobate forms 
which characterhe soil flows, and the scarps a t  their front may be 
exceptionally as much as 6 to 10 feet high, but normally are 1 to 2 
feet. 

Except on the very steepest slopes and on some of the strongly 
wind-swept higher ridges there is an almost universal covering of 
vegetation, largely mosses and lichens. This vegetation serves to 
hold moisture and also to prevent the melting of the underlying ' 

frozen, moisture-saturated peaty material, thus perpetuating the 
conditions most favorable for growths of this kind. As a result ex- 
tehsive bogs c m r  much of the area, on the broad, flat-topped ridges 
at  moderate elevations as well as in the lowlands. I n  the flatter areas 
there is a tendency toward an accumulation of peat, but on the 
slopes, the vegetation is disturbed by the soil movements and shows 
less tendency to accumulate. 
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MINERAL RXt3OlUEeCES. 

=STORY OF XINJCNO DEVELOPMENT. 

fhoa  r s f h  thrr discovery of gold at Name there wm active pros- 
pecting over much of the more readily accessible streams of Seward 
Peninsula, and Candle Creek was staked l during July, 1901. Bear 
Creek was staked and recorded in August of the same year but is said 
to havthxn staked though not recorded in 1900. 

Mining has resulted in a considerable production yearly from 
Candle Creek annual output from Bear Creek has shown 
considerable variation; in some years little or no production was 
made. 

In the basin of the Eoyuk some prospecting has been done on a 
numbeP of streams during the period from 1899 or 1900 up to the 
present. A summary of this work up to 1909 is included in the refmrt 
of Smith end E a k h 8  Until that time no workable placers had been 
discoveaed in the Koyuk region. In  1909 some prospecting had been 
done ooc Peace River near the mouth of Sweepstakes Creek, and in the 
fall of that ymr Sweepstakes Creek was staked for about 9 miles, 
practically its entire length, by S. B. Smith and.severa1 associates. 
After prospecting for a number of years, the title to the lower 4 
miles of the creek was allowed to lapse. Gold valued at a few 
tho-d dollars is said to have been taken out from this creek in 
1910, and an average. annual production between $4,000 and $5,000 is 
reported for the period from 1910 to 1917, inclusive. 

In  1910 Dime Creek was staked and some prospecting was done on 
some 08 the lower claims, but no commercial placer ground was dis- 
covered. Rube Creek, then called Diamond Creek, is also said to 
have been staked the same year, and a small amount of prospecting 
was done but with negative results. No further work was done by 
the original holdem of this ground, and their title was lost. I n  1915 
Dime Creek was again prospected, and gold was discovered at the 
mouth. of Eldorado Creek on April 4. On the hypothesis that 
the gold had been derived from the metamorphic rocks which form 
the divide between Peace River and Dime Creek, the discoverers 
staked &he first claims on Eldorado Creek, leaving what pmved to 
be the Pichest p w d  open! to staking by later comers, who staked not 
only the creek but the first and second tier bench claims, on 'both the 
rig&, and left limits of D i m  Creek. Many of its smaller tributaries 

I Modlt, A. H., The Fairhaven gold placers. Seward Penlnanta, Alaska: U. 8. hi. 
survey W. 247, p. 60. 1905. 

a Mendenhail, W. C., A reconnaissance in the Norton Bay -on, Alaeha, in 1900 : U. 8. 
ceol. surfer Special Pub, p. 212, 1901. 

8 Smith, P. S., and mHn, H. M., A geologic reconnaissance in sonthemtern 86ward 
Peninsula and the Norton Bay-Nulato region, Alaska: 0. 8. Geol. Survey Bull. 449, pp. 
110-115, 1911. 



have also been staked, as have a number of the near-by tributary 
streams and gulches of both Koyuk and Peace rivers, as well as some 
of the tributaries of Sweepstakes Creek. A number of claims were 
staked on Rube Creek and some small gulches tributary to it on 
March 31, 1917. 

When the first claims were staked on Sweepstakes and later yn 
Dime Creek, recording had to be done at Council, as the Koyuk 
Basin lay within the limits of the Council City precinct. To facili- 
tate recording, however, a new precinct was formed by dividing the 
Council City precinct into the Council City and the Koyuk precincts. 
The Koyuk precinct, as defined by a decree of the court dated De- 
cember 28, 1916, includes the drainage basins of the Inglutalik, 
Koyuk, and Kwik rivers, as well as a few small streams that lie 
between the Inglutalik and Kwik and that flow into Norton Bay. 

ECONOXIC CONDITIONS. 

MEANS OF COMMUNICATION. 

Candle, on the northern side of the peninsula, is located on 
Kiwalik River, about 7 miles from the town of Kiwalik, at the mouth 
of the river, where supplies are brought in summer by small coast- 
wise vessels from Nome or by the larger freighters direct from San 
Francisco or Seattle. They are carried up the river in shallow- 
draft power scows. The effects of the higher tides are sometimes 
noted a t  Candle. On the, other hand, at normal or low stages of 
water, if a south wind is blowing, considerable difficulty may be ex- 
perienced in reaching Candle by boat, for the wind may be sufficient 
to overcome the effects of the incoming tide. I n  summer the mail 
is brought from Nome by a small coasting vessel, on a two or three 
weeks' schedule, which may be lengthened to nearly a month by un- 
favorable conditions. In  winter communication and transportation 
of the mail is by dog team, and the mail is on a fortnightly schedule. 
There is a telephone line from Candle to Nome, and a local line from 
Candle out to Candle Creek. 

Bear Creek is about 40 miles from Candle, with which it is con- 
nected by a wagon trail that is poorly defined on some of the wide, 
flat-topped tundra-covered ridges over which it runs. Most of the 
mining supplies are brought to Bear Creek in the spring by horse 
teamand sled, although some supplies are brought in by wagon dur- 
ing the summer. Mail for this creek goes to Candle. 

It is about 15 miles from Bear Creek over Granite Mountain to 
Sweepstakes Creek, at the mouth of Granite Creek, about 10 miles 
from Sweepstakes to the road house on Dime Creek, and about 7 
miles from there to the place known as Dime Landing, or simply 
"the Landing," on Koyuk River. A number of small gasoline 

115086'-1-25 
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schooners, some of which made an effort to maintain a 6-day round- 
trip schedule, afford frequent communication between Nome, Golof- 
nin (Cheenik), and the Landing. During the summer of 1917 
mails were brought on a monthly schedule to Golofnin from Nome 
and St. Michael and carried from there to the Koyuk. Haycock post 
office is located at the mining center on Dime Creek. Freighting was 
done from the Landing to the creek over two very soft trails. The 
miners on Sweepstakes got in most of their supplies during the win- 
ter, but some freighting was also done by wagon during the summer. 

SUPPLIES. 

A large part of the supplies for both Candle and Dime creeks are 
brought from Nome. The local rate from Nome to Kiwalik was $20; 
that from Seattle to Kiwalik on general merchandise in 1917 was $19 
for less than car-lot shipments and $14 for car lots, not including 
lighterage. Freight from Kiwalik to Candle was $5 a ton. From 
Candle to the mouth of Patterson Creek (claim 19 above Discovery), 
the summer rate was 23 cents a pound. A considerable amount of the 
tonnage of supplies to all the creeks in the area consists of gasolene 
and distillate for use of the engines used in pumping or on the dredge 
on Candle Creek. A fairly good wagon road to the mining plants 
makes summer freighting at Candle but little more di5cult than that 
to many mining camps in the States. Supplies are hauled as far as 
possible in winter. 

Supplies are obtained on the Koyuk from both Nome and Golofnin, 
and the freight rate from Nome to the Landing on the Koyuk is $20 a 
ton. An example of the effect of poor roads on the cost of haulage is 
shown by the fact that the summer rate from the Landing to Dime 
Creek is 4 cents a pound, when the hauling is done over the extremely 
poor and rough roads across the tundra, whereas the winter rate is 1 
cent a pound, when the hauling is done by sleds and the roads are 
fairly good. The cost of freight from Seattle to Nome, when added 
to the charges just mentioned, make? prices a t  Dime Creek about 6 
cents a pound higher than those in Seattle through transportation 
charges alone. At one of the stores on the creek the following prices 
were charged in August, 1917: Potatoes, 12 cents; flour, 12 cents; 
bacon, 60 cents; ham, 50 cents; sugar, 164 cents a pound. A road is 
to be constructed by the Territorial Road Commission from the Land- 
ing to the center of mining operations on Dime Creek, and this should 
reduce the cost ~f transportation considerably. 

During the winter and spring of 1916-17 supplies were difficult to 
obtain,'Iargely on account of the shortage of teams for hauling. In  
the fall of 1917 conditions had improved, for in addition to two or 
three teams used for private hauling there were two teams engaged 



in freighting, and it was reported that others were coming. If a 
shortage occurs during the winter, supplies could be freighted from 
Golofnin. 

Little wild game, except ducks and geese, is to be found in this 
region. Rabbits are sometimes plentiful. Ptarmigan are scarce. 
Occasionally bear are seen, but not often. The few caribou.that are 
reported here have probably strayed from one of the reindmr herds 

.which are pastured near by. 
In the smaller streams, where mining operation have not muddied 

the water, both grayling end trout are found. In  the larger streams 
&on are cabght and dried for dog feed. 

TIMBER AND COAL. 

A scanty growth of spruce covers parts of eastern Seward Peninsula, 
and good-sized trees are found along the high, well-drained banks of 
the larger streams up to about 400 feet elevation or possibly a little 
higher. There is no timber in the vicinity of Candle, although it 
grows on the upper part of the Kiwalik and Buckland rivers. I n  the 
Koyuk basin good-sized timber, suitable for ginpoles or masts for 
mining, is found along some of the larger tributaries, such as Peace 
River and the East Fork. Timber is present for only a short dis- 
tance up Sweepstakes Creek. A fair growth is said to have once 
fringed Dime Creek, but this has been removed and there now re- 
mains only scattered stunted trees common to poorly drained and 
boggy hillsides, although some of the steeper-sided valleys, where the 
drainage is better, support timber which furnishes excellent fuel, and 
even house logs are obtained. A large number of logs of good size 
will be required in the construction of the road from the Landing to 
Dime Creek, and this will materially decrease the available timber. 

Gasoline and distillate are used generally wherever pumping is to 
be done and on the dredge on Candle Creek. Coal is the principal 
fuel used in the vicinity of Candle, but on Dime Creek its use appears 
to be confined mainly to domestic purposes at  present. Within a very 
short'time it will be necessary, on account of the scarcity of timber, 
to use coal or oil for power and thawing in mining operations also. 
It appears likely that the production of gold in 1917 would have been , 
somewhat larger had there been a sufficient number of teams to haul 
wood for fuel during the spring and early in the summer, and mining 
operations could then have been carried on much later than they were. 
It is said that some wood was hauled by dog teams. The cost of wood 
at the boilers ranged from $16 to $20 a cord. 

Lignite is obtainable in the Candle district from the vicinity of Chi- 
cago Creek, on the Kugruk. This coal formerly sold at about $30 in 
Candle, but none had been brought from the mine in 1915, 1916, or 
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1917, and bituminous coal, which had been shipped in, was used. 1t  
cost about twice as much as the Kugruk coal but was rated about twice 
as high for steaming. Coal of a generally similar character is found 
near the mouth of the Koyuk, just about a t  sea level, where one 4-foot 
seam is said to be exposed. Near by is a 2-foot seam, end several 
seams of a few inches in width also occur. I n  this connection it is 
interesting to note that a fragment of coal was picked up from the 
dump of a prospect hole at about claim 9 below Discovery on Dime 
Creek, together with some angular sandstone pebbles, indicating that 
the coal series is probably present in this general vicinity. An analysis 
of the coal at  the mouth of the Koyuk, made for Mr. John La 
Montaigne, is given for comparison with that from the Kugruk. 

Analyses of coal from Seward Peninsula. 

Fixed carbon.. 39.87 
.. Volatile combustible. 33.94 

Moisture. 19.89 
Ash.. ............................................................................... 

........................................................................... 

made in laboratory of the Geolo 'cal Survey. See Moffit, F. R., The Fairhaven gold 
p&y&rd YeninsuIa, Alaska: U. 8. Geol. &vey Bull. 247, p. 67,1905. 

The locality on the Koyuk was not visited, but it is said to be near 
or at tidewater, and some difficulty might be had at times in mining 
on account of flooding the workings. This coal is about 20 miles 
from the scene of mining operations on Dime Creek, and winter 
haulage should present little difficulty. Summer haulage might be 
attempted by boating the coal up to the Landing in scows and haul- 
ing it by wagon from there. I f  the deposit is workable, it should 
furnish a fuel at  least as good as wood at about the same price a ton 
as the wood costs a cord. 

Another possible source of fuel is the lignite on Wilson Creek, one 
of the headwater tributaries of Kiwalik River. This deposit lies 
about 2 or 3 miles from Sweepstakes Creek, and istherefore between 
12 and 14 miles from Dime Creek. A small opening has been made 

\ 

on the lignite, but i t  was badly caved at the time of the writer's 
visit and but little could be told of the nature of the bed or its extent. 
It lies on the west bank of the creek, and apparently has a slight dip 
into the bank and upstream. The lignite is extremely fibrous and 
contains tree stems, in some of which the annular rings are still 
plainly discernible, the wood apparently being altered but little, 
although it appears carbonized. A thickness of 3 feet was exposed 
in the face by digging, but from the occurrence of the coal in the 



caved-in adit, it appears that the total thickness is much greater, 7 or 
8 feet or even more not being improbable. Overlying the coal is a 
very stiff gummy clay, and apparently overlying the clay are basaltic 
lavas. The lignite was exposed along the stream for a distance of 
about 15 feet, but most of it was covered by the clay, which had crept 
down over it. Fragments of the lignite appear below the outcrop 
in the stream gravels for several yards. About 200 yards down- 
stream a second outcrop shows a thickness of a few inches, but the 
thickness of the deposit may be much more than this. 

It has been used to a small extent for domestic purposes and seems 
to be quite satisfactory. No tests had been made, so far as known, 
of its suitability for making steam. 

R7ATER. 

I 
As in many other parts of Seward Peninsula, the question of a 

water supply in this region is serious, and numerous expedients have 
been adopted to utilize the water that is available. Ditches have 
been constructed and pumps are used to some extent, probably much 
more than in most Alaskan mining districts. Where winter work is 
done, a large part of the sluicing of the winter dumps is done with 
the flood waters which result from the melting of the winter snows. 1 

In the vicinity of Candle the problem is especially serious. A 
ditch from west-side tributaries of the Kiwalik furnishes water for 
hydraulicking operations on John Bull Hill, near Candle, but at  
times during the season the ditch carries so little water that mining 
is impossible. The same conditions prevail on Candle Creek and its 
tributaries, but the dredge can operate in its pond, even though but 
little additional water is coming in. Those plants which pump water 
are somewhat better off than those which depend on dit& water for 
sluicing, although some losses of gold are probably entailed in the 
use of dirty water. On the benches there is difficulty in getting water, 
and often short ditches are cut in the face of the hillsides to catch 
the run-off for use in sluicing, in connection with the water obtained 
from some of the small depressions. At times Patterson Creek car- 
ries considerable water, and this has been utilized in mining. 

It is said that if water was available, it would pay to groundsluice 
off the overburden from a number of claims on the benches and to 
rework the old piles of tailings as well. I t  may be possible to work 
some of this ground with water from the Kiwalik ditch after the 
exhaustion of the placer gravels upon which the ditch company is now 
operating, but rather extensive surveys would be necessary in order 
to determine how much of the Candle Creek benches could be worked 
in this manner. 
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On Bear Creek the problem of water supply is much less serious 
than elsewhere, largely because the water for the ditch and other 
mining plants is taken from streams that head in a high ridge on 
which there is a much greater and mom frequent precipitation than 
elsewhere in the region. I n  dry seasons, however, even on this creek 
a shprtage of water is sometimes felt. Aside from the operations of 
the ditch company, mining is being done on the beds of small streams 
which usually furnish su5cient water for sluicing the auriferous 
gravels as they are shoveled into the boxes. 

In  a general way the conditions on Sweepstakes Creek are analo- 
gous to those on Bear Creek, for the streams that head in the high 
peak of Granite Mountain usually have a flow of water sufficient for 
all the operations now being carried on. The same conditions prevail 
in part on Rube Creek and other tributaries of Peace River, but the 
flow of these streams is normally only moderate in amount, and 
difficulty may arise in protracted periods of dry weather in getting 
sufficient water to carry on mining operations, if more than one or 
two plants are a t  work, unless additional supplies are obtained from 
near-by creeks. 

On Dime Creek the conditions as regards water supply somewhat 
resemble those on Candle Creek, and conservation and complete zrtili- 
zation are aimed at. The latest claims staked on the benches are con- 
fronted with the greatest problems, for the rightsof theearlier staker 
to c m k  water which may be brought onto the benches must be ob- 
served, and recourse is had, therefore, to numerous expedients, such as 
pumping the dirty water from the creek or digging wing ditches on 
the hillside above to collect spring and summer run-off. The supply 
of water of these systems is frequently augmented by the construction 
of ditches to one or more small draws or pups. A fairly satisfactory 
supply of water is obtained in this way for sluicing winter dumps, 
but for continuous summer work i t  will prove far from satisfactory. 
Stripping operations by groundsluicing are practically limited to 
those claims which have ditch water obtained from the creek, or 
which pump the water from and return it to the creek. 

WAGES AND LABOR CONDITIONS. 

The wages common to most Alaskan camps, $5 a day and board and 
higher wages to hoistmen and blacksmiths, are also paid in this 
region. Both at Candle and at Dime Creek most of the mining .is 
done during the winter, and only a subordinate amount during the 
summer, although there is some prospecting in the summer. On 
Candb Creek most of the summer work is done on the shallow ground 

, of the creek. On Bear and Sweepstakes creeks only summer open- 
cut work is done. On Dime Creek summer operations were confined 
to three plants which were open cutting and to a small amount of 



underground work, largely of a nature preparatory to winter mining. 
A considerable amount of prospecting and ditch construction was 
also done. 

At Candle but few men were idle who wanted employment, for the 
road-repair work engaged most of those who had worked in the 
mines during the winter. On Dime Creek a number of men were 
idle during August. ' 

GOLD PLACERS. 

PHYSIOGRAPHY. 

The origin of the placers is so intimately connected with the 
physiographic history of the region that i t  is appropriate to discuss 
this feature in connection with the placers, and an interpretation of 
the topographic forms may throw some light on the mode of concen- 
tration of these deposits. 

A striking topographic feature in many parts of the region be- 
tween Eschscholtz Bay and Norton Bay is the terraced character of 
many of the hills and mountains. These terraces attain the grearest 
prominence in areas of massive, well-indurated rocks like the gran- 
ites or the series of agglomerates, tuffs, and flows of an andwitic 
character which lie chiefly north of the Koyuk. Moffit states " that 
a given bench could often be traced from one locality to another, but 
the contour interval [used in the topographic mapping] was too 
great to permit any extended correlation of levels." The areas of 
older metamorphic rocks do not present this terraced appearance, 
although broad flat-topped or very smooth-crowned ridges are pre- 
dominant. It is possible, although by no means certain, that these 
flat-topped ridges correspond to the terraces in the more resistant 
rocks and with the terraces represent marine benches. I f  so, there is 
lacking the confirmatory evidence of widely distributed beach pebbles, 
such as might be expected if the benches were water cut. Although 
Moffit states that on some of the upper tributaries of the Kimalik 
and on Old Glory Creek elevated benches of gravel were seen at an 
altitude of about 500 or 600 feet above sea level, the presenca of 
gravels on the terraces is unusual, for he says : l 

The floors of the bench- are usually covered with dGbris, which i s  angular 
or rounded, and i s  probably due to weathering rather than to grinding by 
water currents. The edges of the benches are made up of angular blocks pro- 
duced by the action of the frost on the bedrock, now only occasionally visible. 
The blocks appear not to have been moved any considerable distance but simply 
to have tumbled down and formed a talus along the front of the rock wall, 
which they now conceal in nearly all cases. 
-- 

lMomt, F. H., The Fairhaven gold placers, Seward Penlnaula, Alaska: U. S. Geol. 
Survey Bull. 247, p. 44, 1905. 

a Idem, p. 40. 
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If these terraces were formed by wave erosion the gravel and sand 
which were produced in the incision of the benches have been largely 
if not wholly removed from most of them, although, as already cited, 
some of the high-lying gravels still remain. I t  is somewhat difficult 
to believe that wave-cut terraces would still present such definite 
scarps as are found at even the highest elevations, and that erosion . 
took place of sufficient magnitude to remove all the unconsolidated 
beach d4bris which had been formed in cutting the benches as the 
sea encroached by stages upon the land surface. I f  it is assumed 
that some of the terraces were cut as thc land surface emerged from 
the sea, an even longer period of endurance of the highest terraces 
is thereby postulated. I t  may therefore be possible that some at 
least of the terraces owe their origin to some other cause, although 
it is believed that the land surface has been depressed to a depth of 
several hundred feet below sea level. I n  the Yukon-Koyukuk re- 
gion similar high terraces have been ascribed by Eakin to a proc- 
ess termed "altiplanation," a phase of solifluction that under cer- 
tain conditions finds expression in terrace-like forms and flattened 
summits. Until definite proof of a marine origin is obtained, it 
appears logical in this region also to accept Eakin's hypothesis of 
origin for the highest of the terraces, although the sea probably 
covered the land to a height of 500 or 600 feet and carved the land 
forms to that elevation. Stream erosion has greatly modified the 
topography since emergence, and the tendency has been to restore 
the former topography by sweeping out the unconsolidated sedi- 
ments from the filled valleys. On the hillsides solifluction has been 
an important agent in the transportation of the d6bris to the bottoms 
of the valleys, where it was removed by the streams. 

The numerous exposures of basaltic lavas afford some indicaGon 
of the topography which existed previous to their extravasation. I t  
appears likely that at that time a very mature topography had been 
developed and the country was nearly base-leveled. It may be that 
the extrusion of the lavas occurred shortly after the emergence of 
the land surface nearly to its present level, when many of the valleys 
were nearly if not quite filled with gravels and sands resulting from 
inundation. Drainageways had been eetablished, however, and it 
was down these that the lavas took their course. At the head of 
Bear Creek, they are found at an elevation of about 1,200 feet, and 
this appears to be about the maximum height reached, except in the 
area at the head of the Koyuk, from which i t  is likely that a very 
considerable part of the lavas came. There may also have been vents 
for these lavas somewhere on the Buckland-Kiwalik divide. Moffit 

lEakin, H. M., The Yukon-Koywkuk region, Alaska: U. S. Geol. Survey Bull. 631, p 
78, 1916. 

$Moat, F. H., op. cit., pp. 32-33. 



describes the topographic changes due to the lava flows in the fol- 
lowing terms : 

Important modifications of the drainage were brought about by the extru- 
sion of the lava, which occupied the depressions and flowed down the valleys in 
broad rivers of molten rock. At times the cooling of the advancing front wall 
dammed back the flow and forced it over the low, rounded divides between the 
watercourses into the next valley beyond, or formed a lake [of molten lava] 
which llnally overflowed the obstruction and resumed its original course, only 
to repeat the process a little farther on. 

I n  this way islands of bare ground were left between the great finger-like 
protrusions along the edge of the sheet. At the same time a shifting of the 
watercourses was brought about, for when not of sufficient volume to fl11 i t  the 
lava occupied the lowest part of the valley and the waters sought a new channel 
parallel to the old one, along the edge of the hardened flow. A number of lakes 
and ponds also owe their existence to the damming of streams by lava, among 
which may be mentioned Lake Imuruk, the largest body of fresh water on the 
peninsula. 

Observations made by Collier on Noxapaga River showed these more recent 
l a v a  overlying gravels which are cemented near the contact by indurated clays 
and contain pebbles of an older flow---conclusive evidence that considerable 
time must have elapsed between the first outbreaks and the solidification of the 
flows just described. The source from which the recent basalts of Noxapaga 
and Kuzitrin rivers were discharged lies to the southwest of Lake Imuruk, 
this being shown by the scattered lava cones as well as by the direction of 
movement of the flows themselves. 

On the upper part of Koyuk River a similar relation of basalts and gravels 
was observed by Mendenhall. He found on the truncated edges of the schists 
5 feet of gravel, made up of schist, vein quartz, and granite; this in turn was 
covered by an undisturbed horizontal sheet of olivine basalt, which had been 
but little affected by the erosive action of the stream since i t  came to rest, and 
was therefore believed by him to be of Pleistocene age. 

No evidence of flows as  recent a s  those between Noxapaga and Kuzitrin rivers 
was seen by the writer in the country toward the northeast, where the lavas 
have been subjected to  weathering for a much longer time and have suffered 
correspondingly. In the region south of Kotzebue Sound it is probable that a 

. drainage system differing very little from the present one and containing a con- 
siderable body of gravels was invaded and partly filled by the basic lavas, 
which formed a sheet of no great thickness across the valleys. The present 
streams then resumed their work and cut down through the thin lava sheet, 
uncovered again the older channels, and left the conspicuous rim of lava now 
seen surrounding many of the valleys. In  evidence of this may be mentioned 
the fact that the lavas in almost all cases appear well up on the sides of the 
narrow valleys, and that there is no indication that they ever covered the 
higher hills above the valleys. In  one instance, a t  the west end of the big bend 
of Kugruk River, the lavas appear a t  the water's edge; in all other cases, a s  
far  as observed by the writer, they are above the streams, which a t  present 
occupy channels in the older metamorphic schists and limestones. I t  should be 
stated, however, that no contact of lavas overlying gravels, such a s  that de- 
scribed by Mendenhall and Collier, was observed in the region, since the great 
quantity of broken blocks, thrown down largely by the action of the frost, pre- 
vented a view of the base of the flows. This condition also prevented any accn- 
rate determination of the thickness of the lava, though two flat-topped hills of 
i t  sonth of the upper part of Cottonwood Creek have an  elevation of 80 feet 
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above the plain on which they rest. In the one nearer the Cottonwood tki? base 
is formed by some 8 feet of agglomerate containing boulders of basalt. This 
relation of the lava8 to the gravels is a question of some interest, since, if the 
ideas here advanced are correct, it is possible that valuable placer gravels may 
be present somewhere beneath the lavas. 

Where the lava rim was seen on the Kiwalik, about a mile above 
Candle, it was a far less pronounced feature than in the areas to the 
west that are described by Moffit. At the headwaters of the Kiwalik, 
on Wilson Creek across the divide from Sweepstakes, and at the head 
of Moon Creek on the west side of Peace River, the basalt caps the 
hills, and on the east side of the river opposite Moon Creek it appears 
nearly to the crest of the ridge. In  places at each of these three 
occurrences there appears a distinct scarp or rim, but elsewhere the 
presence of the basalt is only indicated by the numerous large angular 
pieces of the rock which cover the very gentle slopes. Wherever bed- 
rock was seen in the banks of Peace River it consisted of the much 
older series of andesitic tuffs and flows, generally overlain by uncon- 
solidated gravels. At the head of the Kiwalik, the basalt appears to 
overlie clay beds above a bed of very fibrous lignite. 

It appears likely from the distribution of the basalts that they once 
covered the gravels which occupied the valleys of Peace River and 

. Sweepstakes Creek, but west of Peace River and north of Sweep- 
stakes Creek they have since been removed by erosion. Moffit states 
that the presence of the lava on Candle Creek is shown by fragments 
in the gravel and on the hill slopes and by a. few outcrops. It prob- 
ably also filled the valley of Kiwalik River from Candle up to a 
point between the mouths of Lava and Hunter creeks. It is likely 
that detailed work would reveal the presence of remnants of this flow 
on the west side of the Kiwalik also. 

None of the recent basalts are found on Bear Creek except at  its 
head, where their position indicates that if Bear Creek flowed in its 
present valley at the time of their extrusion a lava stream must cer- 
tainly have flowed down this depression. They are not now present 
in this valley, so far as known. 

In like manner, basalts occur on the divide between Dime Creek and 
Peace River, w& of Eldorado Creek, and at the head of Flat Creek 
in positions which indicate that they would have flowed down a de- 
pression corresponding to the present valley of Dime Creek had it 
existed at the time of their extrusion. These basalts have been re- 
moved without leaving a trace of their former presence except the 
olivine found in the heavy sands of the clean-ups. 

The presence of the lava on the divide between Mukluktulik River 
and Kenwood Creek indicates from its position that i t  must once have 
been connected with the basalt areas to the north in the Koyuk basin. 

*Mollit, F. H., op. cit ,  p. 61. 



A measure of the amount of erosion since the extrusion of the lavas 
is afforded by these numerous flows. An interpretation of the age 
relations is presented on page 381. 

CANDLE CREEK. 

Candle Creek has been one of the large gold-producing creeks of 
Seward Peninsula for many years. The earliest workings were on 
creek claims, and mining operations in summer are still largely 
confined to the creek, although some of the more shallow benches 
are now being worked by open-cut methods. After the discovery 
of the creek placers, prospecting revealed the presence of valuable 
ground on the benches, and deposits of such gravels have been 
worked there for a number of years. 

The bedrock in the lower claims is mainly schist, but on the bench 
claims it is in many places a coarsely porphyritic andesite. It is 
said that on the upper bench the pay streak follows rather closely 
the contact between the andesite and the schist. On the creek 
claims, according to Moffit :l 

Schist (often coarse and angular, at  times finely divided) forms much the 
larger part of the gravels in the channel. Quartz-vein stuff with some lime- 
stone makes up the remainder. An ice bed of variable thickness, which meas- 
urea about 12 feet near Patterson Creek and extends to the west of the stream 
channel several hundred feet, overlies the gravels in the bottom of the valley. 
The tendency of the debris on the slopes of either side of the valley to slide 
down toward the creek is shorn by the bulging up of the clay from the 
bottom of the cuts and by the closing in of the sides. In consequence of this 
tendency the gravels are usually much disturbed and there is no uniformity 
in the sections. At the mouth of Patterson Creek there are from 6 to 8 feet 
of gravel and slide resting on a blue-clay bedrock ; a t  Willow Creek the gravels 
measure from 5 to 8 feet; on a bench claim below Patterson Creek the 
gravels are not so t h i c k 4  or 5 feet of fine schist, "chicken feed," is covered 
by 10 or 12 feet of ice and 2 feet of muck; on a bench claim nearly 1,000 feet 
west of Candle Creek a 33-foot hole put down with a thawer gave the fol- 
lowing section : 

Sect4on near Can'dle Creek. 
Feet. 

Muck . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Slide consisting of yellowish and reddish quartz sand with 

"chicken feed " (finely ground schist) .................... 28 

The gold on the creek claims, where the bedrock is schist, is flat- 
tened and black; that taken from bench claims, where andesite is 
the bedrock, is said usually to be bright. "Iron stones," rounded 
pebbles of hematite or limonite, are generally found in close asso- / 

* Motat, F. H., op. cit., p. 61. 
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ciation with the richer depdsits. Other minerals found in the sluice 
boxes in the clean-up includes arsenopyrite, pyrite, galena, chalco- 
pyrite, magnetite, ilmenite, rutile, zircon, garnet, and cerusite. Of 
these minerals, arsenopyrite appeared to make up far the largest pro- 
portion on a claim near the mouth of Patterson Creek. The chalco- 
pyrite occurs in association with the galena in the same grains. 
Some of the galena is coated with cerusite. These minerals are 
found also in the cuts of the Keewalik Mining Co. on John Bull 
Hill south of Candle, but the iron oxides appear to predominate and 
occur in well-rounded grains or small pebbles. I n  addition to the 
minerals above mentioned, shot coated with lead oxide are found 
with the heavy sands. 

About 12 small plants, employing in all about 30 men, were at  work 
during the winter of 191f3-17, either engaged in mining or in pros- 
pecting on Candle Creek and its tributaries, including 11 men who 
worked on Jump Creek. In  summer about 55 men were engaged in 
mini*, about half of them with two of the eleven plants that were 
operating. Power scrapers were used on a number of claims. On 
some it was necessary to pump water in order to get sufficient eleva- 
tion and suitable grade for the boxes, as well as dumping room for 
tailings. One dredge was in operation, and two plants hydraulickd 
the overburden and the auriferous gravels. China pumps were umd 
on some of the creek claims to remove water from the pits. 

The dredge was operating on claim No. 5 above Discovery. An- 
other dredge was to be moved to the creek during the winter of 
1917-18. These dredges will operate' on the creek claims, and some 
of the ground will be reworked. 

I t  is said that many of the bench claims contain sufiicient gold in 
the tailings from former operations to warrant reworking if water 
could be obtained. Considerable losses were entailed in washing the 
clayey gravels by the methods previously used, largely because of 
insufficient water. Projects have been proposed for getting water on 
these claims by the construction of a ditch, but the high initial 
expense has served to delay the carrying out of any of these plans 
while the ownership of the ground to be worked is as widely dis- 
tributed as at present. 

BEAR CREEK. 

Bear Creek is tributary to Buckland River on the northern drain- 
age slope of Seward Peninsula. Gold has been mined on the main 
creek and two of its tributaries, Sheridan and Cub creeks. The 
first claims recorded were staked in 1901 and some work was done 
later on the richest gravels, Moffit stating that in 1903 about $10,000 

1 MoiBt, F. H., op. clt., p. 64 
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was taken out. Concerning the later developments, Smith and 
Eakin ,give the following information : 

From 1903 to 1907 a little desultory prospecting and mining was done, but 
during the latter year the building of a ditch along the west slope of the valley 
revived Interest in the region. The small precipitation of 1908, however, pre- 
vented any extensive use of the new ditch, and in 1909 there was no evidence 
that productive mining was in progress. 

Since 1909 changes in ownership have taken place, and in addition 
to the hydraulicking plant of the former ditch company there has been 
installed a hydraulic elevator of the open-flume type, which oper- 
ated in 1916 and 1917. This plant was working on Bear Creek near 
the mouth of Split. I n  1917 two men were engaged in open-cut work 
on a beach claim near this plant, one man was open cutting on a 
claim about a mile below, and one man was working on an open cut 
on Sheridan Creek. In  addition some assessment work was done on 
a number of other claims on Bear Creek, and Cub Creek had been 
restaked recently,. although no work had been done on it early in 
August. 

For the most part, the bedrock is a series of altered andesite tuffs 
and flows, but intrusive rocks of a more basic character are associated 
with them, for pebbles of diabase were seen in the creek gravels. 
Probably the ~lat inum that is obtained in small amount on Bear 
Creek is derived from rocks of this character. I n  addition to the 
basic intrusives there are numerous dikes of acidic intrusives; fresh 
andesite dikes, which cut the metamorphosed andesitic rocks, were 
seen on the hills north of Split Creek, and pebbles of syenita 
and diorite were noted below the mouths of small streams between 
Split and Cub creeks. I n  the bed of the main stream dikes were seen, 
but they were so badly weathered that their original nature was not 
dekerminable. The bedrock on the lower part of Cub Creek is of the 
metamorphosed andesite series, but a large proportion of the boulders 
of the creek are composed of porphyritic syenite, monzonite, or dio- 
rite, and some of them carry the brown garnet melanite. These rock 
types correspond to those described by Moffit as occurring in the 
vicinity of Granite Mountain. Pyritic mineralization, of which the 
deposition of the gold is a phase, accompanied the intrusion of these 
rocks. 

The bedrock surface in the creek is extremely irregular, and its 
unevenness appears to prevent large-scale operations by methods 
other than those now being used. A considerable portion of the gold 
lies close to badrock, and it must therefore be thoroughly cleaned for 
successful mining. In  the concentrates found in the clean-ups by far 

lSmith, P. El., and lakin, H. M., A geologic reconnaissance in southeastern Seward 
Peninauk and the Norton Bay-Nulato regioa: U. 8. Ceol. Survq Bull. 449, pg. 125-128, 
1911. 

Momt, F. H., op. cit., pp. 29-30. 
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the largest proportion of the heavy sands consist of the iron oxides, 
magnetite and hematite. The magnetite is easily removed by the 
magnet, but the hematite gives some trouble, as it is not readily sepa- 
rable from the gold. In  addition to these minerals smaller amounts 
of limonite, ilmenite, pyrite, garnet, olivine, and some of the lighter 
silicates are also found. Of special interest in connection with the 
platinum is the occurrence of rounded grains and perfect octahedra. of 
a chrome spinel, which resembles magnetite but is only very faintly 
magnetite, and in addition appears to have a more vitreous rather 
than metallic luster. A similar association of minerals is found on 
Sheridan Creek, where the geologic conditions are essentially the 
same as those on the main stream. 

RUBE CREEK. 

Rube Creek is a small stream that enters Peace River from the 
west about 7 or 8 miles above Sweepstakes Creek. It flows close to 
the base of the mountain mass that lies to the south, so that there 
is less workable placer ground, either stream or bench, on that side 
than on the north, where between Rube and Farmer creeks there is 
a sloping tundra plain in which these two streams have only 'slightly 
intrenched themselves. A number of claims have been staked on 
both creeks as well as on some of the tributaries of Rube Creczk from 
the south. Most of the work in August, 1917, had been done on a 
group of claims on Rube Creek, where a ditch had been dug and two 
open cuts had been made. Most of the work of development had been 
done on the lower cut, which was about 100 feet long and from 3 to 
8 feet deep. Gold is found on a false bedrock, an impervious clayey 
stratum, and in the superjacent 2 to 3 feet of gravel. Overlying the 
pay gravel is an uneven thickness of barren gravel and sand, which 
is overlain by 2 feet or more of muck and vegetation. North of 
Rube Creek the depth to bedrock is greater, and in one section 6 feet 
or more of ice containing a small amount of gray-blue muck is ex- 
posed below the surface covering of vegetation. At one place several 
alternating thin layers of gravel and muck were noted. These layers 
were probably formed by the deposition of the gravels on the moss- 
covered surface by successive spring overflows, and the accumulation 
of moss and finer material on the surface between flows. 

Pannings from the pay gravels showed several colors to the pan 
of bright gold, somewhat less flaky than that on Dime Creek. No 
platinum was seen in the pannings, but it is said to be found. The 
heavy sands include an unusual amount of black garnet. Besides the 
lighter silicates, hematite, olivine, zircon, and chrome spinel are also 
present. Only a few grains of the chrome spinel were seen. 

I n  m e  of the bare patches between Rube and Farmer creeks a pan 
of dirt was washed and showed a few fine colors. The minerals in 
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the concentrates were essentially the same as those on Rube Creek, 
the black garnet being conspicuous. 

SWEEPSTAKES CREEK. 

Sweepstakes Creek is the main tributary of Peace River from the 
west, and at their junction the two streams are about the same size. 
It is untimbered except near Peace River. Like Rube Creek i t  flows 
close to its south bank, and there is a very gentle slope on the north 
side. 

During the summer four plants, which employed about 12 men, 
were in operation. Work was done on rather widely separated 

' 

claims, extending from the mouth pf Bear Gulch, about 2 miles 
below Discovery claim, which is near the forks of Sweepstakes, to 
claim No. 10 above Discovery. The ground is shallow, and open- 
cutting is practiced. A large part of the overburden of muck and 
vegetation, as well as the upper part of the gravels, is sluiced off, and 
the auriferous gravels are then shoveled into a line of sluice boxes, 

On the upper claims worked the depth to bedrock is about 6 feet, 
the upper 2 feet of which consists largely of muck and vegetation. 
The material on this claim contains many angular fragments of rock, 
8 inches or larger in dimensions and comparatively little rounded 
gravel. 

On the lower claims the depth to bedrock is somewhat greater, 
ranging from 7 to 15 feet, of which the gravels make up from 4 to 9 
feet. The gravel is well rounded and relatively small, although 
some boulders are present. The bedrock is similar in character to 
that of most of the material of the gravels and is somewhat decom- 
posed, so that often the bedrock is excavated to a depth of a few 
inches and put through the sluice boxes also, in order to prevent 
the loss of gold. 

On most of the creek the bedrock consists of the metamorphosed 
andesite series, but there are places where the much older metamor- 
phic rocks seem to underlie the auriferous gravels. Elsewhere, as 
near the mouth of Granite Creek and on the uppermost claims being 
worked, syenitic rocks appear. 

Platinum, comparable in the ratio of its occurrence with the gold 
to that on Dime Creek, is found on the Circle claim at the mouth of 
Bear Gulch, and pannings from Bear Gulch are also said to carry 
considerable amounts of this metal. It was not reported in the gold 
from the upper claims. 

The heavy sands include magnetite, olivine, brown and red garnets, 
zircon, hematite, and a small amount of ilmenite. Chrome spinel is 
present also in considerable amounts, and it is probabIy derived from 
the m e  source as  the platinum 
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DIME CREEK. 

Dime Creek is tributary to Koyule River from the northeast be- 
tween Peace River and East Fork. The first claims were staked in 
3910 by Sam Smith and his associates. Prospect holes were sunk 
on the lower claims, but the results obtained did not warrant further 
operations, and the claims were abandoned. On April 4, 1915, gold 
was discovered near the mouth of Little Eldorado Creek by Tom 
Moon and Henry Ryan. There resulted a stampede to the creek; 
and, after what were supposed to be the good claims on Little Eldo- 
rado Creek were staked, the late comers took first the creek claims 

' and then the bench claims on Dime Creek as well as its tributaries, 
and claims were also staked in the basins of near-by streams. A pro- 
duction of about $3,000 is said to have been made from three claims 
during that year. Neither machinery nor supplies were near at hand, 
and they had to be brought from Golofnin or Nome, so that no con- 
siderable production was made until the following year. It has been 
estimated that the production of 1916 was about $100,000 from eight 
claims. 

I n  1917 about 17 plants in operation on 16 claims employed a total 
of 85 men. It is believed that the production from winter and sum- 
mer operations was about $150,000. In  addition to the gold about 
35 ounces of platinum was produced. I t %  said that on the creek and 
bench claims at the lower end of Dime Creek there is about 1 ounce 
of platinum to e&ch $5,000 of gold ; on the upper claims this ratio is 
considerably higher, so that it may amount to as much as 1 ounce to 
each $2,000 in gold. 

The following analysis of platinum from Dime Creek was made 
by R. C. Wells-in the laboratory of the Geological Survey: 

dnalyels of platinum from Dime Creek, Seward Peninsula. 

- 

1 Broob, A. H., The Alaskan mining industry in 1915 : U. S. Geol. Survey Bull. a642, 
p. 70, 1916. 

I 

a Mertie, J. B., Lode and placer mining on Seward Peninsula, Alaska : U. 8. Geol. Survey 
Bull. 662, p. 454, 1917. 
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The highest values that have been reported for the gold from 
this creek are $19.84 and $19.88 a fine ounce. The fineness of the 
gold worth $19.88 an ounce was 961 parts gold and 32 parts silver. 

The depth to bedrock differs considerably. I n  a general way the 
claims at the upper end of the creek are somewhat more shallow than 
those farther downstream, and- the depth to bedrock increases still 
more on claims as far down as claims 8 or 9 below Discovery. Where 
mining is being carried on, from claim 7 above to claim 1 below, the 
depths range from 10 or 12 feet to about 30 feet on the creek claims. 
On the right limit benches the depths range from 6 to 10 feet; on 
the left limit, the first tier opposite claim 2 above, the depths are 
about the same but increase downstream, so that on the second tier 
bench opposite Discovery the depths to bedrock range from 25 to 50 
feet. Bedrock lies a little higher than the present surface of the 
stream. The section made known by mining operations differs ac- 
cording to the depths of the holes. Normally, however, there is a 
gravel layer from 2 to 8 feet in thickness overlain by a few feet of 
muck and ice, which in turn is covered by about 1 or 2 feet of vegeta- 
tion and peaty material. In  some of the deeper holes, especially on 
the benches, there is a layer of angular rocks and clayey material 
which appears to be largely hillside talus. This is locally known as 
"slide " and contains little, if any, rounded gravel. All the ground 
worked is frozen. 

Summer operations were largely confined to open-cut work, pros- 
pecting, repairing of ditches, and getting equipment and supplies 
for winter work. A few small plants that were worked during the 
summer hoisted with a windlass. There appears to be little reason 
why, if it is possible to obtain fuel and other supplies, deep mining 
should not be carried on during the summer, as well as in winter. 
Open cutting was in progress in August, 1917, on three claims; one 
plant used ditch water for stripping and sluicing, one pumped from 
Dime Creek, and the third supplemented water that was pumped 
from the creek by ditch water when it was available. A large pro- 
portion of the overburden of the auriferous gravels on these claims 
consisted of muck and ice below a protective mantle of vegetation. 
When this covering had been removed even a small amount of water 
was effective in stripping. 

The gold is found mostly on or near bedrock, but some is dis- 
tributed through 2 or 3 feet of gravel, so that it is necessary to 
mine and sluice this amount of material. The amount ranges from 
50 cents to over $2 a square foot of bedrock mined. Though the 
pay streak on the creek claims is fairly well defined, it may in places 
be divided and on the bench claims there appear to be several lines 
along which concentration has taken place, as though effected by 
wave action along beaches at successive stages of elevation or de- 

115086°-19--26 
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pression of the land surface. Further data are required to prove 
this hypothesis, which can best be obtained from actual mining op- 
erations and observations as to the lineal continuity of pay streaks. 
In  association with the gold and platinum in the sands from clean- 
ups a number of heavy minerals have been found. These minerals 
include a little magnetite, hematite, and limonite, and large amounts 
of chrome spinel and olivine, together with some pyroxene. Garnets 
are found, although rarely. Rutile was noted from one of the left- 
limit second-tier bench claims. 

Bedrock on the creek consists largely of the metamorphosed 
andesita series. The older slates and limestones appear, however, on 
the west side of the creek, and Little Eldorado Creek follows along 
the contact. 

At the mouth of Silver Gulch a Cretaceous conglomerate, which 
contains pebbles of limestone and slate, appears in the stream banks, 
and with Cretaceous shale and sandstone folms the bedrock of most 
of the creek claims below this tributary. 

Pebbles of glassy lava in the stream p v e l s  indicate that some- 
where on the creek this rock forms the bedrock The olivine and 
pyroxene, which are green and greenish-black minerals in the heavy 
sands, may have been derived from the recent basaltic lavas which 
occur along the divide between Dime Creek and Flat Creek, as well 
as on the ridge between Dime Creek and Peace River, and probably 
once occupied or covered Dime Creek valley, or  they may have been 
derived, together with the chrome spinel, from a peridotite at  the 
head of Dime Creek. This rock probably is the source of the plat- 
inum also, and the fact that the platinum grains are so rounded af- 
fords an indication of the distance traveled and the amount of abra- 
sion to which they have been subjected. Grains of platinum from the 
upper claims appeared more commonly to be angular, although even 
there a large proportion is shotlike. 

A composite sample of chrome spinel from several claims on Dime 
Creek and a sample of concentrates from the left-limit second-tier 
bench claim opposite Discovery, Dime Creek, were analyzed by Chase 
Palmer in the laboratory of the United States Geological Survey and 
were found to contain 51.14 and 15.42 per cent of chromic oxide 
(Cr,O,) , respectively. 

LODE PROSPECTS. 

There has been but little attempt at  lode mining within this region, 
probably largely on account of the poor exposures, except along 
st~eams throughout much of the area. I n  the mountainous areas at  
the heads of the larger streams exposures are somewhat better, but 
the difficulties of transportation are such that even moderately rich 
ores could scarcely be worked at a profit except on a large scale and 
after the completion of roads or railroads to them. 
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Only two prospects are known to the writer. What is known as the 
Beltz prospect wnsists of ten or more small open cuts on the north 
side of Split Crtek, a tributary of Bear Creek. These lie tat an aver- . 
sge elevation of about 700 feet above the mouth of Split Creek. The 
pits are badly caved and filled with talus from the slope, so that it 
was not possible to obtain any data on width, dip, or strike of the 
vein. Near some of these pits vein quartz was seen, which carried 
some copper as chalwpyrite. The weathering of the chalcopyrite 
had caused the rock to appear rusty from the iron oxide with small 
patches of green copper carbonate. There does not appear ever to 
have been any production of ore from this property, and it is not 
possible to make any statement of its potentialities. 
On the Kugruk about a quarter of a mile east of the mouth of In- 

dependence Creek there is an argentiferous lead prospect owned by 
Perkeypile & Ford, which was not visited. Considerable develop- 
ment work is said to have been done on this property by open cuts, 
tunnels, and winzes. In  addition to lead and silver assays show a 
considerable percentage of zinc, traces of copper, and a small amount 
of gold. 

Transportation of supplies to this prospect and of the ore or con- 
centrates from it appear to be the controlling factors in this develop- 
ment. Candle, 25 miles distant, is the nearest to& to which sup- 
plies could be brought, although i t  is possible that they could be 
brought up  the Kugruk to a point somewhat nearer. The future of 
this property appears to be dependent upon the proving of a s&- 
ciently large ore body to warrant the construction of a road or rail- 
road from the mine t o  Candle or Deering for the economic handling 
of supplies and ore. If a road was built to Candle, advantage could 
probably be taken of that already constructed up Candle Creek. For 
a small plant winter transportation of both supplies and ore would 
doubtless prove most economical. Coal for fuel m d  power could be 
obtained on the Kugruk within 15 or 20 miles. 

The workable deposits of coal in this area have already been quite 
fully discussed under the consideration of the economic factors that 
affect the mining of placer gold. (See pp. 383-385.) In  addition to 
these occurrences small deposits are also known at the head of Hunter 
Creek and near the mouth of the Buckland. Nothing further is 
known regarding these deposits. 

HOT SPRINGS. 

A slight depression on a bench 50 feet above the west bank of 
Spring Creek, about half a mile above the forks, contains hot springs 
which rise up through angular fragments of diorite and metamor- . 
phosed andesite. Several basins have been artificially excavated, 
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and the water, most of which comes from a spring at the upper end of 
the series, flows successively through these basins. The tempr- 
ature is such that the hand can be held in the uppermost pool without 
discomfort and is probably about 1 0 5 O  F. The lower p l s  are 
slightly cooler. South of the main spring is a small seep. In the 
basins is a considerable growth of red, yellow, pink, and green algae. 
There is a slight odor of sulphur dioxide in the vicinity. The roeks 
over which the spring waters flow have a thin white tasteless coating, 
but there are no deposits of siliceous or calcareous material. Bnb- 
bles of an odorless, noninflammable gas, probably carbon dioxide, 
rise almost constantly in the pool of the principal spring. 

In  the bank of the stream just below the spring is a small out- 
crop of a gray hornblende diorite, which is intrusive in the andesitic 
series. I t  appears likely that the spring is fed by atmospheric water, 
which falls on the upper slopes of Granite Mountain and follows 
joints and fissures in the rocks down to the zone where it acquires its 
heat and then rises along another fissure to form the spring. The 
water is tasteless and odorless and fairly potable after cooling, 
although a trifle " flat." No utilization has been made of the springs. 

SOURCE OF VALUABLE PLACER MINERALS. 

The essential facts concerning the source of the placers have been 
included in the preceding discussion. It may, however, be well to 
summarize briefly the main features of their origin. 

The origin of the gold is attributed to syenitic and dioritic intru- 
sions and possibly on Candle Creek to the more porphyritic andwite. 
At Candle Creek a portion of the gold of the placers is also probably 
to be attributed to the breaking down of auriferous quartz veins in 
the older metamorphic rocks. In a general way, there seems to have 
been wmparatively little quartz deposited in veins accompanyingthe 
deposition of the gold, but the quartz was deposited in thin fissures in 
the older andesites and metamorphic series. The gold was concen- 
trated in the placers along marine beaches or along stream valleys; 
some deposits were undoubtedly subjected to both beach and stream 
concentration. 

The platinum, which is found in the placers on Bear, Sweepstakes, 
and Dime creeks, and of which a few grains are reported from 
Candle Creek differs in origin from the gold in that it is a wnstit- 
uent of the basic igneous rock and is not due to an intrusion later than 
the platinum-bearing rock. The history of its concentration in 
placers is essentially the same as that of the gold with which it 
occur& The chrome spinel and probably some of the olivine found in 
the platiniferous placers were derived from the same rock as the 

. platifnum. 
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The Alaskan mining industry in 1917, by G. C. Martin. In Bulletin 692, 
1918, pp. 1142. 

Railway routes, by A. H. Brooks. In Bulletin 284, 1906, pp. 1fl-17. 
Railway routes from the Pacific seaboard to Fairbanks, Alaska, by A. 18. Brooke. 

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 mineral deposits of Alaska, by A. H. Brooks. In Bulletin 692, 3914, pp. 
1 w .  

*The future of gold placer mining in Alaska, by A. H. Brooks. In Bulletin 622, 
1915, pp. -79. 

*Tin resources of Alaska, by F. L. Hess. In Bulletin 520, 1912, pp. 8%92. 50 
cents. 

*The petroleum flelds 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. 

Alaska coal and its utilization, by A. H. Brooks. Bulletin 442-J, reprinted 1914. 
*The possible use of peat fuel in Alaska, by C. A. Davis. In Bulletin 379, 
1900, pp. 63-66. 50 cents. 

*The preparation and use of peat as a fuel, by C. A. Davis. In Bulletin 442, 
1910, pp. 101-132. 40 cents. 

*Methods and costs of gravel and placer mining in Alaska, by C. W. Puring- 
ton. Bulletin 263, 1905, 362 pp, No copies available. (Abstract in Bulletin 
259, 1905, pp. 3 M . )  

*Prospecting and mining gold placers in Alaska, by J. P. Hutchins. In Bulletin 
345, 1908, pp. 54-77. 45 cents. 

*Geographic dictionary of Alaska, by Marcus Baker; second edition prepared 
by James MdJormick. Bulletin 299, 1906, 890 pp. 50 cents. 

Tin mining in Alaska, by H. M. Eakin. In Bulletin 622, 1916, pp. 81-94. 
Antimony deposits of Alaska, by A. H. Brooks. Bulletin 649, 1916, 67 pp. 
The use of the panoramic camera in topographic surveying, by J. W. Bagley. 

Bulletin 657, 1917, 88 pp. 
The mineral springs of Alaska, by G. A. Waring. Water-Supply Paper 418, 
1917, 114 pp. 

Alaska's mineral supplies, by A. H. Brooks. Bulletin 666-P, pp. 1-14. 

Map of Alaska (A) ; scale 1 : 5,000,000 ; 1912, by A. H. Brooks. 20 cents retail 
or 12 cents wholesale. 

Map of Alaska (B) ; scale 1: 1,500,000 ; 1915, by A. H. Brooks and R. H. Sar- 
gent. 80 cents retail or 48 cents wholesale. 

Map of Alaska (C) ; smile 1: 12,000,000 ; 1916. 1 cent retail or five for 3 cente 
wholesale. 

Map of Alaska showing distribution of mineral deposits ; scale 1 : 5,000,000 ; 
by A. H. Brooks. 20 cents retail or 12 cents wholesale. New editions in- 
cluded in Bulletins 642 and 662. 

Index map of Alaska, including list of publications ; scale 1 : 5,000,000; by A. H. 
Brooks. Free. 
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SOUTHEASTERN ALASKA. 

REPORTS. 

*The Porcupine placer district, Alaska, by C. W. Wright. Bulletin 236, 1904, 
35 pp. 15 cents. 

*Economic developments in southeastern Alaska, by F. E. and C. W. Wright. 
In Bulletin 259, 1905, pp. 47-68. 15 cents. 

*The Juneau gold belt, Alaska, by A. C. Spencer, pp. 1-137, and a reconnais- 
sance of Admiralty Island, Alaska, by C. W. Wright, pp. 138-154. Bulletin 
287, 1906, M l  pp. 75 cents. 

Lode mining in southeastern Alaska, by F. E. and C. W. Wright. In Bulletin 
m, 1908, PP. 30-53. 

Nonmetallic deposits of southeastern Alaska, by C. W. Wright. In  Bulletin 
284,1906, pp. !j4-60. 

Lode mining in southeastern Alaska, by C. W. Wright. In  Bulletin 314, 1907, 
pp. 47-72. 

Nonmetalliferous mineral resources of southeastern Alaska, by C. W. Wright. 
In  Bulletin 314, 1907, pp. 73-81. 

Beconnaissance on the Pacific coast from Yakutat to Alsek River, by Eliot 
Blackwelder. In  BulIetin 314, 1907, pp. 82-88. 

*Lode mining in aoutheastern Alaska, 1907, by C. W. Wright. In Bulletin 345, 
l@OS, pp. 78-91. 45 cents. 

*The building stones and materials of southeastern Alaska, by C. W. Wright. 
In  Bulletin 345, 1908, pp. 116-126. 45 cents. 

*The Ketchikan and Wrangell mining districts, Alaska, by F. E. and C. W. 
Wright. Bulletin 347, 1908, 210 pp. 60 cents. 

*The Yakutat Bay region, Alaska; Physiography and glacial geology, by R. S. 
Tarr;  Areal geology, by R. S. Tarr and B. S. Butler. Professional Paper 64, 
1900, 188 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. 40 cents. 

*Occurrence of iron ore near Haines, by Adolph Knopf. In Bulletin 442, 1910, 
pp. 144-146. 40 cents. 

*Report of water-power reconnaissance in southeastern Alaska, by J. C. Hoyt. 
In  Bulletin 442, 1010,p pp. 147-157. 40 cents. 

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 ~ ' i v e r  region, by Adolph Knopf. In Bulletin 480, 1911, pp. 103-111. 
Tlte Eagle River region, southeastern Alaska, by Adolph Knopf. Bulletin 502, 
1912, 61 pp. 

The Sitka mihing district, Alaska, by Adolph Knopf. BulIetin 504, 1912, 32 pp. 
The earthquakes a t  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. F. 
Burchard. In Bulletin 592, 1914, pp. 95-107. 

A barite deposit near Wrangell, by E. F. Burchard. In  Bulletin 592, 1914, pp. 
10g-117. 
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Geology of the Hanagita-Bremner region, by F. H. Moffit. Bulletin 576,1915, 66 
PP. 

The geology and mineral resources of Kenai Peninsula, by G. C. Martin, B. L. 
Johnson, and U. S. Grant. Bulletin 587,1915, 243 pp. 

Mineral deposits of the Kotsina-Kuskulana district, with notes on mining in 
Chitina Valley, by F. H. Moffit. In Bulletin 622, 1915, pp. 103-ll7. 

Auriferous gravels of the Nelchina-Susitna region, by Theodore Chapin. I n  
Bulletin 622, 1915, pp. 118-130. 

Mining on Prince William Sound, 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  
Bulletin 622, 1915, pp. 140-188. 

The Ellamar district, by S. R. Capps and B. L. Johnson. Bulletin 605, 125 pp. 
A water-power reconnaissance in south-central Alaska, by C. E. Ellsworth and 

R. W. Davenport. Water-Supply Paper 372, 173 pp. 
Mineral resources of the upper Chitina Valley, by F. H. Moffit. I n  Bulletin 642, 

1916, pp. 129-136. 
Mining on Prince William Sound, by B. L. Johnson. In  Bulletin 642, 1916, pp. 

137-145. 
Mining in the lower Copper River basin, by F. H. Mofflt. I n  Bulletin 682, 1917, 

pp. 185-182. 
Retreat of Barry Glacier, Port Wells, Prince William Sound, Alaska, between 

1910 and 1914, by B. L. Johnson. In Professional Paper 98, 1916, pp. 35-36. 
Mining on Prince William Sound, by B. L. Johnson. In Bulletin 682, 1911, pp. 

1 8 3 4 2 .  
Copper deposits of the Latouche and Knight Island districts, Prince William 

Sound, by B. L. Johnson. In  Bulletin 662, 1917, pp. 193-220. 
The Nelchina-Susitna region, by Theodore Chapin. Bulletin 668, 1918, 67 pp. 
The upper Chitina Valley, by F. H. Mofflt, with a description of the igneous 

rocks, by R. M. Overbeck. Bulletin 6'75, 1918, 82 pp. 
Platinum-bearing auriferous gravels of Chistochina River, by Theodore 

Chapin. In Bulletin 692, 1919, pp. 137-141. 
Mining in Prince William Sound, by B. L. Johnson. I n  Bulletin 692, 1919, 

pp. 143-151. 
h e r t i 1  resources of Jack Bay district and vicinity, by B. L. Johnson. In  

Bulletin 692, 1919, pp. 153-173. 
Mining in central and northern Kenai Peninsula in 1917, by B. L. Johnson. In  

Bulletin 692, 1919, pp. 175-186. 
In, p r e p a r a t h  

The Kotsina-Kuskulana district, by F. H. MofBt. 
The Latouche and Knight Island districts, Prince William Sound, Alaska, by 

B. L. Johnson. 
The Valdez-Jack Bay district, Prince William Sound, Alaska, by B. L. Johnson. 
The Yakataga region, by A. G. Maddren. 

TOPOQEAPHIC IICAPB. 

Central Copper River region, reconnaissance map ; scale, 1 : 250,000; by T. Cf. 
Gerdine. Is *Professional Paper 41. 50 cents. Not issued separetely. 

Headwater regions of Copper, Nabesna, and Chisana rivers, reconnaismnce 
map; scale, 1: 250,000; by D. C. Witherspoon, T. G. Gerdine, and W. J. 
Peters. In  *Profeaaional Paper 41. 50 cents. Not issued separately. 
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hntroller Bay region (No. 601A) ; scale, 1: 62,500; by E. G. Hamilton and 
W. R. Hill. 35 cents retail or 21 cents wholesale. Also published in *Bulletin 
335. 70 cents. 

Chitina quadrangle (No. 601), reconnaissance map ; scale, 1 : 250,000 ; by T. G. 
Cferdine, D. C. Witherspoon, and others. 50 cents retail or 30 cents wholesale. 
Also published in Bulletin 576. 

Nizina district (No. 601B) ; scale, 1: 62,500; by D. C. Witherspoon and R. M. 
La Follette. In Bulletin 448. Not issued separately. 

Headwater regions of Gulkana aed Susitna rivers ; scale, 1 : 250,000 ; by D. C. 
Witherspoon, J. W. Bagley, and C. E. Giffin. In Bulletin 498. Not issued 
separately. 

Prince William Sound ; scale, 1 : 500,000 ; compiled. In Bulletin 526. Not issued 
separately. 

Port Valdez district (No. 602B) ; scale, 1 : 62,500 ; by J. W. Bagley. 20 cents 
retail or 12 cents wholesale. 

The Bering River coal fields ; scale, 1 : 62,500 ; by G. C. Martin. 25 cents retail 
or 15 cents wholesale. 

The Ellamar district (No. 602D) ; scale, 1: 62,500; by R. 8. Sargent and C. E. 
Gil3n. Published in Bulletin 605. Not issued separately. 

NelchLna-Susitna region ; scale, 1 : 250,000 ; by J. W. Bagley, T. G. Gerdine, 
and others. In Bulletin 668. Not issued separately. 

Upper Chitina Valley, reconnaissance map ; scale, 1 : 250,000; contour interval, 
200 feet; by International Boundary Commission, F. H. Moffit, D. C. Wither- 
spoon, and T. G. Gerdine. In Bulletin 675. Not issued separately. 

I n  preparation. 

The Kotsina-Kuskulana district (No. 601C) ; scale, 1: 62,500; by D. C. Wither- 
spoon. 

The Port Wells region ; scale, 1 : 250,000 ; by J. W. Bagley. 
Jack Bay district ; scale, 1 : 62,500 ; by J. W. Bagley. 

COOK INLET AND SUSITNA REGION. 

*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. 

*Gold placers of Turnagain Arm, Cook Inlet, by F. H. Moffit. In Bulletin 259. 
1905, pp. 90-99. 15 cents. 

*Mineral resources of the Kenai Peninsula, Alaska, by F. H. Moffit and R. W. 
Stone. Bulletin 277, 1906, 80 pp. 

*Gold placers of the Mulchatna, by F. J. Katz. In Bulletin 442, 1910, pp. 201- 
202. 40 cents. 

*Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska, by 
Sidney Paige and Adolph Knopf. Bulletin 327, 1907, 71 pp. 

The Mount McKinley region, Alaska, by A. H. 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 geologic reconnaissance of the Iliamna region, Alaska, by Cf. C. Martin and 
F. J. Katz. Bulletin 485, 1912, 138 pp. 

Geology and coal fields of the lower Matanuska Valley, AhsSra, by G. C. Martin 
and F. J. Katz. Bulletin 500, 1912, 98 pp. 

The Yentna district, Alaska, by S. R. Capps. Bulletin 534, 1935, 75 pp. 
Gold lodes and placers of the Willow Creek district, by S. R. Capps. In Bulletin 
592, 1914, pp. 245-272. 
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Mineral resources of the upper Matanuska and Nelchina valleys, by U. 0. 
Martin and J. B. Mertie, jr. In Bulletin 592, 1914, pp. 273-300. 

Preliminary report.on the Broad Pass region, by F. H. Moat. In Bulletin 502, 
1914, pp. 301-306. 

Mining in the Valdez Creek placer district, by F. H. Moflit. In Bulletin 592, 
1914, pp. 301-508. 

The geology and mineral resources of Kenai Peninsula, Alaska, by G. C. Martin 
B. L. Johnson, and U. S. Grant. Bulletin 587, 1915,243 pp. 

The Willow Creek district, by S. R. Capps. Bulletin 607, 1915, 86 pp, 
The Broad Pass region, by F. H. Moffit and J. E. Pogue. Bulletin 608, 1915. 

80 PP. 
Auriferous gravels of the Nelchina-Susitna region, by Theodore Chapin. In 

Bulletin 622, 1915, pp. 118-130. 
The Turnagain-Knik region, by S. R. Capps. In Bulletin 642, 1916, pp. 147-194. 
Gold mining in the Willow Creek district, by S. R. Capps. In Bulletin 642, 

1916, pp. 195-200. 
The Nelchina-Susitna region, by Theodore Chapin. Bulletin 668, 1918, 67 pp. 
Mineral resources of the upper Chulitna reglon, by S. R. Capps. In Bulletin 

692, 1919, pp. 207-232. 
Gold lode mining in the Willow Creek district, by S. R. Capps. In Bulletin 692, 

1919, pp. 177-186. 
Mineral resources of the western Talkeetna Mountains, by S. R. Capps. In 

Bulletin 692, 1919, pp. 187-205. 
platinum-bearing gold placers of Kahiltna Valley, by J. B. Mertie, jr. In Bul- 

letin 692, 1919, ~ p . '  233-264. 
Chromite deposits of Alaska, by J. B. Mertie, jr. In  Bulletin 692, 1919, 

pp. 265-267. 
Geologic problems at  the Matanuska coal mines, by G. C. Martin. In Bulletin 

692, 1919, pp. 269-282. 
Irt preparation. 

The geology of upper Matanuska bakn, by G. C. Martin 
The western Talkeetna Mountains, klaska, by S. R. Capps. 

TOPOCIRAPHIO YAPS. 

Kenai Peninsula, southern portion ; scale, 1 : 500,000 ; compiled. In Bulletin 
526. Not issued wparately. 

Matanuska and Talkeetna region, reconnaissance map ; scale, 1 : 250,000 ; by 
T. a. Gerdine and R. H. Sargent. In *Bulletin 327. 25 cents. Not issued 
separately. 

Lower Matanuska Valley ; scale, 1 : 62,500 ; by R. H. Sargent. In Bulletin 500. 
Not issued separately. 

Yentna district, reconnaissance map ; scale, 1 : 250,000; by R. W. Porter. Re- 
vised edition. In Bulletin 584. Not issued separately. 

Mount McKinley region, reconnaissance map; scale, 1: 625,000; by D. L. Rea- 
burn. In Professional Paper 70. Not issued separately. 

Kenai Peninsula, reconnaissance map ; scale, 1 : 250,000 ; by R. H. Sargent, 
J. W. Bagley, and others. In Bulletin 587. Not issued separately. 

Moose Pass and vicinity (602C) ; scale, 1 : 62,500; by J. W. Bagley. In Bulletin 
587. Nob i s sua  separately. 

The Willow Creek district; scale, 1: 62,500; by C. E. Gitlh In Bulletin 607. 
Not issued separMely. 

The Broad Pass region ; scale, 1 : 250,000 ; by J. W. Bagley. In Bulletin 608. 
Not issued separately. 
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Lower Matanmh Valley (602A) ; scale, 1 : 62,500 ; contour interval, 50 feet ; 
by R H. Sargent 10 cents. 

Nelchina-Sndtna r&on ; scale, 1 : 250,000; by J. W. Bagley. In Bulletin 868. 
Not issued segarately. 

SOUTHWESTERN ALASKA. 

BEPOBTS. 

*A reconnaissance in southwestern Alaska, by J. E. Spurr. In Twentieth 
Anuual Report, p t  7, 1900, pp. 31-264. $1.80. 

*Gold mine on Unalaska Island, by A. J. Collier. In  Bulletin 259, 1905, pp. 
1M103. 15 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. 

Geology and mineral resources of parts of Alaska Peninsula, by W. W. Atwood. 
Bulletin 467, 1911, 137 pp. 

A geologic reconnaissance of the Iliamna region, Alaska. by G. C. Martin and 
F. J. Xatz. Bulletin 485, 1912, 138 pp. 

Mineral deposits of Kodiak and the neighboring islands, by G. C. Martin. In 
Bulletin 542, 1913, pp. 125-136. 

The Lake Clark-Centrql Kuskokwim region, by P. S. Smith. Bulletin 655, 
1918, 162 pp. 

The beach placers of the west coast of Kodiak Island, Alaska, by A. G. Maddren. 
In Bulletin 692, 1919, pp. 299-319. 

Sulphur on Unalaska and Akun islands and near Stepovak Bay, Alaska, by 
A. G. Maddren. In Bulletin 6!32, 1919, pp. 283-298. 

TOPOGEAPBICI MAP& 

Herendeen Bay and Unga Island region, reconnaissance map ; scale, 1 : 250,000 ; 
by H. M. Eakin. In Bulletin 467. Not issued separately. 

Chignik Bay region, reconnaissance map ; scale, 1 : 250,000 ; by H. M. Eakin. In 
Bulletin 467. Not issued separately. 

Iliamna region, reconnaissance map; scale, 1: 250,000; by D. C. Witherspoon 
and 0. E. Gillin. In Bulletin 485. Not issued separately. 

*Kuskokwim River and Bristol Bay region ; scale, 1 : 625,000 ; by W. S. Post. In 
Twentieth Annual Report, pt. 7. $1.80. Not issued separately. 

Lake Clark-Central Kuskokwim region, reconnaissance map ; scale, 1 : 250,000 ; 
by R. H. Sargent, D. C. Witherspoon, and C. E. Giffln. In  Bulletin G5. Not 
issued separately. 

YUKON AND HUSKOKWIM BASINS. 

BEPOBTS. 

*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. 
Bulletin 375, 1909, 52 pp. 

Water-supply investigations in Yukon-Tanana region, Alaska, 1d-8 (Fair- 
banks, 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 Kusko- 
kwim Valley and the Ruby Creek and Gold Hill placers, by A. G. Maddren. 
Bulletin 410, 1910, 87 pp. 
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Mineral resources of Nabesna-White River district, by F. El. Moat and Adolph 
Knopf, with a section on the Quaternary by S. R. Cappa (Bulletin 417, 1910, 
64 PP. 

*Placer mining in the Yukon-Tanana region, by C. E. El lsmth.  In Bulletin 
442, 1910, pp. 230-245. 40 cents. 

*Occurrence of wolframite and cassiterite in the gold placers of Deadwood 
Creek, Birch Creek district, by B. L. Johnson. In Bulletin 442, 1910, pp. 
248-250. 40 cents. 

Placer mining in the Yukon-Tanana region, by 0. E. Ellsyorth and G. L. Parker. 
In Bulletin 480, 1911, pp. 153-172. 

Gold placer-mining developments in the Innoko-Iditarod reglon, by A. GI. Mad- 
dren. In Bulleth 480, 1911, pp. 236-270. 

Placer mining in the Fortymile and Seventymile river districts, by 1. k Porter. 
I n  *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 placere 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 centa 

The Bonnifield region, Alaska, by S. R. Capps. Bulletin 501, 1912, 162 pp. 
A geoIogic reconnaissance of a part of the Rampart quadrangle, Alaska, by 

H. M. Eakin. Bulletin 535, 1913, 38 pp. 
A geologlc reconnaissance of the Fairbanks quadrangle, 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 mining near Fairbanks, by 
P. S. Smith. Bulletin 525, 1913, 220 pp. 

The Koyukuk-Chandalar region, Alaska, by A. G. Maddren. Bulletin 582, 1913, 
119 pp. Price 25 cents. 

A geologic reconnaissance of the Circle quadrangle, Alaska, by L. M. Prindle. 
Bulletin 538, 1913, 82 pp. 

Placer mining in the Yukon-Tanana region, by C. E. Ellsworth and R. W. Daven- 
port. In Bulletin 542, 1913, pp. 203-222. 

The Chisana placer district, by A. H. Brooks. In *Bulletin 592, 1914, pp. 
309-320. 

*Placer mining in the Yukon-Tanana region, by Theodore Chapin. In Bulletin 
592, 1914, pp. 357-382. 60 cents. 

*Lode developments near Fairbanks, by Theodore Chapin. In Bulletin 592, 
1914, pp. 321-535. 60 cents. 

Mineral resources of the Yukon-Koyukuk region, by H. M. Eakin. In *Bulletin 
592, 1914, pp. 371484. 

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. E1Ls- 

worth and R. W. Davenport. Water-Supply Paper 342, 1915, 383 pp. 
, Mineral 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 8n, 1915, pp. 

229-288. 
Mining in the  Hot Springs district, by H. M. Eakin. In Bulletin 622, 1915, pp. 

239-245. 
Mineral resources of the Lake Clark-Iditarod region, by P. S. Smith. In Bulle- 

tin 622, 1915, pp. 247-271. 
Quicksilver deposits of the Kuskokwim region, by P. S. Smith and A. Q. Mad- 

d m  In Bulletin 622, 1915, pp. 272-291. 
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Gold placers of the lower Kuskokwim, by A. G. Maddren. In Bulletin 622, 
1915, pp. 292-360. 

An ancient volcanic eruption in the upper Yukon Basin, by S. R. Capps. Pro- 
fessional Paper 95-D, 1915, pp. 59-64. 

Preliminary report on Tolovana district, by A. H. Brooks. In  Bulletin 642, 
1916, pp. 201-209. 

Exploration in the Cosna-Nowitna region, by H. M. Eakin. In Bulletin 642, 
1916, pp. 211-222. 

Mineral resources of the Ruby-Kuskokwim region, by J. B. Mertie, jr., and 
G. L. Harrington. In  Bulletin 642, 1916, pp. 228-266. 

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. 
Mineral resources of the Kantishna region, by S. R. Capps. In Bulletin 662, 

1917, pp. 279331. 
The gold placers of the Tolovana district, by J. B. Mertie, jr. In Bulletin 662, 

1917, pp. 221-277. 
Gold placers near the Nenana coal field, by A. G. Maddren. In  Bulletin 662, 

1917, pp. 383-402. 
Lode mining in the Fairbanks district, by J. B. Mertie, jr. I n  Bulletin 662, 

1917, pp. 403-424. 
Lode deposits near the Nenana coal field, by R. M. Overbeek. In Bulletin 662, 

1917, pp. 351382. 
Gold placers of the Anvik-Andreafski region, by G. L. Harrington. In  Bulletin 

882, 1917, pp. 333-349. 
The Lake Clark-central Kuskokwim region, by P. S. Smith. Bulletin 655, 1918, 

162 PP. 
The Nenana coai &ld, by G. C. Martin. Bulletin 664,1919, 54 pp. 
The Cosna-Nowitna region, by H. M. Eakin. Bulletin 667, 1918, 54 pp. 
The Anvik-Andreafski region, by G. L. Harrington. Bulletin 683, 1918, 70 pp. 
The Kantishna district, by S. R. Capps. Bulletin 687, 1919, 116 pp. 
Mining in the Fairbanks district, by Theodore Chapin. In Bulletin 692, 1P19, 

pp. 321327. 
A molybdenite lode on Healy River, by Theodore Chapin. In Bulletin 692, 1919, 

P. 329. 
Mining in the Hot Springs district, by Theodore Chapin. In Bulletin 692, 1919, 

pp. 331-335. 
Tin deposits of the Ruby disdrict, by Theodore Chapin. In Bulletin 692, 1919, 

p. 337. 
The gold and platinum placers of the Tolstoi district, by G. L. Harrington. In 
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