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MINERAL RESOURCES OF ALASKA, 1914.

By Avrreo H. Brooxs and others.

PREFACE.

By Avrrep H. Brooxs.

This volume contains a condensed summary both of the results of
the investigations of Alaskan mineral resources during 1914 and of
the status of the mining industry in the Territory. It is the eleventh
of a series of annual bulletins* devoted to this subject. The chief
purpose of this volume is to give prompt publication to the most im-
portant economic results of the year’s investigations. This necessi-
tates to a certain extent the curtailment of office studies, and hence
some of the statements here presented may be subject to modification
when the researches have been completed. Those interested in any
particular district are therefore urged to procure a copy of the com-
plete report on that district as soon as it is available.

Attempt has been made in this report to present more complete
data on mineral production than in those previously issued. Unfor-
tunately the accuracy of the statistical data is impaired by the fact
that some of the mine operators, notably the placer miners, fail to
report their production. Were it not for the public spirit shown by
many residents of the Territory it would not be possible to prepare
figures on the mineral production of many of the districts or to sum-
marize the mining development. There are now nearly 450 operators
who furnish information on mineral production and mining develop-
ment. To these the writer desires to express his obligations. In ad-
dition to these operators many residents of the Territory have fur-
nished valuable data of a general character relative to statistics of
mineral production and mining development. Those who have thus
rendered aid include many mine operators, engineers, prospectors,

1 Report on progress of Investigatlions of the mineral resources of Alaska, 1004 [to
1914] : U. B. Geol. Burvey Bull. 20D [284, 314, 345, 870, 442, 480, 520, 542, and 592].
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Federal officials, and officers of banks and of transportation and com-
mercial companies. It is impossible to enumerate all who have con-
tributed information, but special acknowledgment should be made
to the Director of the Mint; Thomas Riggs, jr., of the Alaskan
Engineering Commission; Wells Fargo & Co.; the Alaskan Mexican
- Gold Mining Co.; Alaska United Gold Mining Co.; and Alaska
Treadwell Gold Mining Co., of Treadwell; Stephen Birch, of Ken-
necott; Melvin Dempsey, of Chistochina; the late Thomas L. Han-
more, of Tliamna; E. R. Stivers, of Fortymile; T. E. Phillips, of
Jack Wade; John R. Kemp, of Steel Creek; J. J. Hillard, of Eagle;
N. B. Nelson, of Chisana ; William J. Reynolds, of Deadwood ; Frank
A. Reynolds, of Circle; American Bank, First National Bank, A.
Bruning, and J. A. Fairborn, of Fairbanks; George W. Ledger and
W. B. Ballou, of Rampart; John Hackanson, of Bonnifield; North-
ern Commercial Co. and O. R. Williams, of Nolan; Alexander Cam-
eron, of Poorman Creek; A. S. Kinzer, of Ruby; Harry Fathergill,
of Innoko; C. P. Wood and E. A. Austin, of Iditarod; E. R. Stivers,
of St. Michael; R. W. J. Reed, of Nome; (. A. Adams, of Council
City; F. A. Thomas, of Shelton; George Jamme, of Lost River; and
E. E. Patterson, of Kotzebue.

The arrangement and manner of treatment in this volume are the
same as in those previously issued. First, papers of a general char-
acter are presented, followed by those treating of special districts,
arranged geographically from south to north. This bulletin contains
eighteen papers by eight authors, One of these papers deals with
administrative matters, one is a general summary of the mining
industry, one treats of the future of the placer-mining industry, and
the remainder deal more specifically with the mineral resources of cer-
tain districts. In the geologic papers emphasis is laid on the con-
clusions having immediate interest to the miner. These conclusions
are discussed here briefly, but will be more fully treated in reports
now in preparation. The need of prompt publication requires that
the illustrations in this volume be of the simplest kind, - ’



ADMINISTRATIVE REPORT.

By Avrrep H. Brooks.

INTRODUCTION.

Under date of April 6, 1914, $100,000 was appropriated for the
continuation of the investigation of the mineral resources of Alaska.
The availability of the funds at this early date made it possible to
start the field work promptly and to carry it on economically, these
conditions being in strong contrast to those of the two previous years,
when the delay in the appropriations greatly hampered the field work
and made it very expensive,

Ten parties in all were engaged in surveys and investigations in

1914 from June until October. These parties included 11 geologists,

4 topographers, and 25 packers, cooks, and other assistants. Six
parties were engaged in geologic work, two in topographic surveys,
and two combined both classes. The results are summarized below.

The area covered by exploratory geologic surveys, on a scale of
1:500,000 (8 miles to the inch), was 1,200 square miles; by reconnais-
sance geologic surveys, on a scale of 1:250,000 (4 miles to the inch),
7,700 square miles; by detailed geologic surveys, on a scale of 1: 62,500
(1 mile to the inch), 325 square miles. Much of the time of the geolo-
gists was devoted to the investigation of special ficld problems in
the important mining districts, the results of which can not be pre-
sented in terms of area. About 600 square miles was covered by ex-
ploratory topographic surveys, on a scale of 1:500,000 (8 miles to
the inch) ; 10,900 square miles by reconnaissance topographic surveys
on a scale of 1:250,000 (4 miles to the inch) ; and 10 square miles
by surveys on a scale of 1:24,000 (2.64 inches to 1 mile).

To state the work geographically, one topographic party was in
southeastern Alaska, one geologic party in the Chitina basin, one
topographic-geologic party in the Nelchina-Susitna region, one
geologic party in the Prince William Sound region, one topographic-
geologic party in the Lake Clark-Iditarod region, one geologic party
in the lower Kuskokwim region, and one topographic and one
geologic party in the Chisana-White River district. One party
investigated the tin deposits of York and the mining developments
near Nome, Fairbanks, and Juneau. Another party was engaged
in geologic studies in southeastern Alaska, in the Chitina Valley,
and along the Yukon.

1
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Among the important results of the year were the tying together
of the reconnaissance surveys of the Copper and Susitna basins
and the carrying of a geologic and topographic survey from Lake
Clark to the Iditarod. The latter work coordinates the previous
surveys of the Iliamna region and on Cook Inlet with the work in
the interior and the Iditarod district. A detailed study of the
geology and mineral resources of the Kotsina district, in the Chitina
region, was also completed. Important results were also obtained
bearing on the gemeral geology of the Mesozoic terranes of Alaska.

The following table shows the allotment, including both field and
office expenses, of the total appropriation of $100,000 to the districts
investigated. In addition to this, a balance of about $6,000 left
from last year’s appropriation was expended in equipping the par-
ties for the season’s field work. In preparing this table the general
office expenses were divided among the districts in proportions de-
termined by the cost of the surveys in each district, allowance being
made for variations in the character of the work. The results are
expressed in round numbers. The “ general investigations” include
the cost of special studies of geology and mineral resources which
were not of an areal character. The unallotted balance will be used
for equipment of field parties and expenses up to the close of the
fiscal year 1915,

Appromimate geographic distribution of appropriation for Alaske invesiiga-

tions, 1914.
Southeastern Alaska. $6, 000
Copper and Susitna basins 25, 000
Prince Willlam Sound —— 8,600
Kuskokwim and Mulchatna river basins 22, 000
White and Chisana river basins - 14,000
Yukon basin " 2,000
Seward Peninsula 1, 600
General field and office Investigations 12, 000
Unallotted 11, 000

100, 000
In the following table the approximate amount of money devoted
to each class of investigations and surveys is indicated. It is not
possible to give the exact figures, as the same party or even the same
man may have carried on two different kinds of work, but this state-
ment will help to elucidate a later table, which will summarize the
complete areal surveys.

Approzimate allotments to different kinds of surveys and investigations, 1914.

Geologie and topographic exploration_ $4, 400
Geologic reconnaissance surveys__.____ - -~ 13,000
Detailed geologic surveys. 15, 600

Bpecial geologic investigations 13, 000
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Reconnalssance topographic surveys. $22, 500
Detailed topographle surveys . o _.__ —————— 4,300
Collection of statistics 1,400

Miscellaneous, including administration, inspection, clerical
salaries, office supplies and equipment, and map com-

pilation 14, 800
Unallotted : 11, 000
100, 000
Allotment for salaries and jfield expenses, 191}.

Sclentific and technical salaries $36, 630
Field expenses = 86, 715
Qlerical and other office and miscellaneous expenses..... 1B, 756
Unallotted 11, 000
100, 000

The 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, yielding results which can not be

expressed in terms of area.

Progress of surveys in Alaskae, 1898-191}.

Investiga-

Areas coversd by geologic tions of

surveys. Areas covered by topographicsurveys.s| “CU

hs - L] hs “A L L) ]

Yoar. | . gz | = ™ - g ';53 "'E 8

35.‘_; §§. 2= 33-,_‘ s E,US & i“‘E -

AEE AR T HEAE

Sag ) wd | B | 28 |83 E -§ 3 i B

SR HIT

MEL = el wES 3- @ .. 3 -1

s |a 3 a SR8 & @

1o | %% 500 i

';g:cm 6,000 |.
R
€0,000 | 6,950
60,000 | 5,000
60,000 | 4,050
80, 000 4,000
80,000 | 5,000
;000 | 2,600
80000 | 2,000
90,000 | 6,100
90,000 |..........
100,000 | 8,000
90,000 [o-eve.t....
100, 000 3,500
100,000 | 1,000

1,261,189 | 73,200

Percent-
sge of
total
area of
Alasks |...cceeaes 12.48 14.28 0.7 8.81 21,64 0.62 |...... [P PR Sp——
& The Coast and Geodstie and International Boundary and the General Land Office hnwu‘l’m:

made ic surveys in Alaska. The areas covered b, are, of course, not incl
o Umh y8 y surveys are, "
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GEOGRAPHIC DISTRIBUTION OF INVESTIGATIONS,
GENERAL WORK.

The writer was engaged in office work until July 6, when he
started for Alaska. A conference was held with Mr. Witherspoon
at Juneau, and B. L. Johnson’s camp at Valdez was reached on July
22. A week was devoted to a study of local geology with Mr. John-
son and Mr. Harrington. The journey was then continued to Mr.
Moffit’s camp on the Kotsina, and here a week was spent with him
and Mr. Mertie on the local geology. It had been planned to pro-
ceed direct to Fairbanks by private automobile from Chitina, but
as this plan failed a delay was occasioned by waiting for transpor-
tation. Through the courtesy of Col. W. P. Richardson the journey
from Chitina to McCarthy was made with him in the Alaska Road
Commission’s autotruck. No difficulties were encountered in the use
of ‘the machine, as the wagon road was in excellent condition. The
heavy rains had washed out two bridges between McCarthy and
Fairbanks, making the use of the truck impractical on this stretch
of the road. Therefore the journey was continued on the Quarter-
master Department steamer General Jacobs, and Fairbanks was
reached on August 80. Some 12 days were then devoted to a study
of some features of the local geology, partly in company with H. H.
Bennett, of the Bureau of Soils. The return trip to Seattle was made
by way of Dawson, and Washington was reached on October 7.

During the calendar year 1914 the geologist in charge devoted 31
days of his time in the office to geologic studies, 27 days to reading
and revising manuscripts, 26 days to preparation of progress report,
19 days to mineral statistics, 14 days to matters relating to railways
in Alaska and Alaska coal leasing, 8 days to field plans, 8 days to
Panama-Pacific Exposition work, 7 days to preparation of the annual
press bulletin on mining in Alaska, and the rest to routine matters.

George C. Martin was engaged during the summer in investigating
the Mesozoic stratigraphy of Alaska. His results will 'be of great
importance in correlating Mesozoic terranes and in the deciplering
of the geologic history of Alaska. Mr. Martin, accompanied by R. M.
Overbeck as assistant, left Washington on June 6 and returned on
October 9, having visited localities in southeastern Alaska and in the
Chitina and Yukon valleys.

R. H. Sargent continued the general supervision of the topographic
surveys and map compilation, in addition to carrying on his own
field work. E. M. Aten continued as office assistant to the geologist
in charge and supervised the office work during the writer’s absence
in the field. He also continued to assist in collecting statistics of
production of precious metals in Alaska.
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SOUTHEASTERN ALASKA.

The very extensive mining developments in the Juneau district led
to a demand for a revision of the surveys in this area. The base map
of Juneau and its environment was completed in 1902 and the geo-
logic survey of the same area in the following year, but the recent
developments have made available much additional information
about the geology and occurrence of the metalliferous deposits. For
these reasons a resurvey was justified, and in view of the fact that
Juneau promises to be one of the most important gold-producing
camps on the continent it was decided to make a large-scale base
ma

'Ew scale adopted, 1:24,000 (about 2.64 inches to the mile), is the
same as that used in the important mining camps of the Western
States. The making of a detailed map of this kind under the best of
conditions is very laborious, and the difficulties were much increased
by the ruggedness of the topography, the heavy underbrush, and the
large number of rainy days. D. C. Witherspoon was detailed for this
work and spent the time from May 27 to October 12 in the Juneau
district. Of this time it rained 45 days to the extent of totally pro-
hibiting surveys, but in spite of the adverse conditions Mr. Wither-
spoon did the necessary triangulation and mapped 9.75 square miles.

In 1913 the systematic geologic survey of the Ketchikan district
was undertaken, but owing to other demands this work was not con-
tinued in 1914. It is to be again taken up in 1915. C. W. Wright’s
detailed report on the *“ Geology and ore deposits of Copper Moun-
tain and Kasaan Peninsula, Alaska” (Professional Paper 87) was
issued in May, 1915.

COFPPER RIVER AND SUSITNA BASIN.

The detailed geologic mapping of the west end of the Kotsina-
Chitina copper belt began in 1912 but, being interrupted in 1913, was
rot completed until 1914. F. H. Moffit, assisted by J. B. Mertie,
began work in this district June 10 and continued until September 30,
During this time they mapped the geology and studied the mineral
resources of an area of 185 square miles. A preliminary statement
of results is contained in this volume, and the complete report is in
preparation.

A topographic reconnaissance survey was carried by J. W. Bagley
from Copper Center to the head of Klutina River and thence north-
west to the Susitna. Work was begun on June 25 and concluded on
October 11, and in this time an area of 4,000 square miles was sur-
veyed by phototopographic methods on a scale of 1:250,000, with
200-foot contours. Theodore Chapin, who accompanied the party as
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geologist, mapped an area of about 3,600 square miles. He also ex-
amined the gold placers of the Nelchina basin. This survey forms an
important connecting link between previous surveys in the Copper,
Susitna, and Matanuska valleys. The principal economic results are
summarized in this volume, and a complete report is in preparation.

. PRINCE WILLIAM SOUND.

A detailed geologic survey and study of mineral resources of Port
Valdez district was begun in 1914, and it is hoped will be completed
in 1915. B. L. Johnson, assisted by G. L. Harrington, was assigned
to this project, began work on June 19, continued until October 6,
and covered an area of 140 square miles. He also spent a few days
in the Port Wells district. The economic results are presented in this
volume.

LAKE CLARK-IDITAROD REGION.

As there was a large, almost unknown region lying between Lake
Clark and the Iditarod district, an exploration of this field was
undertaken in 1914. The party, under the leadership of R. H.
Sargent, topographic engineer, and P. S. Smith, geologist, also in-
cluded five camp men and was equipped with 20 horses. Work was
begun on June 20 at Lake Clark, and a survey was carried through
to Iditarod, which was reached September 10. The topographic
surveys covered an area of 4,800 square miles and the geologic sur-
veys 3,500 square miles. Some of the quicksilver deposits of the
Kuskokwim were examined. The economic results are summarized
in this volume and a complete report is in preparation.

LOWER EUSKOEKWIM BASIN.

There are several placer-gold districts in the lower Kuskokwim
basin where mining has been carried on for several years. Plans
were made for investigating these districts in 1913 but could not be
carried out because of the lateness of the appropriation. In 1914
these plans were put into execution. A. G. Maddren, assisted by
Burt Kennedy, arrived at Iditarod on July 6 and then went overland
to Kuskokwim River. The route then lay down that river and up
several tributary streams. The Aniak and Tuluksak placer districts
were examined. The field work closed at Bethel on September 23,
and from that point the party returned to Seattle by gasoline
schooner. During the season exploratory topographic surveys were
made of about 600 square miles and geologic surveys of about 1,000
square miles. Besides the gold placers, some copper and quicksilver
deposits were also examined. Preliminary statements of results are
included in this volume, and a more complete report is in preparation.
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SEWARD PENINSULA.

In view of important developments in the York tin district, a sup-
plementary examination of this field was undertaken by H. M.
Eakin, who devoted about 15 days to this work and to the investi-
gation of the mining developments near Nome, including a brief
study of the iron deposits in the Sinrock basin, about 40 miles from
Nome. The results are presented elsewhere in this volume.

YUEKON BASIN.

The development of gold placers in the Chisana district, in the
upper Tanann region, made an examination of this field desirable.
C. E. Giffin was detailed to extend the topographic surveys in this
region. Field work began on June 12 and was continued until August
238. A survey was made of Skolai Pass, and the previous mapping
in the Tanana and White River basins was extended eastward to the
boundary. A reconnaissance was thus carried over an area of about
1,600 square miles for publication on a scale of 1:250,000. In addi-
tion to this, about 1,500 square miles of the old mapping was revised.
The wagon road from Willow Creek to Chitina, a distance of 40
miles, together with the adjacent country, was also surveyed in the
fall, making an additional area of revision of about 150 square miles.
S. B. Capps at the same time made s geologic study of the Chisana
placer district and mapped the geology of an area of about 600
square miles. His field work began June 10 and closed September 5.
A summary of results is presented in this volume.

The writer’s own field work near Fairbanks has already been
referred to. H. M. Eakin devoted about three weeks to the investi-
gation of the mining developments at Hot Springs and Fairbanks,

COLLECTION OF STATISTICS.

The collection of statistics of the production of precious metals
was continued as in previous years. Mine operators have shown a
willingness to cooperate in this work by furnishing promptly a state-
ment of mineral production. There are still a number who fail to
make returns, thereby decreasing the accuracy of the figures on
production for the different districts. In the absence of complete
information, the statistics are still in part based on estimates made
on the basis of information procured from various sources. Practi-
cally all the gold and copper lode operators furnish statements of
production, but the returns from placer mines are still far from being
complete.
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PUBLICATIONS.

During 1914 the Survey published two bulletins relating to Alaska.
One professional paper, two bulletins, and one water-supply paper
were in press at the end of the year. In addition the authors’ work
on three bulletins and one water-supply paper is completed, and these
will soon be sent to press. Four reports are in progress. One map
to be issued separately is in press, and the compilation of a new
general map is nearly completed.

REPORTS 18BUED.

Borierin 578. The Iditarod-Ruby region, Alaska, by H. M. Eakin; including
geologic and topographic reconnaissance maps., (Issued In September, 1914.)

BurLLerin 592. Mineral resources of Alaska: Report on progress of investl-
gations in 1913, by Alfred H. Brooks and others. (Issued In October, 1914.)

REFORTB IN PRESS,

ProressioNAL PArEr 87. Geology and ore deposits of Copper Mountain and
Eaeaan Peninsula, Alaska, by C. W. Wright; Including detalled geologic and
topographic maps. (Issued in May, 1915.)

BuLLeTin 076, Geology of the Hanagita-Bremner region, Alaska, by ¥. H.
Moffit; Including topographic and geologic reconnaissance maps. (Issued in
Januvary, 1915.)

BurLeTiN 587, Geology and mineral resources of Kenal Peninsula, Alaska,
by G. C. Martin, B, L. Johnson, and U. 8, Grant; Including geologic and topo-
graphle reconnalssance maps, (Issued in July, 1915.)

WaTEr-SurrLy Paren 342, Surface water supply of the Yukon-Tanana region,
Alaska, by C. E. Hllsworth and R. W, Davenport; illustrated by topographic
reconnelssance maps. (Issued in May, 1915.)

REPOBTS FOR WHICH ILLUSTRATIONS ARE BEING FREPARFD.

BurreTiN 605. The Ellamar district, Alaska, by 8. R. Capps and B, L. Johnson,

BuLLeTIN 607. The Willow Creek district, Alaska, by 8. R. Capps.

BuLLeTIN 608, The Broad Pass region, Alaska, by F. H, Moffit, with sections
on Quaternary deposits, igneous rocks, and glaciation by J. E. Pogue.

Wartes-SurPLy PAPer 872, A water-power reconnalssance in south-central
Alaska, by C. B, Ellsworth and R, W, Davenport.

REFORTS IN PREFARATION.

Geeology of the Glacier Bay and Lituya region, Alaska, by F, E. Wright and
C. W. Wright, including geologic reconnaissance map.

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

The Yukon-Eoyukuk region, by H. M. Eakin, ’

The upper Matanuska basin, by G. C. Martin,

MAPS PUBLISHED SEFARATELY,

Port Valdez district, by J. W. Bagley and C. E. Giffin; scale, 1:62,500; con-
tour interval 50 feet. (Published in April, 1915.)
General map of Alaska; scale, 1:1500,000. (Published in May, 1915.)



THE ALASKAN MINING INDUSTRY IN 1914,

By Avrrep H. Brooxs.

GENERAL CONDITIONS.

The certainty of railroad connection with the Yukon basin and
the probability of an early development of the coal fields greatly
stimulated the search for mineral deposits in Alaska during 1914.
This advance was offset in a measure by the low price of copper
and the financial depression resulting from the European war. The
mining industry of the Territory can, as a whole, be said to have had
a prosperous year, though the value of the total mineral output is
somewhat less than that of 1913. This was due largely to the decrease
in the price of copper, for the gold output was a little larger than that
of the previous year.

A noteworthy feature of the mining industry in 1914 was the
great number of investigations that were made on behalf of capital-
ists looking for properties that would warrant development on a
large scale. This was true in nearly all the mining districts, but, as
was to be expected, it was more pronounced in the south-central
region, which will be directly benefited by the building of the Gov-
ernment railroad. With the consequent opening of the coal fields we
can now look forward with confidence to the early establishing of
copper smelters in the coastal districts, and possibly at no distant
day to the utilization of some of the iron ores, The choice of the
Seward-Fairbanks route, with a branch to the Matanuska coal field,
having been announced, the regions thus served will probably receive
the earliest development, but that the trans-Alaska line is expected
to benefit other parts of the Territory is indicated by important
developments undertaken in southeastern Alaska, in Seward Penin-
sula, and other districts remote from any railroad route under con-
sideration. The new railroad will undoubtedly, directly or indi-
rectly, benefit all parts of the Territory. The regions tributary to
the proposed line will receive the direct benefit, but other regions will
obtain cheaper fuel. Moreover, the project will attract population
and capital to other parts of the Territory, especially to those parts
that are already served by the existing railways or water transpor-

tation.
16
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" Production of gold, silver, and copper in Alaska, 1880-1914.

Gold. Bllver. Copper
s z(an:u’ Value. Q(mu’ cial Q“"‘“‘T Value.
ounces), ounces), value. (pounds).
$20,000
40,000
150,000
arolt wmo| su,1e 3,903 8826
300,000
448,000
875, 000
850,000 2,320 2,181
900,000 &,000 7,480 |
762, 000 7,500 807 |-
900,000 8000 7,920 |-
1,080, 000 £,000 7,000 |-
1,033, 000 8 400 8570 |.
1,282,000 2,261 14,257 |-
2,208, 500 7,200 w2 |.
2,861,000 | 145,300 99,087 |..
2,430,500 | 116,400 70,741 |-
2,517, 000 92,400 54,575 |..
5,602,000 [ 140,100 84,270 "
8,186,000 73,300 45, 404
- 6,082,700 | - 47,900 25, 508 250, 000 4,000
8,283, 400 2,000 48,500 860,000 41,400
§,083,600 | 143,000 77,843 | 1,200,000 156, 000
9,160,000 | 198,700 | 114034 | 2,043,588 275,678
15,630,000 | 132,174 80,165 | 4,805,230 749, 617
22,080,794 | 208,500 | 136,345 | 5,871,811 | 1,133,200
10,340,743 | 149,784 98,857 | 6,308,786 | 1,281,787
10,2088 | 135,072 71,006 | 4,585,382 805,267
20,411,716 | 147,950 76,04 | 4124705 536,211
16,126,749 | 157,850 85,230 | 4,241,689 538, 095
16,88,2% | @021 | 28,02 | ZTES | 3408485
17,145,061 | 515,188 | 316,830 | 29,230,401 | €23 081
16,626,813 | 62,563 | 218,088 | 21,850,088 | 3,357,298
15,764,260 | 394,805 | 218,327 | 21,450,628 | 2,852,934
11,811,084 | 244,150,709 | 3,861,400 | 2,278,618 | 133,404,063 | 19,780,452

In the following table the total production of gold is distributed
according to districts so far as the information at hand will permit.
The error in the distribution of total production previous to the
year 1905, when systematic collection of Alaska’s mineral output
was begun, is believed to be less than 15 per cent. Complete statis-
tical returns from all producers are not even now available, so that
there is probably still some error in the distribution of the totals to
the various districts. This error is, however, believed to be less
than 3 per cent, and 1t is hoped that in future it may be eliminated
altogether.

The productlon from the Pacific coast belt is derived principally
from the lode mines of southeastern Alaska, but includes also the out-
put of the lode mines of Prince William Sound and southwestern
Alaska, as well as a small output from gold placers. Previous to
1885 the placers of the Juneau district yielded considerable gold, and
since 1899 the Porcupine district of southeastern Alaska has been
a small producer. The beach placers along the Pacific seaboard have
been worked spasmodically since about 1890.
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"“f Up to 1909 all the gold from the Copper River and Cook Inlet
region was derived from gold placers; since then there has been an
output from the auriferous lodes of Willow Creek and Kenai Penin-
sula. The gold output of Seward Peninsula is pmd:ically all derived
from placers, and although there has been a little lode mining on the
peninsula, none was done in 1914. Since 1910 there has been a small
lode production from the Fairbanks district, which in 1914 amounted
to about 6 per cent of the total.

Since 1909 some gold has been recovered each year from placers in
the lower Kuskokwim basin. In the table which follows this is in-
cluded in the output of the Yukon basin. It should be noted that
the figures for the Yukon gold output include only the Alaska camps
and not the Klondike and other Canadian districts.

Value of gold production of Alaska, with approzimate distribution, 1880-191}.

Seward
Pacific | Riverand | Yukon | Fepinsula
Year. coast belt. | Cook Inlet | bastn. |80¢ Rorth-] Total.
e Alaska.
$20,000 $20,000
40,000 40,000
150,000 | 150,000
300, 000 301,000
200,000 201,000
275,000 | 300, 000
845,000 75900
875,
e £
712,000 000 762, 000
800, 000 000 900,000
970, 000 1,080,000
838, 000 000 1, 088, 000
882000 | 00000 = 1, 252,000
1,560,500 |~ '§60,000°| 709,000 2] 328, 500
141,000 | 120,000 | 8000000 |-2277727777| 20ss1l000
L7oso | i | 5000 |"TE0|  2 4000
1,802,000 | 150,000 | 400,000 | 75,000 32,517,
2)152,000 | 150,000 | 500,000 | 2,800,000 | 5 602,000
2,606,000 | 160,000 | 650,000 | 4.750,000 | 8165000
2,072,000 | 180,000 | 550,000 | 4,130,700 | 8,932,700
2,546,600 | 375,000 | 500,000 | 4,561,800 | 8,283 400
2,843,000 | 375,000 | 1,000,000 | 4,465,600 | 8,683,600
3,105,400 | 500,000 | 1,300,000 | 4,164,600 | 9,160,000
2,430,000 | 500,000 | 5,000,000 | 4,800,000 | 15,630,000
3,454,704 | 332,000 | 10,750,000 | 7,500,000 | 22,036,704
2,801,743 | 275,000 | 9,183,000 | 7,000,000 | 10,349,743
3,485,318 | 401,500 | 10,323,000 | 5,120,000 | 19,292, B18
4,204,716 | 265,000 (o11,580,000 | 4,302,000 | 20,411,716
4,182,730 | 351,630 |o8,062,389 | 3,530,000 | 16,126.7
4,205,573 | 313,538 (9,130,145 | 3,135,000 | 16,853,
| 4006753 | 3580401 |0g,857707 | 3025.000 | 17,145,051
4,520,520 |+ 378)643 |08, 183641 | 2,535,000 | 15,626,
4,538,157 | 597,681 | a 7,89, 2,735,000 | 15,764,
70,450,313 | 6,008,308 | 90,066,303 | 68, 642,700 | 244, 156, 799

o Includes a small proportion from the Kuskokwim basin.

The subjoined table is an estimate, based on the best available data,
of the source of the gold, silver, and copper produced in Alaska
since mining began in 1880. About $65,100,000 worth of gold, or
nearly a third of the total output, was produced previous to 1905,
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and there is but scant information about its source. Since that time
fairly complete statistics of production are available, and it is
believed that the figures here presented are near enough to the truth
to have value. The figures given in this table for the silver recovered
from placer gold and from siliceous ores are probably less accurate
than those for the gold. Copper mining did not begin in Alaska until
1901, and the figures for gold and silver from this source should
therefore be a close approximation to the actual output.

Estimate of sources of gold and silver in Alaska, 1880-1914, by kinds of ore.

Gold. Bilver,

Quantity. Value. Quantity. | Value.

Fine ounces. Fine ounces,
BIICOONS 0TS, - v v eeemeeneeeseamnnamnrnmssans 3,204,787 | 307,480,141 | 804,847 q’%&
00])?! OB s nnpmsas s tara sty s s s an s aayadny =
3 H s ad i R AT 8,500,116 | 175,712,002 | 1,404,311 825, 058

11,811,084 | 244,186,700 | 3,851,506 | 2,278,518

Tin mining began in Alaska in 1902, since when about 526 tons.of
metallic tin has been recovered, valued at $380,008, (See pp. 81-94.)
Most of this has been taken from the placers of the York district, of
Seward Peninsula, but there has been a little tin lode mining in the
same district. Some stream tin has also been recovered from the
gold placers of Hot Springs district, in the lower Tanana region.

There has been relatively little mining of galena ores as such, but
some lead has been recovered in the treatment of ores mined chiefly
for other metals. The first treatment of such galena-bearing ores
was in 1892, and since that time 796 tons of lead, valued at $67,142,
has been recovered. It is worthy of record here that galena deposits
were among the first lodes to be developed in Alaska. Galena was
found in the Fish River basin, in the eastern part of Seward Penin-
sula, in 1881, about the time of the discovery of the Treadwell lode
at Juneau. Here some developments were made at what was called
the Omalik mine as early as 1882. Some ore has been shipped from
this property, but the mine has never been on a regular productive
basis. :

The only other galena ores mined in Alaska are located in south-
eastern Alaska. These operations, which have been on only a small
scale, were on deposits * located on Cholmondeley Sound, an indenta-
tion of the eastern shore of Prince of Wales Island, and on Corona-
tion Island, which lies in the lower end of Liynn Canal.

1 Smith, P, 8, and Eakin, H. M., A geologic reconnalssance in southeastern Beward
Peninsnla and the Norton Bay-Nulato reglom, Alaska: U. B. Geol. Burvey Bull. 448,
p. 130, 1911.

S Wright, F. B. and C. W., The Eetchlkan and Wrangell mining districts, Alaska:
U. 8. Geol. Burvey Bull. 347, 1008, ?
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There has been a little mining of cinnabar on the lower Kuskokwim
since 1908. The cinnabar has been treated at the mine in a small
retort, and the total recovery from this industry has been about 700
pounds of quicksilver.

Besides that listed above, there has been no production of other
metals from Alaska on a commercial scale, though some test ship-
ments of iron and antimony ores have been made.

The first coal mining in Alaska was done on Kachemak Bay,'
Cook Inlet, in 1888. Since that time 47,969 short tons of coal has
been produced, valued at $362,029. This is practically all lignite, ex-
cept for a few thousand tons of bituminous coal mined on Bering
Lake in 1906-7. During the epoch of railway building at Katalla in
1908 some petroleum was pumped from the oil wells near by for local
use as fuel. Since 1912 an oil company has operated in the Katalla
field and made an annual production.

Marble has been produced in southeastern Alaska since 1501 to a
total value of about $650,000. A gypsum deposit on Chichagof
Island, in southeastern Alaska, has been operated on a productive
basis since 1905. There has been some mining of garnet in south-
eastern Alaska, near Wrangell. Several years ago some shipments
of mineral water were made from a spring near Wrangell. A little
graphite has been produced on Seward Peninsula. Some volcanic
ash has been shipped from Kodiak during the last three years for use
s an abrasive.

) METAL MINING.

GENERAL FEATURES.

In 1914 about 32 per cent of the total gold production came from
lode mines, the balance from placer mines. In 1913 31.6 per cent of
the total gold output was credited to lode mines; in 1912 the amount
so credited was 29 per cent of the total. In the following table the
production of precious metals has been distributed as to sources:

Bources of gold, silver, and copper in Alaska, 1914, by kinds of ore.

Gold. Sliver. Copper.
quantity
" | Quantity. | Vaine. Quantity, | Value. | Quantity. | Value
Tons. | Fineounces. Fine ounces. Pounds.
gozsae| VEiE R me "R mhe i wen
OreS..ac... by . ' » ]
PRI o cion eiiinsesanns 510,063.75 | 10,730,000 £3,106 48,008 ]
1,801,782 | 762,506.08 | 15,764,250 | 804,805 | 218,327 | 21,450,628 | 2,852,084

1 Martin, G. C., Johnson, B. L., and Grant, U. B, Geology and mineral resources of
Kenai Peninsuls, Alaska: U. 8. Geol. Burvey Bull, 5687, pp. 107-110, 1015,
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Alaska’s auriferous lode mines produced during the year 235,249
fine ounces of gold, valued at $4,863,028, compared with 232,916
fine ounces, valued at $4,814,818, in 1918. These mines made an out-
put of 28,254 fine ounces of silver, valued at $15,624, in 1914, and
30,897 ounces, valued at $18,662, in 1913.

Twenty-eight gold-lode mines, including several properties which
made onljr small outputs, were opera.t.ed the whole or a part of the
year 1914 in Alaskn—two less than in 1913. Work was also done on
many gold prospects, some of which produced a little gold. Of the
producing mines nine were in southeastern Alaska, eight on Prince
William Sound, four in Kenai Peninsula, three in the Willow Creek
district, and four in the Fairbanks district. It is estimated that
these mines had an output of 1,738,127 tons of ore, compared with
1,614,506 tons in 1913. In 19138 the average value of the gold and
gilver contents for all the ores mined was $2.99 a ton; the average
for 1914 was $2.79.

Six copper mines were operated in Alaska for a whole or a part
of the year 1914, compared with seven in 1913. Of these two were
in the Ketchikan district, two on Prince William Sound, and two in
the Kotsina-Chitina district. The total production of copper in 1914
is estimated to have been 21,450,628 pounds, valued at $2,852,984,
compared with 21,659,958 pounds, valued  at $3,357,293, in 1913.
About $171,231 worth of gold and $156,695 worth of silver were re-
covered from the copper ores. It is estimated that in 1914 about
153,605 tons of copper ore was mined, compared with 135,730 tons
in 1913. The average copper content of the ore was about 6.98 per
cent and the value of the gold and silver recovered about $2.04 to
the ton.

It is estimated by the mine inspector for the Territory of Alaska
that during the fiscal year ending June 30, 1914, 4,500 men were
engaged in lode mining.* Though this is the fiscal and not the
calendar year, it serves to indicate approximately the number of
men employed in 1914.

The value of the placer gold produced in 1914 is estimated at
$10,730,000; that of 1913 was $10,680,000. As compared with the
previous year there was a decrease in the placer-gold output from
the Fairbanks, Koyukuk, and Fortymile districts and an increase
from the Ruby and Seward Peninsula districts, as well as from
some of the smaller camps. It is estimated that about 730 placer
mines were operated in 1914, but many for only a part of the season;
the number was 700 in 1913. About 4,740 men were engaged in
productive placer mining, most of them for only a small part of the

1 Bmith, 8, 8., Report of the mine inspector for mmtonolmﬁthaw
of the Interior for the fiscal year ended June 80, 1014, p. 10.
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year. In addition there were probably 500 to 1,000 men engaged in
prospecting and other nonproductive work relating to the placer-
mining industry.

Two new localities where placer gold occurs were reported in 1914,
both in the Tanana basin. One is on a stream tributary to the lower
Healy River and, so far as now known, includes only a small area of
auriferous gravels. The other is in the upper Tolovana basin, and
here, according to reports of prospectors, the outlook for placer
mining is rather encouraging.

In accordance with past practice, a table is given here to show ap-
proximately the total bulk of gravel mined annually in Alaska for
several years and the value of the gold recovered per cubic yard.
This table is based on certain assumptions which do not now admit of
proof but which are supported by a large number of facts. There-
fore, although the table is only approximately correct, it indicates
the magnitude of the true figures.

Bstimated total amount of gravel sluiced in Alaska placer mines and value per
cubie yard of pold recovered, 1908-1914.

Value of Value of
Total gold Tetal gold
m"vt:Y per cubie gnvol.! s u:l?hd
$ A per
yard. yard.
Cubic yards.| 1
4,775,000 Y T [ R ——" 7,050,000 $1.70
--| 4,418,000 2.68 [ 1013, ..o ieaaias 6, 800,000 1.57
-| 4,038,000 S0 N R RS 8, 500,000 126
b, 790,000 217

Forty-two gold dredges were operated for a whole or a part of the
mining season in 1914. Of these, 39 were located on Seward Penin-
sula, 2 in the Iditarod district, and 1 in the Fairbanks district. It
is estimated that these dredges handled 4,450,000 cubic yards and
made & gold recovery of $2,350,000. The average gold content of the
gravels mined is 50 cents to the cubic yard. In 19183, 85 gold dredges
were operated and handled about 4,100,000 cubic yards, having a value
of $2,200,000. Two of the gold dredges operating on Seward Penin-
sula in 1914 are on Anikovik River, in the York district, and were
used to recover stream tin as well as gold. In addition to these, the
dredge on Buck Creek was operated on a tin placer, as in previous
years.

Some attempts at gold dredgmg were made in Alaska as early as
1900. This form of mining did not, however, reach a profitable
stage until about 1903, when two small dredges were auocassfully
operated on Seward Peninsula. In 1907 a dredge was installed in
the Fortymile district, the first in the Alaska part of the Yukon
basin. Up to the close of 1914 gold to the value of $10,100,894 had
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been mined in Alegka by dredges. The growth of the gold-dredging
industry is indicated by the following table:

Bstimate of gold production from dredge mining in Alaska, 1903-1914.

é“l’umbar Value of
dredges gold
operated.| output.
18 $800, 000
n 1,500, 000
8| i
42 %m.nw
10,100, 804

MINERAL FUELS,

In 1913 only one coal mine was operated in Alaska. This, the
Wharf mine, located at Port Graham, on Cook Inlet, produced lig-
nitic coal, which found a local market. In 1914 this mine was closed
and not a single commercial coal mine was operated in the Territory.
There was, however, a little mining of lignitic coal at several locali-
ties for individual use. The following table shows the coal consump-
tion of Alaska from 1899 to 1914:

Coal consumption of Alasks, by sowrces, 1899 to 1914, én short tons.

Im from Btates, | Produesd + | Total for-
nmd from Wash- | in Alaska, dnm coal, _
ingtom. y chiefly y Total
Year. sabbitu- trom |Pituminoas,| coal con-
minous Washing- from sumed.
Bitumi- Anthra- and lig- British Co-
nous, cite. nite.s b
€10,000 |. c1,200 11,200 50,120 61,320
048 | e],200 16,248 %,m 73,871
24,000 |. .| 1,300 25,300 67 102,974
640,000 |..enearannan 2,212 42,212 68, 110, 575
684,625 1 1,447 66,073 a0, 605 120,678
35,680 |.. 1,604 38, 383 8,815 116,108
&7, 707 a8 3,774 71,487 T3, 587 144, 084
68,060 533 5,541 75,034 47, 560 , 824
45,130 1,118 10,139 56,385 B3, 890 144,081
23, 402 49 8,107 27,000 72,831 99,831
83, 112.[. 2, 800 912 ,316 110,228
33,138 |. 1,000 3,138 73,804 107,042
32,255 |. 800 33, 155 88,573 131,738
27,787 |- 355 28,122 59, 804 87,928
01,666 |. 02,300 63, 066 60, 124, 588
BLORE: [Lioe. ivioiovianiiion 37, 062 21,882 58,044
619, 561 38,060 | 680,077 | 1,080,863 | 1,711,540
o By calendar years. b By fiscal years ending June 30. e Estimated,

The decline in coal consumption is more than made up by the in-
crease in consumption of crude petroleum and gasoline. (See p. 89.)
Most of the coal shipped to Alaska is used along the Pacific seaboard.
In 1914 a total of 2,087 tons of domestic coal and 446 tons of foreign
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coal was received at Nome.* This represents the total coal consump-
tion of Seward Peninsula, except for a little lignite mined at Chi-
cago Creek, in the Fairhaven district. Fifty tons of coal were re-
ceived at the port of St. Michael? largely for local use, but including
a little blacksmith coal shipped up the Yukon to the mining camps.
" Practically all the rest of the coal, amounting to some 36,807 tons, was
used in southeastern Alaska, on Prince William Sound, in the lower
Copper River region, and at other points along the Pacific seaboard.
Some is shipped to canneries on Bristol Bay, to the Pribilof Islands,
and for the use of local steamers to Unalaska. This tonnage does
not include the consumption by steamers plying between Alaska and
Puget Sound ports. It should be noted, however, that many of these
steamers are oil burners.

Steaming tests have now been made by the Navy Department of
coal from one or two beds in each of the high-grade fields—the
Bering River and Matanuska: The results of the tests of Bering
River coal have been published in complete form, and as the report
may not be available to all who receive this volume the following
data are extracted from it:®

The test was made on about 855 tons of coal mined under the di-
rection of R. Y. Williams, a mining engineer detailed from the
United States Bureau of Mines, The coal was taken from the Tenino
claim of the so-called Cunningham group. Of the total coal mined,
874 tons was taken from one opening, and most of the coal appears
to have been taken from a single bed. Mr. Williams estimates the
cost of mining this coal at $3.05 a ton, including all overhead charges.

General conclusions in regard to the occurrence of the coal are
summarized as follows:*

As the actual detailed examination of this reglon proceeded In connection
with the extraction of the large sample of coal for subsequent ship test It was
found that all of these beds upon which excavations were made proved to be
lenticular or otherwise irregular in shape, and the coal proved to vary from

high-grade and fairly lumpy coal at certain places to a crushed coal, which at
some points was high-grade and at other points a decldedly low-grade material,

The conclusions of the Navy Department in regard to the steam-
ing tests made on this coal are summarized as follows: ®

It 18 with regret, then, that the department reports that the recent tests
ghow concluslively that Bering River coal, mined from selected veins in one of
the most promising portions of the fleld, Is entirely unsuitable for naval use.
Formerly the defect that gave the greatest concern was the general crushed
condition of the coal, from which a large percentage of slack might be expected.

1 Data, recelved through courtesy of deputy collector of customs at Nome.

? Data received through courtesy of deputy collector of customs at Bt. Michael.

" Report on coal in Alaska for use in United Statea Navy: 634 Cong., 24 sess., H, Doc.
876, 1814,

¢ 1dem, p. T.

% Idem, pp. 122-128,
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An adequate percentage of lump was found, however, although it developed that
much if not all of the slack must be washed, for it appears impossible for the
minef to avoid knocking down the black shale bands with the coal, and the
separation of these Impurities from the coal is pot practicable in any other
way than by washing, which increases the cost of mining while not overcoming
the inherent objections to slack coal

The coal, however, failed on account of its property of forming large,

tenacious clinker—probably the most serious defect that can be developed by
a coal for marine use. Whether or not a nonclinkering coal of good chemical
and physical qualities exists in the field is an unsolved problem. The Bering
River sample tried by the Nebraska in 1908 dlid not clinker at the low rate of
cembustion and consequent low furnace temperatures pertaining during that
inconclusive trial. However, neither did the Bering River coal recently tested
clinker under natural draft. Coal from that part of the fleld from which the
Nedraske sample was mined 13 generally slack amd apparently not in this
respect equal in physical qualities to the all-round satisfactory grade which
it is hoped may be found.
* It thus appears that in a fleld like the Bering River, where In a comparatively
small area anthracite, semianthracite, and gemibituminous coala are found, and
moreover, where the measures have been so extensively disturbed, lack of
uniformity in grade may be expected. It seems, therefore, that if coal suitable
for naval use exists, it can not be spotted by chemical or physical excellence,
but must be searched out by the laborious and expensive but conclusive
methods of trial under service conditions.

The clinkering of coal is a subject on which but little of value is known from
analysls. It varies with the type of grate, rate of combustion, depth of fire,
and draft, 8o that the only positive gulde as to its existence, nonexistence, or
extent is a trial under the actual conditions under which the coal will be
used., For this reason the department would not regard a fleld test for
clinkering—analyzing, taking temperatures of ash fuslbility, testa in small
grates or bollers—as information of any positive value. This procedure would
be expensive and the results probably misleading. Now that the Alaskan rafl-
roads will be bullt, and a line extended Into the Bering River flelds, and the
coal flelds probably opened to leasing, the further test of coal from these flelds
for naval use should be resumed as soon as possible after the completion of
the road, and after general development has set In in the coal fields, by the trial
of large samples (cargoes) from various seams, In this manner only, in the
department’s opinion, can the existence of a satisfactory coal for naval usg
be ascertained.

In conclusion, the failure on test of the excellent Bering River sample at the
engineering experiment station from severe and unususl clinkering—a sample
better in all respeets than the Pocahontas used In comparative test—obligea
the department to regard and so report the Bering Riyer field to be unavall-
able as a source of coal for the Navy until extensive development definitely
locates coal not possessing the serious objection found in the sample tested
by the department.

This must not be regarded as a conclusive test of the quality of
coal in the entire Bering River field. Martin,' who surveyed the
field in detail in the seasons of 1904 to 1906, has shown that there

1 Martin, G. C., Geology and mineral resources of the Controller Bay region, Alaska:
U. B. Geol. Burvey Bull. 335, 1908,
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are many beds in the field and much variation in the quality of the
coal in different parts of the coal-bearing area. Therefore, while the
test recorded above shows that the beds mined do not carry the high-
grade coal demanded for naval use, yet this by no means condemns
the entire field. There can be no doubt that the Bering River field
includes a large amount of steaming coal in beds that can be mined.

In 1913 about 1,100 tons of coal was mined at Chickaloon, in the

. Matanuska field, under the direction of the United States Bureau of

Mines. This was presumably taken from one or two beds. This coal
was sledded to the coast during the winter and subjected to a s!:eammg
test by the Navy Department. The complete report on this examina-
tion and test has not been published, so that no data are available on
the cost of mining, underground conditions, etc. The coal field has,
however, been reported upon in detail by Martin and Katz.*

The test of the coal showed it to be satisfactory for naval use, as
shown by the following report:?

NAVY DEPABTMENT, SUMMARY REPORET ON TEST OF MATANUBSEA COAL,

Port test, seven doys.—All coal, ash, and clinker were weighed, one boller
was used, forced draft was necessary on two days. Run of mine coal was used
for five days, slack for one day, and lump coal for one day. There were mo
casualties, Coal burned very freely. Firing was very good, the analyses of
flue gases giving rarely below © per cent of CO.. There was little clinker, but
the ash was several per cent higher than with the Pocahontas coal. Draft wag
good and coal burned with bright-yellowish flame. Coal coked very nicely; the
coke was friable and very easily worked by the firemen. Fires 6 inches to 8
inches thick were carried most of the time, although occasionally they were
heavier. The ash fused into clinker on the grate bars, generally about 2 inches
thick, medium weight, porous, a little tough and hard while hot but friable
when cold. The clinker had a little ash mixed throughout the mass. It stuck
a little to the bridge wall, but not seriously. The soot deposit was about 25
per cent more than the Pocahontas coal. The soot was a little different from that
of the Pocahontas, as the granules appeared as minute fused grains, The load
during this week of test would ordinarily have required two bollers burning
Pocahontas coal.

Four-hour forced drofi.—Fires thin; dampers partly closed. Fires burned
brightly ; work of firing very easy on account of ease of breaking up the coke,
Furnaces one mass of yellowish flame, Not an excessive amount of ash formed.
The men, on being questioned, all sald it was the easiest 20-knot run they had
ever made.

Twenty-four hour 15-knot test.—Btarted with 12 bollers, but necessary to cut
out four boilers to get the highest efficiency. Coal burned with greatest ease,
forming a very easily worked coke, not an excessive amount of ash or clinker,

1 Martin, G. C, and Eatz, ¥, J., Geology and coal fields of the lower Matanuska Valley,
Alaska : U. 8. Geol. Burvey Bull. 500, 1912,

8 Alaska rallroads, statement of Hon. Franklin K. Lane, Becretary of Interior.
Monday, February 1, 1916: Bundry civil bill, 1916, supplement to hearings before sub-
committee of House Committee on Appropriations, pp. 16~17.
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and in general appeared easier to handle than Pocahontas coal. CO: analysis
generally high, over 8 per cent. Fires, carried 6 inches to 8 inches thick, were
always glowing, ash pans bright, and the furnaces & mass of yellowish incan-
desbbnt flame. Coal burned like pine knots. The amount of clinker was not
excessive, was more or less easy to work, and very friable when cold. ‘Fires
were noticeably hot. Amount of goot made was & lttle higher than is usually
made by good Pocahontas coal, about 10 per cent more,

Pen-knot test.—8tarted with six boilers, but it was found necessary to cut out
two boilers o give greatest efficiency. This power was more than ample, as at
times there were four evaporators in use. Fires were very easily worked;
the coke broke up easily; clinker was not very hard; bright, level fires from 6
inches to 8 inches thick and sometlmes thicker were carried, and CO: was gen-
erally high.

General remarks.—There was very little forelgn matter. The slack appeared
to burn better than the lump, No evidences of gases heing given off from the
coal during the test. The noticeable characteristic of this coal is friability.
Lumps pulverize very easily.

Port test of seven days.

Water
Total Coal per Ef-
o tons. | SERC" | gollon, | AR | clency,
Gallons, | Pounds. | Per cent. | Per cent.
04,291 | 248,610 1.168 11,04 o 'im
136.301 | 247,783 .B11 3.6 69.4
116,185 | 305,446 1177 15.8 100. %

Pounds
Bmoke per indi-
Total Knots | Indicated Bteaming) Avers
€oal. tons, | Ash ,&{. per ton. {horsepower. m radlus, mﬁ?
power,
Per cent, Per cent,
Poeahontas. .........| 79.1 8.8 2.4 1.02 | 20,820.3 2.09 2,387.8 100
Bering River. 127.3 38.8 15 .80 | 13,992.3 [ P R
Matanuska...........| 85.484 18.67 |- 2.8 .83 | 19,929.15 2.32{ 2,002.2 91
15 knots, 24-hour iesi.
Pocahontas, .........| 189,155 7.8 1.25 2,38 | 7,08 2.01 | 4,781 100
Bering River.........| 160.3 35. .60 1.00 | 7,600 4.08 | 2,372 43
Matanusks. ....-.... 157.212 4.5 | 199 2.20 | 6,142.37 2,15 | 4,796.3 96
10 knots, 48-hour fest.
R I - % 10.5 1.18 [ 3,515 | 2,134 3.08 | 7,077 100
Matanusks. . .cnennas 118.582 15.67 1.88 ) 3.37 2,688, 527 3.00 | 7,160.8 ]

The board found that this sample of Matanuska coal tested is suit-
able in every respect for use in the naval service.
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DEPARTMENT OF THE INTERIOR,
BUREAU oF MINES,
Eaoperiment Station, Pittsburgh, Pa., December 17, 1914,

Bubject: Report on tests of Matanuska coal on U. 8. 8. Maryland.

The Director: The following 1s Mr. Flagg's report upon the tests of Mata-
nuska coal aboard the U, 8. 8. Maryland:

Inspection and loading.

Upon the Maryland's arrival at Bremerton a visit was made to the coal dock,
where some 7,700 sacks of the coal were stored under cover. On account of the
receipt of a letter from the Bureau of Steam Engineering stating that pre-
liminary tests at Annapolis Indicated high ash content and instructing that the
necessary preparation be given the coal, a preliminary inspection was made to
gain some idea as to the quality of the coal. Rough determinations of the ash
contents of the different-sized parts of a sample taken from six bags at random
failed to show any excessive percentages of ash, so the coal was loaded onto
the lighters and placed in the ship’s bunkers.

During the loading of the lighters a shovelful of coal was taken from every
fifth bag and retained for a sample. This sample (of about 3 tons) was worked
over and one can retained. From the same sample a portion (about 800 pounds)
was taken for a sizing test. The percentages of the different sizes, the analyses
of the samples of the several sizes, and the analysis of the general sample are
glven in attached sheets,

Seven-day port test.

The port test was begun as soon as one lighter of coal had been taken on.
The load during part of the test period was heavy but was carried throughout
the test on one bofler. Fires were cleaned every 12 hours, by which time about
2 Inches of clinker had formed. The clinker was medium weight, rather porous,
and dark colored, with mmall pleces of light-gray ash mixed in with the fused
portion, The clinker stuck some to the bridge wall, but not enough to cause
serious trouble, and did not stick to the grates at all. In the furnace the clinker
could be broken fairly easily; when cold it was brittle and easily broken.

During the port test the gas analyses showed 10 to 12 per cent CO. with
probably 0.8 to 0.4 per cent CO. The effort was to carry fires 7 to 8 inches thick,
but they were heavier much of the time, thus accounting in one way for the
presence of CO.

The soot formed was comparatively free from tarry matter and hence did not
adhere to the tubes as much as does that from Pocahontas coal, although the
amount of soot formed by the Matanuska coal was more than with Pocahontas.

The figures for the evaporation, on account of the difficulties incident to the
measurement of the feed water, can only be considered approximate at best
The figures obtalned during the port test showed an evaporation equal to or a
little better than was obtained during the test with Pocahontas coal made by
the Maryland in 1918,

On the last two days of the port test the use of screened coal was tried. The
eoal for this purpose was screened on the lighter alongside the dock. One day
all of the coal remaining on a 4-mesh screen was used, and on the other that
which passed through the screen. The only trouble experlenced with the finer
coal was that the natural draft was not quite strong enough to maintain the
required rate of combustion at all times.



30 MINERAL BESOURCES OF ALASKA, 1014,

E £0-not test,

The excellent steaming properties of this coal were plainly shown in this
test. For a time it looked as If It would be possible to make the turns for
20 knots withont putting on the blowers, but it was not done. With about
three-fourths inch pressure of alr in the firerooms, however, there was an
abundance of steam, and steam could be ralsed to the poppling-off pregsure at any
minute. This condition obtained throughout the 4-hour test, and at its close
the fires were still {n excellent steaming condition.

15-knot test,

For the 15-knot test twelve boilers were lit up, but soon after the test was
started two of these were put out and later a third. During the remainder
of the test the turns were kept up most of the time with elght bollers working
and the ninth banked. Difficulty In maintalning the desired steam pressure
with the eight bollers was experienced only at times of cleaning the fires, and
then only when the fires were cleaned too soon after each other. For cruising
at this speed it has been the practice to use ten boilers with eastern coal.

10-knot test.

Bix bollers were Hit for this run, but one was banked almost at the start of
the test, and later it was cut out. About 23 hours after the test started a
second boiler was banked, and this was cut out when the test had been in
progress ® hours, During the remainder of the test four boilers only were
used, these furnishing plenty of steam to make the proper number of turne and
keep the regular anxiliaries golng. For this speed the practice has been to use
gix bollers with Pocahontas coal. 8o far as ig known the Marylend has never
before made turns for 10 knots with only four boilers in nse.

General.

The coal as stored on the dock was dry, but was wet on the lighters after
they were placed alongside the ship. Neither on the dock nor in the bunkers
was any tendency to heating noticed. The coal was almost entirely free from
lumps, but for the most part was not objectionably fine.

It is a fairly friable coal, has moderate coking tendency, and is excellent for
steaming purposes, The volatile matter appears to be fairly easily driven off,
but I1s not difficult to burn.

From the standpoint of smokelessness the coal is also very desirable. Under
naiural draft the stack observations ranged between No. 0 and No. 3 (Rengel-
mann chart), averaging somewhat above No. 2. Under forced drafi during the
4-hour run the smpke averaged about the same, but showed less of the heavier
smoke. The smoke is somewhat less in density than that from Pocahontas and
it is not as black,

Both officers and men cooperated heartily with the Burean's engineer through-
out the test, and this cooperation was one factor contributing to the success
of the tests.

Very iruly, yours,
{Bigned) O. P. Hoop,

Chief Mechanical Engineer.

No new discoveries of coal in Alaska were reported in 1914, with
the exception of some lignite in the Ruby district. The extent of
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these deposits and their availability as fuel have not been determined.
By far the most important event of the year with reference to the
Alaska coal fields was the passage of a coal-leasing law. This act is
as follows:

‘[PuBLIcC—No. 216—63p CoNaRESS.]

[H. R.14233.]

An Act To provide for the leasing of coal lands in the Territory
of Alaska, and for other purposes.

Be it enacied by the Senate and House of Represeniatives of the Uniied Biates
of America in Congress assembled, That the Secretary of the Interior be, and
hereby is, authorized and directed to survey the lands of the United States in
the Territory of Alaska known to be valuable for thelr deposits of eoal, pref-
erence to be given first in favor of surveying lands within those areas commonly
known as the Bering River, Matanuska, and Nenana coal flelds, and thereafter
to such areas or coal fields as lie tributary to established settlements or existing
or proposed rall or water transportation lines: Provided, That such surveys shall
be executed In accordance with existing laws and rules and regulatlons govern-
ing the survey of public lands. There is hereby appropriated, out of any money
in the Treasury not otherwise appropriated, the sum of $100,000 for the purpose
of making the surveys hereln provided for, to continue available until expended:
Provided, That any surveys heretofore made under the authority or by the
approval of the Department of the Interlor may be adopted and used for the
purposes of this Act.

Seo, 2..That the President of the United States shall designate and reserve
from use, location, sale, lease, or disposition not exceeding five thousand one
hondred and twenty acres of coal-bearing land in the Bering River fleld and
not exceeding seven thousand six hundred and eighty acres of coal-bearing land
in the Matanuska fleld, and not to exceed one-half of the other coal lands in
Alaska : Provided, That the coal deposits in such reserved areas may be mined
under the direction of the President when, In his opinion, the mining of such
cofl in such reserved areas, under the direction of the President, becomes
necessary, by reason of an insufficient supply of coal at a reasonable price for
the requirements of Government works, construction snd operation of Govern-
ment. railroads, for the Navy, for national protectlon, or for relief from
imonopoly or oppressive conditions.

Sro. 8. That the unreserved coal lands and coal deposits shall be divided by
the Secretary of the Interior into leasing blocks or tracts of forty acres each,
or multiples thereof, and in such form as in the opinion of the Secretary will
permit the most economica] mining of the coal in such blocks, but in no case
exceeding two thousand five hundred and sixty acres in any one leasing block
or tract; and thereafter, the Secretary sball offer such blocks or tracts and the
coal, lignite, and associated minerals therein for leasing, and may award leases
thereof through advertisement, competitive bidding, or such other methods
a8 he may by general regulations adopt, to any person above the age of twenty-
one years who 1s a citlzen of the United States, or to any assoclation of such
persons, or to any corporation or municipality organized under the laws of the
United States or of any State or Territory thereof: Provided, That a majority
of the stock of such corporation shall at all times be owned and held by citizens
of the Unlted States: And provided further, That no railroad or common carrier
shall be permitted to take or acquire through lease or permit under this Act
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any coal or coal lands {n excess of such area or quantity as may be required
and used solely for its own use, and such limitation of use shall be expressed
in all leases or permits issued to railroads or common carriers hereunder: And
provided further, That any person, assoclation, or corporation quallfied to be-
come a lessee under this Act and owning any pending claim under the public-
lands laws to any coal lands in Alaske may, within one year from the passage of
this Act, enter into an arrangement with the Secretary of the Interior by which
such claim shall be fully relinquished to the United States; and If in the Judg-
ment of the Secretary of the Interior, the circumstances tonnected with such
claim justify so doing, the moneys pald by the claimant or claimants to the
United States on account of such claim ghall, by direction of the Secretary of
the Interior, be returned and paid over to such person, association, or corpora-
tion as a consideration for such relinguishment. '

All claims of existing rights to any of such lands in which final proof has
been submitted and which are now pending before the Commissioner of the
General Land Office or the Secretary of the Interior for decision shall be adjudi-
cated within one year from the passage of this Act

Sec. 4. That a person, association, or corporation holding a lease of coal
lands under this Act may, with the approval of the Secretary of the Interlor and
through the same procedure and upon the same rerms and conditions as in
the case of an original lease under this Act, secure n further or new lease cover-
ing additional lands contiguous to those embraced in the original lease, but in
no event shall the total area embraced in such original and new leases exceed
in the aggregate two thousand five hundred and sixty &cres.

That upon satisfactory showing by any lessee to the Secretary of the Interlor
that all of the workable deposits of coal within a tract covered by his or its
lease will be exhausted, worked out, or removed within three years thereafter,
the Secretary of the Interlor may, within his dlscretion, lease to guch lessee
an additional tract of land or coal deposits, which, including the coal area
remaining in the original lease, shall not exceed two thousand five hundred and
slxty acres, through the same procedure and under the same competitive condi-
tions as In case of an original lease.

Sec. 5. That, subject to the approval of the Secretary of the Interior, lessees
holding under leases small blocks or areas may consolidate thelr sald leases or
holdings so as to include in a single holding not te exceed two thousand five
hundred and sixty aeres of contiguous lands,

Sxc. 8. That each lease shall be for such leasing blcck or tract of land as may
be offered or applied for, not exceeding in area two thousand flve hundred and
pixty acres of land, to be described by the subdivisions of the survey, and no
person, assoclation, or corporation, except as hereinafter provided, shall be
permitted to take or hold any Intepest as a stockholder or otherwise in more
than one such lease under this Act, and any interest held In violatlon of this
provizo shall be forfeited to the United States by appropriate proceedings in-
stituted by the Attorney General for that purpose in any court of competent
jurisdiction, except that any such ownership and interest hereby forbidden
which may be acquired by descent, will, judgment. or decree may be held for
two years, and not longer, after its acquisition,

SEc. 7. That any person who shgll purchase, acquire, or hold any lnbereut in
two or more such leases, except. as herein provided, or who shall knowingly
purchase, acquire, or hold any stock in a corporation having an interest in two
or more such leages, or who shall l'.nowlnsly sell or transfer to one dlsqualified
to purchase, or except as in this Act specifically provided, disqualified to
acquire, any such interest, shall be deemed gullty of a felony, and upon con-
viction shall be punished by imprisonment for not more than three years and
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by a fine not exceeding $1,000: Provided, That any such ownership and interest
hereby forbidden which may be acquired by descent, will, judgment, or decree
may be held two years after its acquisition and not longer, and in case of
minority or other disability such time as the court may decree.

Seo. 8. That any director, trustee, officer, or agent, of any corporation holding
any interest in such a lease who shall, on behalf of such corporation, act in the
purchase of any interest in another lease, or who shall knowingly act on be-
bhalf of such corporation in the sale or transfer of any such interest in any
lease held by such corporation to any corporation or Individual holding any
interest in any such a lease, except as herein provided, shall be gullty of a
felony and shall be subject to imprisonment for a term of not exceeding three
years and a fine of not exceeding $1,000.

Sec, 8a. If any of the lands or deposits leased under the provisions of this
Act shall be subleased, trusteed, possessed, or controlled by any device per-
manently, temporarily, directly, indirectly, tacitly, or in any manner whatso-
ever, 80 that they form part of or are In anywise controlled by any combination
In the form of an unlawful trust, with consent of lessee, or form the subject of
any contract or conspiracy in restraint of trade in the mining or selling of coal,
entered Into by the lessee, or of any holding of such lands by any individual,
partnership, association, corporation, or control, in excess of two thousand five
hundred and sixty acres in the Territory of Alaska, the lease thereof shall be
forfelted by appropriate court proceedings.

Src. 9. That for the privilege of mining and extracting and disposing of the
coal In the lands covered by his lease the lessee shall pay to the United States
guch royaltiee as may be specified In the lease, which shall not be less than
. two cents per ton, due and payable at the end of each month succeeding that
of the shipment of the coal from the mine, and an annual rental, payable at
the beginning of each year, on the lands covered by such lease, at the rate of
twenty-five cents per acre for the first year thereafter, fifty cents per acre for
the second, third, fourth, and fifth years, and $1 per acre for each and every
year thereafter during the continuance of the lease, except that such rental
for any year shall be credited against the royalties as they accrune for that year.
Leases may be for periods of not more than fifty years each, subject to renewal,
on such terms and conditions as may be authorized by law at the time of such
renewal. All net profits from operation of Government mines, and all royalties
and rentals under leases as herein provided, shall be deposited in the Treasury
of the United States in a separate and distinct fund to be applied to the reim-
bursement of the Government of the United States on account of any expendi-
tures made in the construction of railroads in Alaska, and the excess shall be
deposited in the fund known as The Alaska Fund, established by the Act of
Congress of January twenty-seventh, nineteen hundred and fiye, to be expended
as provided in said last-mentioned Act.

8ec. 10, That in order to provide for the supply of strictly local and domestie .
needs for fuel the Secretary of the Interior may, under such rules and regula-
tions as he may preseribe in advance, issue to any applicant gualified under
section three of this Act a limited lcense or permit granting the right to
prospect for, mine, and dispose of coal belonging to the United States on speci-
fled tracts not to exceed ten acres fo any one person or association of persons
in any one coal fleld for a period of not exceeding ten years, on such conditions
not Inconsistent with this Act as in his opinion will safeguard the public interest,
without payment of royalty for the coal mined or for the land occupled: Pro-
vided, That the acquisition of helding of a lease under the preceding sections
of this Act shall be no bar to the acguisition, holding, or operating under the

6411°—15——38
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limited Hcense in this section permitted. And the holding of such a Heense shall
be no bar to the acquisition or holding of such a lease or interest therein.

8go, 11. That any lease, entry, location, occupation, or use permitted under
this Act shall reserve to the Government of the United States the right to
grant or use such easements in, over, through, or upon the land leased,
entered, located, occupied, or used as may be necessary or appropriate to the
working of the same or other coal lands by or under authority of the Govern-
ment and for other purposes: Provided, That said Secretary, in his discretion,
in making any lease under this Act, may reserve to the United States the right
to lease, sell, or otherwise dispose of the surface of the lands embraced within
such lease under existing law or laws hereafter enacted in so far as sald
eurface s not necesgary for use by the lessee in extracting and removing the
deposits of coal therein. If such reservation is made, it shall be 8o deter-
mined before the offering of such lease.

That the said Secretary during the life of the lease is authorized to issue
such permits for easements herein provided to be reserved, and to permit the
use of such other public lands in the Territory of Alaska as may be necessary
for the construction and maintenance of coal washerles or other works incident
to the mining or treatment of coal, which lands may be occupled and used
jointly or severally by lessees or permlittees, as may be determined by sald
Secretary.

Sec. 12. That no lease 1ssued under authority of this Act shall be assigned
or sublet except with the consent of the Secretary of the Interior. Each lease
ghall contain provisions for the purpose of insuring the exercise of reasonable
diligence, skill, and care in the operation of sald property, and for the safety
and welfare of the miners and for the prevention of undue waste, including a
restriction of the workday to not exceeding eight hours in any one day for
mnderground workers except in cases of emergency; provisions securing the
workers complete freedom of purchase, requiring the payment of wages at least
twlce a month in lawful money of the United States, and providing proper
rules and regulations to secure fair and just weighing or measurement of the
coal mined by each miner, and such other provisions as are needed for the pro-
tection of the interests of the United States, for the prevention of monopoly,
and for the safeguarding of the public welfare.

Sec. 13. That the possession of any lessee of the land or coal deposits leased
under this act for all purposes involving adverse claims to the leased property
ghall be deemed the possession of the United States, and for such purposs the
lessee shall occupy the same relation to the property leased as if operated
directly by the United States. .

SEgc. 14, That any such lease may be forfeited and canceled by appropriate
proceeding in a court of competent jurisdiction whenever the lessee falls to
comply with any provision of the lease or of general régulations promulgated
.under this Act; and the lease may provide for the enforcement of other appro
priate remedies for breach of specified conditions thereof,

Seo. 15. That on and after the approval of this Act no lands in Alaska con-
taining deposits of coal withdrawn from entry or sale shall be disposed of or
acquired in any manner except as provided in this Act: Provided, That the
passage of this Act shall not affect any proceeding now pending in the Depart-
ment of the Interior, and any such proceeding may be carried to a final deter-
mination in sald department notwithstanding the passage hereof: Provided
further, That no lease shall be made, under the provisions hereof, of any land,
a claim for which is pending in the Department of the Interior at the date of
the passage of this Act, until and unless such claim i8 finally disposed of by
the department adversely to the claimant.
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Sec. 16. That all statements, representations, or reports required, unless
otherwise specified, by the Secretary of the Interior under this Act shall be
upon oath and in such form and upon such blanks as the Secretary of the
Interior may require, and any person making false oath, representation, or
report shall be subject to punishment as for perjury.

Sec. 17. That the Secretary of the Interior is authorized to prescribe the
necessary and proper rules and regulations and to do any and all things neces-
sary to carry out and accomplish the purposes of this Act.

Sge. 18, That all Acts and parts of Acts in conflict herewith are hereby
repealed.

Approved, October 20, 1914.

The form of lease and the regulations under the general provisions
of this act have not yet been announced. The following form and
regulations, however, have been issued by the Commissioner of the
General Land Office to meet the clause providing for short-term
permits to mine coal for local use on tracts not exceeding 10 acres:

Application for permit te mine corl in Alasks under section 10 of the act of October 20, 1914
(Pablic 216).

——— 191
The Commissioner of the General Land Office, Washington, D. C.
S8ie: The undersigned,
(Name of applicant.)
hereby appl for a permit to prospect for, mine, and

)8 '
(Post-office address. )
remove coal from the following-described land:

(Destribe the land by legal subdi-

vislon if surveyed and by metes and bounds with reference to some permanent natural

landmark If unsorveyed.)

containing approximately ______ acres, sltuated within the ______ land district,

G 111 i O Alaska, and in support
(Directlon.)

of this application make the following representation as to gualifications to

recelve a permit:

(Citlzenship of applicant or applicants must here be shown. If the

applicant 18 & municipality or corporation, it must be shown under what laws it is

organized ; and If the latter, It must also be shown whether & majority of its stock 1a




36 MINERAL RESOURCES OF ALASKA, 1914,

The applicant further represent that ____________ ha not, within two
(He, they, or It.)

7ears last past, applied for or received a permit to mine coal under the pro-

vislons of section 10 of the act of October 20, 1914, in the coal field in which

the land described in this application is situated, _

(State exceptions here, i! any.)

and that the coal herein applied for is to be mined for the purpose of sup-
plying the following demands, for which approximately ____._______ tons are
required annually: '

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

stating the oumber of tons necessary for each use.)

It is further represented that the boundaries of the tract described in this
application have been plainly marked by substantial monuments and that a
proper notice describing the land and showing the intention of the applicant to
apply for a free permit to mine coal therefrom has been posted in a consplcuous
place upon the land. ) :

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

1. To exercise reasonable diligence, precantion, and skill in the operation of
the mine, with a view to the prevention of injury to workmen, waste of coal,
damage to Government property, and to comply substantially with the instrue-
tions and the rules and regulations printed on the back of this application.

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

3. Not to mine or dispose of, either directly or indirectly, any coal from the
area covered by sald permit for export or any purpose other than * strictly loeal
and domestic needs for fuel.”

4, To leave the premises In good condition upon the termination of the
permit, with all mine props and timbers in the mine intact and with the
underground workings free from refuse and in condition for continued mining
operatlons.

Signature of applicant .__

—

The foregoing application was signed by

i

of the applicant thereln, in the presence

of the undersigned, who, at e request and In __ . _ presence

and in the presence of each other, have subscribed our names as witnesses to
the execution thereof,

Dated thls .48y of ————o, 19 , Bt oo _, Territory of Alaska.
Name .._ Resldence :
Name Residence
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Circular Ne. 370.—Regulations governing the issuance of permits for the free use of coal in
the unreserved pablic Jands in Alaska.

DEPARTMENT OF THE INTERIOR,
. GeENEBAL Lawp OFFICE,
Washington, December 30, 1914,
Registers and receivers of the United States land offices at Fairbanks, Juneau,
and Nome, Alaska: '

Section 10 of the act of October 20, 1914 (Public 216), provides:

“That in order to provide for the supply of strictly local and domestic needs
for fuel the Secretary of the Interior may, under such rules and regulations as
“he may prescribe in advance, issue to any applicant gualified under section three
of this act a limited llcense or permit granting the right to prospect for, mine,
and dispose of, coal belonging to the United States on specified tracts not to
exceed ten acres to any one person or association of persoms in any one coal
field for a period not exceeding ten years, on such conditions not inconsistent
with this act as in his opinlon will safeguard the public interest without ‘
payment of royalty for the coal mined or for the land occupied: Provided, That
the acquisition of holding of a lease under the preceding sections of this act
ghall be no bar to the acquisition, holding, or operating under the limited
license in this section permitted. And the holding of such license shall be no
bar to the acquisition or holding of such a lease or Interest therein.”

Owing to the legal embarrassment occasioned by existing claims and there
being no settlements or local industries in or adjacent to the Bering River or
Matanuska coal fields, these regulations and the permits provided for shall
not at present apply to coal deposits In those flelds.

Qualifications.—Under the terms of the act, expressed in section 3 thereof,
only citizens of the United States above the age of 21 years, associations of such
cltizens, corporations,. and mucicipalities organized under the laws of the
United States or of any State or Territory thereof, provided the majorlty of
the stock of such corporations shall at all times be owned and held by citizens
of the United States, are eligible to recelve a permit to prospect for and
mine coal from the unreserved public lands in Alaska.

Who may mine coal for sale—All permittees may mine coal for sale except
railroads and common carriers, who by the terms of section 3 of the act are
restricted to the acquirement of only such an amount of coal 88 may be
required and used for their own consumption.

Duration of permits.—Permits will be granted for two years, beginning at date
of filing If filed in person or by attorney, or date of mailing if sent by regis-
tered letter, subject to the approval of the Commissioner of the General Land™
Office, and upon application and satisfactory showing as to the necessity
therefor may be extended by the commissioner for a longer period, subject
to such conditions necessary for the protection of the public Interest as may
be Imposed prior to or at the time of the extension., Misrepresentetion, care-
lessness, waste, injury to property, the charge of unreasonable prices for coal,
or material violation of such rules and regulations governing operation as
shall have been prescribed In advance of the Issuance of a permit will be
deemed sufficient cause for revocation. .

Limitation of ared.—The act limits the area to be covered In any one permit
to 10 acres. It is not to be inferred from this, however, that the permits
granted thereunder shall necessarily cover that area. The ground covered
by a permit must be square in form and should be limited to an area reasonably
sufficlent to supply the quantity of coal needed.
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Secope of permit.—Permits issued under section 10 of the act of October 20,
1914, grant only a license to prospect for, mine, and remove coal free of charge
from the unreserved public coal lands in Alaska, and do not authorize the
mining of any other form of mineral deposit nor the cutting or removal of
timber. '

How to proceed to obigin ¢ permit,—The application should be duly execnted
on Form 4—020, and the same should either be transmitted by registered
mail to or filed In person with the register and receiver of the United States
land office of the district in which the land is situated. Prior to the execution
of the application the applicant must have gone upon the land, plainly marked
the boundaries thereof by substantial monuments, and posted a notice setting
forth his intention of mining coal therefrom. The application must contain
the_ statement that these requirements have been complied with, and the de-
scription of the land as given in the application must correspond with the
description as marked on the ground. The permit, if granted, should be re-
corded with the local mining district recorder if the land is situated within an
organized mining district.

When coal may be mined before issuance of a permit.—In view of the fact
that by reason of long distances and limited means of transportation many
applicants may be unable to appear in person at the United States land office to
file their applications, it has been deemed advisable to allow such applicants
the privilege of mining coal as soon as their applications have been duly
executed and sent by reglstered mail to the proper United States land office.
Should an application be rejected, upon receipt of notice thereof all privileges
under this paragraph terminate, and the applicant must cease mining the coal.

Agtion by register—The register will keep a proper record of all applications
received and all actions taken thereom in a book provided for that purpose.
If there appear mo reason why the application should not be allowed, the
register will issue a permit on the form provided for that purpose. Should
any objection appear either as to the gualifications of the applicant or appli-
cants, or in the substance or sufficiency of the application, the register may
reject the application or suspend it for correction or supplemental showing
under the usual rules of procedure, subject to appeal to the Commissioner of
the General Land Office. Upon the issuance of a permit the register will
promptly forward to the Commilssioner of the Genera) Land Office, by special
letter, the original application and a copy of the permit, and transmit copies
thereof to the chief of the Alaskan fleld division and to the local representative
of the United States Bureau of Mines, for their information and use in the-
event that it should be found necessary or advisable to make investigations or

" Inspections.

Note.—These regulations are intended merely as a temporary arrangement
to meet immediate necessities, as authorized by section 10 of the act of October
20, 1914, and are not to be construed as applying to the leasing of public coal
lands in Alaska provided In other sections of the act. Full regulations govern-
ing the matter of leasing will be 1ssued as soon .as practicable.

Yery respectfully,
CLAY TALLMAK,
Commissioner.
Approved :
FRANKLIN K. LANE,
Becretary.

The Alaska oil lands were withdrawn from entry in 1906, and only
claims located previous to that date are subject to entry. Patents
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have been granted to a few claims near Katalla, where some oil has
been produced for several years. A small refinery located near
Katalla supplies gasoline to a local market. Except for this, there
was no development of Alaska oil fields. Assessment work has,
however, been continued on some unpatented oil claims.

.As already noted, the shipment of petroleum products to Alaska
has steadily increased for a number of years. Petroleum has rapidly
supplanted coal as a gource of power in the Pacific coast region of
Alaska and on Seward Peninsula. The shipments of petrolenm to
Alaska during the past decade are shown in the following table:

Shipments of petroleum products to Alaska from other parts of the United
Rtates, 1905-1914,

' faol, taclud | tnaltaing
! i g 0 | Muminat- | Lubricat-
Year. crude ofl, | Hghter prod-
ad b nﬂ,m:- ggtuordls- ing oll. ing oil.
joum, ete. | tilation.
ons.
83,319
"100, 145
04, 542
85, 687
104,512
100,141
154, 565
150,918
191,876
1,149, 607

No complete data as to the distribution in Alaska of these petro-:
leum shipments are available. In 1914 about 40,000 barrels of crude
oil was shipped to Nome, where most of it was used as fuel for
operating dredges. About 24,000 barrels was shipped to St. Michael

~and practically all of this was used as fuel by Yukon River boats.

The opening of the lignitic coal at Chicago Creek, on Seward
Peninsula, would give a source of power for some of the mining oper-
ations. In the Fairhaven district, at least, it should be cheaper to
use this coal than the California petroleum. If a plant were located
at the coal mine it is possible that other parts of the peninsula could
be supplied with electric power cheaper than that derived from im-
ported petroleum. The development of the Nenana coal field south
of the Tanana should also make it possible to furnish fuel to the
Yukon River boats at lower cost than the petroleum now used. By
making available the high-grade coals of the Matanuska and Bering
River fields the use of California petroleum as a source of fuel would
decline along the Pacific seaboard and in the basins of the tributary
rivers.

It appears, therefore, that with the.opening of the Alaska coal
the use of California petroleum will decline relatively, if not abso-
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lutely. The transition from oil to coal burners will, however, be
gradual on account of the cost of new equipment, unless there should
be a decided increase in the price of California petroleum.

REVIEW BY DISTRICTS.

The subjoined review is intended to summarize briefly the prin-
cipal developments in all the districts. Some of the districts, includ-
ing several of the most productive camps, are treated at greater
length in later sections of this volume, and, therefore, the space
devoted to any district here is not necessarily an indication of its
relative importance. Reports on the geology of some of the districts
are cittd in footnotes under the respective headings.

BOUTHEASTERN ALABKA.

Nine lode-gold mines, about four placer mines, and two copper
mines were operated on a productive basis in southeastern Alaska for
the whole or a part of the year 1914, These mines produced 204,749
ounces of gold, valued at $4,232,538; and 34,376 ounces of silver,
valued at $19,009. The copper production can not be published, as it
might reveal the output of individual operators. A total of 1,712,530
tons of gold ore was hoisted in 1914, '

For comparative purposes the following statistics are given for the
previous year: Seven lode-gold mines, about four placer-gold mines,
and three copper mines were operated on a productive basig in south-
eastern Alaska during 1913. These mines produced 201,360 ounces
of gold, valued at $4,229,648; 29,211 ounces of silver, valued at
$17,643 ; and 599,903 pounds of copper, valued at $92,985. A total of
5[,5‘;.-331’%46 tons of gold ore and 7,276 tons of copper ore was hoisted
in . :

As.in the previous year the most important developments were
those of auriferous lodes in the Juneau district and to a lesser extent
in the Berners Bay district. Important copper-mine developments
started in the Ketchikan district were curtailed in the middle of the
year on account of the fall in the price of copper and the unsettled
financial condition. The commercial depression also affected ad-
* versely some of the auriferous lode-mine developments.

The increase of lode mining in southeastern Alaska has led to a
growing interest in the development of water power. Near Juneau
there have been some large installations, and in other parts of the
province smaller péwer plants are in use. Plans are under way for
other large developments, among which that of the Alaska Hydro-
electric Co. has assumed definite form. This company has taken pre-
liminary steps to construct a large hydroelectric plant at Speel River,
about 40 miles southeast of Juneau.
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JUNEAU AND BERNERE BAY DISTRICTB.!

Auriferous lode mining continued in 1914 on a large scale in the
,Juneau and Berners Bay districts and is described elsewhere in thiy
report. Seven gold mines were operated, but the large developments
under way have, for the most part, not yet reached a productive stage.
Most of the gold output from the Juneau district came from the four
mines of the Treadwell group, on Douglas Island. The first section
of the mill at the Alaska-Juneau was in operation before the close of
the year. The stamp mill at the Eagle River mine was operated the.
last three months of the year. Some gold was also won at the Jualin,
incidentally to tests of the ore. No other properties were productive,
but the large developments at the Alaska-Gastineau and Alaska-
Juneau that have been under way for several years were continued, .
and these mines promise to add very considerably to the gold output
in 1915. Among other developments of a considerable scale were
those at the Ebner, Salmon Creek, and Kensington properties.
Smaller operations were carried on at many other prospects.

EETCHIKAN DISTRICT.?

One gold mine, two copper mines, and one marble quarry were pro-
ductive in the Ketchikan district during 1914. There was, however, .
much greater mining activity in the district than is indicated by the
number of producing mines, notably in the development of copper
ores. Incidentally some gold and copper were taken from property
not here classed as productive mines.

The Rush & Brown mine, near Karta Bay, on Prince of Wales
Island, was the only mine in the district which was operated through-
out the year. It is reported that the sinking on the ore body was con-
tinued during the year to a depth of about 60 feet below the second
level, making a total depth of 244 feet below the outcrop. The mine
workings now include about 1,350 feet of drifts, 130 feet of raises,
184 feet of shaft, and a 60-foot winze.

The Jumbo mine, on Hetta Inlet, on the west side of Prince of
Wales Island, was operated at its usual capacity until August 31,
when it was closed because of the uncertainty of the copper market.
The Alaska Consolidated Copper Co. did considerable work on five
claims at Copper Mountain, on Hetta Inlet. Some work was also
done on the near-by Red Wing and Bruce properties. Developments
were continued at the Big Harbor mine, on the west side of Prince of
Wales Island. Here the shaft was sunk to a depth of 117 feet, and

1 S8pencer, A. C., The Jupeaun gold belt: U. B. Geol. Burvey Bull. 287, 1908. KEnopf,
Adolph, Geology ofzthe Berners Bay reglon, Alaska: U. 8. Geol. Survey Bull. 446, 1911;
The Eagle River region, southeastern Alaska: U. 8. Geol. Survey Bull. 502, 1912,

* Wright, F. E. and C. W., The Ketchikan and Wrangell mining dlstricts, Alaska;

U. B. Geol. SBurvey Bull, 847, 1908. Wright, C. W., Geology and ore deposhs of Copper
Mountain and Easaan Peninsula, Alaska: U, 8. Geol. SBurvey Prof. Paper 87, 1915.
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this shaft, 200 feet of drifts, and 150 feet of adit are reported as the
total underground work up to the close of 1914.

The Granby Consolidated Mining, Smelting & Power Co. in 1913
took over the Mamie copper mine near Hadley, on Prince of Wales'
Island, and in April, 1914, began large-scale operations which were
continued until September. Besides the surface improvements some
750 feet of underground work was done.

Some developments were made during the first half of the year on
It, Dean, and Mount Andrew properties, all on the southwest side
of Kasaan Peninsula. The underground work at the Cymru mine,
which has not been operated for several years, was extended in the
first half of 1914, 100 feet of drifting and stoping being reported.
This makes the total mine workings 100 feet of shaft and 500 feet
of drifts.

The Jackson group of copper claims is on Lake Bay, an indentation
of the northeast shore of Prince of Wales Island, about 60 miles
northwest of Ketchikan and 40 miles southwest of Wrangell. Here
a tram has been built to the beach and considerable underground
work completed. Some test shipments of ore were made in 1914. In
addition to those above listed, there are probably other copper. de-
velopments in the Ketchikan district which have not been reported.

The Dunton gold mine (also known as the Julia or Rodgers mine),
near Hollis, on Prince of Wales Island, is equipped with a 5-stamp
mill and was productive in 1914. The total underground workings
include an incline 200 feet deep and about 200 feet of drifts. Some
developments were also made at the Crackerjack and Ready Bullion
mines, near the Dunton mine. The Cascade claims, also in this dis-
trict, were developed in a small way during 1914, ore being treated in
an arrastre and in a small stamp mill.

The mill at the Valparaiso gold mine, near Dolomi, Prince of
Wales Island, was not operated in 1914. Underground work, how-
ever, was continued, and the completion of 450 feet of drifting during
the year is reported. Only assessment work is reported on other
claims in the vieinity of Dolomi.

Until the European war broke out the Alaska Venture Syndicate,
an English company, continued work on the Old Glory claims, near
Smuggler Cove, on the mainland 30 miles northwest of Ketchikan.
An air compressor, operated by water power, has been installed, and
a total of 900 feet of underground work was done in 1914. Some
work was also done at the Gold Standard property, which has long
been idle, on the King & Elliot claims, both in the same region. The
Gold Mountain group, also in this part of the district, is reported
to have been developed.by 300 feet of adit, and several test shipments
of ore are said to have been made from this property. The Old
Sealevel mine, on Revillagigedo Island south of Ketchikan, which
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has long been idle, is reported to have been pumped out in 1914 for
the purpose of examination.

The large marble quarries! near Tokeen, on Davidson Inlet, in the
northwestern part of the Ketchikan district, were operated on about
the same scale as in previous years. There was also some prospecting
of marble deposits in other parts of the district, but of this waqrk
there is no definite report at hand. Some work was done in 1914
by Charles Sulzer on a barite deposit near Hetta Inlet, on the west
side of Prince of Wales Island.

YAEATAGA DISTRICT.*

In 1914 the hydraulic placer mine on White River, in the Yaka-
taga district, was operated throughout the season, which extended
from about May 1 to October 25. In addition to this there was some
mining of beach'placers at Yakataga, but the value of the entire
output from beach mining did not exceed $8,000 or $4,000. There

were no other developments in the Yakataga district.

EATALLA AND BERING RIVER DISTRICTS.®

The only productive mining in the region tributary to Katalla
consisted in the operations of the Alaska Oil & Refining Co. This
company has five wells, from which oil has been produced by pump-
ing and one of which was drilled in 1914. The oil is used chiefly at
a sma)l reﬁnery owned by the same company, and the products are
disposed of in a local market.

Patent has been granted to one coal claim in the Bering River
field. In other respects there has been a.bsolutely no development, as
has been the case for many years.

OTHER DISTRICTS.

The Chichagof gold mine, in the Sitka district,* was operated
throughout the year. The mine development in 1914 included about
1,800 feet of drifts and cuts. Five stamps and a 12-foot tube mill
were added to the equipment, making 25 stamps in all. At the Hurst
property, which is in the same region, a 300-foot adit was driven in
1914. A new gold-bearing vein on which some work was done is
said to have been discovered in the same district by Richard Hofstad
and Ole Johnson. The gypsum mine, on the east side of Chichagof
Island, is said to have been worked on about the same scale as in
previous years.

1 Burchard, H. F., Marble resources of the Ketchikan and Wrangell distriets: U, B.
Geol. Burvey Bull, 542, pp. 52-77, 1918.

s Maddgen, A, G., Mineral deposits of the Yakataga district: U. 8. Geol. Survey Bull
5692, pp. 118-163, 1914,

* Martin, G, C., Geology and mineral resources of the Controller Bay region, Alaska:
U. B. Geol. Burvey Bull. 835, 1908,

¢ Enopf, Adolph, The 8itks mining district, Alaska: U, 8. Geol, Burvey Bull. 504, 1912,
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In 1914 three hydraulic plants were operated or in process of con-
struction in the Porcupine district, which is tributary to Haines, on
Lynn Canal. Another is in course of construction on Salmon River,
in the same region. Some excitement was caused in this district by
the discovery in June, 1914, of a rich placer near Pleasant Camp,
. close to the international boundary. It appears that this deposit is

not very extensive.

Though copper ores, galena, marble,.and other mineral deposits
are found in the Wrangell district, there is as yet but little mining.
In 1914 there was some development of galena deposits in the
Groundhog, and some test shipments of ore were made. E. E.
Harvey is developing a copper property on the west side of Wrangell
Narrows, and is said to have done some 200 feet of underground
work. Developments continued on some marble deposits in this dis-
trict. Some garnets were shipped from the garnet mine near
Wrangell.*

COPPER RIVER REGION, -

Mining in the Copper River region includes the development of
eopper mines in the Kotsina-Chitina copper belt and placer mining
in the Nizina and Chistochina districts. There is also a little placer
mining in the Bremner River region and in the Nelchina district and
gome lode prospecting in different parts of the Copper River basin.

The mining developments in the Chitina basin are described at
length elsewhere in this volume. In this district two copper®*mines,
the Kennecott-Bonanza and the Mother Lode, were productive in
1914, and some copper was also shipped from the Kennecott-Jumbo
property. Among the developments in the district are those by the
Great Northern Development Co., Hubbard & Elliot Co., and Alaska
Consolidated Copper Co., and those on the Westover and Rarus
claims. None of these properties are in a productive stage, and they
will require railroad construction before they can ship ore.

Three large hydraulic plants were operated in the Nizina district
in 1914, and there were also some smaller operations in the same field.
A little placer mining was also done in the Bremner River basin and
in other parts of the lower Copper River region. The placers dis-
covered in the basin of Nelchina River, tributary to Tazlina River.
in 1913 have not proved either rich or extensive. Auriferous gravels
were found on several creeks, but only those on Albert Creek have
proved rich enough to exploit, and the output of gold so far has been

" insignificant. This district is deséribed elsewhere in this report.

About 10 placer mines were operated in the Chistochina district in

1914. It is estimated that about 100 men were engaged in mining and

1 Brooks, A. H., The mining Industry in 1912: U. 8 Geol. Burvey Bull. 542, p. 51, 1913.
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prospecting in this field. Two hydraulic plants were operated on
Slate Creek; the other placers were worked by pick and shovel
Some work was done in preparation for the installation of a hydrau-
lic plant on Hidden Treasure Creek. Plans were made for prospect-
ing some dredging ground on the Chisna. Operators report that the
sluicing season was exceptionally short. One flood early in the sum-
mer seriously interfered with some of the work.

PRINCE WILLIAM S8OUND.

Two copper mines and eight gold-lode mines were operated in the
Prince William Sound region in 1914. The value of the total mineral
production of the region in 1914 was $1,198,742, compared with
$1,327,950 in 1913. This decrease is due to the fall in price of copper.
The mining industry on Prince William Sound is fully treated else-
where in this volume; therefore only its principal features will here
be referred to.

The Beatson Bonanza and Ellamar copper mines continued
throughout the year on their normal shipping basis. An aerial tram
was nearly completed, and considerable underground work was done
on the Midas copper mine, near Valdez, by the Granby Co. before the
decline in value of copper led to the closing of the plant. Some
copper developments were also made on half a dozen other proper-
ties on the sound.

The Cliff gold mine, near Valdez, was operated until early in the
summer. A mill was installed during the summer on the Ramsay &
Rutherford property, in the same district, and some gold was pro-
duced on this as well as on the Cameron & Johnson, Gold King,
Mountain King, and several other properties. The mill at the Gran-
ite mine, in the Port Wells district, was operated for practically the
entire year. A smaller plant was installed in the fall on the Gold
Eagle property, in the same district. There was also considerable
prospecting of other auriferous lodes in the Port Wells region.

EENAI PENINSULA.!

The value of the total gold production of Kenai Peninsula in 1914
is estimated to be $70,000, compared with about $50,000 in 1913.
Though there was much prospecting and initial development work
looking toward lode and placer mine development in the peninsula,
no important advances were made. Lode mining continued during
the year on only a very small scale, but there was some improvement
in the placer-mining industry. It seems probable that attempts are

1 Martin, G. C., Johnson, B. L., and Grant, U. B, Geology and mineral resources of
Eenai Penlnsula, Alaska: U. 8. Geol. SBurvey Bull. 687, 1016,
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soon to be made to develop some of the larger bodies of auriferous
gravels whose low tenor has not permitted profitable exploitation
under present methods of operation. Now that the northeastern part
of the pemnsula is to be served by a government railroad greater
prosperity in the mining industry seems assured. About 20 placer
mines and four lode mines were operated during the summer on
Kenai Peninsula. As the total value of the output of the lode mines,
including also four prospects, was less than $26,000, it can be seen
that they were all small operations.

The Skeen-Lechner mine was operated during the first six months
of 1914, Most of the underground work was done on the 200-foot
level. The equipment consists of a 4-stamp and a 10-foot Chilean
mill. Some rich ore was mined on the Grant Lake property and
treated in a small customs mill at Seward. The underground work at
this mine is reported as including a 20-foot shaft, 75 feet of adit, and
50 feet of drifts. At the Lucky Strike mine, near Hope, a 1-stamp
prospecting mill was used to treat some ore, which ‘was taken out of a
35-foot adit. A similar equipment was used on the Ophir and
Columbia claims to treat gold ore taken from the property. Work
was continued at the Primrose mine, on Porcupine Creek, where con-
siderable underground work has been done.

In the Moose Pass region J. C. Gilpatrick continued work on his
property. The ore was treated in an arrastre. The Moose Pass
Mining Co. has opened its property in the same district by an adit
and crosscuts. Its equipment includes a 1-stamp prospecting mill.
An arrastre was also operated on a claim on Colorado Creek. Work
was continued on the property of the Gold Stamp Mining Co., on
Bear Creek; over 900 feet of underground work has been done at.
this mine. Other quartz-mining developments took place, but there
are no data at hand relating to them.

Placer mining was carried on in 1914 on Crow, Resurrection, Bear,
.Canyon, Sixmile, Winner, Gulch, Mills, Quartz, and Cooper creeks.
Of these the first four were the largest producers, About 10 hy-
draulic plants were operated on Kenai Peninsula in 1914, The
largest of these are those of Nutter & Dawson on Crow Creek,' the
Matthieson Mining Co. on Resurrection Creek, and the Kenai Mm—
ing & Milling Co. on Cooper Creek. A number of other hydraulic
plants are in process of installation.

The two dredges on Kenai River were not operated in 1914. There
was, however, some extensive prospecting with churn drill on the
lower parts of Sixmile and Resurrection creeks. This work was
done with a view of installing dredges.

1 Crow Creek I8 north of Turpagain Arm but 18 usually included with the Kenz)
Peninsola placers.
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SOUTHWESTERN ALASKA.

Work was continued at the Amok gold-lode mine, on the west side
of Kodiak Island, but so far as known this property was not pro-
ductive. Some work was also done by F. R. Brennan on an aurifer-
cus quartz vein on the north side of Viekoda Bay (locally known as
Little Uganik Bay). An adit tunnel some 56 feet in length has
been driven ou this vein. The only other mining on Kodiak Island
consisted in some small operations on beach placers. Some volcanic
ash was shipped from Kodiak to be used as an abrasive.

It is reported that some low-grade placers have been found on
Raspberry Island, adjacent to the northwest end of Kodiak Island.
Some beach mining also continued at Popof Island, near Unga.
The total gold produced in 1914 from beach mines of Kodiak and
other places in southwestern Alaska is estimated to have a value of
about $4,000. Plans are being made to construct a cyanide plant
to work over the tailings of the Apollo mine, on Unga Island. In
the Iliamna * and Mulchatna regions there was no production except
a small output from placers. Two hand drills were used to test
placer ground on Bonanza Creek, a tributary of Mulchatna River.
Developments were continued on the Duryea & McNeil and Cook &
Bornland properties in the Iliamna region. Mining engineers visited
the Iliamna district in 1914 to examine some of the copper and gola

lodes.
SUSITNA-MATANUSKA REGION.

The developed mineral resources of the Susitna-Matanuska region
‘include the Willow Creek gold-lode district, the Yentna and Valdez
Creek placer districts, and the Matanuska coal field. A little placer
mining has also been done on Willow Creek and on tributaries of
the upper Chickaloon. Some copper ore has been found on Sheep
Mountain,? in the upper Matanuska basin, and on Iron Creek,® in the
Talkeetna River basin. There have also been reported discoveries of
large low-grade lode deposits in the Broad Pass region, of the upper
Susitna, but authentic information in regard to these deposits is
lacking. It should be added, however, that what is known of the
geology of the Broad Pass region * seems favorable to the occurrence
of metalliferous deposits. The Susitna and Broad Pass route has
been selected for the Government railroad from Seward to Fair-

1 The writer 18 indebted to the late Mr. Thomas W. Hanmore, U. 8. Commlissioner at
[Hamna, for information about the Illamna and Mulchatna regions.

2 Martin, G. C, and Mertie, J. B., jr., Mineral resources of the upper Matanuska and
Nelehma valleys: U. 8. Geol. SBurvey Bull, 592, pp. 281-282, 1914,

% Brooks, A. H., The mining industry in 1910: U. 8. Geol. S8urvey Bull. 480, pp, 32-83,
1911,

¢ Moffit, F. H., Preliminary report on the Broad Pass region: U. B. Geol. Burvey Bull,
592, pp. 301-305, 1814, Complete report to be Issued as Bulletin 608, now {n press,
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banks. The assurance of railroad communication will give a strong
impetus to prospecting in this field, a condition which has to some
extent been anticipated by the developments made in 1914,

In 1914 three auriferous lode mines and about 24 placer mines were
operated in the Susitna-Matanuska region, and the value of their
total gold output was $357,184. In 1913 the same region produced
gold to the value of $155,000. This increase is to be credited to the
Willow Creek lode district.

WILLOW CEEEEK DISTRICT.!

Three lode mines operated in the Willow Creek district in 1914
milled 10,110 tons of ore, yielding $297,184 worth of gold. One
hydraulic placer mine was also operated at the mouth of Grubstake
Gulch, in this district, from June 22 to September 15. Some placer
ground on Willow Creek was prospected by another company, and
incidentally some gold was recovered.

The Gold Bullion mine was operated from June 19 to September 8,
and about 500 feet of underground work was done. A cyanide plant
having a daily capacity of 45 tons was added to the surface equipment.
The underground work at the Alaska Free Gold Mining Co.’s plant
aggregates 300 feet, and the mine was operated from June 1 to Novem-
ber 1. A second Lane mill and a cyanide plant were added to the
equipment but were not operated in 1914. The Alaska Gold Quartz
property was taken over by the Independence Gold Mining Co. in
1914. The operations at that time were conducted on about the same
scale as in previous years, but work has been started on the enlarge-
ment of the reduction plant, a 4-stamp mill. About 500 or 600 feet
of underground work has been done on this property. Considerable
development work was done on the Rosenthal and other prospects in
the Willow Creek district, but detailed information about it is
lacking. .

The developments in the Willow Creek district thus far have been
on a relatively small scale. With the assurance of railroad connec-
tion with Seward at an early date, undoubtedly the feasibility of
larger operations will receive careful investigation. There seems to
be justification for the opinion that the quantity of ore available
will permit larger installations. The three mills thus far erected .
are all at high altitudes, where water is to be had only from about
June to October. If reduction plants were built in some of the
larger valleys there is no reason why the mills should not be operated
throughout the year. When the Matanuska coal field is opened
cheap fuel will be assured. There are in the region, moreover,

1 Capps, 8. R., The Willow Creek district, Alaska: U. B. Geol. Survey Bull. 607 (in
press). Bee also abstract in Bull, 592, pp. 256-272
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some good water powers® which are available during at least seven
months of the year.
' YENTNA DISTRIOT,

The season of 1914 was not favorable to placer mining in the
Yentna district on account of the low water in July. It is estimated
that about 25 plants were operated during the summer, employing
some 60 to 100 men. Unfortunately, many of the operators did not
report their gold output, so that reliable figures on gold production
are not available. It is estimated, however, that the total output in
1914 had a value of about $50,000. Plans were made for larger
operations in this field, and it is probable that a dredge will be in-
stalled on Cache Creek in 1915, while other dredging ground is being
prospected.

Though there has been no lode development in the Yentna district,
some auriferous veins have been prospected. A rich vein is reported
to have been discovered on Nugget Creek in 1914,

VALDEZ CREEEK DIBTRICT.

Developments continued on Valdez Creek?® a tributary of the
headwaters of the Susitna, which carries valuable gold placers. Up
to a few years ago placer mining in this field was confined to small
operations. In the fall of 1914 the installation of a large hydraulic
plant on this creek was completed and some sluicing was done.
There were also a few other small operations in this district.

MATANUSEA BABIN.¢

As in previous years there were no developments in the Matanuska
coal field in 1914. The coal mined for a navy test was brought to
the coast in the winter of 1913-14, and the preliminary statement of
the results of this test is presented elsewhere in this volume (pp.
27-80). A little placer mining was done on some of the upper
tributaries of Chickaloon Creek.

YUKON BASIN,
PRODUCTION.

The value of the gold output of the Alaska Yukon district in 1914
is estimated to have been $7,795421, compared with $8,180,000 in
1918. It is estimated that about 500 placer mines were operated in

1 Ellsworth, C. E., and Davenport, R. W., Preliminary report on a water-power recon
nalssance In south-central Alaska: U. B. Geol. Survey Bull. 592, pp. 180-192, 1914,
% Capps, 8. R., The Yentna district, Alaska: U, 8. Geol. Survey Bull. 534, 1018,

* Mofit, F. H.,, Headwater regions of Gulkana and Susitna rivers, Alaska: U. 8. Geol
Burvey Bull. 488, 1912.

4 Martin, G, C., and Katz, F. 1., Geology end coal fields of the lower Matanuska Valley;
T. 8. Geol. Burvey Bull: 500, 1912,
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the Yukon camps in 1914, giving employment to about 3,500 men.
Only four lode mines were productive in the Yukon basin in 1914,
and these were all in the Fairbanks district. A number of other
properties produced some gold incidental to development. .

The important placer camps of the Yukon basin, together with
their gold output in 1914, are listed in the following table:

Estimated value of gold produced from placers in the Yukon basin, by distriots,
1914,

Distriot. Valus. District. Value,
$2.300,000 || Gy, iiivaaciisiveinsesntosannsannsa $215,000
2,000,008 || IONOKO....ccverenneerrnnnnnansssannes 200, 000
1,000,000 || Allothers, ...coceeeevesrsrsnnssssnssan 335,000
760, 000 e —
2060, 000 7,570,000
260, 000

The Yukon placer mines also produced $35,602 worth of silver.
These figures do not include the output of lode mines, which in 1914
produced gold to the value of $225,421 and silver to the value of
$2,209. There was no other productive form of mining in the Yukon
basin except the recovery of stream tin incidental to gold placer
mining in the Hot Springs district.

PLACER DISCOVERIES.

The only new localities where placer gold was discovered in the
Yukon region during 1914 were in the Healy River and upper Tolo-
vana River basins. Both these rivers are tributary to the Tanana.
Neither of these camps has been visited by Survey geologists since
the discoveries were made, and information regarding the reported
finds is meager.

Healy River flows into the Tanana from the north about 170 miles
above Fairbanks. The lower part of its valley has not been sur-
veyed, but the accompanying map (PL I) shows its general location
and the details of drainage in the upper basin.

The bedrock of the region® so far as known is mica schist with
gneissoid and massive granites. The mineralization is probably con-
nected with the intrusion of granites, as it is in other parts of the
Yukon-Tanana region.

Several years ago some auriferous gravels were found on Ruby
Creek in this district. Ruby Creek is tributary to Healy Lake,
which is in the flood plain of Healy River about 4 miles from the
Tanana. In the midsummer of 1914 some excitement was caused at
Fairbanks by the reported discovery of valuable placers in the Healy

1Brooks, A, H.,, A reconnaigsance in the White and Tanana River basins, Alaska, in
1808 : U. 8. Geol. Survey Twentleth Ann, Rept., pt. 7, pp. 425—484, 1900,
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and hence the work of prospecting is necessarily slow. During the
winter of 1914-15 several steam plants were taken into the district,
and the results of the winter’s work should yield some definite evi-
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Ficure 1.—Map showing location of Livengood Creek, Tolovana district.-

dence of the value of the placer ground. Meanwhile, what is known
of the district certainly justifies careful prospecting.

The Tolovana district lies near the northwestern boundary of the
Fairbanks precinct. Therefore, claims are recorded at Fairbanks,
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which in an air line is 50 miles from Livengood Creek. The trail thus
far used to the new camp leaves Olnes, a station on Tanana Valley
Railroad, and takes a northwesterly course. It is probably 50 or 60
miles in length. This trail has been used only in winter, but there
will be no serious difficulty about establishing a summer trail, though
the flats of the larger rivers are likely to prove swampy.

Another route of approach is by launch or small steamer up Tolo-
vana River. This watercourse is a deep, winding, sluggish stream,
but log jams are likely to present difficulties to navigation. It is
reported that small steamers can be taken within 10 or 20 miles of
the new camp. Livengood Creek is about 40 miles due east of the
Yukon at the mouth of Hess Creek, which can be ascended in small
boats to points within 10 or 15 miles of the new camp. Though the
district is not very difficult of access, it will be rather expensive to
reach with heavy machinery. Several hundred persons are said to
have wintered in the new camp.

FAIRBANKS DISTRICT.!

The first placer mining in the Fairbanks district consisted of some
small operations in 1903. Up to 1908 the gold output steadily in-
creased, but since then it has been on the decline. In these 12 years
of operations gold to the value of $63,040,000 has been won from the
auriferous gravels. The placer gold and silver output by years is
shown in the following table. <Silver occurs as an impurity in the
placer gold, and the production of this metal as stated in the table
is based on an estimate of its percentage.

Placer gold and silver produced in the Fairbanks district, 1908 to 191}, inclusive.

Gold. Bllver.
Year.

Fine ounces. Value om Value
1,935.00 000 348 88
29, 025. 00 mm 5,225 2,‘11
200,250.00 | 6,000,000 52245 | 28712
435,375.00 | 9,000,000 78,367 | 42,318
387,000.00 | 8,000,000 69,660 | 37,616
445,050.00 | 9,200,000 79,000 [ 43151
466,818.75 | 9,650,000 84,027 | 45375
295,087.50 | 6,100,000 83,116 | 23683
217,687.50 | 4, 500,000 62,245 | 27,690
To.mors0| 30.00| wu| 150
120, 937. 50 " 500, 000 29,024 {g:m
3,040,660.00 | ©63,040.000 | 572,622 313,081

The data relating to the source of the gold by creeks are not very
accuratg. Attempt has been made in the following table, however,

1 Prindle, L. M., and others, A geologic reconnaizsance of the Falrbanks guadrangle,
Alaska : U. 8. Geol. Burvey Bull. 525, 1913,
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to distribute the total Fairbanks placer-gold production up to and
including 1914 by the creeks on which the mines are located.

Approzimaie distribution by creeks of value of placer gold produced im Fair-
banks district, 1903 to 1914, inclusive, -

Cleary Creek and tributaries $21, 600, 000
Goldstream Creek and tributaries 12, 400, 000
Ester Creek and tributaries 10, 300, 000
Dome Creek and tributaries - T,300,000
Fairbanks Oreek and tributarles.. 6, 700, 000
Vault Creek and tributaries 2, 400, 000
Little Kidorado Creek 1, 800, 000
Other creeks 540, 000
63, 040, 000

The above tables show only the placer output of the district imme-
diately tributary to F alrbanka They do not include the output of
Bonnifield, Tenderfoot, Salchaket, and other smaller camps which
are supphed from Falrba.nks and whose gold is sent to Fairbanks.
Several other districts, such as Hot Springs and Ruby, send a part
of their gold output to Fairbanks. All these districts have added
from $500,000 to $1,500,000 of gold to the total which annually
passes through Fairbanks.

Lode mining began at Fairbanks in 1910, and since that time gold
to the value of $851,069 has been produced by this industry. The
lode output by years is shown in the following table, which is based
on more accurate data than those used for the placer production:

Lode gold and silver produced in the Fairbanks district, 1910 to 191}, inclusive.

Gold. Silver.
Year. Fine Fine
onnces. Value. ounces. Valge.
wrsml 100 157
64145 | 58 508
194,657 | 1,678 ]
0124 3,49
nsa| 20| 1,2
81,000 8,60 5,00

The very marked decline in the gold-mining industry of the Fair-
banks district is chargeable to the economic conditions and not to
the exhaustion of the gold deposits. While it is true that the ex-
ploitation of bonanza placers in this field will soon be a thing of the
past unless discoveries not now anticipated are made, yet large bodies
of auriferous gravels remain, but only a small part of them can be
profitably exploited under present operating costs. With the rapid

- exhaustion of the easily accessible timber wood is increasing in cost.
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The operator who now works on placers of lesser gold tenor than
those handled by his predecessor of a few years ago (see pp. 78, 79) is
forced to pay two or three times as much for fuel. Operators also
report that during the last two years the cost of supplies has in-
creased somewhat at Fairbanks. Therefore the average cost of
everything necessary to gold mining except labor is greater now than
in the past. Under these conditions there is not much incentive to
embark on new mining ventures.

There is need, therefore, of cheaper fuel and cheaper transporta-
tion, and these needs will be met by the proposed Government rail-
road to Fairbanks. This railroad will lower the cost of freight,
will make communication possible throughout the year, and will
furnish cheaper fuel by bringing in the coal from the Nenana field.
Under such conditions large placer-mining operations will surely be
undertaken and Fairbanks will maintain its position as an important
placer camp.

The conditions that have brought about a decline of placer mining
have had a still more depressing effect on the lode mines. The
enthusiasm aroused by the first lode developments led many to em-
bark on ventures without counting the cost of operation. It is now
certain that there can be little hope of substantial profit until mining
and milling costs are reduced, chiefly by obtaining cheaper power.
Many owners of quartz mines are now awaiting the construction of
the railroad, which will give them cheaper fuel and supplies, before
proceeding with any development. While these conditions brought
about the general decline in lode mining, it is also true that many
veins have not shown the persistency in depth and value that their
owners had hoped for. Such unrealized hopes are to be expected in
all new lode camps.

It is estimated that 125 placer mines were operated in the Fair-
banks district in the summer of 1914, employing about 1,200 men.
During the previous winter probably less than 50 mines were ‘oper-
ated. One dredge was operated during the entire summer on Fair-
banks Creek, but this is the only attempt that has been made to ex-
ploit the extensive gold dredging ground. About half of the gold
mined during the year was taken from the placers of Goldstream and
Cleary creeks. Details regarding mining operations at Fairbanks
ure presented elsewhere in this volume.

IDITAROD DISTRICT.!

The value of the gold produced in the Iditarod district in 1914 is
estimated to be $2,060,000, compared with $1,860,000 in 1913. Much
the greater part of the Iditarod output is taken out by a few large

1 Eakin, H. M., The Iditarod-Ruby region, Alaska: U. 8. Geol. Burvey Bull. 578, 1914.
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plants. Both the high cost of mining and the character of the de-
posits make the Iditarod the field of large .operations. This is
shown by the fact that only about 15 mines were worked in 1914,
employing probably about 500 men. The most important operations
are those of the two dredges, one on Flat Creek and the other, which
began work this season, on Otter Creek. A new electric plant was
being constructed in 1914 on the Iditarod about 10 miles above Otter
to furnish power to the Flat Creek dredge. As in previous years
most of the gold output was derived from Flat and Otter. creeks.
The following notes were collected by A. G Maddren during a brief
visit to Iditarod in July:

The principal new development In the mining industry of the Iditarod dis-
trict during 1914 is the installation of a gasoline dredge on Otter Creek by
Riley & Marston. This is of the small-flume washing type that has been used
in the Nome distriet during the last few years. Its capacity in favorable
gravels is from 2,000 to 2,500 cubic yards in 24 hours on a fuel consumption of
250 to 300 gallons. In July, 1914, this machine was operated along the right
limit of Discovery elalm, on the present bed of Otter Creek and Its Immedlate
banks. Many of the water-front buildings of the settlement of Discovery were
removed in consequence of its operation,

The gravels in the immediate channel of Otter Creek are thawed, but the
right bank, on which the town stands, I1s mostly frozen, especially in its upper
6 to 10 feet, which 18 composed chiefly of muck. Steam thawing and blasting
in advance of the dredge were necessary to remove this frozen overburden. A
considerable number of bowlders too large for the dredge to lift occur in the
stream bed and right bank, where they were dug out until July 15, and the
delays caused by their removal hindered the dredge from working at full
capacity. A double crew of about 12 men was employed.

On Flat Creek the large electrically driven dredge of the Yukon Gold Co.
continued its succesaful operation of the last four years. In July this machine
was digging downstream along the west boundary of the Wildeat Assoclation
clalm near its lower limit and on the adjoining Chicago Bench claim. About
60 men were employed in this dredging operation.

During 1913 two placer mines were operated on a bench claim along the
right limit of the Wildcat Assoclation, beyond the dredgeable area, and it was
planned to continue this work during 1914 as soon as the rains of August and
September furnished sufficient water for sluleing. This bench s mined by open-
cut seraping and hoisting methods such as were generally employed along Flat
Creek before the more efficient dredge wae installed. About 10 men were
engaged on this beneh in July, but it was intended to double the force as soon
as water for sluicing was available.

Several open-cut seraping and hoisting plants were algo in more or less con-
tinuous operation on Otter Creek on clalms 1 above and 1 below Discovery
claim. The largest of these plants used a bottomless scraper of 2} cublic yards
capacity. About 30 men were employed on these plants.

At the-mouth of Glen Gulch a small hydraulic plant of small capacity, sup-
plemented by shovel work, was under operation by two men, and on the lower
part of Black Creek a plant was employing six to eight men In July.

The open-cut pit mining of the residual placer deposits on the higher slopes
of Flat Dome was continued In the Flat Creek, Happy Gulch, and Chicken Creek
drainage basins. On the Up-Grade Assoclation and Chicken Creek operations
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steam derricks have been installed to handle the large residual granitic
bowlders that encumber the gold-bearing deposits. The mining of these prop-
erties had not reached full ecapacity early in July, owing to the lack of water
for washing the loosely consolidated residual granitic sands that contain the
placer gold. But double shifts of about 10 men were then employed on each of
these operations and it was planned to Increase the force as soon as the rains
of August and September furnished more water for ground sluicing and con-
centrating the pay dirt. Work was also continued on the Hilltop Association
group at the source of Happy Gulch. There were other operations on Otter
and Flat creeks, as well as on Black, Willow, and some other creeks of the
district. Winter deep mining was carried on by only a few small plants in the
Iditarod district.

RUBY DISTRICT.

It is estimated that the Ruby district, including the tributaries to
the north, produced about $1,000,000 in 1914, compared with $785,000
in 1913. About 55 different mines were operated during the summer,
employing about 450 men. Probably about 20 mines were worked
in the winter, employing about 200 men. .

The Ruby district embraces an ill-defined area in which auriferous
gravels are widely distributed stretching southward from the Yukon
at the town of Ruby. The center of most extensive mining at present
is the basin of Long Creek. There is also considerable mining on
Glenn Gulch and other tributaries of Flint Creek. All these creeks
drain into Solatna River, many of whose other tributaries carry gold
placers. Since 1912 the mining field was extended by the finding of
gold on Poorman Creek, which lies within the basin of the upper
Innoko, about 50 miles south of the Yukon. Mining and prospecting
were particularly active in this part of the field during 1914. As,
unfortunately, not all the operators returned the schedule sent to
them requesting data on mining operations, the following notes on
mining are far from being complete, but they will serve to indicate
the principal operations in the district.

The largest placer-mine operations during the summer of 1914
were on Long Creek and its tributaries. On Long Creek proper there
were eight or ten large plants working on deep gravels and employ-
ing from 20 to 50 men each, besides some smaller mines. Some of
these were operating during the previous winter. Three or four
large plants were also working the shallower gravels of Bear Pup,
a tributary of Long Creek. This work was done by open-cut
methods. There was also considerable mining; though no large single
operations, on Midnight, Greenstone, and Monument creeks, all
tributary to the upper Solatna. Considerable ground was stripped
on Greenstone Creek, besides some large open-cut operations, with
the purpose of mining on a large scale next season, either by dredges
or steam scraper. One deep mine was operated on Tamarack Creek,
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gibutnry to the Solatna from the south, also on its tributary Willow
ulch.

Data from the eastern part of the district are especially scant. It
is known that there was considerable deep mining on Glenn Gulch,
and deep mining is also reported on Trail Creek. Undoubtedly there
were many other small operations.

The writer is greatly indebted to Mr. Alexander Cameron for
notes on mining developments in the Poorman Creek region. Freight
to this camp from the Yukon cost 4 cents a pound in winter and 8
cents in summer. The summer freight is brought part way by boat
up Solatna River. According to Mr. Cameron eight claims, employ-
ing 30 men, were operated in this part of the district during the
winter and sixteen, employing 76 men, during the summer. These
produced.gold to & total value of about $120,000. On Poorman Creek
four claims were worked in winter and eight in summer. All these
are underground mines. Seven of the mines are equipped with
engines of about 20 horsepower each. The placer gold is reported to
be irregularly distributed, and this makes operations expensive. One
deep mine was operated on Little Pup, a tributary of Poorman Creek.
The bedrock here is about 60 feet deep. Most of the material above
bedrock is muck. It contains a pay streak 5 to 18 feet wide, which
is reported to carry good values. One mine was operated on Duncan
Creek, which is also tributary to Poorman Creek. Here the bedrock
is 50 to 75 feet in depth, and the distribution of gold seems to be
rather irregular, though the creek has been little prospected. Flat
Creek joins with Poorman Creek to form Timber Creek. Here there
were two mines operated in the winter and one in the summer. The
bedrock is about 60 feet deep.

HOT SPRINGS DISTRICT.

The gold placers of the Hot Springs district produced gold to
the value of about $750,000, compared with $400,000 in 1913. About
40 mines, large and small, were operated in this district in 1914, em-
ploying some 300 men. The largest operations of the district were
in' the Sullivan Creek basin. Some stream tin was recovered in-
cidentally to gold placer mining. Details regarding mining in this
district are presented elsewhere in this volume.

EOYUEUE DISTRICT,

It is estimated that the Koyukuk district produced in 1914 gold
to the value of $260,000; in 1913 the output was about $400,000,
The decrease was due in part to lack of water, but largely to the
fact that in 1913 one or two deep mines on Hammond River worked
on very rich ground and thereby abnormally increased the total
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output. So far as can be learned, the value of the annual gold out-
put from the Koyukuk district has for a number of years been from
$200,000 to $300,000. It is estimated that during 1914 about 80 dif-
ferent mines were worked in the district, employing about 130 men.
These were about equally divided during the winter and summer
seasons, but about four-fifths of the gold was taken out during the
winter, and most of this was won from the deep Hammond River

placers. About six mines were operated on Hammond River during
" the winter and two in summer. A 137-ounce nugget of gold was
found on Hammond River. Nolan Creek was the second largest
producer, with five plants operating in winter and three in summer.
Five mines were operated on Gold Creek in winter and four in sum-
mer. There was also productive mining on Myrtle, Emma, Vermont,
Linda, Smith, Wild, and other creeks of the district.

Sluicing was- somewhat hampered because of low water in mid-
summer, and hence the gold output was somewhat smaller than
was expected. The white population of the entire district is about
250. Mining costs are high. Wages are $6 to $10 a day, with board,
which costs from $3 to $4. Supplies are brought from the Yukon
up the Koyukuk to Bettles, a distance of about 500 miles, by a steamer
which makes from three to five trips each summer. The cost of
freight to this point is about $90 a ton. From Bettles supplies are
hauled to Nolan on horse scows at a cost of about $140 a ton. The
summer freight rate from Nolan to the mines on Nolan Creek is
$140 a ton and the winter rate $90 a ton. From Nolan to Hammeond
River the summer freight rate is $100 a ton and the winter rate $40.
The average operator probably pays more than $300 a ton for the
freight delivered at his mine. The facts in hand indicate that more
than half of the gross value of the total gold output of the district
is needed to pay the cost of transportation. These facts are reflected
in the cost of some of the supplies. Hay and oats cost $150 a ton,
and as a consequence there are but few horses in the district, though
some native hay is utilized. Wood costs $12 to $16 a cord delivered
on the claim. As high as $350 a ton is paid for the small amount of
blacksmith coal used in the district. There is not a wagon road in
the district except a few inferior ones built by private enterprise.

Under these conditions it is not a wonder that operators have not
been encouraged to undertake any large mining ventures. It has,
in fact, been possible to work only the richest ground, and much of
that available under present conditions is approaching exhaustion.
A few steam hoists and thawing outfits constitute about the only
mine equipment, except pick and shovel, used in the entire district.
No steam scrapers have been utilized and only one or two small
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pumps. There are, however, a few small hydraulic plants used on
bench gravels. '

The Koyukuk contains much placer ground that could be profitably
exploited if operating costs were reduced. There are on Nolan and
Hammond creeks deep placers, that can not now be worked because -
of the underground circulation of water, which can only be handled
with pumps. There are other deposits that could probably be mined
with steam scrapers and some that could be hydraulicked. Low-grade
deposits suitable for dredging are also reported. -

Small operations were continued in the Indian River district, lying
in the lower Koyukuk basin. It is estimated that six or eight mines
were operated during the summer, employing about 25 men, with a
gold output of about $25,000.

CHISANA DISTRIOT.

The greater number of the stampeders who went to the Chisana
district in 1913-14 returned without realizing their expectations
in the new camp. Nevertheless, some rich placer ground has been
found in this district, though the total bulk of auriferous gravels
so far developed is not large. The total gold output from the dis-
trict in 1914 had a value of about $250,000. It came chiefly from
Bonanza Creek, but there was also a considerable output from Little
Eldorado and Skookum creeks. Twenty-two mines were operated
in the district during the summer of 1914, employing about 325
men. A description of the mineral resources of Chisana district is
contained elsewhere in this volume.

CIRCLE PRECINCT.!

The Circle precinet includes the Birch Creek district as well as the
placers of the Woodchopper Creek and Beaver Creek basins. It is
estimated that gold to the value of $225,000 was produced here in
1914, compared with $175,000 in 1918. About 46 mines, employing
80 men, were operated in winter, and 53 plants, employing 140 men,
in summer. Nearly three-quarters of the gold produced was taken
out in the summer.

Mining in the precinct consisted of a few large operations, em-
ploying 15 to 20 men each, all of which were in the Birch Creek dis-
trict, and many small operations, which averaged only two or three
men to each mine. About half the gold produced was taken from
the mines on Mammoth and Mastodon creeks. One placer mine
was operated on Mastodon Creek in winter and eight in summer.
On Mammoth Creek one claim was worked in winter and three in
summer. The old dredge that was brought in from Dawson and
installed on Mastodon Creek in 1911 was found unfit for further

1 Prindle, L. M., A geologic reconnaissance of the Circle quadrangle, Alaska: T. B
Geol. Burvey Bull. 538, 1913,
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" service and dismantled. The control of the dredging ground reverted
to the owners, and the ground is being worked by two hydraulie
plants. There are also two other plants operating on Mastodon
Creek, one above and the other below the dredging ground.

On Mammoth Creek a hydraulic plant was operated. The same
operators bought a dredge, which was landed at Circle during the
summer of 1914. This will be carried over the Government road
40 miles to the mouth of Mammoth Creek. It is hoped that it will
be installed in time to operate the full season of 1915. The dredge
has buckets holding 33 cubic feet, close-connected bucket line, 170-
horsepower steam engines, and an estimated daily capacity of 2,000
yards. Wood will be used as fuel. The ground on Mammoth Creek
is 12 to 16 feet in depth. Tt is chiefly coarse gravel, not frozen, and
is said to be well adapted for dredging. On Miller Creek, a tribu-
tary of Mammoth Creek, three plants operated during the summer.
Five plants operated on Independence Creek, which joins with Mas-
todon to form Mammoth Creek. One of these used a 1-yard steam
shovel to deliver the gravel to a movable grizzly over portable sluice
boxes.

Deadwood Creek was worked by eight to ten small outfits by open-
cut methods. Some drift mining also was done cn lower Deadwood
Creek during the winter. It is proposed to install a hydraulic plant
on upper Deadwood Creek next season. Switch Creek, tributary
to Deadwood Creek, supported the operation of two drift-mining
outfits throughout the summer. A hydraulic plant, intended to work
claims Nos. 3 to 6, inclusive, on Switch Creek, was landed at Circle
during the summer and is to be installed for operation in 1915.

A single plant operated on Half Dollar Creek, a tributary of
Harrison Creek, and another on Eagle Creek, which is tributary to
Birch Creek. The Eagle Creek plant has hydraulic equipment and
uses water from Independence Creck. This plant uses two to four
nozzles, according to the water supply.

The Birch Creek district, one of the oldest on the Yukon, has up
to recent years been mined only by very simple methods. A change
has now come about in the adoption of dredging and hydraulicking.
The construction of a good wagon road from Circle, on the Yukon,
to the district has been an important element in bringing about this
change and is a good illustration of the quickness with which the
mining industry responds to the improvement of conditions of trans-
portation.

In the Woodchopper Creek region about 10 mines were operated
and 25 men were employed during the summer of 1914. Ten plants
were operated in the winter. Most of these were on Coal Creek, a
southerly tributary of the Yukon 60 miles above Circle. Prepara-
tions are under way for installing a hydraulic plant on Woodchopper
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Creek, water to be conducted from Iron Creek to the mouth of
Mineral Creek.

INNOXO DIBTRIOT,

The Innoko district is estimated to have produced gold to the value
of $200,000 in 1914 and $280,000 in 1913. This was produced by 26
mines employing some 88 men. All of this work except a little winter
drift mining on Ophir and Little creeks was open-cut work. The
producing creeks are Ophir, Spruce, Little, Ganes, and Yankee.
Eight plants were operated on Ophir, three on Spruce, eight on
Little, three on Ganes, and four on Yankee. Operating costs are high
because of the high price paid for supplies.

It is reported that considerable work was done on Cripple Creek,
which is located about 30 miles northeast of Ophir. Cripple Creek
flows into Colorado Creek, a tributary of the Innoko. The placers
are deep and are worked by underground methods. It is reported
that five mines were operated on this creek, with a total output of

$15,000.
FORTYMILE DISTRIOT,

The Fortymile district was the first of the Alaska-Yukon gold
fields to be developed. Here placers were discovered in 1886,' and
since that time the district has produced gold to the value of about
$6,100,000. In spite of the inaccessibility of the region in the early
days, a considerable number of prospectors reached the scene of the
discovery, and the first year of mining yielded probably about $60,000
worth of gold. The annual gold output rapidly increased, so that by
1894 it amounted to $400,000. The output in 1896, the year of the
Klondike discovery, was nearly half a million dollars, Since then
the output has declined. As in other isolated camps, operating costs
are high. Most of the supplies are sledded up Fortymile River at
heavy expense.

A remarkable feature is that this placer-gold output has for 28
years practically all come from the same creeks that were discovered
in the first few years of mining. The only marked exceptions are
the placers of Wade Creek, which were found in 1899.

Most of the gold from the district has been won by the simplest of
manual methods, there having been but few attempts at the installa-
tion of machinery. The only exceptions were the building of some
small dredges in 1907. These were successfully operated until 1913,
when for one reason or another they were abandoned or moved. It
is difficult to understand why dradging has not been developed on a
larger scale, as there are many placers which could be exploited in
this way. It is probable, however, that the dredging operations

i Prindle, L. M., The Fortymile quadrangle, Yukon-Tanana region, Alsgka : U. B. Geol
Survey Bull. 875, p. 84, 1909,
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attempted were on too small a scale to assure profitable ventures.
There are also extensive bench gravels in the Fortymile district,
which give promise of yielding workable placers. The topographic
position of some of these deposits and the available water supply?
are more favorable to hydraulic mining than in most of the other
Yukon camps. There is also some possibility of developing water
power.? Plans have been under consideration for the use of electric
power for operating dredges in the district, to be developed at a coal
mine in the Canadian Yukon, located at Coal Creek. There is a
power plant at this mine, which is 20 miles from the point where
Fortymile River crosses the international boundary.

The possibilities of large mining developments are now under in-
vestigation, but meanwhile actual mining is on the decrease. In
1914 the value of the gold output from the Fortymile district was
about $60,000, compared with $100,000 in 1913. One reason for this
decline was that certain claims were under bond with a company
which was investigating the possibilities of large developments.
Until such developments take place a revival of mining is not to be
expected. Nearly all the operations in 1914 were on a small scale,
and probably about 25 claims were worked by 75 to 100 men during
the summer. Some winter work was done on Wade, Lost Chicken,
and Chicken creeks. The winter work on about 10 claims on Wade
Creek yielded about $9,000 and the summer work about $7,000.
Chicken Creek was one of the largest producers, with an output be-
tween $15,000 and $25,000. Some mining was also done on Franklin,
Walkers Fork, Squaw, Buckskin, Ingle, and other creeks. About a
dozen men were engaged in mining with rockers on the bars of Forty-
mile River during low stages of water.

Considerable prospecting was done on Mosquito Fork with the
view of finding placers for large development. Some dredging
ground on Fortymile River near the boundary was also investi-
gated with a view of installation of dredges. Good prospects were
found on Texas Creek, a tributary of Fish Creek, which flows into
the North Fork of Fortymile River,

EAGLE PRECINOT, ,

The Eagle precinct includes the gold placers of American Creek
and Seventymile River and some smaller streams tributary to the
Yukon from the south. The value of the gold output from this
region in 1914 is estimated to be $50,000, or about the same as in 1913.
About 20 mines were operated during the year, employing about 70
men. There was practically no winter work.

1 Ellsworth, C. H., and Davenport, R. W., Surface-water supply of the Yukon-Tanana
region, Alaska : U. 8. Geol. Burvey Watet-Bupply Paper 342, pp. 67-118, 1915,
2 ]dem, pp, 528-829,
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Five mines were operated on American Creek in 1914. Three of
these employed 6 to 10 men each. About nine plants were in oper-
ation on Seventymile River and its tributaries. Much dead work
was accomplished in building dams and opening ground with a view
to larger operations next year. All the mines are of the open-cut
type, and the methods used include ground sluicing, automatic dams,
and small hydraulic operations.

A single plant worked on the main Seventymile near the falls, A
little ““ sniping ” was done at other points along the river, but such
work was of little importance. Systematic prospecting of the low-
grade placers of the Seventymile Valley, with a view to installing a
dredge, was under way. Single plants operated also on Flume,
Crooked, and Nugget creeks. One of the outfits on Barney Creek
installed a small hydraulic plant, the only one in the district.

A little prospecting and mining was done on Washington, Sonick-
son, Fox, Curtis, and Pleasant creeks, but with only small returns.
Some prospecting was done on Flat Creek, a tributary of Charley
River.

A quartz prospect known as the Caribou ledge, on Flume Creek,
has been opened by a 100-foot tunnel, and an arrastre has been in-
stalled to test the ore. The ledge is said to have a maximum width
of about 8 feet, but no report as to its value has been received.

BAMPART DISTRIOT.

The usual small-scale operations were continued in the Rampart
district in 1914. About 10 mines were operated during the summer,
employing 25 men, and 6 in winter, employing about 10 men. The
value of the total gold output was about $30,000.

Hunter Creek led the others in scale of operations and output.
Two hydraulic plants, employing four men each, worked on claims
Nos. 1 and 19 about Discovery. A little sluicing was done on a group
of claims including Nos. 6 to 10 above and also on No. 1 below Dis-
covery. Two mines were worked on Little Minook, the second larg-
est producer.

A few men worked on Slate and Quail creeks, and one man worked
alone on Big Minook Creek near its head. The gold recovered on
Big Minook consisted chiefly of nuggets weighing from 1 to 3 ounces
each. =

Considerable dead work was done in preparation for larger oper-
ations next year. Two automatic dams were put in on Hoosier
Creek. A dredge is to be installed on Minook Creek.

EMALLER YUXKON DISTRIOTS.

Placer mining in the Chandalar district during 1914 was confined
to some small operations on Big, St. Marys, and Squaw creeks.
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Three mines were operated, employing 8 to 10 men. No important
developments of the auriferous lodes have been reported.

Productive mining operations in the Bonnifield district were about
on the same scale as in previous years. It is estimated that about 15
mines were operated and gold was recovered to the value of about
$30,000.

There was a little mining on some new placers on tributaries to
Healy Creek from the north, mostly by plants employing not over
three or four men each. One of these tributaries, Home Creek, is
about 83 miles from Nenana, and another, Alaska Creek, about 5
miles from Nenana. Six men were working on Moon Creek, 6 miles
from the mouth. Operations in other parts of the district were the
same as in previous years.

No new productive developments took place in the Kantishna dis-
trict. The gold output in 1914 was estimated to have a value of
about $20,000, taken from about ten mines. Both the Kantishna and
Bonnifield districts showed the stimulating effects of the proposed
railroad. The Government railroad will pass along the western
margin of the Bonnifield district and about 60 miles from the Kan-
tishna district. There was, therefore, far more prospecting in both
these districts than in previous years. Some lode and placer prop-
erties in the Kantishna district were examined by engineers with a
view to large developments.

In 1913 some placer gold was found on Wilson Creek, a northerly
tributary of the lower Yukon. The district has not been visited by
any member of the Survey, but the following notes have been com-
piled by H. M. Eakin from reliable sources of information:

The Wilson Creek gold-placer district embraces a small area on the north
side of Yukon River about 250 miles above its mouth, or 65 miles above An-
dreafski. Wilson Creek, 10 miles in length, has a broad drainage basin and
receives three tributaries from the east and two from the west, all of which
are less than 8 miles In length. Named in order going upstream, the tribu-
taries are Wahpooh Creek from the west, Surprise, Disappointment, and Hle-
phant creeks from the east, and King Creek from the west. Wilson Creek
enters the Yukon through Polti Slough, which has become navigable in recent
years for the largest river steambonts. Six miles above Wilson Creek is Bear
Creek, another small northern tributary of the Yukon. Willow Creek, a west
tributary of Bear Oreek, heads against Disappointment Creek. The area thus
drained has a rolling topography of moderate relief. Its valleys are relatively
narrow and steep at thelr heads but broader dowpstream, and near the Yukon
there are extensive flats.

A falr growth of spruce timber covers the lowlands and reaches well up on
the slopes and up the valleys to their heads. A small settlement, called
Marshall, has been established on the north bank of the Yukon near the mouth
of Wilson Creek and Is the distributing point of the distriet.

The bedrock of the Wilson Creek district is reported to consist of schists,
greenstones, and Intrusive rhyolite dikes. In general the schists and green-
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stones are similar to those of Paleozoic metamorphic rocks in other parts of
Alaska. Interbedded igneous and sedimentary rocks of probable Mesozolc age
erop out along the river both above and below the Wilson Creek locality. The
belt of metamorphic rocks is said to extend northward from the Yukon for
more than 50 miles

In the headward parts of all the valleys the alluvial deposits are reported to
be shallow. In the Wilson Creek valley at the mouth of Disappointment Creek
it 18 8 to 12 feet to bedrock. Below this point depths to bedrock increase rapidly,
and on Wahpooh Creek, 24 miles from the Yukon, a 125-foot hole failed to
reach bedrock. Where the alluvium is shallow it consists of coarse gravel and
powlders and is unfrozen. The deeper ground is frozen and is composed chiefly
of sllt overlying a relatively thin stratum of gravel near bedrock.

Considerable mineralization is evident {n the greenstone cropping out on the
river bank at Marshall and in specimens taken from outcrops on the more inland
ridges. The greenstone mentioned contains metalllc sulphides, chiefly pyrite
and chalcopyrite, and is heavily stained with secondary copper minerals.
Specimens taken from an altered rhyolite porphyry dike near the head of
Disappointment Creeek carry galena and molybdenite and on assay are sald
to yield small quantities of gold.

The first discovery of placer gold in the district was made by A. C. Rhode
and Andrew Edgar in July, 1813. They reported the find of rim prospects on
Wilson Creek near the mouth of Disappointment Creek, going as high as 10
cents to the pan, and before the close of navigation 250 men, on the strength of
this report, had gone to the district.

During the winter of 191314 prospecting was carried on by sinking shafts
and by drilling, Six prospecting boilers and three 4-inch drills were in use.
Placers have been reported on Discovery clalm, Wilson Creek, and on claim No.
1, Disappointment Creek. Prospects were found also on claims No. 1, No. 1
Bench, and No. 9 above Discovery, Wilson Creek, and on Elephant, Willow, and
Happy creeks. Happy Creek is a small north tributary of King Creek, the
uppermost tributary of Wilson Creek from the west. The gold is said to be
well concentrated on and near bedrock. It occurs for the most part as fine,
well-worn shotty particles with only a scattering of small nuggets.

Three plants, employing a total of 14 men, were engaged in mining most of
the open season of 1914. Two plants worked Discovery claim and one No. 1
Disappointment, The work is all of open-cut type. The waste ls ground-
sluiced off, and the gold-bearing gravel is shoveled by hand Into sluice boxes
made of whipsawed lumber. The production of the entire season 18 estimated
to have a value of $12,000.

Considerable prospecting was done during the summer on a pumber of claims
on several different creeks. About 25 men were so employed. Work of this
type will be carried on more extensively during the winter of 1914-15, when
it will be possible to investigate the shallow deposita that carry live water
during the open season.

EUSKOEWIM BABIN,

The total gold output of the Kuskokwim basin in 1914 had a
value of about $110,000, while that of 1913 was probably about
$50,000. It is estimated that about 25 plants were operated in 1914,
employing about 80 men. In addition to this a large number of men
were engaged in prospecting.
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The largest mining developments in the Kuskokwin basin are
on Tatalina River near the settlement of McGrath, at the mouth of
Takotna River. On Candle Creek, a headwater branch of the Tata-
lina, there is an open-cut mine, the gravels of which are 10 feet deep.
A steam bucket hoist is used to elevate the gravels to the sluice box.
A churn drill is being used to prospect the deeper placers on the same
property, on the lower part of Candle Creek. In all, 22 men are
employed here. Three smaller plants, employing 13 men, were oper-
ated on Moore Creek.

Mining was also done in the headwater region of Crooked Creek,
tributary to the Kuskokwim near Georgetown, and on Bear Creek
and some of its tributaries in the Tuluksak basin; on Canyon Creek,
flowing into Kwethluk River; on Marvel Creek, of the Aniak River
basin ; on Rainy and Kapon creeks, confluents of Eek River; and on
Butte Creek, a tributary of Aalalik River. All these operations
except those in the Tuluksak basin are on a small scale. While
auriferous gravels are widely distributed in this region, but few very
rich placers have been found. The promise for the future of mining
in most of this field seems to lie in exploitation of the placers on a
large scale.

Lodes, including deposits carrying gold,. copper, and cinnabar,
have attracted some attention in the Kuskokwim basin, in spite of
the present difficulties of transportation. There has been a small
production of quicksilver from the Parks claims, a cinnabar pros-
pect located on the north bank of the Kuskokwim about 21 miles
above Georgetown. Other cinnabar deposits in this region have
been more or less prospected. These deposits are described elsewhere
in this report.

On a copper deposit in the Russian Mountains, about 18 miles north-
west of Kolmakof, on the Kuskokwim, a 25-foot shaft has been sunk
on a fissure vein, 30 to 60 inches in width, which has been traced some
4,000 feet. The ore contains chalcopyrite, mispickel, pyrite, and
stibnite. It is reported by the owner that the ore contains gold,
silver, copper, and a trace of nickel. The gold placers and the lodes
of the lower Kuskokwim basin are described in some detail elsewhere
in this volume.

BEWARD PENINSULA.

Placer mining began on Seward Peninsula in 1898, and the penin-
sula has produced gold to the total value of $68,442,000, practically
all won from the auriferous gravels, though a little lode mining
has been done at various times. There has been considerable tin
mining and = little coal mining. A little graphite has been produced
from deposits located on Seward Peninsula. Iron, galena, tungsten,
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copper, and antimony ores have also been found and more or less
developed.

The value of the gold output in 1914 was about $2,700,000; that of
1918 was $2,500,000. During the year 39 gold dredges were operated
in Seward Peninsula. Of these two were working in the York dis-
trict on placer ground which carried both gold and tin. In addition
to these there was a placer tin dredge in the York district. The 39
gold dredges, which employed about 320 men, were not all worked
the full season, for some were not completed in time. It is estimated
that dredges recovered gold to the value of $1,450,000. The output
was curtailed because the dredging season was unusually short.

It is estimated that 70 placer mines in addition to those worked by
dredges were operated on the peninsula in 1914, employing about 500
men and producing gold to the value of $1,250,000. Besides the
men engaged in productive mining there were several hundred en-
gaged in prospecting and development work. The total employed in
the mining industry during the height of the season was about
1,200. Details in regard to placer mining are presented elsewhere
in this volume.

Except for the development of the Lost River tin mine there was
little attention paid to lode mining. Developments were continued
on some deposits of iron ore 25 miles northwest of Nome, described
- elsewhere in this volume, and assessment work was done on other lode
claims.

KOBUK REGION.

Placer mining in a small way was continued in the Kobuk region
during 1914. In the Squirrel River district three claims were worked
in the winter and five in the summer, employing 12 to 20 men. Some
mining was also done in the Shungnak district. The total output of
gold from the Kobuk region in 1914 is estimated to have had a value
of about $35,000.



THE FUTURE OF GOLD PLACER MINING IN ALASKA.
By Avrrep H. Brooks.

INTRODUCTION.

Placer mining in Alaska began by some small operations at Juneau
in 1880, although there is an unverified report that some placer min-
ing was done at Sumdum Bay, southeastern Alaska, in 1870-71.
It is estimated that during the 35 years since 1880 Alaska’s placer
mines have produced gold to the value of $175,712,992.

Most of the placer mining in Alaska has been done on a compara-
tively small scale. During the last six years gold dredges have been
extensively used, notably on Seward Peninsula, but the value of the
total gold recovered by this method is only $10,100,894, or about 6
per cent of the entire placer production. There has been some hy-
draulic mining, but the total gold output from this source is prob-
ably less than that of the dredges. Much of the deep mining, notably
at Fairbanks, has been done on a considerable scale. While no accu-
rate figures are available, it seems probable that over half the gold
has been won by the small operations with only very simple equip-
ment. An estimate of the annual placer-gold production is given
in the following table:

Value of placer-gold production of Alaska, 1880-191%.

$3,150,000 | 1902______ $5, 890,000 | 1910_______ $11, 894, 806
840, 000 | 1908 eo——_ 5,946,067 | 1911 ______ 12, 540, 000
990,000 | 1904_______ 6,100,481 | 1912_______ 11, 990, 000
690, 000 | 1905 12,124,000 | 1913.______ 10, 680, 000
680, 000 | 1906 ___. 18,007,000 | 1914_______ 10, 730, 000
8,510,000 | 1907_—_____ 18, 491, 000 _—
5,630,000 | 1908.______ 15, 888, 000 175, 12, 992
1901 4,990,000 | 1900 ______ 16, 252, 638

The above table shows that the large annual production began in
1899, the year when the first output was made from the rich beach
placers at Nome. The annual gold output from the Nome and other
districts of Seward Peninsula reached a maximum in 1906 and since
then has greatly decreased. The rich placers at Fairbanks were
found in 1903, and by 1905 they yielded a large annual gold output,
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which reached its maximum in 1909. Since that year there has been
a notable decline in the yearly production. It was the combination
of the gold output from the bonanzas at Nome with that from the
bonanzas at Fairbanks that resulted in the maximum annual placer-
gold production of the Territory in 1906. In more recent years the
exploitation of the rich deposits of the Iditarod, Ruby, Koyukuk,
Hot Springs, and other smaller districts has gone to swell the annual
production of placer gold.

These conditions in the placer-mining industry cause the fluctu-
ation in the value of the annual output. In general, however, the
large annual production has been maintained by the mining of rich
placers on a small scale rather than by large operations on deposits
of lower gold tenor. The depletion of bonanzas in one field has in a
measure been offset by the development of new ones in other fields.

The above table indicates a considerable fluctuation in the annual
output from placer mining, yet it clearly shows that the industry
has during the last decade been on the decline. For several years
the output has indeed not varied greatly, but this by no means indi-
cates that under existing economic conditions placer mining can main-
tain its present status. In some districts, to be sure, such as those
of Seward Peninsula, the gold output has probably reached its
minimum for many years to come; in others, such as Fairbanks, placer
mining is far from being established on a sufficiently permanent
basis to give assurance that the present production can long be
maintained under present economic conditions. Lode mining, on
the other hand, has been on the increase. In 1904 the gold output
from lode mining was $3,050,977, in 1914 it was $4,863,028, and the
developments now under way give assurance of a very much larger
production within the next few years. The decrease in the output
of placer gold and the increase in that of lode gold is also illus-
trated by their ratio to the total production of gold. In 1908 sbout
80 per cent of the total gold production of Alaska was won from
the placers, but this ratio has decreased and in 1914 only 68 per cent
of the gold is to be credited to placers.

Although there can be no question of a large increase of lode
mining, this does not give assurance of prosperity in all parts of
the Territory, for valuable lodes have as yet been developed in rela-
tively few of the placer districts. If, therefore, gravel mining should
decline there is no assurance that other profitable mining would
develop in all the many placer districts.

Between 5,000 and 6,000 men are engaged in placer mining and
prospecting for placers, and nearly a third of the white population of
the Territory is directly or indirectly supported by the placer-mining
industry. It therefore becomes pertinent to inquire what the future
of this industry is to be. Will it continue to decline, or are the known
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auriferous gravels sufficient to justify the belief that the industry
will hold its own or will increase? There is, of course, always the
hope of finding new bonanza deposits such as have in the last decade
yielded large returns. Such discoveries, however, can not be fore-
cast, and an estimate of the future of placer mining should take into
account only what is now actually known about the extent of the
auriferous gravels. In other words, the future of the industry must
depend, so far as now can be determined, on the exploitation of
auriferous gravels of lower gold tenor than those which in the past
have yielded most of the gold.

No one can deny that there are very extensive deposits of auriferous
gravels in the Territory. In much of Alaska the gravels of most of
the larger streams will yield at least fine colors of gold, and this in
itself is evidence of the wide distribution of auriferous alluvium.
Because of the lack of systematic prospecting of the gravels car-
rying small amounts of gold it is difficult to arrive at any definite
conclusions about the extent of deposits that can be profitably ex-
ploited when cheaper transportation and fuel have reduced the costs
of mining. In view of the importance of the subject it has seemed
desirable to summarize briefly the data relating to it.

DISTRIBUTION AND EXTENT OF AURIFEROUS GRAVELS.

As placer gold was derived from a bedrock source, the occurrence
of auriferous mineralization is the first important element to be
considered in determining the distribution of the auriferous gravels.
Information in regard to this phase of the subject has been recently
set forth ! and need not here be considered in detail. Much of Alaska
falls in the Cordilleran province of North America, a province char-
acterized by geologic conditions favorable to the formation of metal-
liferous deposits. The areas within which more or less metalliferous
mineralization has been found in Alaska are widely distributed.
They include southeastern Alaska, a part of the seaward flank of the
St. Elias Range, a part of the Copper River and Susitna basins,
Prince William Sound, the eastern part of the Iliamna and Clark
lakes region, some localities in southwestern Alaska, the two flanks
of the Alaska Range, the Yukon-Tanana region, the upper Tanana
and White River basins, a part of the Koyukuk basin, and a belt
running southward from the Yukon through the Iditarod district
into the lower Kuskokwim. Much of Seward Peninsula is gold bear-
ing, and some mineralization has been found in the Kobuk and Noa-
tak basins. Within these areas, which, roughly outlined, comprise
between 100,000 and 150,000 square miles, the valuable deposits are,
of course, only locally distributed, but they indicate in a general

1Brooke, A. H,, The mineral deposits of Alaska: U. 8. Geol. Burvey Bull. 592, pp.
24-26, 1914,

.
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way the zones in which metalliferous mining has taken place or
prospects have been found. They thus also serve to indicate
roughly the localities where auriferous gravels occur or are likely
to be discovered.

It is evident, therefore, that the metalliferous provinces of Alaska
are of wide extent and distribution, a fact which augurs well for
the future of mining. The provinces thus defined do not, of course,
delimit the distribution or extent of the auriferous gravels, though
they indicate that there are large areas in which such deposits have
been or probably will be found. It should be noted that the mere
presence of auriferous mineralization does not necessarily indicate
the presence of auriferous gravels, much less that of workable placers.
The process of concentration of gold in the placers will not here be
discussed, for it has recently been described.?

More pertinent to the present inquiry are the known facts in re-
- gard to the distribution of placers and auriferous gravels. To discuss
this matter adequately it would be necessary to describe all the
many placer districts, which would be but to duplicate published
data.? -For present purposes it will suffice to consider briefly these
data, presenting, so far as may be, the results in quantitative form.

The maps and reports relating to Alaskan gold fields show the dis-
tribution of the known placers and to some extent, where the data
are available, also that of the auriferous gravels. This information
has been interpreted as indicating that the watercourses in Alaska
placer districts where mining is now going on include over 1,000
linear miles of virgin ground which there is good reason to believe
contains placer deposits. There are not sufficient facts at hand to
justify any estimate of the width or yardage of this supposed pay
ground. It may be said, however, that only deposits of sufficient bulk
to justify large installations are included in this mileage.

This 1,000 miles does not include the creeks which have in part
been worked out, except in such districts as Fairbanks, where it is
known that large bodies of virgin ground still remain on the produe-
tive creeks. Nor does this mileage include the gravels of any of the
large rivers, though some of them are known to be auriferous.

Another possible source of placer gold is in the auriferous gravels
that lie outside of the developed mining districts. There are known
to be many such occurrences, but the knowledge about them is too
scant to justify their inclusion in the gold reserves.

In the absence of tests on the gravels thus defined there are, of
course, no accurate quantitative data on their gold content. However,
only those deposits have been included whose position relative to

1 Brooks, A. H.; The mineral deposits of Alaska: U. 8. Geol. Survey Bull, 5692, pp. 28-32,
® See llst of publications relating to geology and mineral resources of Alnska, at end of
this volume.
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" workable placers gives reasonable assurance that they carry sufficient
gold to be profitably exploited by methods now in use in the

Territory.
GOLD CONTENTS OF AURIFEROUS GRAVELS.

A gold placer may be defined as a deposit of auriferous alluvium
that can be profitably exploited. Whether the deposit is or is not
capable of being worked at a profit is a function of mining costs, de-
pending on many factors. It follows that a deposit which under
present industrial conditions is simply an auriferous gravel may in
the future, by the lowering of mining costs, through the improvement
of mining methods or for other reasons, be classed as a gold placer.
A good example of this evolution is found in the gold placers now
mined by dredges. Before the introduction of this cheap method of
exploitation these deposits could not rightly be called placers, though
they were known to carry gold, whereas now they are valuable
placers, inasmuch as they can be profitably exploited.

It follows, therefore, that the determination of whether or not any
given body of auriferous gravels is a placer must take account of the
cost of mining. It is generally true that a district in which rich
placers occur always contains much larger deposits of auriferous
gravels of lower gold tenor, though exceptions to this rule are found
in some shallow placers representing local concentrations of gold
from a near-by bedrock source. Conversely, the reduction of mining
costs in any given district makes available for profitable exploitation
the deposits that could not before be included in the gold reserves.

It is therefore of much practical importance to determine the gold
contents of the ground which is profitably exploited. Using this
information in the comparison of one district with another gives a
basis, though only a crude one, to forecast the possible extension of
the placer-mining industry in any given district. It need hardly be
added that the results are applicable only in general terms and that
an actual evaluation of the gold placer reserves can be arrived at
only by careful prospecting.

In collecting the statistics of gold production for 1914 special
effort was made to ascertain the amount of alluvium handled at
each mine. With this purpose, operators were requested to furnish
an cstimate of yardage as well as gold recovery. Many responded
to this request, and as a result it is now possible to determine with
o fair degree of accuracy the average gold content of the gravels
mined in the different districts and under the various mining methods.
It should be noted that the crude methods of recovery in use by
many of the small operators involve a considerable loss of gold in
the tailings. These data do not, of course, give precise information
regarding mining costs, because the results show the costs plus the
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profit to the operator. Nevertheless the average of a large number
of returns from one district, except in the newer fields, should
present an approximation of the gold content that is necessary to
profitable exploitation, which is the important thing to this discourse.

It will be well to note that there are several sources of error in
these data. One is the fact that many operators do not make accu-
rate record of the amount of gravel handled. Again, there are
undoubtedly, as shown from the returns, some placer mines that are
worked at a loss, though the operators may not know it, owing to
the loose system of bookkeeping they practice.

It is also true that, especially in the newer camps, only the richest
placers are being mined, and the average of such operations by no
means indicates the lowest gold tenor that can be profitably exploited,
even under present conditions. Examples of this are afforded by
some of the Alaska dredges, which are working on placer ground
carrying as high as $1 or more to the cubic yard, a sum which is, of
course, far above operating costs plus a reasonable profit. Attempt
has been made to eliminate these sources of error in the data here
to be presented.

It has been shown (p. 23) that the estimated average value per
cubic yard of the gold-bearing gravels mined each year in Alaska
has been gradually reduced from $3.74 in 1908 to $1.26 in 1914. If
figures were available for the earlier years it would show a still
greater reduction. For example, the average gold recovery per cubic’
yard in Seward Peninsula for the nine years of mining ending with
1906 was about $5.95,' compared with an average recovery of 55 cents
per cubic yard for the year 1914.

Though these figures are only approximations, they clearly indi-
cate the fact that gold placers of a much lower tenor than formerly
can now be profitably exploited. It is evident that, the mining of
low-grade gravels having become economically possible, a much
larger placer-gold reserve has become available. In fact, on Seward
Peninsula, for example, if profitable mining were possible only on
the placers of high-gold tenor, as was formerly the case, mining
would now almost have ceased. This change has been brought about
largely by improvement of mining methods, for in most of the placer
districts the other factors have not greatly changed. At Fairbanks,
for example, the unit cost for deep placer mining is probably greater
now than it was some years ago. Though wages have remained .
about the same, supplies cost somewhat more than formerly, and,
above all, the price of fuel, wood being used, has increased enor-
mously. Costs can be reduced in two ways—by improvement of min-
ing practice, involving the investment of capital and the employment

1 Brooks, A. H, The gold placerz of parts of Beward Peninsula, Alaska: T. 8. Geol.
Burvey Bull. 328, p. 186, 1908,
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of technical skill, and by reduction in the price of supplies and fuel
through the construction of railroads and wagon roads.

Estimates of the average gold recovery per cubic yard of alluvium
mined in some of the principal placer camps of Alaska during the
year 1914 are given in the following table. It should be clearly
understood that these figures do not represent mining costs, although
the averages for the older districts, as will be shown, bear a close
relation to these costs.

Hstimated average gold recoveries per cubic yard in some of the Alaska gold
placer districts in 1914,
Seward Peninsula :
Council, Fairhaven, Nome, Port Clarence, Solomon,
and Kougarok districts:

Averige. $0. 54
Yukon basin:
Chisana b. 556
Cirele .98
Fairbanks S = . 8.13
Fortymile - 2.00
Hot Springs___ e ____ 12,10
B ¥ D o — e 1.32
Innoko oo — 4. 00
Koyukuk 4.33
Rampart .. 2. 00
Ruby Creek 3.85
Average — 2.37
Copper River:
Nizina, Bremner, and Chistochina districts—
Average_________ ____ 1.26

Cook Inlet and Susitna basin:
Kenai, Willow Creek, Valdez Creek, and Yenina

districts:
Average 1.24
General average. i 1.28

The above table emphasizes some significant facts. For example,
the well-organized condition of placer mining in Seward Peninsula
is shown by the fact that the average recovery there is only 55 cents
to the cubic yard. This, of course, is a reflection of the condition
that much of the gold is recovered by dredges. In 1914 the average
recovery by these dredges was about 40 cents a cubic yard. This
figure is in strong contrast with the recovery of $12.10 a cubic yard
for the Hot Springs district, where the operations are chiefly those
of deep mining. Hot Springs is a relatively new camp, and at
present the gold is mostly taken from bonanza deposits. The rela-
tively small mining operations in the Chisana district, a new and
very inaccessible camp, show the high recovery of $5.55 to the cubic
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yard. This is to be interpreted as indicating that only high-grade
placers can now be mined.

In the older camps the highest recovery, $4.33, is from the Koyukuk
district, and this is because the high operating costs, due to the high
price of transportation, have limited operations to the richest gravels.
The same is true of the Innoko, where the average values are esti-
mated to be about $4, though the returns from the Innoko are rather
incomplete, and this figure may be too high. In the Iditarod, on
the other ha.nd, dredging has much reduced the average recovery,
which in 1914 is estimated to have been $1.32. This is mgmﬁcant
of what can be accomplished by the use of machinery, even in camps
where operating expenses are high because of the cost of trans-
portation.

The data at hand indicate that the average recovery in the Circle
district during 1914 was only 98 cents. This low figure is due to
improved methods, for several hydraulic plants were operated and
made it possible to mine gravel of relatively low gold temor. It
should be noted that on account of the abundant precipitation during
the summer of 1914 in the Circle district the conditions were excep-
tionally favorable for hydraulic mining and this has undoubtedly
increased the average recovery of gold.

The recovery of $2 to the cubic yard in the Fortymile district can
probably be interpreted as indicating that in this field mining is at
present on the wane and that operators have been forced to exploit
the gravels of lesser gold tenor. This district includes large bodies
of auriferous gravels, but no large plants have yet been installed.
What has been said of the Fortymile district also applies to the
Rampart district.

The average gold recovery in the Ruby district during 1914 was
$8.85, which is somewhat lower than would be expected in a new
camp that is not very accessible. As a matter of fact, the average
recovery of the deep mines of the Ruby district is about $7.30 to the
cubic yard, indicating that this form of operation is still confined
largely to the richest deposits. On the other hand, some large
operations in open-cut mining with an average recovery of $2.22
have offset to a certain’extent the high returns from deep mines.

Placer-mining operations in the Susitna and Copper River basins
and on Kenai Peninsula are not extensive, though they include some
large individual plants. In this field the conditions for hydraulic
mining being more favorable than in the Yukon basin and on Seward
Peninsula that form of mining is more extensively practiced. On
the other hand, there has been no dredging in this province. Oper-
ating costs have, as a rule, been lower than in the other Alaskan
placer districts, largely because the region has been made more
accessible by railroads and wagon roads. These facts will account
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for the lower recovery of $1.26 to the cubic yard. In other words,
they indicate that mining has been possible on gravels of much
lower gold content than in the Yukon basin. The average recovery
for the entire Yukon basin in 1914 was $3.33.

The comparisons that have been made above of the average gold
recovery of different placer districts serve to indicate in a general
way the comparative conditions of operations in the different fields,
in spite of the fact that most of the gold recoveries here set forth
represent averages from more than one method of mining. There is
usually sufficient variation in the occurrence of gold in each district
to demand different methods of recovery, so that average recoveries
may safely be used for comparison. It will be desirable, however,
to consider also, so far as the data will permit, the average recoveries
made in different districts by each method of mining.

It is natural to look for the lowest gold recoveries in hydraulic
mining. Alaska as a whole is not a field for this form of exploitation.
In the Yukon basin and on Seward Peninsula the small stream
volumes and low gradients are unfavorable to hydraulic mining.
There are, of course, exceptions, and the moving of gravel by water
under head is practiced in many favorable localities; moreover, many
opportunities for this form of mining have not yet been improved.
In the Fortymile district there are, for example, bench gravels
which should be hydraulicked, and similar deposits are known in
other districts. Heavy gravels, which carry some fine gold, occur on
both slopes of the Alaska Range. Here there are streams which
will furnish water for hydraulic mining. Whether the values are
high enough to warrant exploitation can be determined only by
systematic prospecting under a competent engineer. These gravels
are not included in the above estimates of gold reserves. In the
coastal region, including Kenai Peninsula and the Copper and
Susitna basins, the conditions are more favorable for hydraulic
mining’ than in other parts of Alaska. Large plants have been
installed in several districts and appear to be operated at a profit.
There has, however, been no hydraulic mining in Alaska on the
scale of that practiced in California.

The average recoveries for hydraulic operations are of little value
to the present discussion. Most of the operations that can be classed
as true hydraulic mining have worked on ground that carried values
from 50 cents a cubic yard upward and furnish little clue as to mini-
mum values which would assure a profit. Two plants report an aver-
age recovery as low as 10 to 12 cents a cubic yard, but it is not certain
that these plants have been run at a profit. Hydraulic mining can
perhaps be eliminated from the present discussion, as but little of
the reserve of auriferous gravels here considered is so located as to
be available for this method of exploitation.
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Much of the gold from Alaska placers is mined by open-cut
methods, in which water under head is used in combination with the
shovel to bring the gravel to the sluice box. Steam scrapers, hy-
draulic elevators, and other adjuncts are used in this form of mining.
This mixed form of mining is perhaps best exemplified in Seward
Peninsula, where the recovered values are reported to be from 380
cents to $1 or more fo the cubic yard. Enough of these operations
are reported to be mining gravel carrying 60 to 80 cents or less to
make it probable that these plants are being operated at a profit.

The recoveries from the mixed form of mining in the Iditarod
district average about $1.46 a cubic yard. Four large plants in the
Ruby district averaged a recovery of $2.22 a cubic yard. It is un-
fortunate that the returns from this form of mining in the Fairbanks
district are not complete enough to justify presenting an average.
In the smaller Yukon camps the returns indicate an average re-
covery of about $2.

In the districts lying nearer the coast, like Kenai Peninsula and
Yentna, the average recovery for the mixed mining is $1 or less to the
cubic yard. All these facts go to prove that placers located in the
inland regions must, to justify exploitation, carry about twice as
much gold as those of Seward Peninsula and other accessible regions.

It has already been stated that the average recovery of the Seward
Peninsula dredges is about 40 cents to the cubic yard, which un-
doubtedly gives a good profit under the average conditions. Only a
few dredges have been operated in other parts of Alaska, so there is
little basis of comparison. With fuel at a reasonable price, the
abundant lignitic coal, and cheaper transportation by railroad, there
seems to be no reason why dredging should be more expensive in
the Yukon region than in Seward Peninsula. There is every reason
to believe, therefore, that dredging will yet be an important industry
in the Yukon placer camps.

Deep placer mining, or drift mining, as it is generally called in
Alaska, is the most expensive mode of operation. It has been per-
fected at Fairbanks, where the average cost in 1908, according to
Prindle and Katz,' was about $3 a cubic yard, not including over-
bead charges. Since that time operators report that the costs have
been increased because of the higher price of supplies and fuel. The
average recovery from 25 mines, which sent in complete reports in
1914, was $5.20. As the royalty is usually 20 or 25 per cent, it can
be seen that the operations were carried on with no great margin of
profit. It is therefore probable that deep gravels averaging less than
$5 a cubic yard can not now be mined at a profit in the Fairbanks
district.

1 Prindle, L. M., and Kats, F. J., A geologic reconnaissance of the Fairbanks quad-
rangle, Alaska : U. B. Geol. Bull, 525, p. 181, 1918
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TIN MINING IN ALASKA.
. By Hexry M. Eaxin,

INTRODUCTION.

The first discovery of stream tin in Alaska was made by the Geo-
logical Survey in 1300 on Buhner Creek, in the York district, which
occupies the western extremity of Seward Peninsula.! This discov-
ery awakened interest in the possibility of finding commercial bodies
of tin in this part of Alaska, and in 1901 and 1902 considerable pros-
pecting for stream tin was carried on in this field. The first com-
mercial production of tin ore was made in 1902. From that time
until 1911, when the first dredge for recovering tin was installed, the
placers were worked only on a relatively small scale. Since 1911 the
dredge on Buck Creek has operated successfully each season, and in
1914 two dredges were installed on Anikovik River, for the recovery
of gold and tin together.

Lode tin was first discovered at Cape Mountain in July, 1902, by
W. C. J. Bartels. The following year Arthur J. Collier and Frank
L. Hess, of the Geological Survey, found a tin-bearing lode on Lost
River, in the eastern part of the York district.* Lode mining has
been carried on to a greater or less extent ever since the first discov-
ery. The earliest operations were carried on for several years at the
Cape Mountain locality, considerable underground development work
being done and a few small shipments made. The ground held by
the company was then patented, and the property has since been
idle. The Lost River mine had been under development in a small
way for several years prior to 1913, when the more extensive opera-
tions under the present management were begun.

Stream tin has also been found in different parts of the Yukon
basin—on Cleary and other creeks of the Fairbanks district in 1904,

1Brooks, A. H., A new occurrence of cassiterite in Alaska : Sclence, new ser., vol. 18,
No. 828, p. 593, 1901,

% Collier, A, J., The tin deposits of the York reglom, Alaska: U, 8. Geol. SBurvey Bull,
229, p. 23, 1904.

8 Prindle, L. M., A geologic reconnaissance of the Fairbanks quadrangle, Alaska: U, 8,
Geol. Burvey Bull. 625, pp. 81, 90, 1913.
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In the Ruby district during 1914 the average recovery from deep
mining was about $7.30 and in the Hot Springs district about $15.
Both of these are comparatively new camps, where the operators
have not yet been forced to develop the placers of lesser value.
Incomplete returns from the Koyukuk district indicate that the aver-
age recovery from deep mines is about $7 to the cubic yard. This is
one of the old camps in which the cost of operating continues to be
high.

SUMMARY AND CONCLUSIONS.

The data set forth above indicate a wide variation in the average
gold recovery in the different placer districts. This, with certain
exceptions already explained, can be used as a measure of mining
costs.

As in nearly every one of these placer districts there is a far larger
quantity of auriferous gravels than that constituting the placer de-
posits workable under present economic conditions, it is safe to con-
clude that Alaska’s reserves of placer gold are by no means ap-
proaching exhaustion. If by improvement of the economic condi-
tions the cost of operating the Yukon camps can be reduced to that
of the camps on Seward Peninsula, large deposits of auriferous
gravels will be available for profitable exploitation. There is no
exact measure of the extent or value of these deposits, but that they
are present and only await improved conditions of transportation
and fuel supply to be classed as workable placers there can be no
doubt. The conclusion from this analysis is that given cheaper fuel
and transportation there is no reason to believe that placer mining
will continue to decline.
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Hess, F. L., The York tin region: U. 8, Geol. Survey Bull. 284, pp. 145-167,
1906.

Knopf, Adolph, Geology of the Seward Peninsula tin deposits, Alaska: U, 8.
Geol. Burvey Bull. 358, 1008.

Hess, F. L., Mineral resources of Alaska, 1911: U. 8. Geol. Survey Bull. 520,
pp. 89-92, 1912,

The following publications deal mainly with more general geologic
topics, but contain incidental references to the occurrence of tin in
Alaska:

Brooke, A, H., A reconnaissance of the Cape Nome and adjacent gold fields
of Seward Peninsula, Alaska: U. 8. Geol. Survey Special Pub., pp, 132-139, 1901.

Colller, A. J., A reconnaissance of the northwestern part of Seward Penin-
gula, Alaska: U, 8. Geol. Burvey Prof. Paper 2, pp. 49-51, 1902,

Johnson, B, L., Mineral resources of Alaska, 1909: U. 8. Geol. Survey Bull,
442, pp. 246-250, 1910,

Prindle, L. M., A geologic reconnaissance of the Fairbanks quadrangle,
Alagka : U, 8. Geol. Survey Bull, 525, pp. 81-90, 1913.

Hakin, H. M., A geologic reconnaissance of a part of the Ra mpart quadrangle,
Alaska : U, 8, Geol. Survey Bull. 535, pp. 37-38, 1913,

Eakin, H. M,, The Iditarod-Ruby region, Alaska: U. 8. Geol. Survey Bull,
578, p. 20, 1914,

The growing importance of the tin-mining industry in Alaska led
to a reexamination of part of the York district in 1914, and to a sim-
ilar investigation of the tin deposits of the Hot Springs district.
Only a brief time could be devoted to the work, and this paper is,
therefore, by no means an exhaustive discussion, even of the deposits
which were examined. Much of the material here presented has been
compiled from the reports listed above.

The writer desires to acknowledge the courteous hospitality shown
to him by the residents of the districts visited, and the assistance in
collecting data generally lent by the operators. Special acknowl-
edgment is due to Mr. George Jamme, of Lost River and Seattle;
Mr. Walter Johnson, of San Francisco; and Mr. Sylvester Howell,
of Tofty.

YORK REGION.

Tin ore in both lode and placer form is broadly distributed in the
western part of Seward Peninsula, but commercial development has
taken place at only a few localities. (See Pl II1.) Y.ode properties
have been prospected at Ear Mountain, Buck Creek, Cape Mountain,
Brooks Mountain, Lost River, and a few other localities of minor
importance, but the only productive lode mine at present is that of
Lost River. Considerable underground work has been done on the
Cape Mountain property, but as the mine has been closed for several
years it was not examined by the writer. Placer tin has been pro-
duced in commercial quantities from Buck Creek and from Anikovik
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and Lost rivers, Placer operations in 1914 were confined to Buck
Creek and Anikovik River.

The mining activities of the region in 1914 included the operation
of three dredges for all or a part of the season, the preparation of a
tract of tin placer ground for the installation of an additional dredge,
and the operation of the Lost River lode mine and mill. About 40
men were engaged directly in mining operations—20 men on Buck
Creek, 5 on Lost River, and 15 on Anikovik River, where two dredges
operated for both tin and gold. About 25 men were also employed
temporarily in the construction of the new dredge on Anikovik
River. The only winter mining done in the district is at the Lost
River mine, where 8 men are employed.

LOST RIVER MINE,

GEOGRAPHY.

Lost River is a small stream that heads in the York Mountains and
flows southward into Bering Sea about 10 miles east of Cape York.
The mine is located in the valley of Cassiterite Creek, which joins
Lost River from the east about 6 miles from the coast. An excellent
wagon road leads from the coast to the mine over easy grades.

The waters at the mouth of Lost River are generally icebound from
early in November to the last of May. During the other five months
of the year they afford a port for shipping similar to that of Nome.
Landing is hindered only by southerly or westerly storms, and at
such times a safe anchorage is to be had in Port Clarence, 25 miles
to the east. As a rule, these storms are not long. Freight charges
from Seattle, including lighterage at Lost River, on ordinary mer-
chandise are $12.50 a ton (1914). The return charge on ore is $15 a
ton (1914).

GENERAL GEOLOGY.

The general geologic features of the Lost River region have been
summarized by Knopf* as follows:

The general geologic features of the region are simple. The bedrock consists
of the Port Clarence limestone, dipping northward at an angle of 20°, Near
the head of Cassiterite Creek the limestone is intimately banded with argilla-
ceous laminse and intensely crumpled. Loeally, the formation is fractured and
brecciated, and shear zones of white marble have been formed.

On Tin Creek, another tributary of Lost River, a small granlte boss a third
of a mile in diameter is intruded into the limestone. The granite is a medium-
grained aggregate of feldspar, quartz (which is partly ldlomorphle, smoky, and
conspicuous), and scattered folls of blotite. 'I'he principal effect of this intru-

1 Enopf, Adolph, Geology of the Seward Peninsula tin deposits, Alaska: U. B. Geol
Burvey Bull. 358, p. 43, 1908, i
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and, though no actnal tests have been made, it is probable that the tungsten
content of the lode is as valuable as the tin. Pyrite and arsenopyrite accom-
pany the tin ore, and more rarely sphalerite and galena are found, Locally the
dike rock contains some molybdenite. The commonest gangue mineral is
fluorite, with zinnwaldite next in order of abundance. Thin sections show also
the presence of topaz in radial aggregates, Where alteration has been most
intense large drusy masses of cubical fluorite and mica occur, and from such
localities magnificent specimens of cassiterite in black splendent crystals have
been obtained. The usual type of ore, however, is a soft kaolinized porphyry,
stained red with iron oxide and impregnated with cassiterite, wolframite, and
sulphides. The dike is intensely and irregularly slickensided, and clay gouge
is common., The limestone wall rock, however, i8 firm and hard. It is comn-
giderably Impregnated with fluorite, which glows with a greenish light when
struck with the pick. Thin sections of wall rock immediately adjacent to the
dike show that it consists of fluorite and radial topaz, with some colorless mica.
Oassiterite occurs to a small extent in the wall rock in narrow veinlets, 1
inch thick, consisting of divergent columnar topaz— In the viecinity of these
velnlets the fluoritized limestone contains patches of coarse fluorspar and
rosettes of topaz,

Since 1907 additional development has delineated the form of the
Cassiterite lode to better advantage. The maximum width devel-
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Fiouen 2.—Longitudinal sectlon on Cassiterite lode, showing surface profile and under-
ground developments.

oped is 23 feet, and the average width is estimated at 12 feet, from
the evidence afforded by numerous crosscuts along about 1,100 feet
of drifts. The extreme limits of development work embrace a hori-
zontal 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 strong veins carrying tin crop out 300 feet north of the
Cassiterite lode and dip 45° S. The lode itself dips 85° in the same
direction, and if these dips persist the veins should meet the lode at
a depth of about 300 feet below the creek level.

Developments on the Cassiterite lode in July, 1914, consisted of
1,094 feet of drifts on five levels, besides a number of crosscuts, and
an upraise of 108 feet between the first and second levels east, as
illustrated in figure 2.
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About 2,000 tons of ore taken from the first and second levels east
lies on the dump at 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 as it came. The results of the test probably indi-
cate 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 from the ore milled during the two seasons and that no
notable variation was observable at any peviod 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.

IDA BELL LODE.

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°. It 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 at its extremity.

Like the Cassiterite lode, the Ida Bell is a quartz porphyry dike,
but the pronounced alteration of the former is not here duplicated.
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 it 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 development of the reduction plant. ’

EQUIPMENT.

The general equipment of the Lost River property includes a small
warehouse at the mouth of Lost River; quarters, stable, blacksmith
shop, etc., at the mine; a small reduction plant, also at the mine;
and the mine equipment. A good limestone road leads from the
mine to the beach over easy grades, and with but slight improvement
it would be suited for heavy haulage by tractor or team. At present a
team and wagon furnish transportation to and from the mine.

Considerable ingenuity has been shown in developing efficient
methods of reduction suited to the ores of the Cassiterite lode. Being
soft the ores are easily crushed, but an abundance of clay complicates
the process of washing.
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The ore is first passed through a 6 by 7 inch Dodge crusher, from
which it is delivered to a revolving launder that resembles a coacrete
mixer. From the launder the fine ore is delivered directly to a gyra-
tory mill, and the coarse material is passed through a 3 by 4 inch Case
crusher and then goes to the gyratory mill. The crushed ore from
the gyratory mill is delivered to an 18 by 60 inch slug mill, from
which it passes to a standard Monarch table. The table separates the
material into three grades—concentrates, middlings, and tailings.
The middlings are returned to the slug mill to be reworked.

The capacity of the plant is 5 tons of ore in 24 hours. Gasoline
engines developing 15 horsepower furnish the motive power.

The climate renders it impossible to operate the reduction plant
for more than half of the year, but mining is possible at all seasons.
The reduction plant has been operated mainly for experimental
purposes in developing reduction methods and testing ore for only
small parts of the available seasons. The region is barren of timber,
so that all fuel, lumber, and mine timbers must be shipped from the
States or from othar parts of Alaska.

The low grade of the ores mined on Lost River (see p. 87) malkes
them available only for cheap methods of mining and milling. The
ores are easily mined, owing to their softness, which permits the use
of augers in preparing holes for blasting. Efficient methods of re-
duction have been developed, but owing to the small size of the
plant the treatment is expensive. It is proposed to replace the test
mill by one similar in plan but having a daily capacity of 100 tons
of ore.

As methods of reducing the ore have been under investigation
each summer at the Lost River plant, methods of recovering the
metallic contents of the concentrates have been investigated in winter
in Seattle by the same persons. Mr. George Jamme reports the sue-
cessful separation of tin and tungsten minerals from the concen-
trates and the successful smelting and refining of metallic tin from
the separated ore. Analysis of the refined tin obtained in the Seattle
laboratory gave the following result:

Per cent.
Tin ' 90,63
Iron g 07
Titanium _ 14
Sulphur o None.
Undetermined, probably silver__._. 16

As progress is gained in mining and reducing the ores in Alaska,
it is proposed also to expand from the experimental laboratory to
a practical smelter for reducing the concentrates, a service that is
not now to be had satisfactorily in the United States.
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LODE PROSPECTS.

A large number of lode prospects are held in western Seward
Peninsula in the localities named earlier in this report. Most of
these prospects have been described by Knopf.* Those not operated
in 1914 were not examined by the writer and will not receive further
attention in the present paper.

The only active tin lode prospecting in this part of the field in
1914 was done in the vicinity of Potato Mountain, at the head of
Buck Creek, where several lode claims are held. Only the annual
assessment work was done, and nothing new is reported as to the

-character of the deposits or their promise of economic development.

Much interest has been shown for several years by tin-lode pros-
pectors in the Ear Mountain region, 40 miles northeast of the York
district. A large number of properties have been located and devel-
opment work is in progress on some of them. According to current
reports, this section of the tin-bearing region promises the early
development of several productive lode mines,

TIN PLACERS.

Placer tin has been produced from Buck Creek and- tributaries,
from Anikovik River, and from Cassiterite Creek at the locality of
the present lode mine. Buck Creek has been productive since 1902.
Anikovik River made its first important production in 1914, when
two dredges were operated for the recovery of both tin and placer
gold. The Cassiterite Creek tin placers were of small extent and
were exhausted soon after their discovery, having produced about 20
tons of concentrates.

BUCK CREEK AREA.

GENERAL FEATURES.

Placer tin occurs on Buck Creek for its entire length, about 4 miles,
and on Sutter Creek and Left Fork, its principal tributaries. The
gravels of Grouse Creek are tin bearing for over a quarter of a mile
_ below the mouth of Buck Creek.

Developments have shown the presence of tin in profitable amounts
along the greater length of Buck Creek, in the lower parts of Left
Fork and Sutter Creek, and for a considerable distance along Grouse
Creek below the mouth of Buck Creek. Actual mining has taken
place only on Buck Creek and tributaries.

Knopf * has shown that “cassiterite occurs in bedrock in thre¢ ways
in the Buck Creek area—(1) as an impregnation in quartz porphyry

L1 Knopf, Adolph, Geology of the Seward Peninsula tin deposits, Alaska: U, 8. Geol.
Survey Bull, 358, 1908
$ Idem, p. 33.
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dikes, (2) in quartz stringers cutting the slates, and (8) intergrown
with arsenopyrite in a gangue of radial actinolite.” He ascribes the
chief source of the stream tin to the abundant quartz stringers of the
Buck Creek area, this being supplemented somewhat by the other
forms of bedrock deposits.

Apparently the zone of bedrock that contributed the major portion
of the placer tin does not reach eastward to the mouth of Buck
Creek. Angular pieces of cassiterite and slightly worn crystals, in-
dicating local derivation, are abundant in the placers only above the
vicinity of Sutter Creek. Downstream the stream tin is more and
more thoroughly worn; it grades into finer average particles and the
placers contain increasing relative amounts of iron minerals.

The erosional history of the Buck Creek area is complicated by
an earlier cycle of marine erosion, when broad sea terraces were
developed over almost its entire extent, and a later cycle of stream
erosion, during which the present depressions were formed. An
uplift of the general land mass of about 600 feet intervened between
the two cycles. Some concentration of stream tin was effected during
the earlier cycle on the surface now represented by the York Plateau,
remnants of which occur in the uplands near Potato Mountain, 600
feet above sea level, and elsewhere at about the same elevation. The
stream erosion of the later cycle reconcentrated the placers of the
old plateau gravels and derived additional concentrates from the
bedrock eroded from below this level. The high-level gravels of the
plateau surface persist only in small areas about the heads of Buck
and Sutter creeks. As they have not been prospected, little can be
safely inferred as to their possible value. Direct reconcentrations
from them in the gravels of slightly incised headwater streams of
Buck and Sutter creeks have been tested and found of high value.
Considerable amounts of concentrates are reported to have been ob-
tained from the head of Peluk Creek, and other rich concentrations
are reported from similarly situated streams. The worn condi-
tion of the concentrates is out of harmony with the slight erosion
effected by the creeks from which they were taken, and it seems
vlear that they represent reconcentrations from the older beach de-
posits of the plateau surface. The richness of the reconcentrations
suggests the possible occurrence of commercial deposits in the plateau
gravels.

The downcutting of the streams toward their present positions
has apparently t een more or less intermittent, and during periods of
relative stability the valleys were broadened and the stream courses
changed to some extent. The streams that changed their courses
failed to carry the concentrations down to lower levels, and local
bench placers resulted. Such deposits are reported to occur on
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Sutter and Grouse creeks, but so far they have not been developed
commercially.
DEVELOPED PLACERS.

Commercial tin placers have been developed for about 3} miles
along Buck Creek and for over a quarter of a mile on Grouse Creek
below the mouth of Buck Creek. The development work includes
prospecting with the drill, open-cut mining, and dredging. About 1}
miles of the placer ground had been mined out at the close of the
season of 1914.

The average depth to bedrock on upper Buck Creek is only 4
feet. Downstream the depth increases slightly, and at the mouth of
Sutter Creek and below it is 5 to 6 feet. The width of the placer is
60 to 200 feet. In the upper section the average width is about 100
feet; downstream it is somewhat greater.

The concentrates derived from placer operations contain cassit-
erite, sundry heavy iron minerals, and a little gold. The average
metallic tin content of the concentrates is reported to be about 60 per
cent. The tenor is higher upstream and lower downstream, where
the iron minerals are relatively more abundant. The gold content is
worth only a few dollars a ton, and so far it has not affected the
selling price of the product.

OPERATIONS IN 1614,

The only mining operations carried on in the Buck Creek area in
1914 were dredging and preparation of ground for dredging.

The York Dredging Co. operated from July 16 to the end of the
season, beginning 1,500 feet below the mouth of Sutter Creek and
working downstream. A length of about 6,500 feet above this point
had already been dredged. The dredge was built by the Union
Construction Co., has open connected buckets holding 2} cubic feet,
and develops 100 horsepower with distillate engines. Its estimated
daily capacity is 800 cubic yards. It was found practical for work-
ing only the placers below claim No. 19, where the gravel is over 4
feet deep.

About 1} miles of placer ground above claim No. 19, owned by
the American Tin Co., of San Francisco, was prepared for dredging
during the summer. The ground was stripped of muck and vegeta-
tion, and drains were cut so that the frozen gravels would be thawed.
A shallow-draft dredge will be required to operate in this section of
the Buck Creek placers.

ANIKOVIK RIVER.

Placer gold and tin have long been known to occur in the gravels
of Anikovik River, but all the early attempts at exploitation by
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the relatively expensive manual methods proved unprofitable. In
1914 the American Gold Dredging Co. put two dredges into opera-
tion on the lower Anikovik, having tested the ground by drilling
the previous year. One of the dredges, formerly on Peluk Creek
near Nome, was towed along the coast of Bering Sea intact and was
‘made to dig its own way across the bar into the mouth of the river.
It was then shut down for remodeling. The other dredge was new
and was installed on an artificial pond a quarter of a mile from the
beach. It was completed August 1 and operated continuously f{(_i_x_- 65
days during the remainder of the open season.
The Anikovik River placers are shallow, ranging generally be-
tween 6 and 8 feet in depth. Their materials are chiefly coarse river
gravels and cobbles. The bedrock is slate, and locally its surface is
" uneven, coming close to the surface of the gravels and adding to the
difficulties of operation. However, the success of the dredging oper-
ations during the season of 1914, when some of the worst “reefs”
were encountered, indicates that this condition of the bedrock sur-
face constitutes no fatal obstacle to the undertaking. The chief
value of the placers is in their gold content, but sufficient tin is
present in them to make a valuable by-product.
The bedrock source of the tin and the history of its concentration
in the river placers are probably essentially similar to those of the
Buck Creek deposits.

HOT SPRINGS DISTRICT.
GENERAL FEATURES.

Placer tin accompanying placer gold was discovered on Sullivan
Creek, in the Hot Springs district, probably in 1908. Gold mining
in the district developed rapidly, and as the productive area in the
vicinity of Tofty increased it was found that tin and gold were
generally associated and that the richer concentrations of the two
minerals were generally coincident.

In the earlier mine development no attempt was made to save the
tin ore, and as it blocked the riffles and added to the difficulties of
saving the gold it was regarded only as a nuisance. During clean-ups
more or less of tin concentrates were thrown aside, and the accumula-
tions at the mines were disregarded until 1911, when 1,200 pounds
were collected and shipped. The ore was found to be of high quality,
and the returns from the small shipment directed attention for the
first time to the possible value of tin as a by-product. In 1912 some
of the mines made an effort to save more of the concentrates, and
20 tons were shipped. The technique of sluicing for the recovery
of tin and gold has been improved, and in 1914 about 48 tons of
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“ concentrates were produced, despite the fact that many operators,
including some of the largest, made no recovery. The total waste of
tin ore in the tailings of the mines of the district probably amounts
to hundreds of tons. With mining operations continuing at their
preaent magnitude the production of tin ore could be greatly in-
creased—perhaps doubled—without additional expense except for the
more elaborate system of sluicing required.

The freight rate on tin ore from Hot Springs to Seattle is not
definitely known, but it probably does not exceed $55 a ton, which
is the tariff on ordinary merchandise (1914). The rates on ship-
ments from Seattle to Singapore in 1914 were approximately $15 a
ton.

GEOLOGY.

The known area of occurrence of cassiterife in the Hot Springs
district coincides in general with that of the productive gold placers
of the Sullivan Creek basin. The general placer zone is about half
a mile in maximum width and extends for about 6 miles from upper
Cache Creek to Woodchopper Creek. Within this zone are numerous
small areas of concentration, as described elsewhere in this volume
in connection with the Hot Springs gold placers.

The country rock of the tin-bearing area, as described in an earlier
report by the writer,® is composed of a series of slates, quartzites,
and schists, probably of Mesozoic age. Granitic intrusive rocks
occupy 'two small areas in the same general region, one forming
Roughtop Mountain, at the northeastern headwaters of Sullivan
Creek, and the other Hot Springs Mountain, at the southeastern
headwaters.

The bedded rocks of the area have been strongly metamorphosed.
They contain numerous small quartz lenses and stringers and quartz
veins that are 20 feet in maximum width. The larger quartz veins
where examined are apparently barren of valuable mineralization,
but some of the smaller stringers are gold bearing. Gold nuggets
more than half quartz are found in some of the placers.

No direct evidence has been discovered as to the form in which the
cassiterite occurs in bedrock. Some nuggets appear to have been de-
rived from quartz veins that had been brecciated and recemented with
cassiterite; others contain little besides the pure tin mineral. The
cassiterite of the placers has been derived from a local source, as is
shown by the large size and angularity of some pieces of the ore, and
it seems likely that the bedrock source has been in the veins and
stringers that cut the metamorphic bedded rocks of the unmedlata
vicinity of the placers.

1 Eakin, H. M., A geologic reconnaissance of & part of the Rampart quadrangle, Alaska :
U. 8, Geol, Burvey Bull. 535, pp. 20-21, 1913,
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PROSPECTING FOR LODE TIN,

The local derivation of the tin ore should be emphasized, on ac-
count of the belief current in some quarters that the material of the
placers has come from the vicinity of Roughtop Mountain, a belief
that has led to much apparently useless prospecting for lode deposits
at that locality. The so-called prospects near Roughtop Mountain
were examined by the writer in August, 1914, and samples purport-
ing to be high-grade ore were taken. These samples have since been
tested chemically for tin, and no trace of the metal was found. The
prospect pits are sunk on what appears to be the ordinary country
rock in a more highly altered phase near its contact with the intrusive
granite. Nothing resembling the tin ore of the placers was found,
nor anything that suggested the presence of cassiterite in any other
form. :

Those interested in prospecting for tin lodes that might have sup-
plied the material of the placers should look to the bedrock in the
vicinity of the placers, especially of the placers that contain many
angular, slightly worn ore fragments. It seems certain that the bed-
rock source of much of the tin is to be found between Sullivan Creek
and the north margin of its drainage basin west of Quartz Creek.
Whether lodes of commercial valueoccur in this area can be deter-
mined only by an examination of the bedrock, a difficult and expen-
sive matter except in the mine workings or along the ridge tops,
because of the thick accumulations of alluvium and rock waste.



MINING IN THE JUNEAU REGION,

By Henry M. Eaxin,

The Juneau gold belt comprises a mainland strip running from
Windham Bay northwestward to Lynn Canal at Berners Bay. It
contains some mines and prospects south of Juneau, those in the
vicinity of Juneau, including Douglas Island, those in the Eagle River
and Yankee Basin region, and those in the vicinity of Berners Bay.
The geology and mineral resources of this region have been described
in full by Spencer! and Knopf,’ but as noteworthy developments
have been made in this belt since their investigations were completed,
the writer was detailed to visit Juneau and Berners Bay in 1914.
Only about ten days was devoted to the work, and it was impossible -
to visit any except the larger mines and a few of the smaller properties
that lay on the route of travel. 1t is regretted that opportunity was
not given to visit the prospects at Taku Harbor and Limestone Inlet,
south of Juneau, where some developments are reported. This
report is therefore not to be considered an exhaustive statement of the
mining developments near Juneau but will serve td record some of the
principal features.

The developments near Juneau, because of their magnitude, over-
shadow the operations in other parts of the gold belt, yet some of these,
too, are of importance. The active small-scale mining and milling
operations that were conducted a few years ago in the Eagle River
and Berners Bay districts have recently experienced a decided falling
off, due in part to a failure of some of the properties to meet expecta-
tions and in part to consolidations preliminary to operations on a
larger scale.

Gold lode mining in this field, already developed on a scale that
ranks the Juneau district with the foremost in the industry, is rapidly
assuming still greater proportions. The growth is a natural response
to a fuller knowledge of the size and character of the ore bodies and the
economic possibilities of large-scale operations.

Climatic conditions are favorable to continuous operation. The
large size of some of the ore bodies, the physical character of the ores,

i Bpencer, A. C., The Juneau gold belt Alaska: U. 8, Geol. Burvey Bull. 287, 1976.
3 Knopf, Adolph, Geology of the Berners Bay region, Alask: + U. 8. Geol. Burvey Bu L. 446, 1911; The
Eagle River region, southeastarn Alaska: U. 8. Geol. Burvey Bull. 502, 1912, 95
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and a strong topographic relief favor the production of large quantities
or ore with a minimum of labor and power. Water power, marine
transportation, and a local supply of timber and lumber reduce
general expenses to a low point. The extraordinarily low costs of
operation make available low-grade ores that under conditions only
slightly different would be valueless.

The chief productive mining activity in the Juneau district in 1914
was at the four mines of the Treadwell group, on Douglas Island, where
lode mining has been done since 1882 and large-scale operations have
been in progress since 1887. The most important development work
in progress in 1914 was that of the Alaska-Gastineau, Alaske-Juneau,
and Alaska-Ebner mining companies, operating the mines of Silver
Bow Basin and Gold Creek, on the mainland a few miles east of
Juneau. Prospectmg work on a smaller scale was being done at the
Salmon Creek mme, near the mouth of Salmon Creek, and at the
Alaska Treasure mine, on Douglas Island, about 4 miles southwest of
the Treadwell.

The milling operations in the vicinity of Juneau in 1914 were
equivalent to the constant operation of about 1,000 stamps. Mining
and milling operations combined gave employment to an aggregate of
about 2,250 men.

The Treadwell group of mines consists of the Treadwell, Seven
Hundred Foot, Mexican, and Ready Bullion mines, on the east side
of Douglas Island near the shore of Gastineau Channel, along the
strike of a single lead. In the first three mines the lode has been
developed continuously for about 3,500 feet. Between the Mexican
and Ready Bullion mines is an undeveloped interval of about 2,500
feet.

The ore deposits consist of mineralized dikes of albite diorite intru-
sive in black slates and belonging to a series of intrusive bodies that
appear at intervals along a zone approximately 3,000 feet wide and
3 miles long.! The mineralized dikes are cut by reticulating veinlets
of quartz and calcite. Both dikes and veinlets may carry metallic
sulphides and gold. Although 2 high gold content may be found in
picked specimens, the commercial value of the deposits lies in the
wide dissemination of mineralization that renders great bodies of
dike material available as ore.

The claims of the Treadwell group were located in 1881. The first
mining activity was the recovery of gold from the residual placers
over the lode outcrops, and it is reported that $60,000 in all was
produced from this source from 1881 to 1883. The first lode devel-
opment was at the Treadwell. In 1883 a 5-stamp mill that had
been erected the previous year was in operation, and several bullion
shipments were made. Development continued on a small scale

! Bpencer, A, C., The Juneau gold belt, Alaska: U. 8. Geol. Burvey Bull. 287, pp. 95-97, 1908.
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until 1887, when a 120-stamp mill was erected. The next year 120
stamps were added to this mill. Between 1893 and 1896 the Mexi-
can, Seven Hundred Foot, and Ready Bullion mines were equipped
with mills and a new 300-stamp mill was installed at the Treadwell.
These mills aggregated 880 stamps. In 1911, 20 stamps were added
to the Seven Hundred Foot mill, bringing the aggregate up to the
present total of 900 stamps.

During 1914 all the stamps of the Treadwell group were in prac-
tically continuous operation. During this period 1,602,156 tons of
ore was crushed, yielding a total output of gold valued at $3,743,944.

Of the total yield, $2,004,527 was recovered as free gold and $1,739,-
417 was recovered from the sulphide concentrates. The average
yield per ton of ore milled was $2.34 and the average operating costs
were $1.20, giving a net revenue of $1.14 a ton.

A total of 22,814 feet of development work was done in the four
mines, 10,036 feet in ore and 12,778 feet in waste. This work was
directed chiefly toward the development of the ore bodies on the lower
levels, especially the 2,100-foot level in the Treadwell, the 1,460-foot
level in the Mexican, and the 1,570 to 2,200 foot levels in the Ready
Bullion and Seven Hundred Foot mines.

The subjoined table shows the value of the gold produced at the
Treadwell group of mines since operations were begun:

Value of gold production of Treadwell group of mines, Douglas Island, Alaska.

1882-1884. ..... $10,902 | 1895. . ........ $852, 585 | 1906. ......... $3, 085, 324
1885. .oeenen 280,479 | 1896 ......... 1,028,691 | 1907 -....... 2, 520, 000
T T 366,180 | 1897. ......... 1,011,693 | 1908. ......... 3,124, 047
1887. e e 476,934 | 1898 ... -..... 1,010,235 [ 1909. . ....... 3, 534, 871
1888. ... 429,889 (1899 ......... 1,611,857 | 1910. ......... 3,737, 498
1889. ... 652,490 | 1900. .. ....... 2,081,840 | 1911 - ...._.. 4,983,474
1890 ......... 160, 681 | 1901 - ........ 1,665,373 [ 1912. . ........ 4,080, 300
T 769, 765 | 1902. - - ... .. 2,223,373 | 1913. ......... 3,904,066
1892. ... 707,017 | 1903 ... 2,667,914 | 1914 - ........ 3,743,945
1898. ..... onw  ODAEER | M0 nu 2, 845, 994 —_—
1894, .oo.n.... 909,990 |1905 - . ......... 3,146, 715 58, 818, 780

The Alaska Treasure Consolidated Mines property is situated on
Nevada Creek, Douglas Island, about a mile from the shore of Gas-
tineau Channel and about 4 miles southwest of the Treadwell. The
country rock at this locality is a schistose greenstone which shows
considerable alteration and mineralization over an area 1 mile wide -
and 14 miles long in the direction of the strike of the principal struc-
ture. Within the mineralized area is a zone averaging about 90 feet
in width and traceable for 2,000 feet on the surface, said to consist
largely of commercial ores. A total of 3,650 feet of development
work has been done on the property, of which 365 feet is in ore. The
ore body is tapped by an adit 2,580 feet in length, 206 feet above

8411°—15——7 '
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sea level and about 600 feet below the highest outcrop. Part of the
development work in ore is credited to operations during 1914, when
three men were employed in driving prospecting tunnels.

Prospecting work has been donae recently on the Jersey City group
of claims and adjoining properties, half a mile west of the Treadwell,
Most of it has been surface open-cut work. The bedrock exposed in
the cuts is chiefly schistose greenstone interbedded with thin bands
of slate. Both greenstone and slate carry moro or less of motallic
sulphides, which are locally abundant. A shaft and crosscut have
been driven on one of the richer spots of sulphide mineralization in a
band of slate on the Jersey City property, and encouraging assays
are said to have been obtained. The geology of the deposit is closely
related to that of the Alaska Treasure property, which is quite dif-
feront from that of the Treadwell. Should the existence of commer-
cial deposits be demonstrated here, -it would greatly enlarge the
known area of possible economic development on Douglas Island.

The mining properties of Silver Bow Basin and Gold Creek, on the
mainland near Juneau, have entered upon a new era of development
undoer the activities of the Alaska-Gastineau, Alaska-Juneau, and
Alaska-Ebner gold-mining companies. Although the deposits held
by these companies have been known to exist since practically the
first activities in the Juneau region, they had experienced only
desultory development on a moderate scale until recently. With the
completion of the enormous projects now under way the Juneau dis-
trict will be placed in the front rank of the gold lode mining centers
of the world.

The lode systems on which these properties are situated extend
northwestward from Sheep Creek, across Silver Bow Basin and beyond
Gold Creek. According to Spencer ! the principal lodes are near the
footwall of a broad band of slates that is bordered on the west by
greenstones and on the east by schists. The slaty structure has a
general northwesterly strike and dips strongly to the northeast.
The slates are intruded by diorite dikes that vary in size and abun-
dance from place to place. The dikes are evidently controlled in
strike and dip by the structure of the slates.

The lodes are in general of the stringer-lead type, consisting of
zomes of the country rock cut by numerous irregular, closely spaced
veins of quartz, tlie whole being more or less thoroughly impregnated
with metallic sulphides and small amounts of gold. Considered in
fine detail there is considerable variation in the gold tenor of different
parts of the same lodes, but the richer bodies are not sufficiently large
or persistent to permit their being selectively mined. The minerali-
zation is so generally disseminated in the lodes that the average tenor

~ VSpencer, A. C., op. cit., pp. 23-50.
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of the high and low grade materials together is reported to be suffi-
ciently high to render great bodies available as commercial ore.
Some of the ore bodies are eontinuous for more than 100 feet in width
and thousands of feet in length and offer a large quantity of oré
reaching values of several dollars a ton,

The Alaska Gastineau Gold Mining Co. is developing the properties
of the Alaska Gold Mines Co., which comprise mineral lands in the
Sheep and Gold creek basins, a mill site at the mouth of Sheep Creek,
and a reservoir and water-power site on Salmon Creek. The initial
plan of development, as outlined in 1912, when the properties were
acquired, contemplated the development of the Perseverance mine
to a daily capacity of 6,000 tons, the construction of & mill of like
capacity at the mouth of Sheep Creek, and the installation of an
8,000-horsepower hydroelectric plant on Salmon Creek, together
with the necessary subsidiary improvements. These plans were
being carried rapidly toward completion in 1914. During the year
mine development reached the required point, the water-power
project was practically completed, and construction on the first
1,500-ton section of the mill was being pushed, with the expectation
that it would be ready to operate by the end of the year. Mine
development work, not including diamond drilling, has progressed
at an average monthly rate of about 3,500 feet. The larger part of
this work has been directed to opening the mine preparatory to
stoping on the No. 10 and higher levels. On No. 13 level the Sheep
Creek adit, 10,000 feet in length, was driven to serve as an ore outlet,
completing the transit connection between No. 1 shaft and the mill.
All working tunnels as driven were permanently aqmppad with
tracks, electric lights, and telephone lines.

The Salmon Creek water-power project involved the construction
of a dam at the lower end of the upper basin and the installation of
two hydroelectric generating plants, one a mile below the dam and
the other on the shore of Gastineau Channel. The dam was com-
pleted in August, 1914. It is of concrete, 700 feet long and 165 feet
high, and furnishes a storage reservoir having a capacity of 19,000
acre-feet. When filled the water surface is 1,165 feet above sea
level. The two generating plants are similar, each being equipped
with two 1,500-kilowatt generating units operating independently
The upper plant operates under 600-foot and the lower under 500-
foot heads. The upper plant was completed in 1913 and the lower
was under construction and expected to be completed in 1914. The
two plants are planned to develop 8,000 horsepower. An auxiliary
power plant with a capacity of 2,000 horsepower is contemplated
for construction on Granite:-Creek, to furnish extra power during
the summer, so that a larger storage of flood waters may be effected
in the Salmon Creek reservoir for winter use.
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The milling plant under construction is to consist of four units,
each with a daily capacity of 1,500 tons. The first unit was well
along toward completion in September, 1914, and was expected to
‘be ready for operation before the end of the year. The ore is to be
drawn from the chutes into 10-ton cars and hauled in trains of 30
cars to the coarse crushing plant situated on the hillside above the
main concentrating plant. The coarse crushed ore is to be dumped
into underground storage bins and thence drawn on conveyors to
the fine-crushing department. This is 150 feet above the lower floor
of the mill, which is 200 feet above sea level, permitting the use of
a full system of gravity conveyors in the mill and giving adequate
room for the disposal of tailings. The old 30-stamp mill on Sheep
Creek has been repaired and is in use as an experimental and ore-
testing plant.

Accommodations have been built at the mine and at the mill for
the full force of men required to operate at a daily capacity of 6,000
tons. An average of 775 men were employed in all departments
during the first eight months of 1914.

The property operated by the Alaska-Juneau Gold Mining Co. is
in Silver Bow Basin, on upper Gold Creek, and adjoins those of the
Alaska-Gastineau Mines Co. on the north. The extensive development,
work now in progress on this property was begun in August, 1912,
The chief work done so far has consisted of mine development,
surface improvements, and the establishment of transit connections
between the mine and the mill site on Gastineau Channel just south of
Juneau. The mine and mil! are connected by a 10,000-foot tramway
and a 6,538-foot adit. The adit and a 750-foot upraise to the surface
at the mine were the principal achievements in 1913. During 1914 an
average of 200 men were employed. The chief activity was directed
to running crosscuts and opening out preparatory to stoping. Mill-
ing operations were also under way, 50 stamps being used to test
ores and methods of treatment. The 50 stamps in operation are a
part of the first 150-stamp unit of the permanent mill. The installa-
tion of four such units is proposed when mine development has
reached a point to justify this equipment.

Power for these operations is obtained from the Treadwell plant.
The larger operations contemplated for the future will be supplied
from the same source, and it is planned fo increase the capacity of
the Treadwell power plants to meet this requirement.

The company suggests that the present outlook as regards reserves
justifies the expectation that within a few years 12,000 tons of ore
will be handled daily by its plants.

The Alaska-Ebner holdings adjoin ‘those of the Alaska-Juneau
on the northwest and are divided into two almost equal parts by
Gold Creek. This property comprises some of the first quartz loca-
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financial arrangements, as sufficient ore is said to be blocked out to -
justify this equipment.

The Jualin mine was being developed on a very substantial scale
up to the beginning of the European war, when operations were prac-
tically discontinued. The effects of the war were especially felt by
the Jualin mine because it was being developed by Belgian capitalists.
In addition to the 20 claims already held by the company, the Greek
Boy property had been bonded. Since work was resumed under the
present management, in July, 1913, an average of about 200 men
have been employed. The old Jualin shaft was sunk from 160 to
360 feet, crosscuts and a station were opened on the 300-foot level,
and 2,000 feet of a projected 7,500-foot adit was driven. At present
400 horsepower is developed by the company’s hydroelectric plant
on Johnson Creek. Machinery to develop 600 horsepower additional
by the hydroeleetric plant and 600 horsepower by Diesel engine,
had been ordered and was in transit when operations were reduced.
About 20 men are still employed in keeping the mine in condition
and in crosscutting to a new ore body discovered by diamond drilling.

The following -additional data are not based on-the writer's own
observations, but were gleaned from what are believed to be reliable
sources. The Penn-Alaska Mining Co. is developing some quartz
claims near Taku Inlet, south of Juneau. Some stripping was done
during the year and a small power plant installed. Some work was
done on the Boston claim, at the mouth of Gold Creek, near Juneau.
Assessment work was continued on the Peterson group of claims,’
near Pearl Harbor. Some developments are also reported on the
Mitchell and McPherson, Canyon Creek, and Yankee Basin pros-
pects. There are also many other properties in the district on which
work was done of equal importance to that recorded, but there is no
information about them.?

! Knopt, Adolph, The Eagle River region, southeastern Alasks: U. 8. Geol. Survey Bull, b2, pp. 53-54,
1612

* Attempt is made by the Geologic ] Survey to obtaln a full list of mining properties in Alaska on which
work is in progress, whether productive or not. The list is, however, far from belng complete, and operators
will confer a favor by sending each year a brief statement of the work accomplished, even if they do not
recelve the schedules of production. Information should be sent to division of Alaskan mineral resources,
U. B. Geological Burvey, Washington, D. C.
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_+“tions in the Juneau region and was one of the first to be developed.

A 15-stamp mill had been in operation for several years preceding
1903, and the value of the production to the end of that year was
estimated at $600,000. The total underground development at that
time comprised about 1,500 feet of tunneling. Development of the
property continuéd on a small scale until August, 1913, when it was
bonded by the United States Smelting & Refining Co. This com-
pany has undertaken a comprehensive plan of prospecting and
development. An average of about 100 men were employed exclu-
sively in the mine. A 3,500-foot adit, undercutting the old Ebner
workings by 430 feet, driven from the Last Chance basin, was com-
pleted during the summer of 1914. Further development of the
ore body by crosscuts was being pushed during the later part of
the year. The present operations are considered to be strictly in
the nature of prospecting, and the planning and installation of a
reduction plant other than the old Ebner mill awaits future show-
ings of the mine.

-~==-Fhe Salmon Creek Gold Mining Co. is said to control 25 claims in
the vicinity of the mouth of Salmon Creek. The deposits receiving
attention consist of four or five separate veins 6 to 20 feet thick.
A total of 1,150 feet of development work has been done on the
property, 300 feet of it recently by the present operators. A 20-ton
tubular mill was in operation and a 15-stamp mill was under con-
struction at the mouth of Salmon Creek. Water power for the plant
is developed on Salmon Creek. The work of the company is regarded
strictly as prospecting, and its efforts will be chiefly toward mine
development until the construction of a larger reduction plant seems
justified by the mine showings.

Most of the work in the Eagle River region during 1914 was pros-
pecting. . At the Eagle River mine an adit 1,800 feet long and 700
feet below the old workings was driven along a zone of slate in the
graywacke series in an attempt to pick up the lode that was lost
when the mine was closed several years ago. Several chimneys of
ore are said to have been encountered by the adit, one of which is
considered an extension of the lost lodes. Active mining and milling
was resumed on a small scale September 1 and was continued the
rest of the year.

In the Berners Bay region the Kensington and Jualin mines repre-
sented the important activities in 1914. At the Kensington mine a
4,700-foot adit was driven at an elevation of 2,018 feet to undercut
the Eureka, Kensington, and Johnson lodes. Further work in cross-
cutting and opening out for stopes is in progress. About 50 men
were employed. A 500-ton mill is contemplated for early construc-
tion to reduce the ores from these lodes. The project only awaits
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Chitina Valley, inasmuch as they serve considerable areas rather™.
than single mining properties.

The building of the railroad contributed greatly to the solution of
the transportation problems that prevented the development of this
region, but the difficulties are not yet entirely overcome, for each
minor district and property has its own problems that must be solved
before the full development of the mining resources can be reached.
A complete system of transportation for the region will involve the
construction of many short railway branches and many thousand
feet of aerial tramway.

The development of mining in this region is favored by the pres-
ence of both timber and water power. Chitina Valley contains
spruce of fair quality in sufficient quantity to supply ordinary local
needs for many years, but most probably it will never furnish lumber
for export. Abundant water is at hand in many of the mountain
streams and will be available for use during much of the year,
although on some of the streams it could not be depended on in
winter, Data on the water-power resources of the region havébeen
given recently in a report by Ellsworth and Davenport.

Mining in this region will be aided further by the opening of the
Bering River coal field, which, because of its nearness (see Pl. IV)
and the fact that it contains coking coal, is likely to be of much im-
portance in helping to develop the copper resources. This field can
be opened to transportation by a line less than 40 miles long connect-
ing it with the main line of the Copper River & Northwestern Rail-
way 38 miles from Cordova. Surveys for such a road have been
made. The construction does not involve unusual difficulties but
could not be undertaken while title to coal lands was unobtainable.

Prospecting began in Chitina Valley in 1898 and has continued to
the present time. The first metal produced came from the gold
placers of Chititu and Dan creeks in 1901 or 1902, These two streams
rank next to Slate Creek and the other streams of the Chisna dis-
trict as regards gold production within the Copper River basin.
Commercial shipments of copper ore were begun from the Kennicott-
Bonanza mine in 1911, and since then small shipments have been
made from a number of other properties. The progress of mining
development in the region has been described from time to time in
earlier reports of the United States Geological Survey.

There was little change in the general mining situation in Chitina
Valley during 1914. Development and assessment work was done
on many claims, as in previous years. Shipment of copper ore from
the Kennicott-Bonanza was continued with little interruption, and

i Ellsworth, C. B., and Davenport, B. W., Prellminary report on & water-power recon-
nalssance in south-central Alaska: U. 8. Geol. Burvey Bull. 582, pp. 1556-193, 1914.
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shipments were slso made from the Mother Lode mine. Yet, aside
from the Kennicott-Jumbo, no new properties were brought to' the
producing state, though development work has placed several almost
in that condition. Furthermore, little active search for new ore
bodies was carried on. Without doubt the depression in the copper
market and the difficulty of interesting capitalists in copper-mining
ventures were largely the causes of this condition. The season, how-
ever, was a favorable one for the placer miners of Dan and Chititu
creeks, so that the production of placer gold from these streams and
their tributaries in 1914 was greater than for any other season since
the early days of mining in the district.

Chititu Creek was visited early in September by S. R Capps, of
the United States Geological Survey, and the notes furnished by him
are used in this paper. The Kotsina-Kuskulana copper prospects
were visited by J. B. Mertie and the writer, who during the summer
completed a detailed geologic map representing an area of about 200
square miles in this distriect. This work brought to light some new
facts concerning the regional geology and the distribution of the ore
deposits. These facts will be referred to later.

Plate IV, which represents the lower Copper and Chitina val-
leys and the Pacific coast of Alaska from a point a short distance east
of Cape Yakataga to Prince William Sound, shows the lpcation of
most of the better-known copper and gold lode prospects of the
region, the gold placers, and the Bering River coal field. The geo-
‘graphic relations of the Chitina Valley copper deposits and the coal
fields are illustrated by this map. Reference will be made in this
paper, however, to only a part of the prospects of the Chitina Valley.

COPPER.
EOTSINA-EUSKULANA DISTRICT.

A few tons of copper ore for assay, mill tests, and similar purposes
have been brought out from the Kotsina-Kuskulana district, but no
shipments of commercial ore have been made. Probably no large
shipments will be possible in the near future, for none of the copper
properties are equipped for mining and handling ore in a commer-
cial way and none of them have any connection with the railroad
adequate for the transportation of ore in large quantities. Ore could
be sledded from some of the properties to Strelna or other points
on the railroad in winter, but the most favorably located deposits,
those of Kuskulana Valley, are 15 to 20 miles from the railroad,
and the cost would be high. This method of transporting ore from
Elliott Creek and the upper Kotsina Valley would be out of the
. question, owing to th» excessive cost.
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The geologic mapping done in 1912 and 1914 has modified some
of the ideas gained from earlier surveys, particularly that of Schrader
and Spencer* in 1900, and has made it possible to represent the
areal geology more accurately than was possible from the reconnais-
sance work.? Inasmuch as the distribution of copper deposits ap-
pears to be contrelled chiefly, if not entirely, by a group of rocks
commonly known as the Nikolai greenstone, the areas occupied by
these rocks are shown on the map (PL V), and a brief summary of
their geology and that of the associated formations is given. Plate
V shows in a generalized way, necessitated by the scale of the map,
the areal distribution of the rock formations and the location of
those grcups of claims on which most work has been done. Five
principal formations are represented. At the base of the geologic
section is a group of rocks that in previous maps and reports have
been called the Nikolai greenstone. These rocks are divided into
two parts. The lower part consists prevailingly of dense, hard,
water-laid tuffs interbedded with flows of fine-grained black, green,
and red basalt. Associated with these rocks are a few beds of lime-
stone in varying stages of silicification, containing Carboniferous
fossils. Locally beds of chert, argillite, and slate are found. This
lower division has a thickness of several thousand feet. On this
prevailingly tuffaceous lower part was poured out a succession of
lava flows, in large degree vesicular, and showing a somewhat coarser
grain than the basaltic flows included in the tuffs. These upper
basalt flows are green in color. Their thickness is probably less than
that of the underlying tuffacecus beds, but amounts to several thou-
sand feet. The copper prospects are found mainly in the upper
basalt flows, but are not confined to them, for both the underlying
tuffaceons beds and the overlying limestone contain copper.

Resting on the Nikolai greenstone is the Upper Triassic Chitistone
limestone, a bluish-gray limestone from 100 to 700 feet thick, consist-
ing of one or more massive basal beds without lines of stratification,
overlain by thinner beds of the same color and appearance. In
places the Chitistone limestone is succeeded by thin beds of lime-
stone that assume a brownish color on weathering and in their upper
part are separated by thin shale beds that hecome thicker and more
prominent toward the top of the section till they predominate over
the limestone and finally replace it altogether. Probably not less
than 4,000 feet of these Triassic thin-bedded limestone and lime-
stone-shale beds overlie the Chitistone limestone on Rock Creek.
They are much less developed or are absent on Elliott Creek and
the head of Copper Creek, where their place is taken by the black

1 8chrader, F. C., and Spencer, A. C., The gecology asd mineral resources of & portlon
of the Copper River district, Alaska : U. 8, Geol. Burvey Special Puh., 1901,

1 A detalled description of the geology and mineral resources of the Kotsina-Kuskulans
district, based on the work of 1912 and 1914, will appear in a fortheoming bulletin,
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* ghale that forms the top of this limestone and shale formation or
group of formations. No well-marked and easily recognized divid-
ing planes separate the Chitistone from the overlying thin-bedded
limestones nor the thin-bedded limestone and shale series from the
overlying black shale. The thickness of the Upper Triassic beds is
not less than 5,000 feet, and it may be much greater.

The Nikolai greenstone, the Chitistone limestone, and the over-
lying limestone and shale series were folded, faulted, and intruded
by granitic rocks of several types. They were subjected to atmos-
pheric erosion and then were submerged below sea level. Finally
there was deposited on them, in late Jurassic time, not less than a
thousand feet of coarse conglomerate, grit, and sandstone, with a
small amount of limestone, all of which in previous publications
have been referred to—the Kennicott formation. Erosion has since
removed much of this material, so that the remaining areas are small
and scattered, but it is probable that the conglomerate and sandstone
beds were irregular in thickness and distribution even when they
were first laid down. They are the youngest of the hard-rock for-
mations of the district. The most recent formation includes the
unconsolidated Quaternary sands, gravels, and glacial deposits cov-
ering the valley floors and strewn over the lower mountain slopes.

The disturbing forces that folded and faulted all the rocks older
than the Kennicott formation did not cease to act when the Kennicott
was deposited, for it, too, is folded and faulted, though not so severely
as the older formations. It is believed that these disturbances, by
which the rocks were broken and made permeable to circulating
water, in connection with the intrusion of the granite and related
igneous rocks, have played an important part in the formation of the
copper deposits.

The common copper minerals of the district are bornite, chalcocite,
chalcopyrite, malachite, azurite, and native copper. They are asso-
ciated with epidote, quartz, and calcite. Epidote and quartz, how-
ever, are the prevailing gangue minerals, and ordinarily are not
accompanied by calcite. A comparison of the mineral content of ores
from different parts of the district brings out the fact that the de-
posits may be grouped in five classes, according to the association of
copper minerals in them—deposits that consist chiefly of chalcocite,
of bornite and chalcocite, of bornite and chalcopyrite, of chalcopyrite
and pyrite, and of native copper. Of thése five classes the bornite-
chaleocite and bornite-chalcopyrite deposits are the most common.
Chalcocite alone is found in only a few places. In several deposits
native copper is present, probably as a secondary mineral, in associ-
ation with chalcocite and with bornite. At one place it is the princi-
pal copper mineral present and occurs as a filling in the vesicles of
basalt flows and as grains and slugs disseminated through the rock.
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The copper minerals of the Kotsina-Kuskulana district occur in the °
fissures and fracture planes of shear zones and along fault planes.
They are also disseminated through the rock adjacent to such zones
and faults. The major shear zones and faults show a more or less
well-defined parallelism to the principal structural lines of the green-
stone, so that outcrops of ore when considered in relation to one an-
other commonly show g similar disposition. Within the shear zones
the rock is so crushed and the minor faults and joints so irregular in
number and position that no systematic arrangement of ore-bearing
fissures was recognized. Well-defined veins are unusual and com-
monly show the effects of faulting and crushing that took place sub-
sequently to the ore deposition. Some of the basalt flows appear to be
particularly favorable for the deposition of copper minerals.

The genesis of the copper ores of the district is not well understood.
There can be no doubt that a very great proportion of the copper de-
posits on the north side of Chitina Valley are in the basalt flows and
tuffs of the Nikolai greenstone. In a few places, notably at the
Kennicott-Bonanza and its continuation the Mother Lode, at the
Kennicott-Jumbo, and at the Westover claim on Dan Creek, the
copper minerals are in the Chitistone limestone. One such occur-
rence, on Copper Creek, is known in the Kotsina-Kuskulana district.

The Nikolai greenstone was subjected to a regional metamorphism
that brought about certain widespread chemical alterations, par-
ticularly in the chloritization and serpentinization of the feldspars
and dark minerals of the basalts, and later it underwent other more
local alterations, recognized in the quartz and epidote, that are prob-
ably connected with the intrusion of granmitic rocks into it. These
intrusive rocks are less abundant in the greenstone than in the over-
lying Triassic shales, but are believed to have had an important
influence in the formation of the copper deposits.

One of the chief questions concerning the origin of the copper
deposits relates to the source of the copper. Was it present in the
basalt flows when they solidified, afterward taken into solution by
circulating waters during the alteration of the greenstone, and then
redeposited in the present ore bodies, or was it introduced, from out-
side sources by the solutions accompanying the intrusive rocks forced
into the greenstone? Arguments to support an affirmative answer to
each of these questions mn:f be advanced, but the evidence is not yet
sufficient on either side to determine the matter.

Most of the copper prospects of the district (see Pl. V) are de-
scribed in a previous publication® of the United States Geological
Survey. The present report is concerned chiefly with more recent
mining development and does not attempt to give a detailed descrip-

1 Moffit, F. H., and Maddren, A. G,, Mineral resources of the Eotsina-Chitina region,
Alaska : U. 8, Geol. Burvey Bull, 874, pp. 64-74, 1909,
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tion of the ore deposits. In describing the properties they will be
taken up according to localities. ,

Assessment work was performed on a large number of claims on
Kotsina River and its tributaries, particularly on Kluvesna River
and its branches Fall and Mineral creeks, on Granite, Sunshine,
Shower, Peacock, Roaring. Rock, Copper, and Elliott creeks.

The prospects on Kotsina River are in the upper valley. Those
of the Great Northern Development Co., just below the mouth of
Roaring Creek, have received most attention. The copper minerals
here are in the tuffaceous part of the Nikolai greenstone and are
being prospected by a number of tunnels. The company uses water
brought by a ditch from Roaring Creek for developing power and
has employed electric drills in its rock work. Mining operations
have been partly suspended during the last two years, but assessment
work was done on 10 claims in 1914.

The copper prospects of Kluvesna River and its tributaries are
in the lower tuffaceous part of the greenstone except those nearest
the Kotsina and those just below Fall Creek. The basalt flows near
the Chitistone limestone contact west of Kluvesna River contain cop-
per minerals, chiefly chalcopyrite and bornite, in many places, and a
group of claims extending parallel to the contact and adjoining it has
been staked. The development work consists of two shert tunnels
that are being driven to strike the limestone-greenstone contact.
Near Fall Creek, west of Kluvesna River, about 140 feet of tunnel
has been driven in greenstone cut by copper-bearing calcite veins.
Native copper and chalcocite are the copper minerals present.

The recent work on Fall Creek consists of two tunnels, one south
of Trail Creek and the other high on the mountain between Fall
Creek and Kluvesna Glacier. Near Trail Creek the loose surface
material on the hill slope was sluiced away to expose the outcrop of
chalcocite-bearing quartz veins, and a tunnel was started to cut the
veins a short distance below the surface. Native copper and veins
of black copper-bearing carbonaceous material are found in the
greenstone near by.

Mineral Creek crosses diagonally the strike of a series of tuffaceous
beds, cut by granitic intrusive rocks and interstratified with thin
light-colored cherty or siliceous beds. The siliceous beds, some of
which closely resemble large quartz veins, are faulted and locally are
well mineralized. In places, also, mineralized quartz was deposited
along the fracture planes. Pyrite and chalcopyrite are the common
metallic minerals. A number of short tunnels have been started in
the mineralized beds and are being driven in the expectation of de-
veloping a workable ore body. One of the claims on Mineral Creek
has shown a notable amount of gold associated with the copper. A
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tunnel is also being driven in similar beds near the south end of
Kluvesna Glacier, northeast of Mineral Creek.

Veins containing copper and a considerable amount of silver cut
the basaltic and tuffaceous rocks near the top of the ridge 13 miles
southwest of Granite Peak. Azurite is conspicuous at a number of
shear zones in the vicinity, but at this locality the copper and silver
are contained in silver-bearing tetrahedrite, associated with quartz
and deposited along joints and fissures. The rocks containing this
mineral are much faulted and crushed, with the result that great
difficulty is experienced in following the veins. T'wo short tunnels
constitute the development work on the property.

A well-defined fault, striking.north-northeast and mineralized with
chalcocite, bornite, and a little pyrite in a gangue of quartz, cuts the
greenstone on Sunshine Creek. This stream is a tributary of Sur-
prise Creek, which flows into Kotsina River from the north at a
point nearly opposite the mouth of Peacock Creek. The fault zone
can be traced for more than a mile and evidently includes more
than one plane of displacement or minor fault zone. The greenstone
along the minor faults is crushed, and its fissures and joints are
filled with copper minerals and quartz. Such zones of crushed rock
and vein matter have thicknesses ranging from less than 1 foot to 6
or 8 feet. At one place the quartz vein alone is 8 feet thick. Tt
does not form a continuous deposit along the main fissures, but
appears as lenses and irregular-shaped masses. Much of the quartz
and copper was deposited before the movements along the fault had
ended, for the vein matter is crushed and in places slickensided sur-
faces and gouges are found on both walls of the quartz vein. The
claims have been prospected by numerous open cuts and by a tunnel
135 feet long.

Copper deposits are being prospected at a number of places on
Roaring Creek. Most of the claims are on the ridge extending north
and south from Skyscraper Peak between Roaring and Peacock
creeks. The copper deposits are in the upper part of the Nikolai
greenstone and consist prevailingly of chalcocite, with which is as-
sociated, in a few places, a little native copper. In a general way
the mineralized zone parallels the base of the Chitistone limestone
exposed in Skyscraper Peak, but lies several hundred feet below it.
Although the greenstone is everywhere much jointed, no conspicuous
shear zone was observed. It is probable, however, that the fractur-
ing was more extensively developed along the zone indicated by
the chalcocite, yet inasmuch as this relation of mineralized green-
stone to the limestone and greenstone contact is seen in many parts
of the district a suspicion is aroused that the character of the green-
stone along this zone had an influence on the deposition of copper.
The principal development work on'the Skyscraper group of claims
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.- is a tunnel about 100 feet long. Several other shorter tunnels have
been started on other parts of the property, but the work of develop-
ment progresses slowly, for only enough is done each year to fulfill
the assessment requirements. With the exception of two or three
properties the same statement can be made about the other deposits
of the district, and will doubtless remain true till more outside
capital can be brought into the region. '

The copper prospects west of Roaring Creek are in the lower part
of the greenstone. Thoge that have received most attention are on a
spur between two small gulches about half a mile above the forks of
the creek. Chalcocite with malachite as an alteration product is
associated with quartz and epidote in small fractures in the green-
stone. A little native copper, also believed to be an alteration prod-
uct of the chalcocite, is present in small amounts at one or two out-
crops. The development work is represented by two or three short
tunnels.

Copper deposits indicated by malachite staining along a shear zone
in amygdaloidal basalt occur high on the mountain slope south of
Kotsina River and about halfway between Roaring and Rock creeks.
The development consists of two short tunnels, but not enough has
been done to indicate the character or extent of the deposit. These
prospects are near the contact of the upper and lower parts of the.
Nikolai greenstone, probably in the upper part, but the position of
the boundary in this locality is so difficult to trace that the geologic
position of the prospects was not fully determined.

Near the contact of the limestone and greenstone on the lower end
of Lime Creek, a tributary to Rock Creek, the greenstone is cut by a
number of small faults which carry copper minerals. The copper
occurs as bornite associated with a small amount of chalcopyrite and
is accompanied by quartz and epidote. Small veins or lenses of the
bornite cut the greenstone in an irregular way, but most of the ore
consists of copper minerals disseminated through the greenstone,
though the richest part of the disseminated ore is near the veins.
Many of these veins probably represent a replacement of country rock

"along fracture planes, although they may be in part the material
deposited in joint cavities or similar openings. Two tunnels are
being driven to prospect the deposits. One of them, on the west
side of Lime Creek, is just below the limestone and greenstone contact
and follows the strike of the beds. The other, across and a little
farther up the creek to the east, is being driven away from the
contact. These two tunnels are extended a short distance each year
as the assessment work is performed.

All the prospects of Copper Creek except one are in the upper part
of the greenstone, and most of them are near the limestone contact.
One, the Mullen claim, is in the base of the limestone. The limestone
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and greenstone are faulted and shattered, allowing mineral-bearing
waters to circulate through them. The limestone along-some of the
fracture planes is replaced by bornite and chalcopyrite and in part
has been oxidized to azurite and malachite, azurite being very promi-
nent. A short tunnel, driven as assessment work, exposes the ore.
The other claims on Copper Creek follow the limestone and green-
stone contact from the West Fork to the top of the ridge between the
East Fork and Pass Creek. One or more of the minerals bornite,
chalcopyrite, pyrite,’and chalcocite are found in many places along
this contact, and a number of open cuts and short tunnels have been
made in prospecting the deposits.
" The claims on Elliott Creek are owned by the Hubbard-Elliott Cop-
per Co., and extend along the valley of the creek for about 6 miles.
Most of them are on the north side of Elliott Creek and cover the
ground, including the creek, as far north as the limestone and green-
stone contact. A few claims lie on the south side of the valley. A
large amount of open-cut work has been done, and many feet of tun-
nels have been driven on the claims. The most recent work includes
the tunnel on the Albert Johnson claim and assessment work on un-
patented claims. On September 1, 1914, the main Albert Johnson
tunnel had reached a length of nearly 700 feet, not including cross-
cuts. Since the close of the season, the company reports that the
length of the tunnel has been increased to 850 feet. This tunnel is
on the southeast side of Deception Creek and is being driven in a
northeasterly direction, nearly parallel to the creek, toward the lime-
stone and greenstone contact. It lies wholly in greenstone cut by
fault and joint planes, along which copper minerals have been de-
posited. Bodies of ore consisting of chalcopyrite and bornite were
uncovered at several places in this tunnel and its crosscuts. The other
work on the claim includes a short tunnel with a winze and crosscuts,
farther up the creek and nearer the limestone. This tunnel shows
bornite ore and in places considerable amounts of chalcopyrite.

It seems evident that the copper-bearing solutions made their way
by devious courses through a shear zone in the greenstone. The
bodies of ore are irregular in shape and distribution and without -
definite boundaries. Most of the ore is a replacement of the green-
stone by copper minerals. As the solutions slowly percolated’
through the openings of the shattered basalt the rock was taken up
by them and the copper was left in its place. Nowhere on Elliott
Creek are the deposits of the type described as fissure veins.

A tunnel has been started on the Mary Ellen claim, on the south
side of Elliott Creek just above the mouth of Rainbow Creek, in
the hope of revealing a gold deposit like that of Benito Creek. The
shattered greenstone at this place is mineralized with pyrite and a
small amount of chalcopyrite. Assays.of the weathered surface
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material showed considerable gold, which, however, decreased in the
less weathered material exposed by the tunneL

The Great Northern Development Co. owns claims and has done
a large amount of work on Clear Creek, tributary to Kuskulana
River. Clear Creek follows closely the boundary between the Chiti-
stone limestone and the Nikolai greenstone, which here dip steeply
west-southwest. The greenstone on the east side of the creek near
its head is intruded by a mass of dark porphyritic igneous rock that
appears to be rather generally mineralized in this locality and
possibly has been influential in mineralizmg the greenstone also.
Pyrite and chalcopyrite are disseminated through both the intruded
and the intruding rocks. In places they fill minute veinlets, parallel
to one another, which represent fractures in a shear zone. In places
also they form larger veins along fracture planes, but in general
the ore is a low-grade disseminated deposit that will have to be
mined as such. Three principal tunnels, with a total length of
nearly 5,700 feet, have been driven, and a fourth is now under way.
At present active development work is suspended on Clear Creek
pending the granting of patents to the property, but the assessment
work necessary to hold the claims has been done.

Several claims have been staked on ore of similar nature on the
Porcupine Creek side of the same intrusive body and are being pros-
pected by short tunnels.

The copper prospects of Nugget Creek are the property of the
Alaska Consolidated Copper Co., which has concentrated its efforts
on the Valdez claim, on the point of the hill between Nugget Creek
and Kuskulana Glacier. A well-defined east-west fault plane cuts
the greenstone and has made possible the deposition of copper min-
erals, chiefly chalcopyrite and bornite. Large masses of calcite vein
filling are associated with the copper minerals, but are not every-
where present, for much of the ore is disseminated through the
rock or fills minor cracks and fissures in it. A shaft about 170 feet
deep and tunnels aggregating over 1,500 feet constitute the workings.
The company also has a tunnel over 400 feet long on the Rarus claim,
on the east side of Kuskulana River opposite the mouth of Clear
Creek. Half of this tunnel is in silicified limestone, and the remain-
der is in a dark porphyritic rock containing large crystals of horn-
blende and in mineralized sandstone. The igneous rock is sheared
and contains a large amount of magnetite together with pyrite and
chalcopyrite. The sulphide minerals are present in the sandstone
. also, but magnetite was not seen there. When this property was
visited the tunnel had penetrated 15 feet into the sandstone.

Several copper prospects on the mountain between the main forks
of the Kuskulana Glacier are held by the Alaska United Copper
Exploration Co. A large mass of ore, consisting of a mixture of

6411°—15-—=8
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granular even-grained chalcocite, bornite, and quartz, was discovered
on the mountain side about 1,000 feet above the glacier and has been
prospected by several short tunnels and open cuts. No other ore
of this nature is known in the district. The proportions of the three
minerals are diverse. Chalcocite is the prevailing copper mineral,
but in some specimens the bornite equals it in amount. Quartz shows
a similar variation, as it may predominate over the copper minerals
or may be very subordinate to them. The mass of ore at the surface
is in place, but the tunnels have not yet shown its continuation below
the surface.

Assessment work was done on a number of other claims east of
Kuskulana River, besides that on the Rarus claim already mentioned.
They include claims east of Kuskulana Glacier and on a small stream
near its lower end and the Berg claims, 3 miles south of Trail Creek.
Two or three tunnels have been started on the Berg claims, but
development work was interrupted in 1914 on account of financial
difficulties, and only the assessment work was performed.

One of the claims adjoining the Rarus is the War Eagle, on the
first stream south of Trail Creek. The mineral deposit s near the
contact of the quartz porphyry and overlying limestone and sand-
stone. It consists chiefly of magnetite, but contains iron and copper
pyrite. Samples of the ore sent for assay are reported to contain gold
and silver in addition to copper.

Copper is found on the head of Chokosna River, where claims have
been staked and development work has been carried on in a small way
for several years. The property was not visited by the writer, but
samples of the ore examined by him showed sulphides of copper and
iron in greenstone,

NIZINA DISTRICT.

Mining and development work were carried on at the Kennicott-
Bonanza and Kennicott-Jumbo mines throughout the year. In win-
ters previous to that of 1913-14 much delay in ore shipments from
Kennicott was caused by snowslides on the railroad, as a result of
which all traffic was suspended for weeks at a time. Little delay
arose from this cause last winter, however, and ore was hauled to Cor-
dova almost without interruption. Most of this ore was taken from
the Kennicott-Bonanza, but a part of it was produced at the Kenni-
cott-Jumbo and hauled over the ice from the mine to the railroad, a
distance of nearly 3} miles. From January 1 to the end of Septem-
ber, 1914, over 4,000 feet of crosscutting, sinking, and raising was
done at the Kennicott-Bonanza, and nearly 3,700 feet at the Kenni-
cott-Jumbo. Ore had been developed at the 400-foot level of the’
Kennicott-Jumbo, and the shaft was being sunk to the 500-foot level.
In addition a tramway was constructed for conveying the ore to the
railroad. The Kennicott-Jumbo ore is chalcocite, like that of the
Kennicott-Bonanza mine.
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Development work was continued on the Mother Lode property,
about 1} miles north-northeast of the Kennicott-Bonanza mine, and
on the Westover claim, on Dan Creek. The Mother Lode deposit
consists of chalcocite and is situated in the same shear zone as the
Kennicott-Bonanza mine but is on the McCarthy Creek side of the
ridge, between Kennicott Glacier and McCarthy Creek.

This property was productive in 1914. The company reports the
completion up to the close of 1914 of about 1,150 feet of underground
work. A tramway 7,000 feet long conveys the ore from the mine to
the main camp on McCarthy Creek, from which it is hauled 13 miles
on sleds to the railroad at McCarthy. Plans have been made for
building a new road down McCarthy Creek in 1915 and for installing
a concentrator at the main camp.

Assessment work was done by the Great Northern Development
Co. on the claims between the forks of Kennicott Glacier. Such
work was also done on claims on Hidden Creek and Lakina River,
but details of the operations have not been received.

GOLD.
EOTSINA-KUSEULANA DISTRICT.

Interest in prospecting for gold in the Kotsina-Kuskulana district
was aroused two years ago by the finding of a gold-bearing vein on
Benito Creek, but although search was made for similar veins in the
same neighborhood no others of promise have yet been found. The
vein on Benito Creek is a short distance below timber line and con-
sists of quartz and calcite containing chalcopyrite, bornite, pyrite,
and free gold. At its outcrop in the creek it is about 2 feet thick.
It strikes N. 10° W. and stands nearly vertical or with a high
easterly dip. Numerous shallow shafts were sunk and a considerable
surface area was ground-sluiced off with water brought by a ditch
from Benito Creek, in the endeavor to discover the extent and value
of the vein. No other attempt has been made to exploit the vein for
the owners are unable to do so and do not care to solicit outside capi-
tal. Very beautiful specimens of free gold in quartz were produced
by dissolving away the calcite with acid. Apparently the gold is not
evenly distributed along the vein, for much of the rock shows no gold
to the unaided eye and the specimens of gold mentioned came from

only a few places.
NIZINA DISTRICT.

Gold mining in the Nizina district is restricted to the gold placers
#f Dan and Chititu creeks and to certain of their tributaries, Copper,
Rex, and White creeks. Young Creek is not an important gold
producer, although considerable ground on it is held by men who
expect to prospect it with a view to installing hydraulic mining
machinery. :
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The placer gold credited to Dan Creek comes in part from Copper
Creek, one of the two branches of Dan Creek. Several small parties
were at work on the gravels of Copper Creek in 1914, but the prin-
cipal workings and the greatest production of the two streams belong
to the lower part of Dan Creek below the canyon. A well-equipped
hydraulic plant has been installed there, replacing the one destroyed
by the floods of 1912. Water is conveyed to the workings by a flume
650 feet long and a steel pipe line from 15 to 30 inches in diameter
and 10,200 feet long. It is delivered to four hydraulic giants, rang-
ing from 3% to 5 inches in diameter, at a pressure of 112 pounds. The
sluice line is 1,400 feet long. All bowlders over 15 inches in diameter
are broken with powder, but smaller ones are carried through the
sluice boxes. At the beginning of September 52,000 square feet of
bedrock surface had been uncovered, and it was expected that 80,000
feet would be stripped before the season ended. Four frame build-
ings and a sawmill complete the equipment. The working season in
1914 lasted about 50 days, and during that time 25 men were em-
ployed on the property.

A small amount of placer gold is obtained by drifting in the bench
gravels on the south side of Dan Creek. The gold-bearing gravels
occupy in part the former channel of Dan Creek, but were left as
bench gravels when'the creek cut its present channel below them.
Mining in these gravels has been handicapped by the difficulty of
obtaining water for sluicing, but the work has been carried on for a
number of years and has yielded a small quantity of gold each season.
The owner of this property has added to his yearly gold production
through sluicing operations on Copper Creek.

The two hydraulic plants established on Chititu and Rex creeks
a number of years ago were in operation in 1914. Weather condi-
tions were favorable, the destructive floods of 1912 and 1913 were
not repeated, and sluicing went on without serious interruption, so
that a large amount of gravel was moved and an exceptional gold
production for these streams resulted.

The lower or larger plant, on Chititu Creek, was employed in
mining the creek gravels of claims Nos. 5 and 6, where a cut with a
length of 354 yards and an area of 25,144 square yards was made.
A total of 102,465 cubic yards of gravel was put through the sluice
boxes. The mining season extended from June 8 to September 1,
and of this time 67 days, or 79 per cent, was employed in mining.
It was found that the gold content of the gravel increased upstream
as the cut advanced.

The smaller plant was employed on claim No. 5, on Rex Creek.
Less gravel was moved there, but the greater value of that put
through the sluice boxes tended to equalize the production.

These two plants require more men for their operation and produce
much more gold than all the others in the Chititu drainage area.
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They huve been employed and probably will be employed for a
number of years in mining creek gravels only. It seems probable,
however, that the bench gravels of Chititu Creek and its branches
may sometime add considerably to the gold production of the district.

The work of one operator on the bench east of Rex Creek is of
interest as shedding some light on the extent of gold-bearing gravels
in the Chititu Creek basin. Heretofore the producing gravels have
been those of the creek. Considerable work was done in prospecting
bench gravels during the early days of mining on the stream, but no
gold-bearing gravels were found that could be mined profitably under
the conditions prevailing at the time. In 1914 L. H. Carvey operated
a small bydraulic plant on the east side of Rex Creek above claim
No. 3. The bedrock rim of the creek consists of shale and is 55 feet
higher than the stream. From 100 to 150 feet of gravel, forming the
bench previously mentioned, rests on the shale at this place. “The
gravel is largely of local origin, consisting for the most part of
shale like the country rock but including also material from other
sources. It contains fewer large bowlders than the gravel of Chititu
Creek, yet bowlders are numerous. All of them wonld pass through
a 30-inch sluice box. The gold is coarse. It is said to be rather evenly
distributed throughout the gravel, although the gold content at bed-
rock is slightly greater than in the upper part of the deposit, and to
range from 65 to 75 cents to the cubic yard. One nugget valued at
$5.50 was found.

This claim is worked by a small hydraulic plant. Water was
conveyed through a steel pipe from 6 to 11 inches in diameter, and
was delivered at a pressure of 20 pounds to a hydraulic giant using
2 to 2§-inch nozzles. Unfortunately the water supply is uncertain,
for it is subject to the demands made on the stream by the larger
plant on Rex Creek, and furthermore a dump that does not interfere
with mining on the creek is not available. About 500 feet of tim-
bered tunnels have been driven in the gravel of the bench at various
times for the purpose of testing its gold content.

Other placer-mining operations of the Chititu basin are those in
the gravels of upper Rex Creek and White Creek. They are less
extensive than those previously mentioned, but add to the total pro-
duction of the district and have helped to make 1914 the most profit-
able season there in recent years.

Except as previously stated, the gold of Rex Creek comes chiefly
from the creek gravels. That from White Creek comes in part from
the creek gravels and in part from the benches. An immense amount
of gold-bearing bench gravel is present in this vicinity, and probably
will receive more attention from miners as the creek gravels become
worked out.



AURIFEROUS GRAVELS OF THE NELCHINA-SUSITNA
REGION.

By Turovore CuAPIN,

INTRODUCTION.

Thijs paper is a preliminary statement of the geology and mineral
resources of the region which embraces that part of the Susitna
Valley lying between the mouth of Maclaren River and Tsusena
Creek, most of the drainage area of Nelchina River and its tribu-
taries, the lower parts of the Tazlina and Klutina basins, a part of the
foothills of the Chugach and Talkeetna mountains, and a part of the
mountain ranges between Susitna River and the Alaska Range. A
more complete report, including topographic and geologic maps and
sections, is in preparation.

The eastern border of this area was visited in 1898 by F. C.
Schrader,' and the same year W. C. Mendenhall # crossed this region
on a reconnaissance trip. W. C. Mendenhall® and T. G. Gerdine
continued the studies of Copper River in 1902 and mapped the south
and west slopes of the Wrangell Mountains and portions of the
Alaska Range drained by tributaries of Copper River. In 1906
Adolph Knopf and T. G. Gerdine made geologic and topographic
surveys of the headwater regions of Nelchina, Little Nelchina, and
Oshetna rivers, and Sidney Paige and R. H. Sargent extended these
surveys westward along Talkeetna River to its mouth.* In 1910
J. W. Bagley, D. C. Witherspoon, and C. E. Giffin mapped the head-
water regions of the Gulkana and Susitna rivers, and F. H. Moffit and
B. L. Johnson studied the geology of the same region.® Two years
later Mr. Moffit and J. E. Pogue extended the geologic surveys to

1 Schrader, F. C., A reconnalssance of a part of Prince Willlam Sound and the Copper
River district, Alaska, in 1898: U. B, Geol, Survey Twentieth Ann, Rept, pt. 7, pp.
841-423, 1900. ; . '

* Mendenhall, W. C., A reconnaissance from Resurrectlon Bay to Tanana River, Alaska,
In 1888 ; Idem, pp. 271-340,

® Mendenhall, W. C.,, Geology of the central Copper Rliver reglon, Alaska: U. 8. Geol.
Burvey Prof. Paper 41, 1905,

& Paige, Sidney, and Knopf, Adolph, Geologlc reconnalssance In the Matanuska and
Talkeetna basins, Alaska: U. 8. Geol. Burvey Bull. 327, 1807,

& Moffit, F. H., Headwater reglons of Gulkana and Busitna rivers, Alaska, with accounts
of the Valdez Creek and Chistochina placer districts: U. 8. Geol. Burvey Bull, 408, 1012,

118




AURIFEROUS GRAVELS OF NﬁLEHINA-SUSITNA REGION. 119

Broad Pass® and J. W. Bagley carried the topographic mapping over
the same area. The same year G. C. Martin and J. B. Mertie, jr.,
studied the geology of the upper Matanuska Valley and the head-
water region of Little Nelchina River.?

The field work on which this report is based was done by the
writer in the summer of 1914 while attached as geologist to a topo-
graphic party under the leadership of J. W. Bagley, topographic
engineer. The purpose of the work was to connect these former
topographic and geologic surveys and carry the work westward.
Mr. Bagley connected his own work of 1913 with that of D. C.
Witherspoon east of Susitna River and with that of R. H. Sargent
and T. G. Gerdine in the Talkeetna Mountains and Nelchina and
Copper River regions. The accompanying sketch map (PL VI)
was prepared by Mr. Bagley and the writer in advance of the topo-
graphic and geologic maps now in course of preparation. Field
work commenced June 25 at Albert Creek, a branch of Crooked
Creek, and closed October 10 at Willow Creek, tributary to Copper
River. '

Fine colors of alluvial gold may be washed from nearly every
stream in this region. Although this fact has been known to pros-
pectors for some time, previous to 1913 gold had not been found in
quantity sufficient to be mined profitably or even to encourage pros-
pecting. A fresh impetus, however, was recently given to prospect-
ing in the Nelchina region by the report of a rich find on Albert
Creek, one of the branches of Crooked Creek, itself a tributary of
Little Nelchina River, and during the open season of 1914 about
400 men were working on the tributaries of Little Nelchina and
Oshetna rivers. Gold was found on a number of the creeks near by,
but for the most part the results of the season’s work were dis-
couraging and few men stayed in the district during the winter.
Prospecting has not yet been exhaustive enough, however, to deter-
mine adequately the mineral value of the region.

GEOGRAPHY.
SURFACE FEATURES,

The dominant topographic forms bear evidence of the intense
glaciation to which the region has been subjected. Three distinct
types of topography are represented by the débris-filled lowland
with characterless forms, the rounded foothill areas with ice-scoured

1 Moffit, F. H., Preliminary report on the Broad Pass Region: TU. 8. Geol. Survey Bull, '
692, pp. 301-305, 1914 ; The Broad Pass region, Alaska : U. 8. Geol. Survey Bull. 808, iz.
press. .

% Martin, G. C., and Mertie, J. B., jr., Mineral resources of the upper Matanuska and
Nelchina valleys: U. B. Geol. Survey Bull. 592, pp. 273-299, 1914 ; Geology of the upper
Matanuska Valley, Alaska; U. S, Geol. Survey Bulletin in preparation.
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knobs and ridges, and the rugged mountains with numerous cirques.
These types, although diverse, are all characteristic of a profoundly
glaciated region and are varied expressions of glacial action. Al-
though divisible into smaller topographic units this region falls
naturally into four physical divisions, comprising an extensive low-
land and, around its borders, three isolated mountain provinces of
diverse character—parts of the Talkeetna and Chugach mountains
and the rugged ranges lying between Susitna River and the Alaska
Range.

The most prominent of these divisions is the lowland province,
a broad basin extending the length of the area mapped and includ-
ing portions of the valleys of Susitna and Copper rivers and the
low divide that separates them. This province is floored with
glacial silts and gravels that form part of an extensive gravel
sheet reaching from Mentasta Pass and the headwaters of Chitina
River to Cook Inlet. It is of late geologic age, and its glacial origin
is evident from its poorly drained, lake-dotted surface and the char-
acter of its deposits. It has a rolling, nearly level surface broken
by gravel ridges and sharp canyon-like stream valleys. The drain-
age is young and undeveloped. The streams have cut into the
gravels in V-shaped troughs, and the interstream areas contain ponds
and swamps with no apparent outlets.

The lowland province is bordered on the southwest by the Chugach
and Talkeetna mountains. The Chugach Mountains form a com-
plex belt 50 to 60 miles wide that extends from Mount St. Elias to
Kenai Peninsula in a course roughly parallel to the coast. Their
peaks reach elevations of 8,000 to 10,000 feet." East of Tahneta
Pass the bold front of these mountains rises abruptly from the gravel
lowland, flanked in places by the outlying foothills, the only portion
of the Chugach Mountains included within the area here mapped.

The Talkeetna Mountains are separated from the Chugach Moun-
tains by Tahneta Pass and Matanuska Valley. They form a rudely
circular mass, with no definite trend line. " They are rugged in out-
line, ranging in general elevation from 5,000 to 6,000 feet, though
individual peaks are 8,000 to 9,000 feet high. On the south they
rise abruptly from the floor of Matanuska Valley. On the north the
low, rounded, flat-topped foothills of this range are carved from an
extensive peneplain, which dips gently to the north and is abruptly
terminated by the depressed trough that is now covered by the gravels
of the lowland province. The foothill area is marked by sharp
canyon-like valleys that have been widened and deepened by glacial
erosion.

1 Brooks, A. H., Geography and geology of Alaska: U. B. Geol. Burvey Prof. Paper 45,
p. 30, 1008,
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Northwest of the lowland province, between the Alaska Range
und Susitna River, is a tract of rugged mountains, the crests of
whose ridges, ranging in elevation from 5,000 to 7,000 feet, form
the watershed between the Susitna and the southern tributaries of
the Nenana. This mountain mass is made up of several ranges,
whose general trend is about parallel to that of the Alaska Range.
Within the area mapped they trend about east. To the west they
bear toward the southwest, following the general direction of Susitna
River. They form a part of a crescentic mountain mass that ex-
tends more or less continuously from the vicinity of Gulkana Lake
to the junction of Susitna and Chulitna rivers. The valleys are
straight, with truncated spurs, oversteepened walls, and hanging
valleys. The higher parts contain numerous cirques, in some of
which are small active glaciers and in others the heavy accumulations
of rock débris that have the form of glacial flowage and are termed
“rock glaciers,” which are considered to be descended from true
glaciers that formerly occupied the cirques. The rugged topography
is due in large part to the modifying influence of glacial erosion,
which was controlled essentially by the drainage existing at the time
of the glaciation.

The drainage of the region is all tributary to Copper and Susitna
rivers. Only a small part of Copper River lies within the area
mapped, but this part receives several large tributaries that drain
the Talkeetna and Chugach mountains. Klutina River heads in
Klutina Glacier and flows through Klutina Lake, a body of water
22 miles long. Below the lake the river occupies a recent gorge cut
in glacial deposits for about 25 miles to its mouth.

Tazlina River is similar in many respects to the Klutina. Tts
course lies through Tazlina Lake, which it enters a short distance
from its source in Tazlina Glacier. From the lower end of the lake
the river flows for 30 miles in a winding course through a deep
gravel gorge and enters Copper River 9 miles above the mouth of the
Klutina. Nelchina River is tributary to Tazlina Lake. Its south fork,
generally regarded as the main fork of the river, issues from Nel-
china Glacier. Its main confluent is Little Nelchina River, which,
with its tributaries, Crooked and Flat creeks, rises in the Talkeetna
Mountains. Mendeltna Creek, the outlet of Old Man, Benzemina,
and other lakes, enters Tazlina Lake half a mile below the mouth of
Nelchina River. Tolsona and Moose creeks, the principal direct
tributaries of Tazlina River, enter from the north and drain flat
lowland areas.

The watershed separating the Copper and Susitna drainage basins
is poorly defined. It lies on a broad interstream area dotted with
swamps and lakes, and the direction in which many of these drain
is doubtful. Susitna River and its tributaries drain the western
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part of the region. Tyone River issues from a large lake, and after
receiving Tyone Creek, a large tributary, locally known as Little
Tyone, that rises in the Talkeetna Mountains, enters Susitna River
near the “big bend.” East of Tyone River are Oshetna River, with
its two tributaries, Little Oshetna and Black rivers, and Kosina
River. The main tributaries entering the Susitna from the north,
named in order from east to west, are Coal, Watana, Deadman, and
Tsusena creeks.

POPULATION.

Copper Center, the principal settlement of this region, is situated
at the conﬂuence of Copper and Klutina rivers, 101 miles north of
Valdez, on the Fairbanks-Valdez Government road, and may be
reached from Cordova by rail to Chitina, a distance of 131 miles,
and thence by wagon for 50 miles, or by wagon road direct from
Valdez. Copper Center is a distributing pomt for the Nelchina,
upper Susitna, Gulkana, and Chistochina regions. A post office, a
Government telegraph station, and a Government school for the
natives are located here.

Nelchina is a small settlement of 15 or 20 cabins, at the mouth of
Crooked Creek. It is the seat of the Nelchina recording precinct and
the general headquarters of the neighboring region. Aside from
these two settlements the white population of the region is confined
to the road houses along the Government road and the transient pros-
pectors and miners.

The Indian population is small. Cabins and camps on Klutina
and Tazlina lakes, on Susitna River, and in other places are tem-
porarily used by natives on hunting and fishing expeditions, but
aside from a few natives scattered over the region the permanent
Indian population is confined to Copper Center.

ROUTES OF TRAVEL.

The Nelchina region may be reached either by way of Knik or by
way of Copper Center from Cordova or Valdez. The route from
Copper Center follows the wagon road for 10 miles to a point half a
mile north of Simpson’s road house, and thence goes by a trail along
the north bank of Tazlina River and Tazlina Lake to the mouth of
Mendeltna Creek. From this point the trail takes a northwesterly
direction to Little Nelchina River, and then follows that stream to
Nelchina, at the mouth of Crooked Creek. This is a winter trail, and
winds around somewhat, to take advantage of several large lakes.
For summer travel it is in places very swampy and is passable for
horses with difficulty. The distance from Copper Center to Nelchina
is about 90 miles.



122 MINERAL RESOURCES OF ALASKA, 1014,

part of the region. Tyone River issues from a large lake, and after
receiving Tyone Creek, a large tributary, locally known as Little
Tyone, that rises in the Talkeetna Mountains, enters Susitna River
near the “big bend.” East of Tyone River are Oshetna River, with
its two tributaries, Little Oshetna and Black rivers, and Kosina
River. The main tributaries entering the Susitna from the north,
named in order from east to west, are Coal, Watana, Deadman, and
Tsusena creeks.

POPULATION.

Copper Center, the principal settlement of this region, is situated
at the conﬂuence of Copper and Klutina rivers, 101 miles north of
Valdez, on the Fairbanks-Valdez Government road, and may be
reached from Cordova by rail to Chitina, a distance of 131 miles,
and thence by wagon for 50 miles, or by wagon road direct from
Valdez. Copper Center is a distributing pomt for the Nelchina,
upper Susitna, Gulkana, and Chistochina regions. A post office, a
Government telegraph station, and a Government school for the
natives are located here.

Nelchina is a small settlement of 15 or 20 cabins, at the mouth of
Crooked Creek. It is the seat of the Nelchina recording precinct and
the general headquarters of the neighboring region. Aside from
these two settlements the white population of the region is confined
to the road houses along the Government road and the transient pros-
pectors and miners.

The Indian population is small. Cabins and camps on Klutina
and Tazlina lakes, on Susitna River, and in other places are tem-
porarily used by natives on hunting and fishing expeditions, but
aside from a few natives scattered over the region the permanent
Indian population is confined to Copper Center.

ROUTES OF TRAVEL.

The Nelchina region may be reached either by way of Knik or by
way of Copper Center from Cordova or Valdez. The route from
Copper Center follows the wagon road for 10 miles to a point half a
mile north of Simpson’s road house, and thence goes by a trail along
the north bank of Tazlina River and Tazlina Lake to the mouth of
Mendeltna Creek. From this point the trail takes a northwesterly
direction to Little Nelchina River, and then follows that stream to
Nelchina, at the mouth of Crooked Creek. This is a winter trail, and
winds around somewhat, to take advantage of several large lakes.
For summer travel it is in places very swampy and is passable for
horses with difficulty. The distance from Copper Center to Nelchina
is about 90 miles.



124 MINERAL RESOURCES OF ALASKA, 1914,

Bunch grass and redtop grow luxuriantly in places but are not
plentiful, so that it is not always easy for the traveler to find forage.
A substitute for these grasses is a rank black-seeded swamp grass
that horses will eat, though they do not relish it. A little grass
appears about the 1st of June, but can not be depended upon until
the middle of the month. Horse feed lasts until the time of heavy
frosts, which varies from early in September to the 1st of October,
depending on the season and location. After other grasses are gone
a ‘“pea vine,” which grows along river bars and dry benches; is
sometimes available.

GAME,

Caribou are the most plentiful large game of the Susitna region.
Moose also may be found, but are more common in the low country
and around Klutina and Tazlina lakes. A few sheep live in the
Talkeetna Mountains and the ranges north of Susitna River. Brown
bear are plentiful. Ptarmigan are found throughout the region and
spruce grouse in places. Ducks, geese, and other water fowls spend
the summer in the streams and lakes, but leave in the fall. In the
Susitna drainage basin the clear-water streams abound in grayling,
and there are also several kinds of trout, including a very large lake
trout. Salmon are plentiful along Copper River and its tributaries,
but are not found in the upper Susitna.

GENERAL GEOLOGY.

The geologic formations of the Nelchina-Susitna region comprises
several series of lava flows and intrusive rocks, in part altered to
greenstone, and a number of sedimentary formations that have been
more or less metamorphosed. Both the lavas and the sediments have
been invaded by large masses of granitic and dioritic rock. The area
has been profoundly affected by glaciation, and is mantled by glacial
deposits. The general distribution of the geologic formations is
shown on Plate VI.

The oldest rocks recognized are basaltic greenstones, with associ-
ated schists and altered sediments, overlain by a great thickness of
amygdaloidal basaltic and andesitic lavas. Outcrops of these rocks
occur on Stuck Mountain, in the vicinity of Klutina Lake, on Lone
Butte and other low buttes near Susitna River, on the round-topped
hills south of Maclaren River, and on Watana Creek. The lavas are
probably of Triassic age, and the greenstones and schists are evi-
dently older. . i

The lava flows and associated tuffs on Oshetna River may be the
extension of a large mass of similar rocks in the Talkeetna Moun-
tains whose age has been determined as Lower Jurassic. The lavas
are composed of andesites, rhyolites, and associated tuffs, in part
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SOURCE OF THE GOLD.

These features indicate a glacial origin for most of the gold. The
glacial source of the gravels has been pointed out, and it is evident
from the widespread distribution of the alluvial gold throughout
the gravels and its lack of concentration that it also was glacially
transported. Its bedrock source is not clear. The glacial débris was
derived from various sources and contains an abundance of rocks
foreign to this region, which were evidently moved a great distance.
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% Gold placer prospect
Filoune 3.—Bketch map showlng location of placers ln the Nelchina region.

The stream gravels are largely of glaciofluvial origin, and except for
a narrow strip along each stream course have not been reworked.
These conditions account in part for the failure to find workable de-
posits in a region where auriferous gravels are so widely distributed.
The extensive deposits of glacial gravel appear to contain a wealth of
disseminated gold, but owing to lack of reconcentration they give
little promise of yielding valuable returns.
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Although most of the alluvial gold is believed to have been derived
from the glacial gravels, it is possible that locally streams were en-
riched from other sources. Paige and Knopf® suggested that the
gold content of the streams was derived by reconcentration from the
Upper Jurassic conglomerates. These rocks, however, can not now
be regarded as even a contributing source, for the beds of eroding
streams show no gold enrichment where they cross the conglomerate
formation. Small veins in the bedrock are regarded by Martin? as
a possible source of the gold. Veins are not conspicuous in this region

_and are not regarded as a general source of gold, although they may
have contributed a part of it.

The hope for developing workable gold placers in this region lies
in finding either a stream in which a reconcentration of the glacial
deposits has taken place or a channel of preglacial gravel.

The geologic formations of this region in which gold lodes are
most likely to be found are the greenstone and schist formation, the
Triassic schist and slate, and the Lower Jurassic lavas. These forma-
tions are all more or less mineralized, although they are not known to
contain gold lodes in this region.

GOLD PLACERS.
CROOKED CREEK.

Crooked Creek is tributary to Little Nelchina River. It flows in a
meandering course through a broad, flat, gravel-filled valley bordered
by low glaciated hills. The entire course of the stream has been cov-
ered by locations, but little actual prospecting has been done except
on 1its tributaries.

One claim, however, is being vigorously prospected. On “ No. 19
below ” a shaft was sunk during the summer of 1914 to a depth of 180
feet, and winter work was planned to drive the hole to bedrock if
possible. The following log furnished by the operators shows the
character of a part of the section:

Log of shaft on claim “ No. 18 below,” Crooked Creek.

Feet.

Glacial capping, frozen muck, and gravel . ____________________ 5]

Gravel s v e e m——— 2

L 1L e e POy S Do 10
Blue-gray gravel composed of quartz and basaltie lava, with no

clay or silt. Contains 5 colors in gold to the pan...___.___ 9

Vegetable muck with willow twigs . ______ cEetea 12

Clay seam.

1 Paige, Bidoney, and Knopf, Adolph, Geologle reconnalszance In the Matanuska and
Talkeetna basins, Alaska: U. 8, Geol, Burvey Bull, 327, p. 67, 1807.

* Martin, G. C., and Mertle, J. B,, jr.,, Miperal resources of the upper Matanuska and
Nelchipa valleysa: U. B. Geol. Survey Bull. 582, pp. 280281, 1914,
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The Knik route goes by trail up the Matanuska Valley to Chicka-
loon, from which several possible routes lead to the Nelchina-Susitna
region. One follows the Matanuska around the east end of Sheep
Mountain, goes up Squaw Creek, and crosses a low divide to the head
of Crooked Creek. Another route is the Hicks Creek trail, by way of
Billy Creek to the head of Little Nelchina River, or by way of Alfred
Creek to the head of Albert Creek. Susitna River may be reached by
way of Chickaloon and Talkeetna rivers to low passes at the head-
waters of Kosina Creek, a tributary of the Susitna.

Supplies for this region are taken in during the winter from both
Knik and Copper Center ; but, as Knik is not an open port during the
winter, freight from the outside usually goes by way of Copper Cen-
ter from either Chitina or Valdez. The distance from Albert Creek
to Knik is about 106 miles.

This region will be more accessible when the proposed Government
railroad is constructed along Susitna River through Broad Pass to
the Tanana and the branch line up the Matanuska to the coal field.
When the coal-field branch of the proposed railroad is built to Chick-
aloon, Albert Creek may be reached by an overland journey of 50
miles. :

CLIMATE,

The climate is characteristic of the district lying behind the coastal
barriers. The rainfall is a medium between the excessive precipita-
tion of the coast and the semiaridity of the interior. The summers
are warm, but sudden changes of temperature are not uncommon
and may be accompanied with a heavy frost or light fall of snow at
any time during the summer. The winters are cold, but the enow-
fall is not heavy. The open season for placer mining lasts from May
until October, varying somewhat from year to year and depending
on the elevation of the region. Ice suitable for winter sledding
usually forms in November and lasts until March or April.

VEGETATION.

Spruce covers the lowland area to an elevation governed somewhat
by local conditions but ranging from 2,500 to 3,000 feet. The quality
varies considerably, from the scrubby growth covering the poorly
drained swampy areas to trees 2} feet in diameter, which are occa-
sionally found in favored localities. Most of the timber is ample in
size and quantity for building and mining purposes.

Birch, of which there are several varieties, is less abundant than
spruce. Cottonwood, willow, and quaking asp are found at eleva-
tions higher than spruce, and in many localities furnish the only
available firewood. Alder is not abundant.
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contains small nuggets. It is reported that a small production was
made. A little prospecting was done on Cottonwqod Creek, but bed-
rock was not reached. Prospecting was also done on Bonanza Creek,
South Creek, Willow Creek, and other small tributaries.

LITTLE NELCHINA RIVER, *

A number of claims have been staked on Little Nelchina River,
but little work has been done. The nature and depth of the gravels
of the Little Nelchina are not known, as bedrock is not exposed. The
gravels have not been exposed by mining and only slightly by ero-
sion, as the stream is not actively cutting its channel. Low benches
along its border are composed of coarse glacial material. To judge
by the depth of the gravel on Crooked Creek the Little Nelchina
bedrock is also deep.

YACKO CREEK.

Yacko and Joe creeks unite to form Sanona Creek, one of the trib-
utaries of Tyone Creek. Several men were prospecting on Yacko
Creek in 1914, Bedrock was not reached, but enough alluvial gold
was found in the overlying gravel to encourage further work. The
gold is coarse and flat. The contact between the volcanic rocks and
the Mesozoic sediments crosses this stream. Above this contact the
stream flows over a wide, flat valley bounded by rounded hills, but
where it enters the volcanic rock the valley narrows into a canyon
and the hills are much more rugged.

FOURTH OF JULY CREEK.

Two prospectors worked during the summer on Fourth of July
Creek, a small tributary of Sanona Creek. They reported fine colors
of alluvial gold but failed te find gold in encouraging amounts.

DAISY CREEK.

"Daisy Creek is being worked at several places, and fair prospects
have been found. The bedrock on the lower part of the creek is lava;
on the upper part, sandstone and conglomerate. The upper valley is
wide and flat, but where the stream enters the volcanic rock the val-
ley narrows to a canyon, below which it widens out considerably.
The gravel is shallow, ranging from 5 to 12 feet in depth, but the
prospectors had considerable trouble with ground water. In the fall
of 1914 a prospecting drill was taken in to prospect the creek during
the winter.

6411°—15—9
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OSHETNA RIVER.

Several prospects were located on tributaries of Oshetna River in
1914. Alluvial gold occurs in the gravels of Little Oshetna River,
but there is little or no concentration in pay streaks on bedrock.
Prospectors on Gold Creek found coarse gold but had difficulty in
getting®o bedrock on account of the ground water. They planned to
continue winter development. Enough alluvial gold to encourage
further prospecting was also found on Granite and Roaring creeks,
small tributaries 11 and 18 miles, respectively, above the mouth of
Little Oshetna River.



MINING ON PRINCE WILLIAM SOUND.

By Bertranp L. JoHNsoN.

GENERAL FEATURES.

The lode-mining districts of Prince William Sound may in a gen-
eral way be grouped into two concentric belts, concave southward,
the outer one including the gold quartz districts and the inner one
including the copper camps. The copper mines produce also large
amounts of gold or silver, or both; and the gold mines produce also
some silver. The ores of the gold quartz districts are free milling.
The copper ores are smelted at Tacoma, Wash., and their content of
valuable metals is recovered during this process. The metallurgic
treatment of the gold quartz ores is performed locally in small stamp
or roller mills, with amalgamation; the concentrates are shipped to
the Tacoma smelter. A much larger tonnage of copper ore than of
gold quartz ore is mined and treated, and the total value of the metals
produced from the copper ores is about five times that obtained from
the gold quartz ores. The only placer deposits in the region are
gold placers, and these are found only in the gold quartz districts
and have been little developed.

The productive mines of the Prince William Sound region in 1914
included two copper mines and eight gold mines. Most of the gold
mines were in the Port Valdez district. Besides these properties, a
prospect on Knight Island made a small shipment of copper ore to
Tacoma, and the Golden Eagle stamp mill, at Golden, is said to have
been in operation a few days in the fall.

COPPER MINING.
GENERAL CONDITIONS,

Copper mining and prospecting in the Prince William Sound
region was curtailed somewhat in 1914 compared with the previous
year, chiefly owing to the low price of copper. The Beatson Copper
Co. and the Ellamar Mining Co. made regular shipments as usual,
but the other properties which in previous years had shipped cop-
per ore to the smelters in the United States were either idle or had
only a little development work done on them, except that a small
181
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shipment of ore is reported from one property on Knight Island.
Development work was done on a few of the nonproducing pros-
pects, and assessment work on many others. All the copper ore
shipped consisted of crude sulphide ore in which the copper-bearing
mineral was chalcopyrite. So far as known the ores all went to the
Tacoma smelter. Extensive preparations were made by the Granby
Consolidated Mining, Smelting & Power Co. (Ltd.) to put the Midas
mine, on Solomon Gulch in the Port Valdez district, on a producing
basis, but the European war caused a cessation of all development
work at that property late in the summer.

The producing copper properties on Prince William Sound appear
to have been only slightly affected by the confusion in the financial
and copper markets resulting from the war. An increased quantity
of copper ore was mined in 1914, but the average grade of the ore
mined was much lower than in the preceding year. The value of the
metals recovered from these copper ores in 1914 was also less than in
1913. This decrease was due largely to the lower grade of the ore
mined, although the lower price received for the copper content of
the ores contributed slightly to the decline in the total value of the
production. It appears probable that the future position of Prince
William Sound as a copper producer depends on the successful
treatment of the lower-grade copper ores by concentration or by a
marked lowering of mining and metallurgic costs through some
radical change from present methods, possibly the erection of a
local smelter. The only change in either mining or metallurgic
treatment of the copper ores of Prince William Sound that is known
to have taken place in 1914 was the introduction at the Beatson-
Bonanza mine, on Latouche Island, of a mechanical concentration
process for the recovery of the valuable metals in the ore. Previous
to this innovation hand-sortmg only had been used at the producmg
properties of the region.

LATOUCHE AND ENIGHT ISLANDS,

The Beatson Copper Co., operating the Beatson-Bonanza mine, on
Latouche Island (Pl. VII, p. 138), continued to ship crude chalco-
pyrite ore to the Tacoma smelter. During the year a large plant
for the concentration of the lower-grade ores, chiefly by a flotation
process, was nearly completed at this mine. Development work at
the mine was continued as usual by open cuts, tunnels, and drifts.

A few tons of copper ore is said to have been shipped from Enight
Island to the Tacoma smelter by the Seattle Alaska Copper Co.,
which also reports driving 140 feet of tunnel in an ore zone 9 to 10
feet wide on its claims. The Blackbird group of the Latouche Cop-
per Mining :Cb. was not operated m 1914. This property is said to
be developed by a crosscut tunnel 736 feet long, a 280-foot drift on
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the vein, a 242-foot raise to the surface, and several short drifts. The
Knight Island Copper Mining Co. reports 25 feet of drifting, some
open-cut work, and prospecting in 1914. Assessment work was done
on the Una group, which is now developed by 65 feet of tunnel.

ELLAMAR DISTRICT.

The Ellamar Mining Co. operated its mine and plant throughout
the year, making regular shipments of crude sulphide ore to the
Tacoma smelter. The entire sulphide body is now being mined as
ore, and the mine is a large producer of both copper and gold, with
smaller amounts of silver. The underground development work in
1914 lay between the 400-foot level and the surface, and some raises,
drifts, and crosscuts were run in the slate country rock. The filling
system is used, the change to this system having been made in 1913.

" A maximum force of 72 men was employed on the property during
the year. This was reduced to 60 men in October. A station for
loading ore on large steamers was erected on the bar at the entrance
to Virgin Bay, and an aerial tramway with several towers was in-
stalled, connecting this station with the mine buildings. An illus-
trated description of this new tram line has recently been published.
New 1,200-ton ore bunkers were in process of erection in the fall, close
to the old ore bunkers at the landward end of the wharf.

No ore shipments were made from any of the Landlocked Bay
properties. Two men were at work on the Montezuma claim of the
Threeman Mining Co., and ore is reported to have been found on
both the Montezuma and the old Alaska Commercial Co. claims.
The Landlock Bay Copper Mining Co. had two or three men engaged
in development work, and a little development work was also done
on the property of the Hemple Copper Mining Co. in the spring.
No mining was done in 1914 at the Standard property. At Galena
Bay the claims of the Galena Bay Mining Co., at the head of Vesu-
vius Valley, were surveyed for patent.

PORT VALDEZ DISTRICT.

The developments and ore deposit at the Midas mine, the property
of the Granby Consolidated Mining, Smelting & Power Co. (Ltd.),
and the only copper property in the Port Valdez district, are de-
scribed in a preliminary report on that district (pp. 140-188).

PORT FIDALGO.

Development work is reported on two of the Port Fidalgo copper
properties (PL. VII). On the Dickey Copper Co.’s ground (formerly

1 Aerial ship-loading system at Ellamar, Alaskn: Eng. and Min, Jour., vol. 99, pp. 230,
249, 1915,
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the Mason and Gleason claims) three men were engaged in develop-
ment work, and ore is said to have been found during the year on a
new lower level. The Fidalgo Mining Co. made no shipments in
1914. Development work was actively prosecuted in the early part of
the year, but the working force was decreased to two men early in the
spring, and no work was done after June 1. The developments since
the writer visited the property in 1913 consist of stoping operations
between the two levels and between the upper level and the gurface,
the extension of the main tunnel to a length of 650 feet, and the open-
ing of a 20-foot raise between the main level and the overlying ore
ghoot. A new ore shoot was also encountered about 600 feet from the
portal of the main tunnel.

UNAEWIK INLET, WELLS BAY, AND GLACIER ISLAND.

Assessment ‘work was done on several properties on Unakwik Inlet,"
Wells Bay, and Glacier Island. New copper prospects are reported
to have been discovered in the vicinity of Wells and Long bays.

GOLD MINING.
GENERAL CONDITIONS,

Both gold quartz lodes and gold placers occur within the Prince
William Sound region, but the placer deposits are few, small, and
spotted and have been worked only intermittently and on a small
scale. The annual placer production is probably only a few hundred
dollars. The interest in gold quartz mining in 1914 centered in the
Port Valdez, Tiekel, and Port Wells districts, as in the preceding
year. The mining developments in the Port Valdez district are dis-
cussed in the preliminary report on that district (pp. 140-188).
In the Tiekel district considerable development work is reported on
several prospects. No data are available as to developments on gold
quartz prospects along the Prince William Sound shore of XKenai
Peninsula and in the McKinley Lake district. A short trip was
made in the fall of 1914 to the Port Wells district, and the data then
obtained are given here.

PORT WELLS DISTRICT.

GENERAL FEATURES.

The distribution, geologic relations, characteristics, and economic
features of the gold deposits of the Port Wells district, together
with the developments up to and including 1913, were briefly de-
scribed in a recent report.! Since that report was written the Port

1 Johnson, B. L., Mining on Prince Willlam Bound: U, 8 Geol. Burvey Bull. 682, pp.
287-243, 1014,
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Wells district has increased considerably in importance as a gold
quartz camp. Two mills were erected in 1914, one of which was in
operation the greater part of the year. The Granite mine, formerly
known as the Tatum property, is now the most productive property
in the Port Wells district and has become, since the closing of the
Cliff mine at Valdez, the largest producer among the gold quartz
m~ : of the Prince William Sound region. Considerable under-
ground development work was done in 1914 on a few properties, and
assessment work was done on many claims. A few new discoveries
have been made, principally on the west side of Port Wells between
Portage Bay and the Granite mine. Business at Golden is said to
have been a little slacker than in 1913 but to have lasted longer.
In the fall of 1914 there was reported to be a permanent population
of about 150 men in the district. Transportation facilities have im-
proved, and several ocean steamers touched in the Port Wells dis-
trict during the summer. Regular mail and passenger service was
also maintained between Valdez and several points on Port Wells.
The only post office in the district is at Golden.

The following notes regarding recent developments on the several
prospects are grouped by separate fiords and bays, so far as possible.
With the exception of the Granite mine none of the properties in
the district were visited in 1914, but the data presented were pro-
cured from what are believed to be reliable sources. Tliere are many
other prospects in this district on which assessment or development
work may have been done, but no data are available regarding them.

AVERY RIVER.

A milling plant consisting of a rock crusher and a single-stamp
‘Moyle mill having a capacity of 3 tons in 24 hours was erected on
the Consolidated claim, on Avery River, in 1914. The mill was run
intermittently during the season and several tons of ore was milled.

The property is developed by two shafts, 61 and 21 feet deep.
Ten feet of work is reported to have been done on the Avery River
property of the Sweepstake Mining Co. in 1914.

GOLDEN AND VICINITY.

A few new discoveries have been reported in the vicini.ty of Golden,
including a new lead in a new tunnel on the Nugget claim and a lead
discovered by H. C. and H. R, Johnson. On the Golden Eagle claim
a 5-stamp mill was erected close to the lagoon below the tunnels and
is reported to have been in operation a few days in the fall. The
mill is connected with the underground workings by a short aerial
tram. Only a little underground work is reported. Fifteen
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are said to have been at work on this property in October. The
arrastre erected on the Tolson & Stanton property in 1913 was not
in operation during the year. Several feet of tunnel was driven
on the Golden Wonder No. 9, and 90 feet of tunnel was driven on the
Gold Queen prospect of Hanson, Gustafson & Berklund, and camps
were established.

SHORE OF PORT WELLS BETWEEN HOBO BAY AND HARRISON LAGOON.

The present importance of the Granite mine justifies a rather ex-
tended description. It is situated on the west side of Port Wells,
on an eastward-facing timbered slope bordering « small bight in the
coast between Hobo Bay and Harrison Lagoon. The original dis-
covery, at an elevation between 500 and 600.feet, is on the end line
between the Port Wells No. 1 and the Port Wells No. 2 claims. A
good road extends from the shore to the mine camp and workings.

The vein was discovered July 19, 1912, by M. L. Tatum and
Jonathan Erving, and a shaft was sunk on the vein. A shipment of
5 tons of ore taken from this shaft is said to have been made in the
following December. In 1913 the property was bonded to B. F.
Millard, who later organized and incorporated the Granite Gold
Mining Co., the present owner of the property. Development work
was actively,carried on in 1913 and 1914, and the property was
raised to its present position as the largest producer among the gold
quartz mines of the Prince William Sound region. The under-
ground developments on August 22, 1913, included a 30-foot inclined
shaft, a 170-foot crosscut tunnel with two drifts on the vein, 75 and
60 feet long, 150 feet from the mouth of the tunnel, and some sur-
face stripping. On October 5, 1914, the underground workings con-
sisted of the original 30-foot inclined shaft; a main level reached .
by a 170-foot crosscut tunnel, which cuts the vein 150 feet from the
portal of the tunnel, with about 450 feet of additional crosscuts and
drifts, about 250 feet of which are along the vein; an 85-foot raise
extending upward from the main level toward the inclined shaft
on the surface; a 154-foot raise from the main level to the surface;
a 130-foot inclined shaft, 73 by 11 feet, extending down from the
main level; a 50-foot level, 44 feet vertically below the main level,
with 330 feet of drifts along the vein; a station cut 70 feet vertically
below this level, with a short crosscut to the lead, and stopes between
the 50-foot level and the main level and between the main level and
the surface. '

. The surface improvements on the property include a well-graded

wagon road from the shore to the mine; mill buildings at an eleva-
tion of about 200 feet housing a 7-foot Chilean mill, a breaker, rolls,
a No. 4 concentrator, and another concentrator, all driven by gasoline
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engines; an aerial tram from the mill to the ore bunkers, near the
mine workings; and several buildings. The entire plant and mine
are electrically lighted. Machinery on the property includes an air
compressor, hoist, triplex sinking pump, gasoline engines, and drills.

Milling operations are said to have started March 14, 1914, and the
mill had been running continuously, except for clean-ups and a short
stop in August for repairs, at the time the property was visited. The
tailings from the mill are ponded. ¥rom 30 to 45 men were em-
ployed during the season. Two shifts were worked underground,
and three shifts in the mill and power house.

The country rock of the ore body consists of interbedded slates,
graywackes, and argillites cut by large masses of medium-grained
biotite granite, hydrothermally altered near the veins to a light-gray
to greenish-gray rock. The granite contacts are said to be irregular.

The developments suggest the presence of more than one lead on
the property, but are not sufficiently advanced to prove it. The vein
showing in the shaft occupies a fissure striking S. 75° W. and dip-
ping 60° N. In the underground workings considerable variation in
the strike and dip of the vein is noticeable in the several drifts. In
1913 observations seemed to show that the vein had a general strike
between N. 50° W. and N. 70° W. and a dip of 43°-565° N., and it is
reported to be offset in many places by small faults. The fissure
ranges from 3 inches to 14 feet in width and averages perhaps from
3 to 34 feet. The fissure filling varies with the character of the coun-
try rock. In the sedimentary rocks it consists of shattered slate,
graywacke, and argillite, with quartz veins or a quartz network
cementing the shattered rocks and inclosing angular fragments in a
network of porous white crystalline quartz. In the granite the vein
is stronger and better defined, although its widest part includes
numerous shattered masses of altered granite cemented by gold-bear-
ing quartz veinlets.

The original shaft was all in slate and graywacke. The lead now
under development cuts both sediments and granite, but most of the
development work has been in the granite. In the main level the
hanging wall of the vein is granite. Between the main level and .
the 50-foot level the lead lies along the contact of the granite and
the sedimentary rocks, and the shaft was sunk along the vein, which
here had a dip of 45°. On this level everything in beyond the shaft
is said to have granite on both walls, and below this level both shaft
and vein are reported in granite but the dip of the vein has changed
to 35° N. Between the 50-foot level and the next lower level several
parallel quartz veins with a maximum width of 14 inches cut across
the shaft toward the main vein. In the station and crosscut on the
lower level some of these leads join the main vein, increasing its
width to 4 feet.
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There are good walls to the veins in the granite on the 50-foot
level, but little gouge, although the quartz breaks free from the
walls. The same is true in the crosscut on the lower level. In the
lead in the original surface shaft gouge shows on both walls of the
fissure.

The gangue minerals of the Granite mine ore include quartz, cal-
cite, and a brownish-weathering carbonate. The metallic ore min-
erals are gold, pyrite, sphalerite, stibnite, galena, arsenopyrite, and
chalcopyrite. In one specimen both light-colored and medium-col-
ored gold were seen, so it is probable that the grade of the gold varies
considerably in different parts of the vein. Stibnite is in places very
closely associated with the richer gold ore. The sulphides are not
particularly abundant in the ore, forming, according to report, but
2 per cent by weight of it.

A new lead is said to have been discovered in 1914 about 700 feet
from the Granite mine, on the contact of the same granite intrusion.

MISCELLANEQUS LOCALITIES IN THE PQRT WELLS DISTRICT.

Considerable development work is reported on the prospect of
Everson, Gauthier & Cooper, on Hobo Bay. The crosscut tunnel is
said to have been lengthened to 172 feet, the lead crosscut, and some

. drifting done on the lead. Surface strippings are said to expose the
“lead for about 1,500 feet. The prospect is reported by the owners to

be developed by a 25-foot shaft and 300 feet of drifts.

On the Mineral King claim of Hermann & Eaton about 90 feet
of drifting is reported to have been done on the lead on the 100-foot
level between November, 1913, and March 1, 1914, and the develop-
ments are now said to include a 110-foot inclined shaft and 150 feet
of drifts on the 100-foot level. The tunnel on the Yakima ledge is
said to have been extended to 50 feet.

The developments on the Tomboy group, on Pigot Bay, now in-
clude a 40-foot adit and a 20-foot winze on the vein on the Tomboy
No. 2, and a 35-foot tunnel on Tomboy No. 3, on a vein discovered
in 1914. Twelve men were employed on the property until December

* 22, 1914. Several tons of ore from the new vein was milled in

Valdez.

Several veins are said to have been discovered on different parts
of Pigot Bay during the summer.

A gold quartz vein is reported to have been discovered on Passage
Canal, late in the fall, by Guy Banta and Harvey Sullivan.

The Hummer Bay prospect of Everson, Harris & Parker is said to
be developed by two tunnels, 30 and 138 feet long, and by a 15-foot
shaft.

Assessment work only is reported on the Barry Arm prospects.

~i
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On the Black & Hogan claims, on Harriman Fiord, the Tar Flat
group, 250 feet of tunnels and two shallow shafts are said to have
been driven on the vein at an elevation of about 100 feet above sea
level. Ten feet of underground work is reported to have been done
on the Harriman Fiord property of the Sweepstake Mining Co.

The Eldorado claims of White & Pedersen on Eaglek Bay were
ander development by the Alaska-Washington Gold Mining Co.,
and at the close of 1914 the total length of drifts and crosscuts was
reported to be 375 feet.

Two new discoveries of gold quartz were made on the east side
of Eaglek Bay, thus extending the known gold-bearing area of the
Port Wells district a little farther eastward.

The Thomas-Culross Mining Co. did considerable development
work on the Bugaboo and Chelan claims on Thomas Bay, Culross
Island, during the first 10 months of 1914. The developments now
" include a 140-foot crosscut tunnel to the fissure, a 175-foot drift on
the vein from this crosscut tunnel, and a 28-foot vertical shaft sunk
on the vein. All this work except the crosscut tunnel was done in
1914. A shipment of several tons of ore from these workings was
made to the smelter,

Bl



THE GOLD AND COPPER DEPOSITS OF THE PORT VALDEZ
DISTRICT.

By Bertranp L. Jonxson,

INTRODUCTION.

The object of this preliminary report is to describe briefly the dis-
tribution, geologic relations, and characteristics of the mineral de-
posits of the Port Valdez district (P1. VIII, p. 186). A brief pre-
sentation of the geographic factors bearing on the economic develop-
ment of the mineral deposits of the district precedes a discussion of
the geology. The general description of the mineral deposits is
followed by detailed descriptions of many of the ore bodies.

Detailed geologic mapping was begun in the Port Valdez district
in 1914 by the writer, assisted by G. L. Harrington. Mr. Harrington
also assisted in the preparation of this report, which is only pre-
liminary. A more complete account of the geology and mineral
resources will be prepared when the final mapping and studies have
been completed.

GEOGRAPHY.

The Port Valdez district lies in the northeastern part of the
Prince William Sound region and comprises the area immediately
tributary to Port Valdez. (See Pl VIIL.)

The district is one of strong relief. The mountains inclosing the
fiord rise abruptly from sea level and in parts of the district attain
elevations of 4,000 feet within a mile of the coast. The main range,
which has a maximum elevation of 6,970 feet, lies north of Port Val-
dez. A well-defined but less rugged range, with peaks from 2,000 to
5,425 feet above sea level, forms the mountainous spur south of Port
Valdez. The continuity of the main range is broken only by the
high pass (4,800 feet) occupied by the Valdez Glacier. A few lower
passes, 2,000 to 2,500 feet above sea level, cross the spur range between
Port Valdez and Columbia Glacier.

The entire Port Valdez district has been intensely glaciated in re-
cent times, and, 8s in other districts of alpine glaciation, two distinct
types of topography have resulted—one shaped by frost action above

140
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the surface of the glaciers, with sharp peaks, cirques, and narrow,
‘steep-walled, comblike ridges, and the other with the rounded fea-
tures of an area overridden and smoothed beneath glacial ice. The
characteristic sharp, angular forms developed by high-level erosion
appear at elevations above 4,000 feet. Practically all of the district
below this elevation is characterized by the rounded summits, slopes,
and U-shaped valleys produced by glacial abrasion.

In pleasing contrast to the rugged relief of most of the district are
the broad, gravel-covered, timbered lowlands that border the head of
Port Valdez. These plains, which slope gently seaward, all lie below
an elevation of 250 feet above sea level. The Valdez and Mineral
Creek plains have a slope of only 50 feet to the mile, and the gradient
of the Lowe River flats is even less.

The glaciers that cover much of the area north of Port Valdez are.
with the exception of Anderson Glacier, of the alpine type. Colum-
bia Glacier, the largest in the Prince William Sound region, borders
the northwestern part of the district. The long ice tongue of Valdez
Glacier debouches on the gravel plain at the head of Port Valdez.
Shoup Glacier discharges into Shoup Bay. Mineral Creek heads in
a valley glacier, and numerous hanging glaciers occur in this and
other valleys. Anderson Glacier caps the mountainous area between
Sawmill and Shoup bays and occupies a pass between Shoup Bay and
Columbia Glacier. South of Port Valdez only a fev:- small glaciers
remain.

The shore line is remarkably even. The shores are mostly steep,
in places precipitous, and rocky, with a few small rock peninsulas
and islands. The head of Port Valdez is fringed by a wide mud flat,
and smaller flats adjoin the mouths of many of the streams. The
otherwise even shore is dented by three small bays—Jack, Sawmill,
and Shoup bays. '

Most of the drainage of the district enters Port Valdez. The
streams drain small areas, and are mostly short, and as they derive
a considerable part of their water supply from melting snow and ice,
the stream flow is subject to wide variations during the year.* Two
power plants are in operation on Solomon Gulch, and some smaller
plants are utilized during the summer. There are also some unde-
veloped water powers in the district.

. COMMERCIAL CONDITIONS.
Valdez, the supply point of the district, with a population of

‘about 1,500, lies at the head of Port Valdez, which is open to navi-
gation throughout the year. It is the coastal terminus of the Valdez-

1 Hllsworth, C. E., and Davenport, R. W., Preliminary report on & water-power recon-
palssance in south-central Alaska: U. 8. Geol. Burvey Bull. 592, pp. 1T8-178, 1914,
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Fairbanks military road. It is.connected by cable with Seward, Cor-
dova, Juneau, and other points on the Alaska coast and with Seattle,
and by telegraph with Fairbanks. Valdez can be reached in six days
by steamer from Seattle. Two companies operate steamers to Val-
dez, giving a service in summer of eight times a month and in winter
of four to six times a month. Freight charges from Seattle to
Valdez (1915) vary from $3 to $40 a ton according to classification.
Transportation for passengers (1915) costs $45 for first class and
$25 for second class.

Valdez is provided with wharves, banks, 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. Gasoline in
1914 cost 45 cents a gallon in 10-gallon cases, and British Columbia
coal retailed at $12.50 a ton delivered. The town has in the past
been subjected to occasional disastrous floods of the streams from
Valdez Glacier, but it is now protected by a dike built in 1913-14,

On the south side of Port Valdez wharves have been built at
Solomon Gulch, forming the coastal terminal for the aerial tram of
the Midas mine, and at Fort Liscum, an army post. 'Wharves have
also been built at the mouth of Mineral Creek and at the CLff mine.
A wagon road has been built from the Mineral Creek wharf to a
point 5 miles up Mineral Creek, and one up Solomon Gulch to the
Midas mine. The other properties have been connected with tide-
water by trails, some of which traverse the glaciers.

Transportation along the coast is effected largely by the use of gas-
oline launches, some of which give a regular service to the Port Wells
district. Launches can be chartered at a cost of $10 to $30 a day.
Wages in the district are about $3 to $4 a day and board. At the
height of the mining season in summer it is not always possible to
obtain the services of experienced lode miners, though there are a
number of them in the district.

The climate of the Port Valdez district is somewhat colder and
drier than that of neighboring districts on Prince William Sound,
which are more directly exposed to the influence of the Pacific
Ocean. Records at Valdez show a total annual precipitation of about
56 inches; at Fort Liscum, on the south side of the bay, it is 74 inches.
The average annual snowfall is about 30 feet. The average tempera-

. ture for the three summer months is about 52° F. and for the three

winter months about 21° F. At higher elevations the climate is more
severe. The steep slopes and heavy snowfall lead to numerous snow-
slides, and this is one of the elements the miner has to contend with
in winter work in the district.

Timber is scarce in the Valdez district, but there is some in the
Lowe River valley and at Sawmill Bay. Trees 5 feet in diameter
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may be found, but the average size is very much smaller. Spruce and
shemlock predominate, although on the Valdez and Lowe River flats
cottonwoods are more abundant. The upper limit of timber is irregu-
lar, extending from sea level to 1,500 feet. Timber is also obtain-
able from Port Fidalgo, 20 miles to the south. The local timber is
suitable for mine workings and rough lumber, but the better grades
of lumber are brought from Seattle. The Port Valdez district is
- included in the Chugach National Forest.

In the lowlands, which are not extensive, there is some good grass,
but most of the horse feed is brought from Seattle. Small local gar-
dens supply the hardier vegetables and these, with fish and small
game, are the only local sources of food supply.

To summarize the commercial conditions: Equipment and sup-
plies can be landed at tidewater on Port Valdez at no great cost.
Transportation to inland properties, however, is usually rather ex-
pensive. Fuel is costly, but other supplies are comparatively cheap,
and wages are not high. Timber, though not locally plentiful, can
be brought from points near by. Underground operations can be
carried on throughout the year, and mills can also be operated the
entire year where a permanent water supply is available. Water-
powers available throughout the year are not abundant.* The open-
ing of the Bering River and Matanuska coal fields should give com-
paratively cheap fuel. The strong relief is favorable to the under-
cutting of lodes, where good evidence of their persistence at depth is
shown, doing away with the necessity of pumping. Lodes located at
tidewater, like that of the Cliff mine, necessitate the sinking of shafts
and pumping of water.

GEOLOGY.
OUTLINE.

The Port Valdez district lies in the southern part of the Chugach
Mountains, which so far as known consist of metamorphosed sedi-
mentary rocks, chiefly slates, argillites, graywackes, and conglom-
erates with minor amounts of greenstones and limestones, altered in
many places to schistose rocks by dynamic and contact metamorphism.
The age of these rocks is unknown, but is probably either late Paleo-
zoic or early Mesozoic. The intrusives which cut these sedimentary
rocks are believed to be of Mesozoic and later age.

Earlier workers in this part of the Prince William Sound region
and the Chugach Mountains have subdivided the rocks of this area

1 Ellsworth, C, B., and Davenport, R. W., op. cit, pp. 1T0-180.

..
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into two great divisions—the Valdez and Orca groups.! The Valdez
group was presumed to be the older and more metamorphosed ande
was described as consisting principally of slates and graywackes.
These Valdez rocks were believed to be unconformably overlain by
another great series of less altered sediments of similar lithologic
types, named the Orca group. The Orca rocks consist of interbedded
slates and graywackes with extensive greenstone flows and agglom-
erates as well as thick conglomerate beds. Granitic rocks were re-
ported to intrude both Orca and Valdez groups.

The major part of the Port Valdez district as mapped by Grant
and Higgins? lies within the Valdez group of these writers. The
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Ficure 4,—Geologic sketch map of the vicinity of Sawmill Bay.

boundary of the Valdez and Orea groups is placed by them at the
entrance to Valdez Narrows, and a large part of the area between
this locality and Point Freemantle is mapped as the Orca.

The conclusions reached as a result of the 1914 field work are tenta-
tive, but the evidence collected suggests a stratigraphic succession
markedly different from that outlined above. The geologic section
as now understood appears comparatively simple and consists of

i gehrader, F. C., A reconnaissance of & part of Prince Willlam Sound and the Copper
River district, Alaska, In 1898: U. 8, Geol, Burvey Twentleth Ann. Rept, pt. .7, pp.
404417, 1900. Schrader, F. C.,, and Spencer, A. C.,, The geology and mineral resources
of a portion of the Copper River district, Alaska: U. 8. Geol. Buryey Special Pub., pp.
B82-40, 53, 1901. Grant, U. B., and Higgins, D. F., Reconnaissance of the geology and
mineral resources of Prince Willlam. Spund, Alaska: U. B. Geol. Survey Bull, 443, pp.
20-38, b51-52, 1010,

2 Jdem, pl. 2.
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slate, greenstone, conglomerate, graywacke, and argillite, deposited
in the order named. No conclusive evidence was seen for the exist-
ence of an unconformity between any two of these formations. The
Sawmill Bay area, although closely folded and faulted, was found to
offer the best clue to the stratigraphic succession in this district, and
the small geologic sketch map (fig. 4) shows the distribution of the
formations in this vicinity. North of this area, however, the rocks
have undergone greater dynamic metamorphism and present an in-
tricately folded complex which, so far as the present field work shows,
includes slightly altered as well as schistose types of all members of
the stratigraphic succession named above. This complex borders the
shores of Port Valdez and covers most of the district. Less deformed
beds oceur, however, in the extreme northeastern part of the district,
in the valley occupied by Valdez Glacier. The use of the term “ Val-
dez group ” as at present commonly understood does not seem justi-
fied by recent work. This question will be discussed in full in the
final report on this district.

SEDIMENTARY ROCKS,

The pre-Quaternary rocks are almost entirely of regionally meta-
morphosed types. The variety of sedimentary rocks is not great.
Four lithologic subdivisions may be made—(1) black slates, (2)
greenstones, (3) conglomerates, (4) graywackes and argillites. The
stratigraphic sequence is apparently that in which they are men-
tioned here. Other metamorphic varieties are found which have
resulted from the regional metamorphism of these units. Rocks
altered by the contact metamorphism produced by granitic intrusions
also occur within the district but cover only very small areas.

BLACK BLATES.

The black slates occupy an inconsiderable part of the area. The
largest and most typical exposure is a strip lying east of the green-
stone band at the mouth of Sawmill Bay. The slates are pre-
dominantly dark-gray to black, very fine grained rocks, with a well-
developed slaty cleavage. This division, in contrast with the other
sedimentary rock groups of the district, is characterized by a rela-
tively small percentage of graywacke. Within the metamorphic
complex that covers most of the Port Valdez district are small in-
folded areas of these slates, locally in intimate association with
sheared greenstones or green schists. Examples of these occurrences
are to be seen on the east side of Valdez Glacier at the Rose Johnson
property, on Mineral Creek below Brevier Creek, on the south side
of Port Valdez near Jackson Point, on the west side of the Valdez

6411°—15——10
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Narrows near the lighthouse, near the head of Clear Creek, on T'win
Falls Creek, and between Anderson and Columbia glaciers. A slaty
or schistose structure has been developed by dynamometamorphic
processes in many of the other rock groups of the district, but rocks
having this structure must be carefully distinguished from the typi-
cal black slates, which have distinet lithologic characters and consid-
erable thickness. The belt at the mouth of Sawmill Bay is about 800
feet wide, and much larger exposures occur in the Ellamar district.

GREENSTONES AND GREEN SCHISTS.

The greenstones and green schists are derivatives of a series of basic
lava flows, which locally display pillow structure. The maximum
thickness of these rocks exposed within the Port Valdez dis-
trict may be seen at the entrance to Sawmill Bay, where a steeply
dipping band of greenstones 1,000 feet wide extends southwestward
along the coast. Much smaller areas of greenstone occur in the west
side of the Valdez Narrows, at the head of Solomon Gulch, between
Anderson and Columbia glaciers, on Mineral Creek, within the val-
leys occupied by Valdez and Shoup glaciers, and on some of the
northerly tributaries of Sawmill Bay. The least-altered greenstones
are dark-greenish, heavy, fine to medium grained rocks, which on
weathered surfaces have a characteristic brownish appearance when
seen from a distance. Those at Solomon Gulch and Sawmill Bay
. are the least altered, and in the exposures at the mouth of Sawmill
Bay the ellipsoidal structure is still evident. In other exposures, as
on Shoup Bay, the west side of the Valdez Narrows, Mineral Creek,
and in the Valdez Glacier drainage area, the original structure and
texture have been almost completely masked by the later schistosity,
so that the rocks now appear in many places as rather light green
bands of chlorite schist or as thin chloritic bands complexly inter-
sheared with black slates.

CONGLOMERATES,

The small area covered by the conglomerate in this district is not
a clue to the stratigraphic significance of the formation, whose exist-
ence and situation are indicative of a pronounced change in condi-
tions—a transition from the period of volcanic activity in which the
basic lava flows occurred to the period of sedimentary deposition in
which the thick graywacke and argillite series was laid down. The
largest body of conglomerate is that lying above the greenstone on
the peninsula at the entrance to Sawmill Bay, where it is 800 feet
thick. This body is apparently continuous with the conglomerate
area lying to the southwest, where scattered outcrops of conglomerate
are visible over a width of about 1,500 feet, but it is questionable
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whether the thickness exposed is the original thickness or whether
there may not have been duplication of the beds through faulting.
The contact of the conglomerate with the underlying greenstone is
not exposed within the district, but because of the presence of numer-
ous greenstone pebbles in the conglomerate, especially near the con-
tact, the sequence may be safely assumed. This conglomerate has
been tentatively correlated with a similar conglomerate at the en-
trance to Galena Bay, where the relations of the greenstone and con-
glomerate are more apparent. At that point the conglomerate “lies
conformably upon the underlying greenstones, and although the con-
ditions of sedimentation were greatly changed, coarser materials be-
ing carried into the sea and voleanic activity having ceased, it is be-
lieved that no time elapsed between the deposition of the greenstones
and that of the conglomerate, but that deposition was continuous.”*
Other exposures of this conglomerate are on the east side of Sawmill
Bay north of the greenstone, where its extent is limited by faulting,
and on the Sawmill Bay and Cape Freemantle shore. Present indi-
cations also point to an exposure of conglomerate on the steep eastern
slope of Point Lowe, but its stratigraphic relations are not definitely .
known.

In the type locality the texture of the conglomerate varies mark-
edly. Near the greenstone contact there are many large bowlders,
but farther away the pebbles are much smaller. They-are mainly
angular to subangular in shape; few are well'rounded. The pebbles
consist of greenstones, graywacke, argillite, and slate. The matrix
is usually a dark-gray fine to medium grained graywacke material
closely resembling in appearance the overlying graywackes.

A few conglomerate bowlders are found in the wash from Valdez
Glacier. They are of essentially the same type of rock as those
from the vicinity of Sawmill Bay. A small conglomerate bowlder
found in the beach gravel on the east side of Valdez Narrows
appears much less metamorphosed than any conglomerates known
in place in this distriect. It also differed from the other conglom-
erates in having a very light colored sandy matrix with numerous
embedded rounded pebbles of black argillite. It seems doubtful at
present if this bowlder had its source within the Port Valdez district.

GRAYWACKES AND ARGILLITES.

The graywackes and argillites cover large areas within the Port
Valdez district. They are especially well developed on Sawmill Bay
and Valdez Narrows, on the south side of Port Valdez, and along
the upper reaches of the Valdez Glacier. This graywacke and argil-

1 Capps, 8. R, and Johnson, B. L., The Ellamar district, Alaska: U. 8. Geol. Burvey
" Bull, 605, p. 42, 1915,
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lite series covers a much larger area than any of the other sedi-
mentary rock groups of the Port Valdez district. Its rocks grade
from the conglomeratic graywackes at the bottom through gray to
dark-gray coarse-grained graywackes containing feldspathic mate-
rial, small slate fragments, and pebbles of older rocks of similar
nature, to the darker, finer-grained argillites. The graywackes are
the predominant members of the series. In places there are alternat-
ing beds of characteristic dark argillites and equally distinet gray-
wacke, the individual beds being but a few inches thick. The con-
trasting colors of the argillites and graywackes in these occurrences
give, at a little distance, a distinctly banded or ribbon-like appearance
to the rock. Elsewhere the graywackes are in massive beds several
hundred feet thick, with only an occasional thin bed of the argillite.
The graywackes are composed of subangular frugments of quartz
and plagioclase feldspar, comparatively little decomposed, and a
few grains of epidote, in a carbonaceous, calcareous, and argillaceous
matrix. Small fragments of earlier grsywackea and cherts are also
found in these graywackes.

QUATERNARY DEPOSITS.

The Quaternary deposits are the youngest sediments of the district.
They consist of unconsolidated material resting unconformably on
the glaciated surfaces of the metamorphic rocks and include glacial
deposits, fluvioglacial deposits, the sands and gravels of the present
nonglacial streams, lake deposits, beach deposits, talus cones and
fans, and landslide material. - These deposits have been formed by
the erosion, principally glacial, of the metamorphic bedrock of the
district and consist chiefly of graywacke and argillite, with minor
amounts of slate, greenstone, green schist, aplite, and quartz. The
district has been one of glacial erosion rather than of deposition, and
- the Quaternary deposits mask relatively small areas. Glacial till
forms a thin patchy mantle over all the low-lying parts of the district.
Fluvioglacial deposits have their best development in the united
outwash plains of the Valdez Glacier streams and Lowe River, and
glacially excavated rock basins filled with fluvioglacial gravels occur
on Solomon Gulch and Mineral Creek. A concentric series of gravel
terraces lies on the outer side of the big bend in Shoup Glacier
between Shoup and Anderson glaciers. Landslide débris covers
many acres between Solomon Gulch and Fort Liscum.

STRUCTURE.

The structure of the Port Valdez district has not been worked out,
but certain general statements may be made regarding its broader
features. The stratigraphic succession as at present understood has
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been given above, and the areal distribution of the different forma-
tions is due largely to their deformation since they were laid down.
The least-deformed beds are at the entrance to Sawmill Bay, border-
ing the upper reaches of Valdez Glacier, and at the head of Solomon
Gulch. The Valdez Glacier area lies north of the second glacial
tributary to Valdez Glacier from the east. Here a thick succession of
graywackes and argillites strike approximately east and dip rather
gently to she north. At the head of Solomon Gulch the folding has
exposed a large mass of greenstone beneath the overlying graywackes.
At Sawmill Bay the entire sedimentary series has been closely folded
and faulted. The beds strike N. 40°-70° E. and dip 70° N. to
vertical. Over the rest of the Port Valdez district a marked uni-
formity in the strike and dip of bedding and schistosity prevails.
The strikes are between S. 70° E. and N. 75° E. and the dips are
from 45° to 80° N. Minor folds observed at several localities indicate
that the monoclinal dips are the result of closely compressed folds
overturned to the south. In the western part of the district some of
these folds were observed with axes having a westward pitch.

Subsequent to the folding, but before the mineralization of the
rocks, a set of fissures was developed in which the gold-bearing quartz
was later deposited. These fissures trend between N. 25° W. and S.
50° W., but most of them lie between N. 55° W, and west. This set
of ﬁmures dip between 65° and 90°, mostly to the north and east.
Pronounced jointing trending from N. 45° W. to N. 80° E. is notice-
able along the shores of Port Valdez but does not seem to occur
around the mouth of Sawmill Bay. .

INTRUSIVE IGNEOUS ROCKS,
GENERAL FEATURES,

Intrumve igneous rocks are not abundant in the Port Valdez dis-
trict. A few small, widely scattered stocks or bosses of granitic rocks
and a few dikes, of aplitic and diabasic types, are found. The rela-
tions of the diabasic dike rocks to the aplites and granites of the
district are not known. The aplites and granites are probably
genetically related to each other, and on the Giant Rocks, between
the mouth of Mineral Creek and Valdez, a gradation can be seen from
medium-grained granitic rocks to dense, finely porphyritic aplite

dikes.
+ These intrusives are the youngest pre-Quaternary rocks of the dis-
trict and intrude both the unaltered snd the schistose phases of the
sedimentary rocks. Their age is not known, but the granites and
related dike rocks are probably of the same age as the other granitic
intrusives of the Prince William Sound region, which in recent years
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have been tentatively assigned to the Mesozoic. The igneous intru-
sions of the Port Valdez district apparently took place after the
major deformations of the country rocks. In certain places, how-
ever, as in the Valdez Narrows, these igneous rocks have suffered
later shattermg and faulting. The granitic and aplitic rocks were
intruded previous to the mineralization of the district and in many
places show the effects of the hydrothermal alteration caused by the
mineralizing solutions. Quartz stringers, with some calcite, occur in
some of the diabase dikes, and in one place calcite and pyrite were
seen along fracture and shearing planes in one of these dikes. As
there is reason to believe that there was but one general period of
mineralization in this district, it appears possible that some of the
diabasic dike rocks were intruded previous to the mineralization, and
it may be that some of them are complementary offshoots of the
granitic magma. '

GRANITIC AND RELATED ROCES,

The granitic and related rocks of the Port Valdez district occur in
small stocks or dikes on the Giant Rocks, between the mouth of Min-
eral Creek and Valdez; on the north shore of Port Valdez just west
of the mouth of Gold Creek; on the east side of the entrance to Val-
dez Narrows; at the head of Solomon Gulch; on Mineral Creek; and
within the valley occupied by Shoup Glacier. Abundant float is also
found on the west lateral moraine of Valdez Glacier, and a granitic
intrusive is reported in the west end of the Gold King nunatak. The
rocks are all of light-grayish to light-greenish color and have fine-
grained, porphyritic, or aphanitic texture. Surficial alteration of the
mineralized phases gives the rocks a brownish cast. These light-col-
ored rocks are intrusive into the dark-gray, green, and black meta-
morphic rocks of the district, to which they offer a marked contrast.

A boss of granitic rock with aphanitic to slightly porphyritic off-
shoots, 4 to 20 feet thick, occurs on the Giant Rocks, between Valdez
and Mineral Creek. The dikes are intruded parallel to the schistosity
of the surrounding metamorphic rocks, which here strikes about east
and dips 55° N. The lamine® of the schists have in places been de-
formed by the intrusion of the molten rock, and the dikes show series
of lenses of igneous rock varying in width from a quarter of an inch
to 4 feet, around which the lamin® of the schistose rocks bend. Lo-
cally the dikes are badly sheeted and jointed. A little contact meta-
morphism, developing biotite in some of the surrounding gray-
wackes, has taken place but is not common. The intrusives are me-
dium-grained, finely porphyritic to aphanitic rocks of a light-gray
to greenish-gray color. They are composed largely of plagioclase
feldspar, with minor amounts of orthoclase, quartz, apatite, sericite,
and ferromagnesian minerals. Biotite and chlorite are abundant in
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some parts of the rocks. Sulphide mineralization of the intrusions is
indicated by the scattered rusty spots in the weathered rock. Quartz
seams, slightly iron stained, lie along some of the joints in the gran-
ite. Small quartz veins also cut the adjoining metamorphosed gray-
wackes. The medium-grained, uniform-textured phases of this gran-
ite are used in the local rock-drilling contests at Valdez.

A badly shattered aplitic dike or stock is exposed for 125 feet
along the eastern shore of Valdez Narrpws, near the outer entrance.
The rock is a light-gray dense aplite composed chiefly of quartz and
albite. Ferromagnesian minerals are scarce. Pyrrhotite and chal-
copyrite occur as impregnations in the aplite. Assays show the
presence of a trace of gold. The adjoining graywackes appear
slightly metamorphosed by the intrusion. A rock of similar appear-
ance, mineralized by pyrrhotite, occurs at the head of Solomon
Gulch, near the Midas mine.

A fine-grained light greenish-gray aplite dike crops out on the
north shore of Port Valdez west of the mouth of Gold Creek. It is
intrusive into the sediments parallel to the schistosity, which has a
strike of N. 88° E. and dips 56° N. The dike is 4 feet wide and is
traceable for about 150 feet along the shore. The dike exposure is
much weathered and shattered. Small quartz veins are abundant in -
the graywacke near the dike.

The diabasic intrusive rocks are not as abundant as those of the
other types and have been found only in the southwestern part of
the district, on both sides of Valdez Narrows and in the mountains
to the west. The rocks are dark colored and consequently are not
conspicuous. They are dense, finely porphyritic or fine-grained dia-
bases, some of which weather dark brown. Their width varies from
1 foot to as much as 25 feet, although the smaller dikes are the most
abundant. They are usually vertical or nearly so. In some localities
the dikes are shattered and slightly faulted. One diabase dike in
the Valdez Narrows is impregnated with pyrite.

MINERAL RESOURCES.
INTRODUCTION.

The mineral resources of the Port Valdez district comprise de-
posits of gold, silver, and copper. At present gold and silver are the
only metals recovered from the ores, but recent developments indi-
cate that the Midas mine, on Solomon Gulch, will soon become a
copper producer. A shipment of several tons of copper ore is said
to have been made from this property in 1912 or 1913. The gold
now produced in the district comes chiefly from gold quartz lodes,
although & small amount of placer gold is obtained each year. These
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placer operations are intermittent and on a small scale, and the out-
put is very small. The silver occurs alloyed with the native gold
of both lodes and placers. The copper ore of the Midas mine also
carries both gold and silver. The gold ores are free milling, but the
copper ores must be melted. Some of the gold quartz lodes contain
chalcopyrite, but the amount is small and it is of no value. The con-
centrates from the gold-milling plants have been in the past and are
at present shipped to smelters.

In the following discussions of the relations of the ore deposits,
two types of ores, gold quartz ores and copper-bearing sulphide
ores, are recognized. There is reason for believing that in the Valdez
district, as in the Ellamar district, both types of ore had a common
origin in the mineralizing solutions and were deposited in the same
epoch of metallization. Differences in physical and chemical con-
ditions existing at the place of deposition of the ores are believed
to account for the present diversity in the types of deposit, inasmuch
as the mineral associations at both gold and copper deposits are
practically identical, only the relative amounts of the different min-
erals in the ores varying.

Auriferous gravels were known to occur in the streams of the
Port Valdez district many years before any workable gold-bearing
quartz was discovered. By 1898 Schrader® reported that pay gravels
had been found on several of the streams and that some work had
been done on them. Quartz veins were staked as early as 1897 in
some parts of the district, and in 1901 the Midas copper deposit, at
the head of Solomon Gulch, was located by H. E. Ellis. Valdez was,
however, for a number of years after its settlement looked upon
merely as a starting point for the interior, and it was not until after
the Cliff mine, which had been located in 1906, became productive in
1910 that the mineral possibilities of this region began to be realized.
As Brooks has stated,® the success of the Cliff mine— .
very greatly stimulated prospecting by local miners and attracted the attention
of nonresidents, who quickly recognized the possibility of developing here a
new auriferous lode district. As a result, several hundred lode claims were
staked and considerable development work was undertaken during 1910 and
1011, These activities first centered in the region Immedlately adjacent to
Port Valdez, but later both the eastern and western extension of what was
believed to be an auriferous belt received attention. The search for auriferous
lodes was carried westward to Columbla Glacier and later to Port Wells and
eastward along the Valdez-Fairbanks road.

The Ellis Imperial had been located in 1909 by the discoverer of
the Cliff. In 1910 the Ibex, Silver Gem, Gold King, Alice, Sealey-
Davis, Millionaire, and Black Diamond claims .and those of the

i Behrader, F. C., A reconnaiseance of & part of Prince Willlam SBound and the Copper
River district, Alaska, in 1808: U, B. Geol, Burvey Twentieth Ann. Rept., pt. 7, pp.

421-422, 1900,
* Brooks, A, H., Gold depoeits near Valdez: U. B. Geol. SBurvey Bull. 520, p. 108, 1912,
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‘Valdez Mining Co. were among those located. The next year (1911)
some of the properties located were the Ramsay-Rutherford, Bald
Mountain, Pinocle, Bessie Williams, Cameron-Johnson, Mountain
King, Rambler, Big Four (on Mineral Creek), Mayfield, and Bunker
Hill. ' The mining developments up to and including 1912 have
been summarized by Brooks;! and those in 1918 by the writer.?
Milling plants have been erected at properties on the east side of
Valdez Glacier, on Mineral Creek, at the Cliff mine, on the west side -
of Shoup Glacier, and on a barren rocky island in Columbia Glacier,
and a considerable output of gold now comes annually from these
lodes. The extensive developments made on the Midas copper prop-
erty by its present owners justify the assumption that it will soon not
only add materially to the gold production of the Port Valdez dis-
trict but also place the district among the copper-producing districts
of Alaska.

In 1914 nine mills of various types were in operation in the Port
Valdez district, and it is estimated that between 250 and 300 men
were engaged in mining at one time or another during the year. The
value of the total mineral production to January 1, 1915, has been
about $900,000.

The valuable metal content of the gold quartz thus far mined in
the Port Valdez district has averaged about $37 a ton. It has
ranged from $18 to $85 in ores milled at the several prospects during
an entire season, and still higher averages have been obtained on lots
of a few tons sent to custom mills or smelters. The thickness of the
veins thus far mined in this district has ranged from a few inches to
.more than 5 feet, but the average thickness of the ore bodies devel-
oped on producing properties appears to be between 1 and 2 feet.
The greatest depth to which an ore body has been mined is about
500 feet, at the CLiff mine.

GEOGRAPHIC DISTRIBUTION OF ORE DEPOSITS.

The Port Valdez district is one of several scattered gold quartz
districts on the mainland bordering Prince William Sound from
McKinley Lake to Seward. These districts form a broad mineralized
belt, concave southward, encircling the copper deposits of Prince
William Sound, one of which (the Midas mine) is included within
the Port Valdez district.

The area in which ore deposits have been found in the Port Valdez
district lies in an east-west belt paralleling Port Valdez and extending
from Columbia Glacier on the west to and beyond Valdez Glacier on

1 Brooks, A. H,, Gold deposits near Valdez: U. 8. Geol. Survey Bull. 520, pp. 108-130,
1912 ; The mining industry in 1912: U. 8. Geol. Survey Bull. 542, pp. 85-38, 1918,

2 Johnson, B. L., Mining on Prince Willlam Sound: U. 8. Geol. Survey Bull. 592, pp.
237-230, 240, 1014.
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the east, a distance of about 25 miles between the most easterly and
most westerly known deposits. (See PL. VIIL.). Prospects have also
been found in the vicinity of Thompson Pass and Ptarmigan Drop,
12 to 15 miles to the east, in what is apparently the eastward exten-
sion of the Port Valdez mineralized belt. Evidences of mineraliza-
tion are also reported west of Columbia Glacier. The most north-
erly prospects within the area are those at the head of Mineral Creek,
which are 8 miles from tidewater. The most southerly ore deposit
is that of the Midas mine. The geologic limita of the gold-bearing
area have not yet been definitely located. As Brooks! has shown,
the inland limit of the occurrence of the ores seems to be determined
by their accessibility, and the area outlined above and covered in
this report “must in the light of present knowledge therefore be
regarded as a topographic province in which ores have been found
rather than as a geologic province within which the conditions for
the occurrence of mineral deposits are more favorable than they are
elsewhere.” The actual limits of the mineralized area yet remain
to be discovered, as it appears at present that they lie beyond the
arbitrarily chosen limits of the Port Valdez district, which is only
a part of a larger similarly mineralized geologic province.

Considerable prospecting has been done throughout the district,
but as certain areas, such as the south side of Port Valdez, the area
adjacent to Sawmill Bay, the lower part of Mineral Creek, and the
upper reaches of Valdez Glacier, have shown little of promise, most
of the development work has been confined to the area north of Port
Valdez. Within that area there are several scattered areas in which
promising ore bodies have been discovered. These are (1) on both
sides of Valdez Glacier between Camicia Glacier and the next large
eastern glacier tributary to Valdez Glacier; (2) the upper part of
the Mineral Creek valley; (3) Shoup Bay and vicinity; and (4) the
mountainous ridge between the upper reaches of Shoup and Columbia
glaciers. To these should be added the area at the head of Solomon
Gulch. :

Gold-bearing quartz veins occur both north and south of Port
Valdez, although, as pointed out above, those of economic importance
thus far have been on the north of the bay. The only copper deposit
occupies an isolated position near the head of Solomon Gulch on
the south side of Port Valdez.

VERTICAL RANGE.

The known vertical range of mineralization is over 5,600 feet, ex-
tending from 300 feet below sea level in the Cliff mine to an elevation
of 5350 feet at the Big Four property on Mineral Creek. Gold

i Brooks, A. H., Gold deposits near Valdez: U. 8. Geol. Burvey Bull. 520, p. 119, 1912,
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quartz deposits have been found throughout the vertical range of
mineralization. The Midas mine is at an elevation of about 800 feet
above sea level.

DISTRIBUTION OF PRODUCTIVE MINES.

The gold quartz producing properties all lie north of Port Valdez
and Lowe River. The Gold King, the Cameron-Johnson, the mines
at the head of Mineral Creek, and the Ramsay-Rutherford lie near
the northern border. The Gold King is the westernmost producer,
the Ramsay-Rutherford the easternmost, and the Cliff mine the
southernmost. The Midas mine, a prospective producer of gold-cop-
per ore, is south of Port Valdez. The Cliff mine, the earliest and
largest producer of the district, is at sea level, but not all the produc-
ing properties are located on or near the coast. The Gold King, at an
elevation of 8,750 feet on & nunatak in Columbia Glacier, is 61 miles
in an air line from tidewater. The Mineral Creek properties are over
7 miles from the bay and range in elevation from 300 to more than
5,000 feet above sea level. The Ramsay-Rutherford property, 8 miles
from the coast, is at an elevation of about 3,500 feet. The Rose John-
son mill, on Valdez Glacier, 6 miles from Valdez, is at an elevation
of 1,200 feet. The Midas ore will have to be transported 4} miles
from the mine to ocean-going steamers. These productive properties
may be grouped as follows: Valdez Glacier valley, 2; Mineral Creek
valley, 4; Shoup Bay and vicinity, including the Cliff mme,2 Colum-
bia Glacler valley, 1; Solomon Gulch, 1.

GEOLOGIC RELATIONS OF THE ORE DEPOSITS.
STRUCTURE.

The determination of the limits of the mineralization of the Port
Valdez district is largely a structural problem. Both the gold quartz
and the copper deposits occur only in the more intensely disturbed
areas. The distribution of the gold quartz deposits appears to de-
pend largely on the occurrence of the thick series of fractured gray-
wacke and argillite which, as previously pointed out, overlies the
greenstones and black slates of this district. The folded and faulted
beds of this series cover a large part of the Port Valdez district,
interspersed with small infolded bodies of the greenstones and black
slates. The gold quartz deposits occupy fissures in this disturbed
series and in the metamorphic complex of which it forms so large a

‘part. Certain areas appear to have been more favorable to the depo-
sition of the gold quartz ores than others, There appears to have
been an area of this character on Valdez Glacier near the Ibex and
Ramsay-Rutherford properties, where this brittle series fractured on
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the upper limb of an overturned fold. The deposits on Mineral
Creek, which have not yet been carefully studied, appear to occupy
a somewhat similar situation. Another highly fractured mineral-
ized belt extends from ‘Shoup Bay westward through the Anderson
Glacier pass.

The Midas copper deposit is in a shear zone that traverses a por-
tion of the area in which all the rocks of the local geologic section—
black slates, greenstones, and graywackes—are involved in the
deformation.

The strikes of the greater majority of the ore-bearing fissures of
the district lie within the 105° included between N. 25° W, and S.
50° W. Within this arc there is a little closer grouping between
N. 556° W. and west. The dips range from 65° to 90° and are mostly
to the north and east.

The fissures are as a rule narrow. Some are sharp, clean-cut, and
filled with quartz. Others are shattered zones largely filled with
fragments of the country rock between well-defined walls, with
lenses or irregular networks of quartz cementing the fractures. In
still others the filling is pulverized and shattered country rock with
little or no quartz.

Some postmineral movement has occurred within the mineralized
district, resulting in the shattering of some of the quartz and the
glight faulting of some of the veins.

. No marked changes are to be expected in depth either in the
mineral association of the ores or in the value of the lodes as a
whole. It appears probable that gold quartz veins are distributed
throughout the rocks to considerable depths in much the manner
and form shown by the present known ore deposits. The persistence
of the general mineralization with depth, however, is no criterion as
to'the persistence of the mineralization in individual deposits. The
vein matter is usually not continuous along either strike or dip, even
in fissures that are traceable for long distances. The ore occurs'in
narrow shoots that are lenticular in both plan and section, and the
distribution of the shoots within many of the fissures is very irregu-
lar. The average width of the ore shoots thus far mined is between
12 and 24 inches. Their length has varied, attaining a maximum
perhaps in the Cliff mine, where the ore has been followed from a
point 200 feet above sea level to a point 300 feet below.

RELATIONS TO COUNTRY ROCE OTHER THAN STRUCTURAL RELATIONS.

The character of the country rock appears to have had little if.
any chemical effect on the deposition of the gold-bearing quartz
lodes of the district, which have the appearance of simple fissure
fillings and show no evidence of chemical action. The country rock
of these veins, however, is in places impregnated with pyrite and
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arsenopyrite. The copper deposits are impregnations and replace-
ments of sheared rocks. In the Midas mine the rocks most closely
associated with the ore are the black slates. In the Ellamar district
the black slates include some impure dark limestones, and it is not
at all improbable that much of the sulphide impregnation and re-
placement evident at the Midas mine are the result of the action of
the calcareous sediments involved in the shearing of the black slate
and greenstone series upon the mineralizing solutions.

CHARACTER OF THE LODE ORES,

As pointed out previously the mineral association in both gold
and copper deposits is practically the same, the relative proportions
of the different minerals alone varying. Both types of ores are
composed of primary minerals. Classified on the basis of the domi-
nant valuable metals, the ores may be grouped into gold-silver and
copper-gold-silver ores. From a metallurgist’s point of view the
ores are classifiable into free-milling gold ores and base smelting
sulphide ores with a high copper content. This also agrees with a
classification based on the predominant minerals, which in one kind
of ores are native gold and quartz and in the other are the sulphides
chalcopyrite, pyrite, and pyrrhotite.

The mineralogy of the ores is fairly simple. The economically
important minerals are native gold and chalcopyrite, the former being
the source of the gold and silver and the latter the source of the
copper.. Quartz is the dominant gangue mineral of the gold quartz
ores; calcite and a brown-weathering light-colored carbonate occur in
less abundance, and albite and chlorite are present in some of the
ores. The gangue of the copper ores is the crushed and altered coun-
try rock, with a very small amount of quartz and carbonates. The
metallic ore minerals comprise gold, silver, pyrile, and stibnite.
Pyrite is the most common and universally distributed sulphide, with
galena a close second. Sphalerite and chalcopyrite are the next most
widely distributed minerals, and some of the ores contain pyrrhotite
and arsenopyrite. Stibnite was noted in ore from the Gold King and
the Silver Gem. Limonite is the most common alteration product
from the oxidation of both gold and copper ores, but malachite stain-
_ ing was also noted at the Midas. Surficial alteration products of
arsenopyrite and stibnite are usually visible on surface exposures of
ores carrying those minerals. In the gold quartz ores the amount of
sulphides present is usually small.

In most of the ore deposits of the district the primary sulph;des of
the ores are exposed at the surface, although the outcrops of the ore
bodies have in many places been modified slightly by the postglacial
oxidation of the sulphides in the veins, and in the more favorable
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places a slight partial oxidation of the sulphides has taken place to
depths of at least 100 feet. A part of the gold formerly contained in
the eroded parts of the veins appears to have been left behind in the
partly oxidized outcrops, which in places show marked surface enrich-
ment.! Brooks has placed the thickness of this enriched zone as less
than 20 feet.

GENESIS OF THE LODE ORE DEPOSITS.

Genetically classified the Port Valdez gold quartz lodes are fissure
fillings of hydrothermal origin formed at moderate temperatures.
The copper lodes are due to the impregnation and replacement of
sheared sedimentary strata by hydrothermal solutions at moderate
temperatures. The mineral association in the copper and gold quartz
deposits is similar. This is true also of the other copper and gold
districts of Prince William Sound, where a gradation from a gold
quartz vein to a chalcopyrite-bearing shear zone has been noted. A
common origin from the same mineralizing solutions is therefore
assumed for the copper and gold quartz ores of the Port Valdez dis-
trict. The evidence indicates but one period of mineralization. The
ores were deposited later than the deformation of the sedimentary
rocks of the area and the consequent development of the schistosity
around Port Valdez. The mineralization was also later than the in-
trusion of the granitic and related igneous rocks of the area, inas-
much as the granites on the Giant Rocks, between Mineral Creek and
Valdez, and the aplites of Solomon Guich and Valdez Narrows were
mineralized subsequent to their intrusion. A more definite determi-
nation of the age at which the mineralization took place is not obtain-
able from this district. The granitic intrusions of Prince William
Sound and presumably those of the Port Valdez district also are
probably of Mesozoic age. In most Alaskan metalliferous districts
an intimate relation has been shown to exist between the ore deposits
and intrusions of granitic character. In the Port Valdez district the
presence of albite in the gold quartz veins indicates that the vein-
forming waters had a magmatic source from granitic igneous rocks.
These waters circulated subsequent to the granitic intrusions, to
which, therefore, they were most probably genetically related. The
ore deposits of the Port Valdez district, if these conclusions are
justified, are all of Mesozoic age and belong in the late Mesozoic
metallogenetic epoch of the Pacific coast.

GOLD PLACER DEPOSITS.

The unconsolidated deposits of the Port Valdez district, being

derived from the erosion of an auriferous series of rocks, are slightly
gold bearing, and colors of gold are reported in the gravels on

t Brooks, A. H., Gold deposits near Valdesz: U. B. Geol. Survey Bull. 520, p. 128, 1912,
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streams entering Shoup Bay, Mineral and Gold creeks, Solomon
Gulch, and Lowe River. Small amounts of gold have been recov-
ered by intermittent operations on these streams. The unconsoli-
dated deposits cover a comparatively small part of the district and
are predominantly of glacial and fluvioglacial origin. Morainic
miaterial, talus deposits, and outwash fans or deltas from aggrading
glacial streams present in general decidedly unfavorable conditions
for paying placer ground, although exceptional cases undoubtedly
exist. The processes involved in the deposition of these materials
are such as would tend to disseminate wicely any contained gold.
Most of the streams of the Port Valdez district are still aggrading
glacial streams, and while their gravels are auriferous in places they
are probably of low grade and the gold is widely disseminated.
Very little postglacial erosion of these glacial and fluvioglacial ma-
terials, which would tend to concentrate their gold content, has
taken place, except in a few scattered localities on Gold, Mineral,
and McAllister creeks. Postglacial erosion of bedrock in box can-
yons is a possible source of a small amount of the gold on some of
the creeks. No large areas of commercial placers are known within
the district, and the general conditions appear unfavorable for large
workable placer deposits.

MINES AND PROSPECTS.
GENERAL ORDER OF STATEMENT.

The mine and prospect descriptions are grouped by drainage areas
so far as this is possible, and these areas are treated in geographic
order from east to west. (See Pl. VIII.) The properties near
Valdez Glacier, on the east, are described first, and the properties
near Columbia Glacier, the westernmost in this district, are described
last. The arrangement of treatment within a given area has no
significance as to the relative importance of the separate mines or
prospects, nor is the amount of space devoted to a prospect any
measure of its economic value. All the prospects in the Port Valdez
district have not yet been visited, but information about some of the
properties not examined has been procured from reliable sources
and is here included. Several properties which were not visited in
1913 or 1914, and regarding which no recent information is available,
were described by Brooks® after a visit to the claims in 1911.

VALDEZ GLACIER AREA.
MINE OF RAMSAY.RUTHERFORD GOLD MINING CO,

The Ramsay-Rutherford property is about 8 miles in an air line
northeast of Valdez, on the ridge east of Valdez Glacier, between

1Brooks, A. H,, op. cit., pp. 122-128.
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Camicia Glacier and the next higher large glacier tributary to Val-
dez Glacier from the east. It is far above timber line, at an eleva-
tion of about 8,500 feet, in the west wall of a cirque tributary from
the south to the large Valdez Glacier tributary above mentioned.
The property is reached from Valdez by way of Valdez Glacier to a
point 4 miles from the foot of the glacier and thence over a well-
marked trail which angles up the east wall of the Valdez Glacier
valley to the cirque in which the mine is located. The distance
from Valdez to the mine by the traveled route is about 10 miles. The
present workings are on the Lost Hopes Nos. 1 and 2 claims. De-
velopment was in progress in 1912-1914, and in October, 1914, the
underground workings comprised a 162-foot, shaft, 300 feet of drifts,
190 feet of crosscuts, and stopes between the 50-foot level and the
surface. A small shipment of ore is reported to have been made
during 1912 or early in 1913. In September, 1913, the Ramsay-
Rutherford Gold Mining Co. was formed, and in the spring and
summer of 1914 a 7 by 9 inch Blake crusher, a 5-stamp mill, and a
concentrator were installed in a mill building near the mine and the
mine and mill were connected by short ground and serial trams.
The mill, air compressor, machine drills, and pump were operated by
five gasoline engines. The plant was also electrically lighted during
the operation of the mill. The stamps are reported to have dropped
first on August 4, 1914. Milling operations stopped September 16,
1914, because the canvas water pipes supplying the mill froze. Be-
gides the mill building a cookhouse and a bunk house were erected
at the mine. A maximum of 27 men were employed during the
operation of the mill. After the mill was shut down this force was
decreased to 10 men, and during the winter of 1914-15 the mine
force is said to have been reduced to 3 or 4.

The country rock, chiefly graywacke with a little argillite, strikes
about east and dips 75° N. To the north the dips are gentler, and
across the large tributary to Valdez Glacier north of the Ramsay-
Rutherford property the graywackes appear to dip north at a low
angle.

The ore bodies on the Ramsay-Rutherford property are fissure
veins. On the 50-foot level the vein upon which the underground
development work has been done ranges in width from 1 inch to 72
inches, in strike from S. 1° E. to S. 25° E., and in dip from 82° E.
to 70° W. On the 100-foot level the strike is S. 35°-45° E., the dip
18 82° E., and a maximum width of 6 feet of quartz is exposed. The
vein here varies in width from 1} to 5 feet, with an average width of
2} to 3 feet. This lead is stripped for over 50 feet on the surface,
where it strikes S. 30°40° E. and dips 80° E. In some places the
vein is solid quartz; in others it contains considerable brecciated
country rock. Bunches of solid sulphides, chiefly pyrrhotite, are
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reported in the solid quartz on the 100-foot level. A fault that cuts
off the vein in the north end of the 50-foot level has a strike of S. 80°
E. and a dip of 80° N. About 5 inches of gouge occurs on the fault
plane, and gouge also shows in places on the walls of the vein. Post-
mineral movement along the vein is indicated by the badly shattered
and crushed quartz in some parts of the vein.

A surface open cut on what is considered a second vein exposes a
reported maximum width of 11 feet of ore. This vein is said to be
traceable for 60 feet and to average 3} feet in width.

The ore is a free-milling gold quartz accompanied by sulphides in
very subordinate amounts. The ore milled in 1914 averaged less than
1 per cent of concentrates. In portions of the vein, however, the sul-
phides are much more abundant, and in some places bunches of nearly
solid sulphides, chiefly pyrrhotite, occur in the white quartz. The
minerals present in these sulphide masses are the same as those dis-
seminated in the rest of the vein. The principal gangue mineral is
quartz; calcite and probably siderite occur sparingly. The gold is
native and was observed most abundantly in the sulphide bunches.
Silver is also present in the ore, probably alloyed with the gold.
Pyrrhotite, pyrite, chalcopyrite, sphalerite, and galena are the sul-
phides present. Arsenopyrite is reported, but none was seen by the
writer. Limonite occurs as a surficial oxidation product of the iron-
bearing sulphides.

PINOCHLE CLAIM.

The Pinochle claim, on the westward-facing slope of the same
mountain as the Ramsey-Rutherford mine but a little nearer Valdez,
is reached by the same route. The claim is above timber line, at an
elevation of about 3,100 feet. The development work in September,
1914, consisted of a short tunnel on the vein, a 115-foot crosscut
tunnel driven to tap the lode at about 90 feet in depth, a 10-foot
shaft on the supposed extension of the ore fissure, and some stripping
along the vein. Three men were at work on the property in the
later part of September, 1914.

The country rock of the ore deposit consists of closely folded
graywacke and argillite, striking, at the mouth of the adit, N. 67° W.
and dipping 86° N. The ore body occupies a well-defined fissure
reported to be traceable on the surface a distance of 110 feet. The
lead strikes N. 30°~60° W. and is practically vertical. The width of
the fissure ranges from 4 to 36 inches. The quartz content of the
fissure also varies widely, very little being evident at some places,
while at others 3 feet of solid quartz fills the fissure. One large

- quartz lens 8 feet thick and traceable along the roof of the tunnel
for 15 feet was observed. In the face of the crosscut tunmnel in
September, 1914, there was a small vertical shear zone, 4 to 12 inches

6411°—15—11
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wide, striking N. 85° W., which in the floor showed 'a width of 12
inches of quartz. The gangue of the ore from this property is a
white quartz. Pyrite was the only sulphide recognized in the ore.

OLAIMB OF VALDEZ MINING CO. AND IBEX GROUP.

Brooks*® in 1911 visited the claims of the Valdez Mining Co. and
also the Tbex group. His descriptions follow:

The Valdez Mining Co. owns a group of claims on the west side of Valdez
Glacler about 8 miles from tidewater, at an altitnde of about 2,700 feet. It can
be reached from Valdez by a horse trail which traverses the glacier for some
distance. The country rock consists of interbedded schistose graywacke and
glate, which strike about N. 75° E. and dlp about 76° N. The veln, which at
the outcrop is about 5 to 6 feet wide, strikes about N. 60° W. and dips 70° 8.
An adit, which reaches the vein at a depth of about 60 feet, has been driven
110 feet. A winze has been sunk 50 feet below this level, at which depth a
drift has been run on the vein for some 40 feet. The vein at this depth is well
defined, having good walls and a gouge on the hanging wall. The vein i{s from
3 to 8 feet wide In the underground workings. It {s made up of ribbon gquartz,
which carries the gold In high values and measures from 2 to 4 feet in thick-
ness, and of massive white quartz. On the lower level the ribbon quartz is
from 24 to 50 inches wide. The white quartz also carries some gold. The
ribbon quartz includes coarse pyrite masses and crystals. The veln includes
druses containing well-developed quartz crystals. Another adit, which has
been driven about 115 feet, is Intended to crosscut the vein at a depth of 330
feet in a distance of 300 to 325 feet.

The Ibex group of clalms lies about one-fourth mile northwest of the Valdez
tunnel,- where a 4-foot vein outcrops at an altitude of about 2,600 feet. Both
walls of this vein are well defined. Banded quartz In this vein is sald to carry
gold in high values. A tunnel has been driven about 200 feet, but the vein was
lost at a distance of 100 feet. The Ibex vein is believed to lle on an extension
of the Valdez.

The Valdez Mining Co. in 1913 continued its crosscut tunnel to a
length of about 230 feet.

ROSE JOHNBON PROPERTY.

The Rose Johnson claims are on the east side of Valdez Glacier
about midway between Camicia Glacier and the next large tributary
to Valdez Glacier from the east. A 1-stamp mill was erected in 1914
on one of the claims, at an elevation of about 1,200 feet. The milling
equipment is said to include also a small crusher and a water wheel.
The mill was run only a short time in 1914. The underground devel-
opments on this group of claims are reported to consist of several
short tunnels, a 20-foot shaft, some open cuts, and stripping.

The country rock at the mill consists chiefly of crinkled and
sheared black slate associated with considerable greenstone. The
schistosity in the slate strikes about S. 85° E. and is vertical.

t Brooks, A. H., Gold deposits near Valdez: U. 8. Geol. Survey Bull. 520, pp. 127-128,
191z,
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Operations had stopped and there was no one on the property at
the time it was visited. A vein in slate in one tunnel strikes S. 85° E.,
has a vertical dip, and shows a width of 2 to 7 inches of quartz. The
other ore bodies were not seen, but they are reported to range from
6 inches to 3 feet in width. Specimens of ore said to come from this
property show free gold, pyrite, galena, chalcopyrite. and sphalerite
(%) in a quartz gangue. Some limonite has been formed by the sur-
ficial oxidation of the iron-bearing sulphides.

MINERAL CREEK.

The mines and prospects on Mineral Creek were visited by George
L. Harrington, who wrote the following descriptions:

MOUNTAIN KING PROPERTY.

The Mountain King property of W. L. Smith is on the east side
cf Mineral Creek, a mile east of the mouth of Brevier Creek, at an
elevation of about 3,000 feet. There are four tunnels on the prop-
erty. The upper one, about 10 feet long, was driven till it cut the
vein, when the ore shoot was stoped out. This tunnel has now caved
in. About 40 feet below it are the workings from which ore is now
being taken, consisting of a 100-foot tunnel, and at the end of it a
45-foot drift and a stope above the drift, along the vein. The vein
is irregular in width, ranging from 1 inch to 18 inches, and consists
of somewhat lenticular masses of quartz, joined by quartz stringers.
The tunnel is driven N. 50° W. through sheared and platy graywacke,
which strikes approximately east and dips st2eply to the north.
The metallic minerals are pyrite, galena, chalcopyrite, sphalerite,
and free gold. The pyrite has weathered and oxidized, staining the
quartz with iron oxides.

A third tunnel about 50 feet below this opening has been driven
85 feet N. 2° E., cutting the vein, along which a drift has been run
for 40 feet. This drift exposes the vein for about 15 feet, where it
shows a width of as much as 18 inches of iron-stained quartz that
contains some sulphides. The bunk house and hlacksmith shop are
at the mouth of this tunnel. A fourth tunnel driven 135 feet below
the bunk house to intersect the vein is said to be in 260 feet.

During the summer of 1914 the mill, on Mineral Creek just below
the mouth of Brevier Creek, has been in operation, putting through
over 120 tons. This mill was built during the previous summer and
winter and consists of a 10 by 12 inch crusher, a stamp mill of two
1,200-pound stamps with plates, a table, a Pelton wheel operating
under a 160-foot head, and a small generator. The ore was brought
about halfway down the slope to the mills by go-devils and the rest
of the way by double-ended sleds lowered by a donkey engine, with
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a short length of aerial tram at the mill. A survey has been made
for the installation of an aerial tram from the mill to the lowest
tunnel.

Development work, consisting of about 200 feec of tunnels, is said
to have been done on other claims under the same ownership, lying
' north and east of the Mountain King claim and farther up the ridge,
but these were not visited. Essentially the same minerals are reported,
with the addition of arsenopyrite from the claim lying to the north.

WILLIAMS-GENTZLER PROSPECT,

The Williams-Gentzler prospect is on the north side of the East
Fork of Mineral Creek, at an elevation of about 4,000 feet. It was
not visited. The work done is reported to consist of an upper tunnel
about 80 feet long, a lower crosscut tunnel to the vein about 25 feet
long, and a drift on the vein about 30 feet long. There is a shaft 12
feet deep in the lower tunnel. During the summer of 1914 a raise
was driven to connect the two tunnels. The ore was treated in an
arrastre, 10 feet in inside diameter, four drags of 200 pounds weight
being used, running at 5 to 6 revolutions a minute. The power used
was furnished by a 23-horsepower gasoline engine. The ore was
crushed by hand to a size suitable for the arrastre. The capacity was
about 2 tons in 24 hours. A portion of the concentrates was saved
by riffies.

The ore shoot pitches to the southeast and extends about 25 to 30
feet, though the vein is traceable much farther. Minerals reported
in the ore are pyrrhotite, pyrite, and galena.

BIG FOUR CLAIM.!

The upper workings on the Big Four claim lie at an elevation of
over 5,000 feet. It is reported that the tunnels on this claim aggre-
gated about 200 feet in September, 1914, but the claim was not visited.

Some work has also been done on a second vein, at an elevation of
8,900 feet, consisting of 135 feet of tunnel and about 25 feet of strip-
ping along the vein. This vein shows a maximum width of 3 feet of
shattered iron-stained quartz, containing considerable amounts of
pyrite, some galena, sphalerite, and free gold. The vein is exposed
for about 20 feet in the tunnel, where it strikes N. 75° W. It shows
at least one offset along a plane parallel to the principal joint system
(N. 15°-20° E.), and the two portions of the vein are apparently con-
nected by barren quartz stringers along this line of offset.

During the spring and summer of 1914 a mill and a bunk house
were erected and machinery installed in the mill, the equipment con-
sisting of a small crusher, a 10-stamp mill, with amalgamating

1 Brooks, A. H,, op. cit., p. 125.
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plates, and a 12-horsepower distillate engine. The mill was in opera-
tion during September and October, 1914, test runs being made on
ore from both the upper and lower veins. The ore is brought down by
sleds or go-devils from the upper tunnel to the lower tunnel, and a
650-foot aerial tram handles it from this point down to the mill.

PROSPECTE OF MINERAL OREEEK MINING CO.

The prospects on which work has been done by the Mineral Creek
Mining Co. include the Buster, Chesna, Hercules, Millionaire, and
Sunshine cldims, all of which lie on the west side of Mineral Creek.

The work done on the Buster vein consists of a tunnel 200 feet long
which follows the vein for 25 feet, to & point where it pinches. It is
encountered again farther in, and a shallow winze is sunk on it. At
the portal of the tunnel there is a shattered zone about 3 feet wide
containing about 18 inches of quartz, in a country rock of sheared
argillite and graywacke. Pyrite was the only sulphide seen.

There are three tunnels at the Chesna with a total length of about
750 feet. Only the upper and lower tunnels were examined. The
lower tunnel is about 180 feet long and is driven N. 40° W. on a few
quartz stringers 2 to 3 inches wide, separated by 6 to 8 inches of gray-
wacke. The quartz is iron stained and shows a small amount of
pyrite and carbonate. The upper tunnel has about 200 feet of drift
and 20 feet of crosscuts. It is driven on a 4-foot shear zone carrying
as much as 2 feet of quartz. This zone pinches within about 50 feet
but widens out (or a new lead is encountered) farther along in the
tunnel. The only metallic mineral seen was pyrite. The country
rock at the mouth of the tunnel is a much-sheared slate. In the tun-
nel the rock is a slaty graywacke. The middle tunnel is said to
include about 350 feet of drifts and crosscuts.

On the Hercules claims 120 feet of tunnel with 115 feet of crosscuts
and two shallow winzes sunk on the vein constituted the development
work up to 1914. The assessment work for 1914 was being done by
driving a tunnel about 100 feet lower down, to intersect the vein at an
estimated distance of 250 feet. About 10 feet of this tunnel had been
driven early in October. The strike of the schistosity of the gray-
wacke is N. 80° W. and the dip 65°-70° N. The vein follows the
country rock closely in dip and strike. It has a maximum width of 20
inches in the main tunnel, but as indicated on the roofs of the cross-
cuts it seems to pinch in both directions. The minerals of the vein
include quartz, gold, pyrite, galena, sphalerite, chlorite, carbonate
(mostly lime), pyrrhotite, and chalcopyrite(?).

There are two tunnels on the Millionaire claim. The upper tunnel
was driven about 60 feet to cut the vein and about 20 feet along it.
In addition a winze was sunk on the vein about 50 feet, and the vein
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was stoped out ahove to a height of about 15 feet. The ore taken out
contains pyrite, pyrrhotite, chalcopyrite, and galena and shows also
~ some thin plates and flakes of free gold. The vein, as exposed in the
workings, strikes N. 60° W. and dips 70° N. It has a width of 6 to
20 inches. The lower tunnel, 100 feet below, was driven on a shear
zone containing numerous quartz stringers with a small amount of
pyrite, but only a little gold is reported from this zone. This tunnel
is about 450 feet long. '

HIGH GRADE PROSPECT.

The High Grade prospect lies in the canyon of Mineral Creek
about a mile above McIntosh’s road house. Two tunnels have been
driven on the property. The one on the west side, which was not
visited, is said to be 140 feet long; the tunnel on the east side is in
60 feet. A fair trail to the mouth of the canyon connects the pros-
pect with the wagon road down Mineral Creek.

The country rock is a schistose graywacke, and the tunnel on the
east side is driven on a 3-foot shear zone made up of this rock and
shattered quartz, the quartz in places amounting to 6 or 8 inches.
At the face the shear zone is about 1 foot wide. The metallic min-
erals are pyrite and galena, with quartz and a brown-weathering
carbonate as the gangue. Much of the gold is said to lie in the
sulphides.

The opening on the west side of the creek is driven on a quartz
vein said to be 8 inches wide in places, and it is asserted that the
vein and fissure are traceable for half a mile or more. The minerals
are essentially the same on both sides of the canyon.

“ 45" PROSPECT.

The prospect known as the “45” is on the south side of Brevier
Creek, at an elevation of about 2,500 feet. The work on the claim
was done in 1913 and consisted of about 20 feet of tunnel and an
open cut of about 20 feet, with a 16-foot face. The tunnel is driven
on joint fractures striking S. 45° E. and dipping about 70° E. The
principal fracture is from 1 inch to 6 inches wide, averaging about
4inches, filled with crystalline quartz, generally iron stained, in some
places containing lenses of pyrite as much as 6 inches in diameter
and half an inch or more in thickness. In the face of the tunnel is
a 6-inch seam of slaty gouge which carries very little quartz. The
metallic minerals present are pyrite, galena, sphalerite, chalcopy-
rite, and free gold. Quartz is the dominant gangue mineral.

The country rock is graywacke, whose schistosity strikes N. 80° E.
and dips about 70° N. Numerous joint fractures parallel to that on
which the tunnel has been driven occur, many of these showing 2
inches or less of porous iron-stained crystallized quartz.
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The assessment work for 1914 was done by the construction of a
trail from the mouth of Brevier Creek to an elevation of about 1,700
feet, above which, on account of the gentle slope, free from brush,
no trail is necessary.

VON GUNTHER PROSPECT.

The prospect of Dr. O. von Gunther lies on the west side of Mineral
Creek near the end of Mineral Creek Glacier, at an approximate
elevation of 1,320 feet. The development in September, 1914, con-
gisted of 18 feet of tunnel driven along the fissure, which trends
N. 47° W. At the portal of the tunnel about 2 feet of quartz shows
along the wall. At the working face no quartz shows along the
graywacke wall rock, but there are a few 2-inch clear-white quartz
stringers cutting across the face. The vein is nearly vertical as
seen along the outcrop and appears for about 20 feet both vertically
and horizontally, being covered by talus below the mouth of the
tunnel. The ore minerals consist of pyrite and its oxidatjon prod-
ucts. The gangue minerals are quartz and calcite. Claims have
been staked on a wider vein in the creek bottom that is believed to
be an extension of this vein.

QUITSCH PROBPECT.

The prospect of William Quitsch consists of one claim on Mineral
Creek Glacier about 2} miles from the front of the glacier. It was
not visited. In 1913 a trail was built to the property, and it is re-
ported that in 1914 about 12 feet of tunnel was driven. Specimens
of ore said to come from this prospect show quartz, galena, pyrite,
some of the products of oxidation of the pyrite, and a small amount
of free gold. The vein occurs in graywacke.

HICKEY PROPERTY.

In August, 1914, the property on the east side of Mineral Creek
half a mile east of Brevier Creek, formerly known as the Mountain
View claim® of the Mineral Creek Mining Co., was restaked by Ross
Hickey, but no development work had been done October 1, 1914,
The previous owners had stripped the quartz ledge upon which dis-
covery was made for about 30 feet. At one place on the ledge as
then exposed numerous specks of free gold were discernible. On this
face there was also a considerable amount of pyrite and a little galena,
the pyrite oxidized and staining the quartz. The vein is from 8 inches
to 8 feet wide, and some 2 to 3 inch quartz stringers extend into
the hanging wall to the north. The vein crosses the east-west schis-
tosity of the graywacke country rock at an angle of about 45°. The
graywacke is platy, cleaving with irregular, rounded surfaces.

1 Brooks, A. H., Gold deposits near Valdez: U. 8. Geol, Burvey Bull. 520, p. 126, 1912,



168 MINEBRAL RESOURCES OF ALASKA, 1914,

In the workings below the point of discovery the vein is exposed
for about 150 feet, varying in width from 1 te 20 inches. The quartz
carries very few sulphides. :

MINEEAL KING CLAIM.

The Mineral King is one of the claims formerly owned by the
Mineral Creek Mining Co. The tunnel is on the south side of Brevier
Creek, about a quarter of a mile from its mouth.* In September,
1914, the tunnel mouth had been covered by a slide. No work had
been done during the current year.

MONTE OARLO PROBPECT.

The Monte Carlo prospect, better known as the Cook & Barrett
property, lies on the west side of Mineral Creek at an elevation of
3,600 feet, about 13 miles northwest of the mouth of Brevier Creek.
The property is reached by a trail from the mouth of Brevier Creek
by way of Millard’s upper camp.

The earliest work done here was on a tunnel that was driven 110
feet in to cut the vein, and then an incline was driven about 86 feet
farther without reaching the vein.

During the summer of 1914 a second crosscut tunnel was driven
36 feet at an elevation about 70 feet above the lower tunnel. This
tunnel has reached the vein but has not been driven through it. The
country rock is a schistose graywacke striking N. 70° E. and dip-
ping about 70° N., and the vein upon which work is being done is
approximately parallel to this in strike but has an irregular dip,
there being some indication of a fold or roll in it. This vein has a
maximum thickness of 5 feet. It is an offshoot of a larger vein that
is exposed in a small gully for about 200 feet and has a maximum
width of 15 feet. The larger vein contains a small amount of pyrite.
From surface cuts on the small vein, which shows pyrite, galena, and
free gold, 4 tons of ore was taken to Valdez in 1913,

OLAIMS OF H, L JAYNES.

A group of claims was staked in 1913 and 1914 by H. L. Jaynes
on the east side of Mineral Creek opposite the mouth of Brevier
Creek, at an elevation of about 2,800 feet. The claims include the
Rose, July, and Little Giant. The work done on the Rose and July
claims consists of stripping and the building of trails. On the Little
Giant some surface stripping has been done and in addition 46 feet
of tunneling and 75 feet of crosscutting. The country rock is a
graywacke with slaty cleavage that strikes about east and has a steep
but varying dip to the north.

1 Brooks, A, H. op. cit.
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A quartz vein at the east end of the Rose claim is said to have been
stripped for 40 feet to a depth of 8 feet, showing a width of 1 to 18
inches of quartz. The strike of this vein is N. 85° W. About 200
feet below, to the west, what is apparently the same ledge is exposed
for about 200 feet and has a width of 4 to 12 inches. A crosscut tun-
nel 36 feet long is said to tap the vein at a depth of 40 feet. About
a ton of ore was milled in Valdez in 1914 from this vein. It shows
considerable pyrite and some galena and free gold. At the west end
there is less sulphide and no free gold was seen, and lower assays are
reported from this part of the vein.

On the July claim thé vein has been stripped for about 25 feet,
exposing from 6 to 10 inches of porous crystallized iron-stained
quartz, showing pyrite, galena, sphalerite, and free gold. The vein
strikes about N. 45° 'W. on the west end but swings to an approxi-
mate easterly direction on the east end.

There are two veins about 30 feet apart on the Little Giant, strik-
ing east, with the country rock, but apparently running together
toward the east, the junction on the surface being in a small stream
passing across the claim. These veins range from 6 inches to 4 feet
in thickness and show varying amounts of the sulphides pyrite,
galena, sphalerite, and pyrrhotite, as well as some free gold. Some
carbonates are also present. The southern vein of the two is exposed
on the surface for 40 feet and is 2 to 3 feet wide. About 200 feet to
the west another vein or a continuation of one of the two mentioned
crops out for 30 feet and shows from 1 inch to 8 inches of quartz,
with pyrite, galena, and free gold. Several tons of ore from the sur-
face croppings of the two veins on this property was milled in Valdez
in 1914. .

OTHER CLAIMS.

A large number of claims lie on tHe east side of Mineral Creek.
mostly to the south of Wood Creek. These include the Alaskan,
Hecla, Queen of Sheba, Tiger, the property formerly known as the
Olsen & Wood, and several other claims.

On the Alaskan claim there is a 17-foot shaft, now nearly filled
with water. This shaft is sunk on the vein, which is from 6 inches
to 5 feet wide along 150 feet of outcrop. The general strike is about
S. 77° E., and the dip ranges from vertical to 60° N. A small
Z-shaped fold appears in the outcrop of this vein. The country rock
is a sheared graywacke, and the vein minerals are quartz, pyrite,
galena, sphalerite, chalcopyrite, and free gold. A second vein which
crops out on this strike about 200 feet to the east may be a continua-
tion of the first vein. A tunnel is being driven to cut this vein at an
estimated distance of 500 feet from the portal. The tunnel is now
said to be in 200 feet.
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The Queen of Sheba tunnel is driven N. 58° W. for 36 feet on a
vein ‘which ranges in width from 1 foot to 64 feet. The dip of the
vein is vertical in general but wavy. The walls are well defined and
free. The vein matter is shattered iron-stained quartz containing
only a small amount of pyrite. The vein is exposed on the surface
for about 60 feet.

In Wood Canyon on the Hecla claim there are two tunnels said
to be 76 and 65 feet in length. The upper tunnel is driven on a
quartz ledge which shows a maximum width of 6 feet and a vertical
exposure of 150 feet. Both tunnels are driven on well-defined breaks
about 300 feet apart, and in the shattered zone between the two veins
are numerous stringers of quartz that widen out in many places to
lenticular masses 2 feet across. In this zone are some black graphitic
slates. A large part of the zone contains pyrite in the shattered gmy-
wacke and slate.

The Tiger claim lies down Wood Creek from the Hecla, and a 10-
foot tunnel has been driven on it. There are numerous shear zones
carrying as much as 2 feet of pyritized black slaty gouge, which con-
tains many stringers of quartz. The more massive beds of graywacke
show plication. The tunnel on the Olsen & Wood claim® is reported
to be 200 feet in length. It is being driven to intersect a 4-foot shear
zone containing many quartz stringers irregularly distributed through
the zone. A trail was constructed in 1914 from McIntosh’s road
house to the cabin, which is at an elevation of about 1,600 feet.

VICINITY OF BHOUP BAY.
OLIFF MINE.

The Cliff mine is at sea level on the north side of Port Valdez, 10
miles from Valdez. It is at the base of a steep bluff at the east end
of the gravel flat, half a mile east of Shoup Bay. A long wharf
extending into deep water was formerly a stopping point for ocean
steamers. The mine is reached from Valdez by gasoline launches.

The Mystic No. 1 claim, upon which the development work has
been done, was located by H. E. Ellis August 15, 1906. In August,
1909, it was leased to the Cliff Mining Co., a local organization. The
property has been systematically developed since that date. In the
spring of 1910 a 8-stamp mill was installed and the mine became the
first gold quartz producer of the Port Valdez district. In August,
1910, the underground developments consisted of two adits at a ver-
tical interval of 54 feet, connected by raises, and one intermediate
drift. The lower adit was about 200 feet long. There was also a
short prospect tunnel about 200 feet above the beach. In 1911 the

1This claim was visited by Mr. Brooks in 1911. Hee Brooks, A; H., op. ecit.
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3-stamp mill was burned, but a new stamp mill was erected and in
operation before the end of the year. Meantime mining operations
were continued and the ore was shipped to Tacoma. The mine work-
. ings had reached a depth of 100 feet below sea level and extended for
about 600 feet along the vein. In 1912 the 500-foot level, which is
about 300 feet below sea level, was reached and some drifting was
done on it. The CIiff mine was in 1913, as before, the largest pro-
ducer in the Valdez district. The mill, with six stamps, was operated,
except for short stops of some of the stamps, throughout the year.
About 45 men were employed. The underground developments were
reported to amount to at least 8,000 feet, of which over 900 feet was
said to be on the 500-foot level. Development work was carried for-
ward on this level until it was stopped by an influx of sea water.
The pumps were then pulled and the water allowed to rise within a
few feet of the 300-foot level. In the fall of 1913 mining and devel-
opment work was in progress on the 100, 200, and 300 foot levels and
in the stopes between them. The plant at that time included a jaw
crusher, six stamps, three tables, boilers, an air compressor, drills, and
hoists. Coal was used as fuel. In 1914 all operations at the Cliff
ceased on July 6, and in August the property was turned over to the
original owners. In the fall the water in the mine stood just below
the 200-foot level.

The country rock of the ore deposit appears to be chiefly a dark-
gray schistose graywacke, the schistosity of which in this vicinity
strikes east and dips 65° N. Adjacent to the vein this schistose rock
is highly impregnated with pyrite and small acicular crystals of
arsenopyrite and cut by small mineralized quartz veins,

The CLff ore body occupies a linked vein system which cuts across
the foliation of the schistose graywacke. Present developments indi-
cate that within the fractured zone of the mine there are several per-
sistent fissures which fork, inclose large lenticular masses of country
rock, and reunite along the strike without crossing one another. So
far as present developments have gone these veins appear to diverge
in depth. The general strike of this fissure system is N. 30°-40° “*"_,
although individual strikes range from N. 28° W. to N. 47° W. The
‘dips of the fissures range from 65° E. to 48° W. in the upper levels of
the mine. Below the 300-foot level the dip of the veins developed
steepens to 85° W. On the outcrop and on the 100-foot level but one
simple fissure occurs, and it has a dip of about 70° W. Between the
100 and 200 foot levels, north of the shaft, this vein splits. On the
200-foot level the two veins thus formed are 44 feet apart at the cross-
cut which connects them 160 feet north of the shaft, but they ap-
proach each other southward along the level. They dip in opposite
directions. On the 800-foot level three veins are reported, the third
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vein splitting off from the main fissure at the shaft about 25 feet be-
low the 200-foot level. No data are available at present regarding
the number of veins on the lower levels.

The fissure system has been traced underground along the strike
for a distance of about 900 feet. The fissures are usually well defined.
Their width is generally from 6 to 36 inches but locally increasesto 5
feet. On the 300-foot level an average width of 1 foot of ore is
reported. In some places there is only an inch or so of gouge in the
fissure ; in others the entire fissure is filled with quartz, or the sheared
and shattered fissure filling may contain but a few quartz stringers.
In the wider places a network of quartz stringers may occur, sepa-
rated by masses of country rock. On some of the fissures barren
stretches of many feet occurred between the ore shoots. Most of the
ore came from the bayward end of the fissure system, and this shoot
is said to have pitched to the southeast under the waters of Port
Valdez.

The ore from the Cliff mine is a peculiar bluish-white quartz with
minor amounts of calcite, albite, chlorite, and a brownish-weathering
carbonate. The metallic minerals in the ore include gold, arseno-
pyrite, pyrite, sphalerite, and galena. The sulphides are mostly
fine and do not appear abundant, but from milling operations the
ore is estimated to contain from 3 to 5 per cent of sulphides. The ore
is free milling. Gold was found on all the levels and is a primary
constituent of the ore, occurring native in the quartz in association
with the above-named sulphides. Pyrite and arsenopyrite appear
most abundantly as impregnations of the graywacke country rock.
A rather conspicuous characteristic of the CLiff ore, besides its bluish-
white color, is the abundance of small acicular crystals of arseno-
. pyrite sprinkled through the graywacke adjacent to the veins. Limo-
nite occurs as a surficial oxidation product of the iron-bearing
sulphides. 3

OLAIMS OF OAMERON-JOENSON GOLD MINING 00,

The claims of the Cameron-Johnson Gold Mining Co. are on the
right side of Shoup Glacier, on the mountain ridge between Shoup
and Columbia glaciers. The mill and lower camp stand at an eleva-
tion of about 2,400 feet, or 900 feet above Shoup Glacier. They
are about 4 miles in an air line from Shoup Bay and about 7 miles
by trail from the head of the bay by way of Shoup Glacier. One
of the ore bodies under development is close to the lower camp and
at approximately the same elevation. The others lie at elevations
between 4,250 and 4,500 feet above sea level on Mount Cameron,
about a mile from the lower camp. A pack train is used for the
summer transportation of supplies from the bay to the lower camp.
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_~..The Mazuma, Treasury Note, and several other claims, seventeen
in pll, originally located by Cameron & Johnson, were deeded o the
Cameron-Johnson Gold Mining Co. A small amount of develepment
work was reported in 1911. The property was leased to Henry
Hewitt from March 26, 1912, to February 8, 1913, and considerable
development work is said to have been done during this interval,
mostly on the Treasury Note claim. A shipment of ore is also said to
have been made. Six to eight men were at work there in September,
1912. The next year a mill building, sheathed in corrugated iron and
housing a 5-stamp mill and a concentrator, was erected. Power was
furnished by a No. 3 Pelton water wheel operating under a 240-foot.
head with water from a glacial stream carried through 1,500 feet of
pipe that decreased in diameter from 11 to 8 inches from the intake
to the wheel. Milling began July 20, 1913, and stopped about Octo-
ber 1. An average of 30 men were employed on the property during
the working season, but at times as many as 36 were at work. A tem-
porary serial tram was erected between the mine and the mill during
the summer; it was later dismantled. Mining was in progress until
the middle of September.

In 1914 mining operations are reported to have begun August 17,
and at the close of the season the underground work is said to have
aggregated a little over 700 feet. The mill was in operation but a
short time. An average of 30 men were employed during the season,
which closed about the middle of September. Most of the season was
spent in surface improvement of the property. An 1,800-foot tem-
porary aerial tram was erected during the summer, and all the ore
mined in 1914 was brought down over it. Later a 8,850-foot aerial
tram was completed between the mill and a point on Mount Cameron
at an elevation of about 3,700 feet, about 1,300 feet above the mill
camp. This replaced the temporary tram. A new dam was also
erected. A 7-foot Lane mill and another concentrator were added to
the equipment. A bunk house was erected at the mill camp and addi-
tions were put on the mill and cookhouse. Two small wooden build-
ings, a bunk house and a cookhouse, were erected near the upper
terminal of the aerial tram.

The country rock in the vicinity of the Cameron-Johnson claims
appears to be entirely graywacke and argillite. At the upper termi-
nal of the aerial tram the bedding and schistosity in these rocks has
a strike of N. 85° E. and a dip of 80° N.

Of the numerous veins reported as occurring on this property
only the lower vein, near the mill camp, has been visited. The data
regarding the other veins have been furnished by the present owners.

The vein on the Mazuma claim near the mill is said to be the
largest on the property, as well as the lowest in grade. This vein
lies on the west bank of Johnson Creek about 40 feet above the mill
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camp. A crosscut tunnel 110 feet long is driven N. 20° W. from the
bank of the creek and taps the vein at its east end, where it has
a strike of N. 86° W. and a dip of 55° N. A 60-foot raise extends to
the surface from this point. This vein has been traced along the
-outcrop about 100 feet and varies in width, the maximum being 11}
feet. The average width in the raise is reported to be about 3 feet.
The strike is N, 62°-72° W., and the dip 55°-72° N. The fissure
is quartz filled and shows a little secondary banding parallel to the
walls.

At the upper workings most of the development work is reported
on the Treasury Note vein, which is said to have an easterly strike,
to show from 3 to 36 inches of ore, and to be traceable for over 300
feet. The remaining veins are narrower and shorter.

The ore is a free-milling gold quartz ore of which the gangue is
dominantly quartz with a minor amount of a brown-weathering
carbonate, Gold, pyrite, galena, sphalerite, and arsenopyrite were
recognized in specimens of the ore. Limonite forms as a surficial
oxidation product of the iron-bearing sulphides. About 3 per cent
of the ore is said to be sulphides.

CLAIMB OF BEALEY-DAVIS MINING CO.

The property of the Sealey-Davis Mining Co. is on the east side
of Shoup Bay about half a mile north of the Cliff mine and on the
opposite side of the ridge. The underground workings are between
200 and 615 feet above sea level. . Several wooden buildings, includ-
ing office, bunk house, cookhouse, and blacksmith shop, are located at
tidewater on Shoup Bsy At the lower tunnel a blacksmith shop
has been erected, and at the entrance to one of the other tunnels -
there is a 3-horsepower gasoline engine and blower. Developments
* in 1914 included four tunnels with about 1,500 feet of drifts and
crosscuts, a winze, a short raise, stopes abové the upper tunnel; some
stripping, and open cuts, One shipment of ore is said to have been
" made to the Tacoma smelter and another to the custom mill at
Valdez.

The country rock of the ore body is a dark-gray fine-grained

schistose graywacke with a small amount of argillite. The schis-
tosity has a nearly “west strike and a dip of 55° N. The ore
- deposit occupies a well-defined fissure which strikes N. 23°-35° W,
and dips 75° E. to 85° W. The highest definitely located point on
the vein is in an open cut at an elevation of 650 feet. The first 50
feet of the lower tunnel, at an elevation of 200 feet, is driven on &
narrow iron-stained shear zone; the remainder of this tunnel shows
no vein. The other tunnels, at elevations of 425, 560, and 615 feet,
are driven on the vein, which varies in width, being in some places
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a narrow seam and in others 5} feet wide. The maximum width of
quartz observed was 2 feet. In the upper tunnel the quartz occurs
as long, narrow masses from 3 to 15 inches thick, parallel to the
walls of the fissure. In the next lower tunnel the quartz in the
fissure is fairly continuous and there is from 1 to 15 inches of solid
quartz. The maximum thickness of 2 feet of quartz was seen in the
next lower tunnel, where the quartz occurs as long, narrow stringers
or lenticular iron-stained masses, sheeted parallel to the wall and
having a usual width of 1 inch to 15 inches.

The primary ore minerals include quartz, chlorite, calclte, gold,

pyrite, arsenopyrite, chalcopyrite, sphalerite, galena, and pyrrhotite,
The development of acicular crystals of arsenopyrite in the impreg-
nated graywacke country rock of this vein is not so pronounced as at
the Cliff mine. Limonite is present in weathered exposures of the
ore body.

ALICE MINE. -

The Alice mine is situated at sea level on the west side of Shoup
Bay a short distance north of the mouth of McAllister Creek, 1}
miles northwest of the Cliff mine. During 1913 and 1914 a regular
boat service was maintained by a gasoline launch between Valdez
and the mine.

The vein was located March 15, 1910. In Septcmber, 1911, only a
small amount of development work had been done. In 1912 an air
compressor and pump were installed and a two-compartment shaft
sunk to a depth of more than 100 feet below high-tide level. Ten to
twelve men were employed, several frame buildings constructed, and
30 tons of ore shipped to Valdez and milled. Development work
stopped early in February, 1913, when 15 men were employed on
the property.

In 1914 the underground developments comprised an adit 247
feet long, a 170-foot two-compartment timbered shaft crossing the
tunnel level 60 feet from the portal of the tunnel, and 100 feet of
drifts along the lead at the bottom of the shaft. There was also
considerable surface stripping and several shallow shafts (6 to 10
feet deep) along the outcrop of the vein. The buildings included
mess house, blacksmith shop, boiler, engine and compressor house,
shaft house, and three bunk houses, The plant was electrically lighted
and the machinery on the property in 1914 included a 100-horsepower
boiler, a 3-drill air compressor, drills, a 50-light (dynamo, a 5-horse-
power steam engine for the dynamo, a steam hoist, and pumps.
Only assessment work is reported on this property in 1914,

The country rock in the vicinity of the ore body comprises schis-
tose graywackes, slates, and a very small amount of green schists.
The schistosity has a strike of N. 70°-80° E. and a dip of 50°-70° N.
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The Alice claim is located on a well-defined fissure, striking N.
60°-65° W. and dipping 70° S. to vertical, cutting the schistose coun-
try rock in both strike and dip. This fissure is traceable as a shallow
trough from tidewater to tidewater across a low ridge, a distance of
about 1,100 feet, with a maximum elevation of about 120 feet above
sea level. The width of the fissure ranges from a few inches to 21
feet. At one point in the tunnel the fissure filling is about 6 feet
wide and shows wide-spaced joints parallel to the walls occupied
by long, narrow quartz veinlets. The fissure filling on the tunnel
level is usually from half an inch to 8 inches wide but in places is as
much as 15 inches wide, most of which is quartz. The ledge matter,
consisting of brecciated and sheared country rock, has in some places
a width of 6 feet, but the quartz is not a.b\mdant in those places.

The gangue minerals are quartz, calcite, chlorite, and a light-
colored, brown-weathering carbonate. The metallic ore minerals
include gold, pyrite, chaleopyrite, arsenopyrite, and sphalerite.
Galena is also reported in the ore. The presence of silver alloyed
with the native gold is shown by assays. Limonite is present in the
weathered parts of the vein.

THREE IN ONE GROUP.

The Three in One group is situated on the southward-facing slope
of the mountain between Gold Creek and Shoup Bay, at an elevation
of approximately 1,500 feet. The property is reached by a trail
which leaves the shore of Port Valdez at the mouth of a small stream
about a mile west of the mouth of Gold Creek.

The underground development work in 1914 consisted of a 500-
foot adit, a 160-foot raise, a 50-foot adit at the upper end of the
raise, open cuts, and strippings on the vein. The surface improve-
ments include a eabin southeast of the mine at an elevation of about
850 feet and trails to the mine and to the shore from the cabin.
Three men were employed on the property in the fall of 1914.

The country rock is schistose graywacke and argillite, the schis-
tosity of which at the mouth of the lower tunnel strikes N. 77° E.
and dips 60° N. Only one vein is reported on the property. The
lowest outcrop of this vein is at the lower tunnel, at an elevation of
about 1,450 feet. The lead is reported to continue up the slope of
the hill for about two claim lengths to the crest of the ridge, at an
elevation of over 2,500 feet. In the lower tunnel the lead strikes N.
27°-85° W. and dips 50°-80° W. In the upper tunnel it strikes N.
15° W. and dips from 80° W. to vertical. The width of the fissure
varies from 3 to 10 feet. The width of the contained quartz is from
a few inches to B feet, but it averages about 2 feet. The quartz lies
in long, narrow lenses. The ore minerals include gold, chalcopyrite,
sphalerite, galema, and arsenopyrite. Three kinds of quartz are
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reported—a bluish quartz, a massive white quartz, some of which is
coarsely crystalline, and a banded quartz.

OLAIMS OF THOMPSON-FORD MINING CO.

The property of the Thompson-Ford Mining Co. is on the east side
of Uno Basin about 2 miles from the head of Shoup Bay. The work-
ings are at an elevation of about 2,500 feet above sea level. The
claims are reached by a trail from the east side of Shoup Bay about
half a mile south of the mouth of Uno Creek.

The present underground workings are on the end line between the
Silver Falls and Foaming Falls claims. Nearly continuous develop-
ment of the property is reported by the owners up to 1914. In 1913
four men were employed during the first half of the year and one
man during the remainder of the season. A shipment of ore was also
made to the Tacoma smelter during the summer. Two men were at
work on the property in the fall of 1914.

The underground developments include a lower tunnel 325 feet
long, with two drifts 100 and 25 feet in length ; a 150-foot raise from
the lower tunnel to the surface; a 20-foot shaft and a 15-foot drift
from the bottom of this shaft to the raise; and about 100 feet of
drifts on a level 60 feet below the collar of the raise. _

The country rock of the Thompson-Ford ore body consists of
sheared graywackes and argillites. The strike of the schistosity of
these beds is N. 75°-80° E. and the dip 65°~75° N. The strike of the
vein on the surface is from N. 50°-60° W, and the dip 50°-85° N. At
the shaft the vein has split and includes a 10-foot horse of sheared
country rock. This vein ranges in width from 1 inch to 18 inches,
but has an average width of about 8 inches, and the surface showing
is 115 feet long. The walls of the vein are free. On the 60-foot level
a vein 6 to 12 inches wide strikes N. 35°-45° W. and dips 85° SW.
1t is exposed for about 15 feet. Numerous small quartz stringers also
occur in the workings on this level. On the lower level a poorly de-
limited sheared zone with a general northwesterly strike is cut diag-
onally by a long tunnel. Within this zone the schistose rocks are
much contorted and crumpled and in places contain numerous quartz
stringers, some of which are several inches thick. The first 20 feet
of the crosscut at the end of the long tunnel lies in this zone, which
is also exposed in this tunnel for over 50 feet from the crosscut. A
shear zone 8 to 15 inches wide with a strike of N. 75° W. is reported
at the end of this crosscut. The gangue minerals, as in most of the
other ores of this district, consist chiefly of quartz, with a little cal-
cite. Pyrite is the most abundant sulphide, but galena, sphalerite,
and chalcopyrite are also present. The ore is a free-milling gold ore,
the gold occurring native. Limonite is present in the weathered ore.

6411°—16——12
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OLAIME OF SEACOAST MINING CO.

The claims of the Seacoast Mining Co. are on the southwestward-
facing slope of Mount Shasta about a mile northeast of the mouth
of Uno Creek. Several veins are reported to occur on the property
at elevations from 1,750 to 2,600 feet above sea level. The mine
workings are reached by a trail from the lower camp at the mouth
of Uno Creek.

The total underground development work in 1914 comprised a
265-foot crosscut tunnel with a 4-foot winze and a 10-foot raise, a
50-foot crosscut tunnel, a shallow shaft, open cuts, and stripping.
The surface improvements consisted of an upper camp (one wooden
building) at an élevation of 1,800 feet, a small wooden building part
way up the trail, four buildings at the mouth of Uno Creek, and
the trail from the shore to the upper camp. An average of 15 men
are reported to have been employed on the property in the summer
of 1913. In 1914 two men were employed during the early part of
the summer and seven men were at work in September. A small
shipment of ore has been made to Seattle for a sample mill test.

The country rock of the veins is the schistose graywacke and argil-
lite prevalent in the Shoup Bay area. The strike of the schistosity
is N. 60°-80° E. and the dip is 60° N.

Several veins are reported on the claims owned by this company.
At the upper camp a vein that is traceable for about 150 feet strikes
N. 25° W. and dips eastward. Irregular lenses of quartz occur in
the fissure, and above the long tunnel a width of 28 imches of solid
quartz shows in the vein. Just east of the tunnel a spur vein 12
inches wide leaves the main vein on the uphill side and has a strike
of N. 55° E. and a dip of 55° N, Within the tunnel a large mass of
quartz was cut 30 feet from the portal and a winze was started on it.
In the winze thislens had a maximum width of 10 feet, but the vein
narrowed upward to a few inches. The hanging wall of this vein
in the east wall of the tunnel is well defined and strikes N. 10° W,
and dips 55° E. The continuation of this vein in the northwest
wall of the tunnmel has a width of 2 feet. At 25 feet beyond the
winze a vein 3 to 24 inches in width crosses the tunnel with a strike
of N. 33° W. and a dip of 47° W. At an elevation of 1,850 feet an
inclined shaft is being sunk on a vein reported to be traceable for
250 feet. This fissure varies in width from a fraction of an inch to
11 feet. The maximum width of solid quartz exposed is 2 feet.
The strike of the vein ranges from S. 80° E. to N. 10° E. and the dip
from 40° to 60° N. A lead on the Portland claim is said to range
from 6 inches to 6 feet in width and to be traceable for several hun-
dred feet.
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The minerals present in the ores of the Seacoast Mining Co.’s veins
include quartz, chlorite, calcite, a brown-weathering carbonate, py-
rite, galena, gold, pyrrhotite, chalcopyrite, and sphalerite. Large
masses of pyrite occur in the vein opened by the inclined shaft.
Oxidation products present are limonite and malachite.

BILVER OEM CLAIM.

The Silver Gem claim is at tidewater on the southwest side of
Shoup Bay about a quarter of a mile from the front of Shoup
Glacier and half a mile northwest of the Alice mine. The under-
ground developments consist of an adit about 500 feet in length, 10
feet above sea level. It is reported that a shipment of ore from this
claim was made to the custom mill at Valdez and milled there.

The country rock of the ore deposit is a schistose gray graywacke,
in places impregnated with pyrite. The schistosity strikes N. 68°-88°
E. and dips 62°-66° N.

The Silver Gem claim is staked on the north end of a well-defined
fissure ! traceable about half a.mile southwestward from tidewater
at the tunnel mouth. This fissure forms a pronounced trough on the
hillside and across the ridge. At the tunnel mouth it strikes N, 10°
W. and dips 70°-80° W. Within the tunnel the fissure curves, and
near the face of the tunnel the strike is N. 35° E. and the dip 55° W.
The width of the fissure filling is from 6 inches to 9 feet, but the
average width is about 2} feet. The hanging wall is well defined
and slickensided. The fissure filling consists of crushed and shat-
tered country rock with varying amounts of quartz. Many small
stringers and lenses of quartz occur in the vein filling. The largest
mass of quartz observed was a short lens 28 inches thick. In places
the shattered graywacke of the vein material is cemented by mineral-
ized quartz. Most of the quartz is badly shattered.

Quartz, calcite, and chlorite are the gangue minerals. Pyrite,
arsenopyrite, sphalerite, and stibnite have been observed in the ore,
and galena and free gold are reported. There is also a pyritic im-
pregnation of the schistose graywackes adjoining the vein. Limonite
is present in the weathered outcrops.

BALD MOUNTAIN GROUP.

The Bald Mountain group, better known locally as the Olson prop-
erty, is on the right margin of Shoup Glacier at an elevation of about
3,100 feet above sea level. It is about three-fourths of a mile north-
east of the Cameron-Johnson mill camp and about 650 feet higher.

1 Brooks, A. H., Gold deposits near Valdez: U. B. Geol. Survey Bull. 520, p. 123, 1912,
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It is reached from Shoup Bay, 7} miles distant, by way of the
Cameron-Johnson trail.

The surface improvements on the property comprise stripping and
open cuts on the veins and a small wooden cabin. The underground
developments consist of two tunnels 180 and 36 feet in length, at ele-
vations of 3,050 and 3,250 feet respectively, and a shallow shaft on
one of the veins. The longer tunnel comprises a 120-foot crosscut
and 60 feet of drift, 50 feet of which was opened in 1914. The coun-
try rock of the veins is schistose graywacke and argillite, the schis-
tosity and bedding of which strike N. 80°—80° E. and dip 70°-77° N.

Development work has been done on two veins, each of which is
reported traceable for several hundred feet. The upper vein has a
strike of N. 75° W. and a dip of 65° N. Its width varies from 4 to
18 inches. The other and larger lead has a maximum width of 7 feet
and about the same strike as the upper vein. Other leads occur on the
property but have not yet been prospected. One of them is 4 to 5
inches wide and is traceable for over 100 feet. The gangue of the
ore is chiefly quartz with a small amount of light-colored, brown-
weathering carbonate. The sulphide minerals observed in specimens
of ore from this property are pyrite, sphalerite, and galena.

MINNIE OLAIM.

The Minnie claim is on the right margin of Shoup Glacier at an
elevation of about 8,000 feet, a short distance northeast of the Bald
Mountain group. The claim was located in July, 1911. The de-
velopments in 1913 included a 85-foot tunnel, a 20-foot tunnel, one or
two shorter tunnels, some surface stripping of the veins, and a small
wooden cabin. Several attempts to ship ore to custom mills were
stopped by accidents, and in 1913 a 1-stamp mill operated by water
power was placed on the claim and run for about 25 days in the fall
by two men.

Several small veins are reported to occur on this property. The
vein on which the two longer tunnels are driven and which supplied
the ore for the mill has been stripped for about 150 feet. The fissure
strikes N. 70° W. and dips 55° S. The country rock is the usual
graywacke and argillite, the bedding and schistosity of which strike
N. 84° E. and dip 75° N. This lead contains from 4 to 24 inches of
quartz, but the average width is only 9 inches. The ore minerals are
quartz, pyrite, galena, and gold.

OWL PROSPECT.

The Owl prospect is in Uno Basin, about half a mile southwest of
the Thompson-Ford workings, at an elevation of about 2,400 feet. It
is abont 1} miles from Shoup Bay and is reached by the same trail as
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the Thompson-Ford claims. This prospect, formerly the property of
the Owl Mining Co., was restaked January 6, 1914, by George Pulver .
and E. J. Baker as the Oregon and Washington claims. The under-
ground developments total about 190 feet. The country rock is gray-
wacke and argillite, the schistosity of which strikes N. 85° E. and
dips 55° N. The ore deposit consists of a sheeted or sheared zone sev-
eral feet wide which carries several large stringers and lenses of
quartz that have a maximum thickness of 18 inches. The quartz
outcrops are traceable for a distance of about 1560 feet along the
strike, which is approximately N. 45° W, The dip is 80° E. The
tunnel is driven along the fissuring. The gangue minerals are quartz,
calcite, and chlorite. Pyrite, chalcopyrite, galena, and sphalerite are
the sulphides present. Limonite and a little malachite occur in the
weathered outcrops of the ore body.

GUTHRIE & BELLOLI PROPERTY.

The Guthrie & Belloli tunnel lies at the entrance to Uno Basin, at
an elevation of 1,300 feet. It is just north of the trail to the Thomp-
son-Ford and Owl prospects and three-fourths of a mile from the
east shore of Shoup Bay. The tunnel is about 150 feet in length.
The country rock is sheared graywacke and argillite, the schistosity
of which strikes N. 87° E. and dips 63° N. The vein on the surface
strikes about N. 25° W. and dips 60° E. The outcrop is traceable for
about 100 feet, and the width ranges from 1 foot to 10 feet. Within
the tunnel the vein strikes N. 58°-78° W. and shows a maximum
width of 6 feet of quartz. The gangue minerals are quartz, calcite,
and chlorite. The metallic ore minerals include pynte chaleopy-
rite, arsenopyrite, sphalerite, and galena. Limonite is present as a
surﬁma.l oxidation product of the iron-bearing sulphides.

BUNKER HILL CLAIM,

The Bunker Hill claim is on the southwest slope of Mount Shasta,
three-fourths of a mile northeast of the head of Shoup Bay, at an
elevation of 1,800 feet. It is reached by a trail from the mouth of
Uno Creek. The underground development in 1914 consisted of a
100-foot adit. The country rock is the usual schistose graywacke.

The vein on which the tunnel is driven ranges in strike from north
to N. 70° E. and dips 63° W. The quartz filling of the fissure is
somewhat lenticular and ranges in thickness from 4 to 25 inches.
A small fold, the axis of which pitches 70° NE., exposed in the
tunnel about 35 feet from the portal, is occupied by the vein. In
some places the quartz is shattered; in others the vein shows second-
ary banding parallel to the walls of the fissure, which are free and
in places marked by gouge. The ore minerals are quartz, calcite,
chlorite, arsenopyrite, galena, pyrite, sphalerite, and limonite. .
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GOLD BLUFY CLAIM

The Gold Bluff claim is at sea level on the east side of the entrance
to Shoup Bay. It is on the northwestward-facing slope of the same
ridge as the Cliff mine and the Sealey-Davis properties, but about
half a mile northwest of the Cliff and half a mile southwest of the
Sealey-Davis.

The present developments consist of a 200-foot adit, a 5-foot cross-
cut, and a small building at the tunnel mouth. The country rock is
schistose graywacke, the schistosity of which strikes N. 85° E. and
dips 52° N. The tunnel is driven along a shear zone which very
nearly parallels the schistosity of the country rock. The shear zone
strikes N. 80° E. to S. 88° E. and dips 55°-63° N. at different places
in the tunnel. The width of the shear zone is from 24 to 4 feet. It
contains a few short lenses of white quartz with a maximum thickness
of 4 inches. In places no quartz was visible in the tunnel. At the
face of the tunnel narrow stringers of quartz with a maximum
thickness of half an inch show in the shear zone, which is here 3 feet
wide. The minerals recognized in hand specimens of ore collected
on the property in 1914 are quartz, calcite, chlorite, pyrite, pyrrhotite,
and chalcopyrite.

BLUEBIRD GROUP.

The Bluebird group is on the southeastward-facing slope of the
mountain west of the entrance to Shoup Bay, at an elevation of
about 650 feet. The improvements on the property include a cross-
cut tunnel 100 feet in length, with a 10-foot drift at the face of the
tunnel, a 10-foot tunnel near the west end of the vein, open cuts on
the vein, a trail from the shore to the prospect, and three buildings
on the beach.

The country rock is a schistose graywacke, the schistosity of which
has an easterly strike and a dip of 40°-60° N. The long tunnel is
driven about 30 feet below the outcrop of the lead, which is traceable
southwestward along the hillside for about 200 feet and appears to
have about the same strike and dip as the schistosity of the country
rock. The wall followed in the drift at the end of this tunnel strikes
N. 75° E. and has a vertical dip. The ore body on the surface con-
sists of a poorly defined mineralized shear zone 4 to 10 feet in width.
The fissure filling is made up largely of lenticular masses of a much-
shattered mineralized fine-grained to dense, heavy dark greenish-
black basic dike rock. The shattered portions are in many places
cemented by an irregular network of mineralized quartz. The shear
is indistinet in the tunnel, although at the face bunches and irregu-
lar masses of quartz occur in the shattered country rock. The ore
minerals are quartz, calcite, chlorite, pyrrhotite, chalcopyrite,
galena, and pyrite.
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OTHER PROSPECTS.

There are several other prospects in the Shoup Glacier valley and
vicinity, which have not yet been studied but upon which consider-
able development work has been reported. On the property of the
Rambler Gold Mining Co. a 230-foot tunnel and two shafts, 18 and
20 feet deep, were reported in 1913. A 130-foot adit has also been
driven on the Bence-McDonald ground, and short tunnels are re-
ported on the Ivanhoe property, near the head of Shoup Glacier;
on some claims near the Minnie claim, on the right margin of Shoup
Glacier; and on a claim near those of the Seacoast Mining Co.,
belonging to Henry Stevens.

Along the north shore of Port Valdez between the Cliff mine and
Gold Creek several hundred feet of tunnels are reported on the
Ellis Imperial, Black Diamond, and other properties, none of which
have yet been visited.

COLUMBIA GLACIER PROPERTIES.
GOLD EING MINE.

The Gold King mine is at an elevation of 3,750 feet on the east end
of an ice-surrounded mountain rising out of Columbia Glacier. It is
about 6} miles in an air line from Shoup Bay and 18 miles from the
foot of Columbia Glacier. It is reached by a trail about 8 miles in
length which leaves tidewater at the head of Shoup Bay, traverses
Shoup Glacier to the Midway camp, at an elevation of 1,300 feet, and
then crosses the high mountain range between Shoup and Columbia
giaciers through a pass about 4,400 feet in elevation.

The Gold King ore body was located July 26, 1911, by Olaf Olsen,
Frank Gustafson, and Hans Andersen, and several hundred pounds
of high-grade ore was brought to Valdez in that and the following
year. In October, 1912, after the locators had tapped the vein in a
crosscut tunnel at the upper workings, the property was taken over
by the Gold King Mining Co., which started development work on
its own account in December, 1912. During the winter of 1912-13
machinery and supplies.were taken in over Shoup Glacier, with the
aid of gasoline hoists. In September, 1913, the surface improvements
included a mill building, housing a crusher, feeder, 33-foot Hunting-
ton mill, amalgamating plates, and a concentrator, all operated by
gasoline engines, besides several camp buildings. The camp was
built on the terminal moraine of a small hillside glacier. The mill
was at a slightly lower elevation. This company also owned the
Midway camp, on Shoup Glacier, and two small wooden buildings
on Shoup Bay. A telephone line connected the mine with Shoup
Bay. A pack train and a dog team were used for the transportation
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of supplies during the summer of 1913. In the winter of 1913-14
the bunk house was carried away by a snowslide.

Milling operations began August 13, 1913, and the mill ran for
about 40 days that season. In 1914 the mill was started June 16 and
ran until August 27,

The underground development work in September, 1913, when the
property was visited,' consisted of No. 1 tunnel, with several hundred
feet of drifts and crosscuts, a 60-foot winze, and 90 feet of drifts
from the bottom of the winze; No. 2 crosscut tunnel, about 400 feet
long, with 15 feet of drifts on a small fissure crosscut 260 feet from
the portal; No. 8 crosscut tunnel, 60 feet long, with 40 feet of drifts;
and some open cuts and stripping. The underground development in
1914 is said to have consisted in drifting west on a crosscut on the
lower level and in stoping in the east vein and in the No. 1 vein. The
long crosscut tunnel was also continued to a length of 669 feet, but
the vein had not been encountered. Development work was in prog-
ress from early in March until September, and from 16 to 22 men
were employed.

The country rock is chiefly graywacke but contains some zones of
banded argillite, one of which has a width of about 50 feet. The bed-
ding strikes N. 65°-72° E. and dips 62° N. to 90°. A granite outcrop,
#bout 50 by 100 feet, intrusive into the graywackes and argillites and
cut by mineralized quartz veins and stringers, is reported in the west
end of Gold King Mountain.

Two veins are being developed on the Gold King claims—the upper
or saddle vein (No. 1), on which most of the work has been done, and
the lower vein (No. 3), east of the camp buildings. The saddle vein
strikes N. 60° W. and dips 50°-60° 8. Its width ranges from 2 to 18
inches, but the average width is probably under 1 foot. At one point
the quartz occurs as narrow stringers in a belt of shattered mineral-
ized graywacke b feet wide. The vein in many places shows second-
ary banding parallel to the walls. On the surface the vein has a good
footwall but a less well defined hanging wall. Underground the foot-
wall of the vein is well defined, the quartz usually breaking free but
showing no gouge. On the hanging wall about an inch of gouge is
present. This vein is cut by a fault which strikes N. 74° E. The
filling of the fault fissure is from 2 to 18 inches thick and contains a
little quartz. On the west side of this fault, about 120 feet southwest
of No. 1 vein, a small vein 1 to 6 inches wide, striking nearly pa.rallel
to the fault, has been found.

No. 8 vein is tapped by a crosscut tunnel 60 feet long and is fol-
lowed by drifts in both directions. This vein strikes N, 70°-77° W.

"lm B. L., Mining on Prince Wl.ll!lm Bound : U. B. Geol, Burvey Bull, 592, pp.
387-238, 1014, - )
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and dips 65°~70% N. Tt shows a width of 8 to 36 inches of solid
quartz, and in one place a width of 5 feet is reported. The vein
shows considerable secondary banding parallel to the walls of the
fissure, the hanging wall of which breaks free. The hanging wall
carries from 4 to 8 inches of gouge, and in places the gouge is visible
on both walls,

In the long crosscut tunnel (No. 2) a fissure striking N. 85° E.
and dipping 70° N. was cut 260 feet from the portal. The fissure
has well-defined walls and the fissure filling ranges from 15 to 30
inches in width. Quartz occurs as small stringers in the soft iron-
stained fissure filling.

The ore is free milling. Quartz is the dominant gangue mineral,
although calcite and a cream-colored, brown-weathering carbonate
are also present. The metallic minerals in the ore are gold, pyrite,
galena, sphalerite, chalcopyrite, and stibnite. The ore contains about
3 per cent of sulphides. Pyrite cubes impregnate the graywacke
adjacent to the veins. Limonite and the red and yellow alteration
products of stibnite are found in the weathered outcrops of the veins.

CLAIMS OF MAYFIELD GOLD MINING CO.

The claims of the Mayfield Gold Mining Co. are on the steep
southward-facing slope of a mountajn jutting westward into Colum-
bia Glacier in the extreme western part of the Port Valdez district,
about 73 miles from tidewater on Shoup Bay. The ore body lies
at an elevation of nearly 3,000 feet above sea level and is reached
from Shoup Bay by a trail through the Anderson Glacier pass.
Assessment work only has been done on these claims since July, 1912.
The underground developments in August, 1914, consisted of two
tunnels—an upper crosscut tunnel 105 feet in length and a lower
tunnel with nearly 350 feet of drifts and crosscuts.

The country rock of the ore deposit consists of closely folded gray-
wackes and argillites, the bedding and schistosity of which strike
N. 70°-80° E. and dip 50°-60° N. West of the lower tunnel parallel
jointing, striking N. 20°-30° W. and having a vertical dip, is rather
conspicuous.

About 50 feet above the upper tunnel a poorly defined fissure is
traceable S. 70° E. along the hillside for a distance of several hun-
dred feet, cutting the schistosity of the interbedded graywackes and
argillites at a slight angle. At intervals along this fissure there are
stringers, bunches, and lenses of quartz in the fissure filling. This
break is also traceable for a considerable distance west of the ore
body now developed. Practically no quartz is visible in this portion
of the outcrop of the fissure, however, but the adjacent country rock
is markedly iron-stained. The ore body under development lies at
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the intersection of the fissure above mentioned with a spur bresk,
striking N. 20°-80° W. and dipping 50° E. The spur lead has been
stripped for about 50 feet from the mouth of the upper tunnel to its
junction with the other fissure, which it does not appear to cross.
Above the upper tunnel the main fissure contains about 10 feet of
ledge matter, a large part of which is quartz. From this point con-
siderable quartz shows in this fissure for a distsnce of about 200
feet westward to a point just beyond the junction of the main and
spur leads. At the junction of the two leads a maximum width of 8
feet of solid quartz is visible. The spur lead shows on the outcrop
from 1 to 6 feet of quartz. The fissure cut at the face of the upper
tunnel has a strike of N. 30° W. and a dip of 45° E. In the lower
tunnel, which is about 100 feet below the outcrop of the main vein,
a fissure was cut 200 feet from the portal of the tunnel. A drift
was driven 90 feet westward along this fissure, which has a strike
of S. 70° E. and a dip of 60° N. where crosscut. It ranges from 1
foot to 5 feet in width. The fissure filling is composed of sheared
and shattered graywackes and argillites with a comparatively small
amount of quartz. At the end of the drift on this fissure a large
quartz vein, probably the spur lead, was encountered. A 30-foot drift
has been driven along this vein, which has a strike of N. 30° W.,
the same as that of the spur lead on the surface.

Quartz was the only nonmetallic gangue mineral observed in the
Mayfield ore. The metallic minerals include gold, pyrite, chal-
copyrite, galena, sphalerite, and arsenopyrite. Limonite and the
greenish oxidation products of arsenopyrite are visible on the
weathered outerop of the veins.

OTHER PROSPECTS.

A small amount of development, chiefly the result of assessment
work, has been done on a few other prospects near Columbia Glacier,
which have not yet been visited by Geological Survey parties. One
of these properties, originally located as the Bessie Williams, was
restaked in 1914, and preparations for its development were being.
made during the summer by the Mammoth Mining Co.

GOLD PLACERS.

Placer operations have never created a great deal of interest in
the Port Valdez district. The gravel areas are small, and much of
the gravel has a low gold content. In 1914 a small amount of placer
gold was obtained from the upper reaches of Lowe River and from
sluicing operations on the upper end of Mineral Creek. Some of
the gravel flats on Mineral Creek were tested also by drilling.
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On Gold Creek the Budd Mining Co. continued preparations to
work gold placers in the basin above the lower falls. Commencing
April 22 six men were employed in clearing the trail and freighting
supplies and construction materials from the beach to the Gold

basin. The force was increased in two weeks to eight men,
and that number was employed until June 16, when the work was
stopped for the season owing to a proposed change of ownership.
During this time a false dam was built for the diversion of water to
permit the laying of bed pieces for the true dam. At the time of
stopping the mudsills for the true dam had been laid in concrete on
bedrock. About 200 feet of 3 by 6 foot flume had also been built,
which will give a head of 120 to 150 feet for hydraulicking.

BOLOMON GULCH.
MIDAS MINE,

The Midas copper mine, now the property of the Granby Con-
solidated Mining, Smelting & Power Co. (Ltd.), of Canada, is situ-
ated at an elevation of about 800 feet above sea level, at the base of
the mountain ridge bordering the west side of Solomon Gulch, about
4} miles from Port Valdez.

The surface developments on the property in the fall of 1914 com-
prised a wagon road from the shore to the mine; an aerial tram, 43
miles long, nearly completed from the bay to the mine workings;
wharf and ore bunkers at the coast terminal of the aerial tram; sev-
eral buildings on shore near the wharf; ore bunkers, bunk house,
three cottages, and foundations for two more, at the mine. The prin-
cipal underground developments consist of two adits, each several
hundred feet in length, with a vertical interval between them of 92
feet, and three raises, two of which connect these two levels. The
total underground developments are reported to include over 1,600
feet of tunnels, drifts, and raises, About 150 feet of this work is
said to have been done during July and August, 1914. There are
also some shallow shafts and strippings on the outcrop of an ore body
upstream from the mine camp. The number of men employed on the
property varied from 15 to 75 during the year. The property was
closed August 31, 1914, after the outbreak of the European war.

The country rock of the ore deposits is composed of black slates,
argillites, graywackes, cherts, light-gray and greenish schists, and
greenstones, with some associated light-colored aphanitic silicic in-
trusive rocks. Most of the rocks exposed in the immediate vicinity
of the mine are sedimentary. A large mass of greenstone, coarsely
crystalline, in some places and sheared in others, crops out near the
head of the valley. Heavy-bedded graywackes occur above the mine,
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The present developments show two apparently distinct ore bodies,
one on the west side of the valley, where the present extensive devel-
opments are being made, and the other about half a mile upstream
from this locality, in the middle of the valley bottom. Both deposits

" oceur in mineralized shear zones. The lead now under development
has been traced for several hundred feet into the hill by the tunnels”
On.the surface the highest showing of ore is about 650 feet aboye
the lower long tunnel. The strike of the shear zone lies between
N. 75° W. and S. 62° W. and the dip is 40°-70° N. The width ranges
from 1 foot to 14 feet but the average width of ore is between 3
and 4 feet. The other ore deposit appears as a sulphide-impreg-
nated, closely folded, shattered, and sheared series of sedimentary
rocks; the mineralized zone is wider and the ore in this zone is said
to be of lower grade than in the developed ore body at the mine
camp. The bedding and schistosity at this deposit strike N. 57° W.
and dip 60° N.

The ores are partly replacements of the crushed country rocks and
partly the result of cementation of small fractures by the ore min-
erals. The sulphide minerals present are pyrite, chalcopyrite, and
pyrrhotite. It was thought that sphalerite was detected in some
of the specimens, but it was too fine grained for macroscopic deter-
mination. Numerous tests for zinc with negative results are re-
ported by local assayers, so that it is believed that sphalerite is scarce
or lacking in this ore. A little quartz is associated with the sul-
phides. Some limonite has resulted from the surficial oxidation of
the iron-bearing sulphides, and malachite stains from the carbona-
tion of copper minerals. Gold and silver are reported in assays of
the ores, but neither metal has been observed in specimens. With the
exception of galena and arsenopyrite, which have not been observed
in the specimens examined, the association of metallic minerals is
the same as that of the other copper deposits and the gold quartz
deposits of the Prince William Sound region.
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nM]NERAL RESOURCES OF THE CHISANA-WHITE RIVER
‘ DISTRICT.

By StepmeN R. Capps.

INTRODUCTION.

The district covered by this paper lies on the northeast side of the
Wrangell and St. Elias mountains and includes parts of the upper
basins of White and Chisana rivers. (See fig. 5.) The area is irreg-
ular in outline but lies between parallels 61° 30’ and 62° 20’ north
latitude and meridians 141° and 142° 20’ west longitude. It includes

S
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F1auRE 5.—Index map showing location of Chisans- White River distriot,
the northern front of the St. Elias and Wrangell mountains, the
south slope of the Nutzotin Mountains between theinternational bound-
ary and Chisara River, and the broad basins and less rugged hills
between them. Figure 5 is an index map, showing this general region.
189
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After the discovery of gold in the Klondike and the stampede
to that field in 1897 and 1898, a number of prospectors worked
southward into this general region, and in 1902 a reported discovery
of placer gold in the basin of Beaver Creek brought on a small gold
rush to the White River basin, but no workable placer gravels were
then found and most of the gold seekers soon left. A few who stayed
were lod to the search for copper deposits, for Indian reports of rich
occurrences of native copper in the White River valley had long been -
known. A number of copper-bearing localities were found, and the
development of these and prospecting for other lodes have continued
to occupy the attention of a few men ever since. The region, how-
ever, is difficult of access and had been visited by comparatively few
white men up to the spring of 1913. The discovery of placer gold in
1913 and the widely circulated reports of the richness of the distriot
led to a great influx of gold seekers in the fall and winter of that year
and created a demand for more recent information about the district
than was available. Accordingly two parties were organized to map
the country both topographically and geologically. The topographic
party in charge of C. E. Giffin, commenced work on Nizina River
near the mouth of the Chitistone, resurveying the upper Nizina basin
and the head of the White River basin and extending the mapping
northward to the north front of the Nutzotin Mountains east of
Chisana River. The geologic mapping was carried over much the
same territory, but the north slope of the Nutzotin Mountains was
not visited by the geologist. The topographic and geologic mapping
was intended to supplement and extend the work which had already
been done in portions of this area.

Geologic investigations of parts of this district have been made by
a number of men in previous years. C. W. Hayes made the first
geologic observations in 1891, and Alfred H. Brooks examined por-
tions of the area in 1899. F. C. Schrader in 1902 and F. H. Moffit,
Adolph Knopf, and S. R. Capps in 1908 again visited parts of this
field, and D. D. Cairnes, of the Canadian Geological Survey, briefly
examined the gold placer district in 1913. Fuller reference to the
work of these writers and to their published reports will be given in a
more complete report on this district, now in preparation, but the
facts now known with regard to the geology and mineral resources of
the district are the result of the work of these earlier investigations as
well as of the expedition upon which this report is based, and their
published reports have been drawn upon freely by the writer. The
report by Moffit and Knopf ! is the most complete description of the
district that has so far been published.

1 Moffit, F. H., and Enop!, Adolph, Minersl resources of the Nabesna-White River district, Alasks, with
asection on the Quaternary by 8. RR. Capps: U. 8. Geol, Burvey Bull. 417, 1910,
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_-The conclusions reached in this paper and the accompanying sketch
map showing the geology of the Chisana mining camp (Pl IX, p.
202) are the result of only a preliminary study of the material at hand
and are subject to revision in the more complete report.

There is a regrettable confusion in the use of names for a number
of the important streams in this district. Chisana River, the name
used on Witherspoon’s map of 1902, was approved by the United
States Geographic Board and has so appeared on all official maps
since. Many prospectors in that vicinity have, however, persisted
in pronouncing the name as if it were spelled Shushana, and that
spelling was for a time rather widely used by the newspapers in
reporting the discovery of placer gold in 1913 and appeared on some
sketch maps of the region. In a similar manner the prospectors
ignored the authorized names of other streams in that vicinity and
rechristened Chathenda Creek as Johnson Creek and Chavolda Creek
as Wilson Creek. These names are still current among the miners,
but in this report the approved names for these streams are used.

GENERAL DESCRIPTION OF THE DISTRICT.
GEOGRAPHIC FEATURES.

The Chisana-White River district is one of unusual scenic beauty.
It is bordered on the south by the high and rugged Wrangell and St.
Elias ranges, their summits capped by perpetual snows and each of
the larger valleys holding a great glacier. The abrupt northern face
of the St. Elias Mountains, on the south side of White River, cul-
minates near the international boundary in Mount Natazhat, a
double-peaked mountain 13,486 feet in elevation. The range has
other higher peaks to the south, but none appear so conspicuous from
the area here described. The Wrangell Mountains contain a num-
ber of peaks higher than Mount Natazhat, but from the district
between White and Chisana rivers no single mountain appears greatly
to overtop its neighbors, and the impression given is of & vast num- -
ber of mountains of the same general height, all covered by snow and
flanked by fields of glacial ice.

Between the Wrangell and St. Elias ranges on the southwest and
the Nutzotin Mountains on the northeast there is a broad area of
smoother hills and less rugged mountains. Here the alpine belt
merges into a treeless area of broad, tundra-covered valleys and
smooth, rounded hills of lesser elevation. The hills rise to elevations
not generally exceeding 7,000 feet above sea level, and the broad
valleys which cut them are between 4,000 and 5,000 feet high, so
that the relief is much less than in the mountain ranges to the north
and south, The area also contains no sharp, serrate ridges nor
claciers,
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The northeastern portion of this area falls within the Nutzotin
Mountains. This range is of alpine character and consists of a belt
of sharp peaks and ragged ridges, separated by steep-walled moun-
tain valleys. The highest peak is Mount Allen, which has an eleva-
tion of 9,489 feet, and many points reach heights of 7,000 to 9,000
feet. Some glaciers are present in the more favorably situated valley
heads, and many mountains rise above the level of perpetual snow;
but the glaciers are comparatively small and, unlike those of the
Wrangell and St. Elias mountains, are not conspicuous features of
the landscape. '

Two large rivers receive the drainage from this distriect. Chisana
River has its source in a great glacier of the same name and drains a
portion of the Wrangell Mountain mass, part of the Nutzotin Moun-
tains, and a part of the area between these ranges. White River
heads in Russell Glacier and is fed by a number of glacial streams
which rise in the ice fields of the Wrangell and St. Elias ranges.
Beaver Creek, a tributary of the White, drains the south flank of the
Nutzotin Mountains east of the Chisana basin. It receives only a
small part of its waters from melting glaciers and is a clear stream
except in times of flood. Chisana and White rivers, however, are
largely fed by streams of glacial origin and are characteristic of
streams of this type. They are heavily charged with sand, gravel,
and silt, are turbid throughout the summer season, and flow over
broad gravel and sand flats built up of the surplus load supplied by
the glaciers. They are subject to rapid fluctuations in volume, the
flow being influenced by the daily range of temperature in the tribu-
tary ice fields, as well as by seasonal changes and by local conditions

of rainfall.
GLACIATION.

Although valley glaciers of large size are numerous in the Wrangell
and St. Elias mountains, and many smaller ice tongues are to be
found also in the higher portions of the Nutzotin Mountains, these
glaciers are but the remnants of much greafer ice fields which for-
merly occupied this region. At the time of their greatest develop-
ment the glaciers completely covered all of the region except the
higher mountain ridges. One vast glacial field extended from the
White River valley to the Nutzotin Mountains, broken only by a
few projecting mountains. The slowly moving glaciers had great
erosive power and profoundly altered the shape of the land which
they covered, smoothing off and rounding the hills and widening
and deepening the valleys. They also disturbed the preglacial
drainage to so great an extent that old stream courses were com-
pletely abandoned and new valleys formed.. The results of the
erosion of glaciers and of their disturbing effect upon the drainage
are particularly significant in the district in which placer gold occurs,

3\
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and the present distribution of the gold can be properly accounted
for only after the influence of the glacial ice is {aken into account. A
fuller discussion of the influence of the ice upon the distribution of
placer gold will be given in the more complete report on this district.

ROUTES OF TRAVEL.

The Chisana district is remote from all the well-established systems
of transportation in Alagka (see fig. 5), and the available routes to it
offer certain difficulties, so that communication with it is slow and
the transportation of supplies is tedious and expensive. During the
winter of 1913-14 the cost of transporting supplies by sled varied
greatly with different freighters, being controlled by the efficiency
with which the work was done, by the route traveled, and by the
quantity of material moved. Reported costs of sledding, not in-
cluding railroad or steamer freights to the point from which sledding
began, varied from 12 to 50 cents or more a pound, but most of the
contracts for freighting were let at prices between 20 and 30 cents a
pound.

Seven different routes of travel to this district are available, and
each has been traveled by many people. The route chosen by any
person is naturally determined by the direction from which he wishes
to approach the district, but for one coming to Alaska fiom Seattle a
nuraber of routes are available. Vaiious articles have been pub-
lished which make much of the difficulties of approaching this dis-
irict, and especially of the dangers encouniered in traveling the
trails that lead from McCarthy by way of Nizina and Chisana glaciers
and over Russell Glacier. It is tiue that during the stampede several
persons were drowned in rashly attempting to ford the glacial Chiti-
stone and Nizina rivers or their tributaries during periods of high
water, but so far as could be learned only one man of several thou-
sand who crossed the glaciers was lost. None of the routes is easy,
and none should be attempted without proper equipment, but one
familiar with the conditions of travel by trail in Alaska may use any
of the routes here described. (See fig. 5, p. 189.)

NIZINA—CHISANA ROUTE.

The shortest route from the coast and the one most used during
the winter of 1913-14 was by way of the Copper River & North-
western Railway from Cordova to McCarthy, a distance by rail of
191 miles. From McCarthy all travel goes up the Nizina Valley to
the mouth of Chitistone River, where the trail forks. For winter travel
a trail was established up the Nizina to Nizina Glacier and thence up
that glacier to its head, across a high ice divide with an elevation of
about 8,000 feet, down Chisana Glacier to its terminus, and down
Chisana Valley to the town of Chisana, a total distance of about 75

6411°—15——13
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miles from McCarthy, of which about 40 miles is on glacial ice. This
route was much used both by foot travelers and for freighting during
the winter of 1913-14 and has the advantage of being at a shorter
distance from a railroad than any other route. It is, nevertheless, a
difficult and'dangerous trail and was made passable only by the
building of many temporary bridges across crevasses in the glaciers
and by a careful staking of the trail so that crevasses could be avoided
when the snows had covered and concealed them. The movement of
the glaciers also frequently caused the crevasses to engulf the bridges
and opened new cracks which in turn required bridges. Furthermore,
almost all work on the glacier portion of this trail must be renewed
each fall, and new trails must be staked at places where changes in
the ice conditions have rendered the old trail impassable. It seems
probable, therefore, in view of the impossibility of establishing a
permanent trail over the glaciers and the cost of restaking a trail and
building new bridges each winter, that the route over Nizina and
Chisana glaciers will not be long used.

NIZINA—-WHITE RIVER ROUTE.

For summer travel a different route, by way of Whitte River, was
generally followed. From the mouth of Chitistone River two
branches are available. One takes the same course as the glacier
route up to and for a few miles on Nizina Glacier but branches east-
ward, crossing that glacier to the mouth of Skolai Creek. The
Skolai Valley is then followed for 15 miles to its head in Russell
Glacier. The other branch ascends Chitistone River to its head
and crosses a high pass to the head of Skolai Creek, where the two
branches join. Each of these branches presents some advantages
over the other, and the travelers are about equally divided in their
preferences. The Nizina-Skolai branch is several miles longer and
necessitates the fording of Nizina River and the crossing of Nizina
Glacier, but the trail is fairly good, the grade is moderate, and there
is a better distribution of grass for horse feed. The Chitistone
branch crosses Chitistone River several times, and that stream is
subject to sudden floods. It also crosses a high divide over a narrow
and somewhat dangerous trail known as the “Goat Trail.” Further-
more, it is impassable on account of snow until early in July, and
snows in the fall may block it by the 1st of September. To the
cautious traveler the somewhat longer but safer Nizina-Skolai branch
recommends itself.

At the head of Skolai Valley the two branches join, and a single
trail extends for about 14 miles across Russell Glacier. For most of
that distance the trail follows the moraine-covered portion of the
glacier, winding back and forth over its irregular surface. Although
the melting of the glacier affects the trail somewhat, rendering
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certain portions impassable from time to time, so that short detours
are necessary, the glacier crossing is not difficult and requires only
five to six hours for pack horses. From the head of White River
to the placer mines various routes may be followed through a rolling
country with low passes, no difficulties being encountered other than
some soft ground. One of these routes leaves White River near the
mouth of Lime Creck and goes in a northwest direction across a
high flat to the head of Gehoenda or Trail Creek and down that
stream to Chisana River, at the town of Chisana. A branch of this
trail leaves it near the head of Solo Creek and runs northward past
Beaver Lake to the town of Bonanza.

COPPER RIVER-NABESNA ROUTE.

The Copper River-Nabesna route starts at the town of Chitina, on
the Copper River & Northwestern Railway, 131 miles from Cordova.
It follows the Government military road from Chitina up Copper
River to Gulkana. From Gulkana a trail follows the north bank of
Copper River to the Indian village of Batzulnetas, whence it takes
an eastward direction to the head of Platinum Creek and follows that
stream to Nabesna River. Crossing that river it follows Cooper and
Notch creeks to Chisana River, 8 miles below the town of Chisana.
By this trail the distance from Chitina to Chisana is about 235 miles,
and the route is little used for summer travel. In winter, however,
the greater distance is largely offset by the gentle gradient, the
avoidance of glaciers, and the abundance of timber for fuel along the
whole route. The only high pass to be crossed is Cooper Pass, an
ice-free divide at an elevation of about 6,000 feet, approached by
moderate grades. Considerable freight was taken over this route in
the winter of 1913-14 in competition with the much shorter Nizina-
Chisana route, although the sledding distance is nearly three times
as great, and many freighters are said to contemplate a change from
the Nizina-Chisana to the Copper-Nabesna route for future freighting.

DAWSON-WHITE RIVER ROUTE,

Many of the gold seekers in this district come from Dawson by way
of White River. Freight may be taken by steamer up the Yukon to
White River, a distance of about 70 miles, and by poling boats or
shallow-draft power boats up White River as far as the mouth of
Donjek River, or even to the mouth of Beaver Creek in favorable
stages of water, and poling boats can be used to Canyon City, a village
on White River a few miles below the international boundary. From
White River freight is taken in winter by sled to the placer mines. A
winter trail has now been cut from the mouth of Beaver Creek to the
point where that%stream first crosses the boundary, and this route is
said to offer no great difficulties, although the distance by boat from
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Dawson is about 175 miles to the mouth of Beaver Creek, and about
85 miles overland from the mouth of the Beaver to the placer mines.

TANANA-CHISANA ROUTE.

Upon the circulation of the report that rich placer discoveries had
been made in the Chisana basin, a considerable number of men made
their way up Tanana and Chisana rivers by launch and small boats.
Under favorable conditions launches may be taken up these rivers
as far as the north front of the Nutzotin Mountains, and boats were
lined or poled all the way up to the mouth of Chathenda Creek. The
route from Fairbanks, the base of supplies, is, however, long and
difficult and, though possible, will never be an economical route for
bringing in supplies. In the fall of 1914 many persons availed them-
selves of this water route and built boats in which they rowed down-
stream to Fairbanks..

WHITEHORSE-KLUANE ROUTE.

The route from Whitehorse to Canyon City by way of Kluane Lake
is available for travel both in summer and in winter, though the winter
trail makes some short cuts and is shorter than that used when the
lakes are unfrozen. A wagon road has been built from Whitehorse
to Lake Kluane, a distance of 143 miles, and a trail extends about
170 miles from the upper end of the lake to Canyon City, on White
River, and thence 55 miles farther up Beaver Creek to the placer
mines. The total overland distance by this route is therefore about
368 miles in summer and perhaps 20 miles less in winter.

COFFEE CREEK ROUTE.

Coffee Creek joins the Yukon 110 miles above Dawson. From the
mouth of this creek a good trail has been built to the junction of
Beaver Creek with White River, a distance of about 80 miles, and
another branch leads to Canyon City, 120 miles by trail from the
Yukon. From the mouth of Beaver Creek the trail to the Chisana
placer mines reaches the Beaver at the international boundary and
thence proceeds up the Beaver to its head. The total distance by
this trail from the Yukon to the town of Bonanza is about 160 miles.

ACCOMMODATIONS ON THE TRAILS.

Along all the most used routes to the gold fields there were in
1913 and 1914 road houses at intervals of 15 to 30 miles at which
meals and lodging could be procured. Thus along the Nizina-
Chisana and Nizina-White River routes one could travel from road
house to road house each day for the entire distance. On the Copper
River-Nabesna route there are road houses along the Government
military road as far as Gulkana. On the Whitehorse-Kluane route
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road houses are maintained between Whitehorse and Kluane Lake,
but none west of that portion of the trail. The rates charged at
these road houses vary on the different routes and with the distance
from established lines of transportation, but range from & minimum
of $1 a meal and $1 for lodging to $1.50 or even $2 a meal in the
more remote portions of the region.

VEGETATION.

Only a small portion of this area is timbered. Spruce trees grow
along the lower valley slopes of Chisana and White rivers up to the
glaciers in which these streams head, and the valleys of some of their
tributaries also have some timber in their lower portions. In Chisana
Valley, near the town of Chisana, trees 2 feet in diameter at the base
were seen, but over most of the timbered portion of the district the
trees do not commonly exceed 1 foot in diameter. At only a few
places were trees seen above an elevation of 4,000 feet, and large
areas below that elevation are untimbered. Much the greater por-
tion of the region, however, is above timber line. In the placer
camp wood for fuel and lumber for sluice boxes and other mining
purposes must be brought several miles to the places at which it is
to be used. Willow and alder brush grow in many places that are
devoid of trees and furnish sufficient fuel for the prospector’s camp,
but in the area between upper Beaver Creek and White River and
in all the higher mountain masses even small brush for fuel is almost
entirely lacking, and for even the small requirements of a temporary
" camp wood must be brought from a distance.

Grass for horses may be found in favorable places throughout this
region, although it is only locally abundant. Good forage for horses
is specially plentiful in the vallay of White River and on Beaver
Creek near the mouth of Horsfeld Creek, and horses have passed the
winter successfully at both places. In the spring the new grass
appears about the first of June, and stock may be maintained on it
until the heavy frosts begin early in September.

GAME.

Game was formerly abundant throughout the region but has now
been greatly thinned out in the immediate vicinity of the mines,
Elsewhere sheep are plentiful in the more rugged hills and moun-
tains and furnish a valuable food of fine quality in this county where
provisions are so difficult to obtain. Caribou, while less numerous,
are easier to hunt and are fairly plentiful in the rolling country
between Beaver Creek and White River. Moose are numerous in
the White River valley near the boundary and oceasionally range to
other parts of the district. Black and grizzly bears are sometimes
seen. Both rabbits and ptarmigan have been unusually abundant
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during the last few years and have been killed in great numbers to
supply food for both men and dogs. Some fur-bearing animals,
notably fox, lynx, mink, and marten, are trapped each winter.

NATIVES.

This region as & whole is very sparsely peopled with Indians. A
few families live in the vicinity of lower Beaver Creek and hunt and
trap into adjacent territory, and there is a small settlement on Cross
Creek, in the Chisana Valley. These natives had for a long time
been little in contact with white men and supplied most of their
simple needs from the products of the country. Now that a great
influx of miners and prospectors has taken place it is probable that
they will become dependent on the white man for a livelihood, as
they have done at so many other places.

GENERAL GEOLOGY.

The rocks of the Chisana-White River district range in age from
Devonian to Recent and comprise a wide variety of rock types,
including all the common varieties of sediments and igneous rocks
of many kinds, both intrusive and extrusive. In general it may be
said that the portions of the St Elias and Wrangell ranges included
in this region are composed dominantly of igneous rocks, with which
are associated considerable quantities of sediments, and that the
Nutzotin Range is composed primarily of sedimentary beds cut by
dikes and intruded by large masses of crystalline igneous rock and
contains also some surface lava flows. The surface lavas also cover
a large area lying between the St. Elias and Nutzotin mountains,

In the reconnaissance surveys upon which this report is based only
the more general features of distribution of the rock formations
could be determined, and time was not available for a study of the
many details of structure, character, and areal extent which are so
important to a complete understanding of the geologic history of the
area. Nevertheless, it is believed that the major geologic units
have been separated with a fair degree of accuracy, and the paleon-
tologic evidence obtained serves to confirm the conclusions reached
in the field from structural and lithologic evidence. (See Pl IX.)

The dominant rock structures of the district have a distinet north-
westerly trend. This is the general strike of the Carboniferous rocks
of the St. Elias and Wrangell mountains, of the Mesozoic sediments
of the Nutzotin Mountains, and of the great fault which in general
separates the Paleozoic from the Mesozoic rocks. Even in the
Tertiary beds the strike, with local exceptions, is northwest, and all
the major mountain-building movements that have been recognized
are due to forces that have eperated at right angles to this direction
of structural trend.
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The oldest rocks that have been recognized in this area are of
Devonian and Carboniferous age. They consist dominantly of a great
geries of volcanic materials, including lava flows, interbedded with
tuffs, and agglomerates of basaltic and andesitic character. For
purposes of description these rocks in the aggregate will be grouped
as ‘‘pyroclastic rocks” in the succeeding pages, following the usage
of Moffit and Knopf' in their earlier report on this same general
region. Associated with these pyroclastic rocks there is in many
places a considerable amount of sedimentary rock, principally lime-
stone and shale, but in general the sediments are subordinate in amount
to the rocks of igneous derivation. At a single locality, near the
mouth of Little Eldorado Creek, fossils were found which have been
determined to be of Devonian age. This place is near the lowest
exposed portion of the pyroclastic series and is the only place in the
region at which rocks of greater age than the Carboniferous are
known to occur. The rocks both above and below the fossil locality
are pyroclastic rocks with interbedded shales and graywackes,
similar to those which form a great portion of the Carboniferous
series. In the field they were supposed to be Carboniferous and were
not separated. Their areal extent is not known but is probably not
large, and in this paper the Devonian at this place is included with
the Carboniferous pyroclastic rocks for the sake of brevity in
description.

On lower Skolai Creek, at several places in the White River valley,
and on the north flank of the Wrangell Mountains there is a massive
limestone which forms a conspicuous member of the Carboniferous
section, in places reaching a thickness of several hundred feet.
Locally the limestone carries abundant fossils, which give a definite
determination of the age of the limestone and of the pyroclastic
material with which it is interbedded. Both above and below the
limestone there are locally developed thick beds of shale. The
sedimentary portions of the Carboniferous are now discontinuous, for
the whole series has been faulted and folded, but it is probable that
the water-laid beds were once much more continuous than they are
now and that their present patchy distribution is due, in part at
least, to the deformation which they have suffered.

In addition to the great quantity of extrusive and fragmental
matter which makes up a large part of the Carboniferous section, the
bedded materials, both igneous and sedimentary, have been intruded
at many places by bodies of granitic rocks, some of which are of
large size.

The next younger system of rocks, the Triassic, is certainly repre-
sented in this region, although at present it is not possible to draw

1 Moffit, F. H., and Knopf, Adolph, Mineral resources of the Nabesna-White River district, Alaska:
U. B. Geol. Survey Bull. 417, 1910
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sharp lines of separation between the several Mesozoic formations.
Fossiliferous thin-bedded Triassic limestones have been found on
Cooper Creek, and it is possible that a great thickness of the unfos-
siliferous slates and graywackes of the Nutzotin Range may be of
Triassic age.

The Jurassic beds consist of shales or slates, graywackes, con-
glomerates, and some thin limestones, the aggregation having locally
a considerable thickness. Known Jurassic rocks occur in the Nabesna
River basin and along the south flank of the Nutzotin Mountains, in
the vicinity of the Chisana placer mines. At the latter locality they
seem to grade insensibly into the slates and graywackes of the moun-
tain range and to constitute an undetermined portion of that great
series of sediments. Toward the south flank of the Nutzotin Moun-
tains, near the placer camp, the Jurassic beds, although dipping at
rather steep angles to the southwest, have been only slightly folded,
and their structure is simple. A few miles to the north, in the higher
mountains, the sediments-have been intensely folded and crumpled,
slaty cleavage has been locally developed, and the rocks as a whole
have been much more severely altered and hardened than toward
their southern margin. The Jurassic beds have in places, as on upper
Chathenda and Bonanza creeks, been extensively cut by basic dikes.

Lower Cretaceous sediments have been recognized only within. a
small area in the neighborhood of the Chisana placer mines. So far
as was determined, they appear to be structurally conformable with
the Jurassic rocks and like them are composed predominantly of
shales and graywackes. Apparently they were a part of a continuous
series of beds deposited from Jurassic into Lower Cretaceous time.
They carry rather abundant fossils of a single species, but only one
or two species in all were found. Like the Jurassic, the Cretaceous
beds are cut by numerous basic dikes and sills. Although in the
vicinity of the placer mines the Cretaceous rocks directly adjoin
the Carboniferous pyroclastic rocks and the granitic intrusions into
the Carboniferous, the contact is not one of sedimentation, but the
two formations have been brought together by a great fault, which
is believed to extend generally between the older igneous rocks and
sediments on the south and the dominantly sedimentary formations
that make up the Nutzotin Mountains.

Sediments of Tertiary age occur in small areas at a number of
places, surrounded by older rock formations. They consist of sand-
stones, shales, conglomerates, and some unconsolidated gravels, with
locally some volcanic material in the form of agglomerates and tuffs,
and at a few places they contain lignite. The lignite is generally
in very thin beds or carbonaceous films and has no commercial value.
At two localities beds of lignite occur in sufficient thickness to offer
. promise of yielding a moderate amount of fuel for local use.
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- "Extensive areas are occupied by lava flows that have been con-
sidered to be of Tertiary age. The lavas cap the Carboniferous beds
along Skolai Creek and west of Russell Glacier, as well as in parts of
the Ptarmigan Creek basin, and are the prevailing rocks over much of
the region between White River and Beaver Creek. They comprise
dark basic lavas, some of which show well-developed columnar struc-
ture. In places these lavas have been warped and tilted, but in
general they still preserve their original flat-lying attitude. Although
the extrusion of this series of lavas probably began in Tertiary time,
it continued at least into the Pleistocene epoch, and as Mount Wran-
gell is still a mildly active volcano, it may be that outpouring of
lavas from this center has taken place in Recent time. '
The deposits of Quaternary age consist mainly of the unconsolidated
materials deposited by glaciers and by the present streams, and of
talus and soil produced by the agencies of rock weathering and decay.
In addition to these there are, as already stated, some lava flows
interbedded with and overlying older glacial deposits, volcanic ash,
and accumulations of organic material as peat or ‘‘muck.” All the
mountain valleys and much of the intermountain area of hills were
formerly deeply covered by glacial ice, and the ice upon its retreat
left in place a great amount of morainal material. The larger valleys
of the Wrangell and St. Elias mountains still harbor great glaciers,
and these constantly bring down quantities of rock débris. Some
of this material is fed into the streams and transported for a distance,
to be deposited on the stream flats in the form of great gravel trains,
and some still remains near the borders of the glaciers as typical
morainal deposits. As the mountain glaciers are still vigorous, as
much of the detritus supplied to the streams is of glacial derivation,
and as the glaciers have probably existed uninterruptedly from
Pleistocene time fo the present day, the extensive sand and gravel
deposits of the present streams are of glaciofluvial origin, and the
distinction between Pleistocene and Recent gravels can not be made.
The volcanic ash already mentioned is a persistent and conspicuous,
though generally thin, member of the Quaternary deposits throughout
this district.' Everywhere except in the regions of high, bare
mountains, where erosion is rapid, a layer of this material may be
found near the surface, in places covered by a few inches of moss.
Near the placer mines it is present in a layer from a few inches to a
foot thick, lying beneath a foot or so of muck. In the upper White
River valley it is a few inches thick, but it becomes increasingly
thicker to the east, toward the international boundary. Near the
mouth of North Fork of White River the ash layer is 2 feet thick
and lies beneath 7 feet of peat. The greatest thickness of this ash

i Capps, B. R., An anclent voleanie eruption in the upper Yukon basin: U, B. Geol. Burvey Prof. Paper
86, pp. 58-84, 1015 (Prol. Paper 95-D). .
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observed occurs on the north flank of the St. Elias Range near
Mount Natazhat. There the ash forms great drifts at the base of
the mountains, is in places nearly bare of vegetation, and has been
blown by the wind to form great dunes 200 feet or more in height.
It seems probable that the crater from which the ash was ejected
lies somewhere in the mountains near Mount Natazhat. Thomas
Riggs, jr., reports a small crater in the basin of Kletsan Creek that
may be the one from which the ash came.

The last great geologic events of importance in this district were the
advance and retreat of glaciers, which pushed down from the moun-
tains and covered all of this region except the highest mountain
peaks. That portion of the country over which the ice moved was

eroded and changed by the wearing of the thick ice masses; deep,
broadly U-shaped valleys were formed, and a striking and character-
istic type of topography was impressed upon the land surface. With
the withdrawal of the glaciers to their present positions the streams
again established courses on the glaciated surface, but in many places
the land forms were so changed that the streams deserted their pre-
glacial courses and found new channels, leaving their former valleys
unoccupied by streams. These changes of drainage have had a strong
influence upon the present distribution of placer deposits, and the
recognition of these changes is essential to a proper understanding
of the causes which have led to the concentration of gold in the places
where it now occurs.

GOLD PLACERS.
GENERAL FEATURES.

The productive gold placer gravels of the Chisana district occur in
the basins of Chathenda (Johnson) and Chavolda (Wilson) creeks,
within a very small area. Exclusive of a few claims from which
gsome gold was taken during prospecting operations, all the gravels
which have been profitably mined can be included within a circle
only 5 miles in diameter, with Gold Hill as its center. (See Pl. IX.)
The valley of Bonanza Creek, the largest of the gold-bearing streams,
has been found to contain workable gravels almost continuously
from a point near its mouth, on claim No. 2, to claim No. 12, a
distance of about 3 miles. The lower three claims on Little Eldorado
Creek and the lowest claim on Skookum Creek have been profitably
mined, Glacier Creek and its tributaries have yielded a moderate
amount of gold, and Big Eldorado Creek has some gravels that
contain valuable gold deposits. In the whole district mining was
actively carried on during the summer of 1914 on about 21 claims,
and a large number of other claims received varying amounts of
attention from prospectors. An average number of about 325 men
were employed in mining during the summer season.
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MINING CONDITIONS.

One of the most important of the factors which determine the cost
of mining in this region is the shortness of the season during which
open-cut placer mining can be carried on. Placer operations are
dependent on stream flow and can be commenced in the spring only
when the streams have run free of ice. Moreover, except at those
places where artificial thawing is employed, mining can be done only
when the gravels have thawed. In the Chisana camp there is a
considerable range in altitude between the claims on lower Bonanza
Creek and those on the headward portions of the streams, and the
lower claims may be mined in the spring before the snow is gone from
those at greater olevations. In general, however, mining can be
started between the 18t and 15th of June and continued until early in
September, when the streams become low and ice begins to form.
A period of only 90 to 100 days is therefore available for open-cut

The short season and the remoteness of the district from established
lines of transportation are reflected in the wages paid for labor. The
current rate for common labor is reckoned at $10 a day, or $6 a day
and board. This high price seems justified by the conditions in
the district, yet much ground can not now be worked that would
yield a profit if the labor cost were less.

No timber occurs near the placer mines, and wood for fuel and
lumber must be brought from lower Chathends Creek or from
Chavolda Creek, a distance of several miles. Two sawmills at Chi-
sana and one at Bonanza were in operation in 1914, at which spruce
lumber could be obtained. The price charged at Bonanza was $150
a thousand feet, and at Chisana from $125 to $150 a thousand feet,
but in addition to the sawmill prices the cost of transportation to the
mines is high. Cordwood is said to bring $40 a cord delivered at
the mouth of Little Eldorado Creek.

Only the simplest of mining tools or equipment could be purchased
at the stores, and practically all appliances were brought in by. the
individual operators for their own use. It has therefore been neces-
sary for each miner to know in advance what equipment he will
need, so that it can be brought in by sled during the winter. The
result of the isolation of the camp and of high freight charges is that
only the simplest forms of mining have been conducted, and the gold
is recovered almost entirely with pick and shovel.

ORIGIN OF GOLD PLACERS.

It will be noted on reference to the map (Pl. IX) that most of the
placer deposits occur within the borders of the areas of Carboniferous
pyroclastic rocks and of the granitic rocks that are intruded into the
Carboniferous formations, the only exceptions to this rule being the
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claims above No. 8, Bonanza Creek, and the rather low-grade deposits
in the basin of Glacier Creek, all of which lie on a bedrock of Mesozoic
sediments. It is also a well-established fact that the headward
tributaries of Bonanza, Chathenda, and Chavolda creeks, which flow
over Mesozoic sediments exclusively, have little or no placer gold.
The exceptions to this rule—claims No. 8 to No. 13 on Bonanza
Creek and the placers in the Glacier Creek basin—are all in close
proximity to Gold Hill.

Gold Hill, a.high, smooth-topped mountain, lies about in the
center of the producing placer claims and is drained by Canyon,
Bonanza, Little Eldorado, Skookum, Poorman, Glacier, and Big
Eldorado creeks, a group comprising all the streams that have been
shown to contain workable placers, It is capped by a gravel de-
posit, which apparently has a thickness of more than 200 feet and
which lies upon the intrusive granitic rocks and the materials of the
Carboniferous pyroclastic series. The material in the gravels is
composed for the most part of pebbles derived from the Carbonifer-
ous and its intrusive rocks but contains also an appreciable admixture
of Mesozoic sedimentary pebbles. The material is unconsolidated
but is deeply oxidized and contains pieces of lignitized wood, and
many of the pebbles are decayed. The gravel is believed to be of
late Tertiary age.

Prospect holes have been sunk in the gravels of Gold Hill, and
some gold has been found, though not in sufficient concentration to
be mined. As will be shown later, there are in the Carboniferous
rocks near by a number of lodes which carry free gold, and it is
believed that the gravels of Gold Hill received their placer gold
originally from these lodes, which occur in the area where the Car-
boniferous rocks are cut by granitic intrusive masses. The close
association of gold lodes with granitic intrusive rocks has been
shown so often in Alaska that no further discussion of this relation
is necessary here.

The placer gold on Bonanza, Little Eldorado, and Skookum creeks
and in the Glacier Creek basin is characterized by its smoothed, worn
appearance and has apparently been subjected to considerable
* handling by stream action. It seems evident to the writer that
this placer gold is the result of a postglacial reconcentration, prob-
ably of materials from Gold Hill, and that the bedrock source of the
gold is the veins in the Carboniferous rocks.

The placer gold of Big Eldorado Creek is in striking contrast to
that of the other producing streams. It is bright and angular and
shows almost no evidence of stream wear. Much of it has quartz
particles attached to it, and sharp-angled pyramidal crystals of gold
are common. This gold appears to be a primary concentration, for if
it had been much handled by streams its sharp angles and crystalline
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faces would have been worn away. The gold placer mines on Big
Eldorado Creek are all in that portion of its basin which lies entirely
within the area of Carboniferous pyroclastic rocks and granitic
intrusives, and if the angular gold is & primary concentration, its
bedrock source must have been in the materials of those rocks or
in veins which cut them.

The gravels of Gold Hill are but a remnant of a gravel depomt.
which in former times was certainly more extensive than it is now
and which has been removed by stream and ice erosion from some
areas over which it is no longer found. A relatively slight extension
of the area of these gravels would carry them eastward over all the
claims on upper Bonanza and Little Eldorado creeks which contain
placers. The mines on lower Bonanza Creek and on Glacier Creek
may also have been within the area of the gravel deposit, but they
all fall in valleys which have headward tributaries in Gold Hill, and
as the gold may have moved downstream to its present position, its
presence can be explained without resorting to the supposition that
the old gravels once extended over them.

D. D. Cairnes, as the result of a visit of a few days that he made
to this district in the fall of 1913 in connection with his study of a
near-by portion of Yukon Territory, published an account® of the
general geologic and physical conditions of the camp. He describes
the rocks as being dominantly sedimentary and mainly of Mesozoic
age. This description applies to only the northern portion of the
placer district, and Cairnes failed to recognize the Devonian and
Carboniferous age and pyroclastic character of the rocks which
underlie nearly all of the most productive ground, or the fact that
a great fault separates the Mesozoic sediments from the Devonian
and Carboniferous rocks below. He noted that the Mesozoic sedi-
ments at the heads of the Bonanza Creek tributaries in the Nutzotin
Mountains are iron stained and somewhat mineralized and states
that “ From these mineralized sediments of the Nutzotin Mountains
“the geld of the Chisana placers has most probably been derived.”
At another place he states that “Prospectors and others searching
for placer gold in these portions of Yukon or Alaska are accordingly
advised to confine their attention primarily to those creeks which
flow through the shales and slates of the Nutzotin Mountains, and
particularly where these rocks are highly mineralized and colored
red with iron stain, as they are at Chisana.” With these views the
present writer is not in accord. The distribution of the placer gravels,
as already shown, seems to point conclusively to the source of the
gold in the older Carboniferous and Devonian rocks. Furthermore,
none of the streams which lie exclusively within the Mesozoic sedi-
ments, such as the heads of the Bonanza and Glacier creek tribu-

1 Canadian Min, Inst, Bull, 24, pp. 83-64, 1014,
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taries and of both Chathenda and Chavolda creeks, which drain the
same mountain mass, show workable placer ground, and many of
them, after rather thorough prospecting, have yiclded not so much
as & color of gold. On the other hand, veins in the Carboniferous
rocks near granitic intrusives have been found to carry gold on
Nabesna River, in the Chisana district; on Beaver, Horsfeld, and
Eureka creeks, near the international boundary; and at other places.
It is not intended to imply here that the Mesozoic sediments nowhere
contain gold veins, or that they may not yield gold placers. Some
small quartz stringers from these sediments have been found on
assay to carry some gold, but so far as the writer has been able to
learn no gold deposits of commercial value have yet been found which
were unquestionably derived from the Mesozoic sediments of the
Nutzotin Mountains.

The belief that much of the present placer gold is a secondary con-
centration from the lower-grade Tertiary gold-bearing gravels of
Gold Hill implies great changes in the topography of the district since
the older gravels were deposited. These older gravels now occupy
the top of a prominent mountain and are surrounded on all sides by
lower valleys. At the time the gravels were laid down, the present
position of Gold Hill must have been low compared with the areas
from which the gravels were derived. After the gravels were de-
posited, probably over an area much greater than that which they
now cover, the processes of normal erosion, stimulated by mountain
building and uplift, carved valleys below the level of the gravels, and
these, too, suffered erosion. What gold they contained was concen-
trated in the streams and, probably, rich gold placers were formed.
In the course of time the glacial period began and glaciers formed.
in the mountain valleys and grew and joined in the lowlands, until
at the time of their greatest development only the high peaks and
ridges of the mountains projected. Gold Hill and the other moun-
tains between Chathenda and Chavolda creeks were completely sub-
merged by glacial ice, the valley and canyon of Chisana River were
filled by ice to a depth of over 2,000 feet, and the glaciers were con-
tinuous between Chisana, White, and Beaver valleys. The erosion
by this thick body of slowly moving ice was enormous, and its effect
upon the present topography is still preserved with striking vividness.
The submerged hills were rounded and smoothed, and the valleys
were widened and deepened. Whatever deposits of stream gravels
existed before the ice advance, together with the gold placers which
they may have contained, were eroded and in large part swept away
and scattered by the glaciers.

With the withdrawal and shrinkage of the glaciers, the rocks were
again exposed to stream cutting. The valley gradients had, however,
been changed by the ice erosion, and the streams found conditions
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greatly different from those which had existed in preglacial time.
In reestablishing their courses the streams in general reoccupied their
preglacial valleys, but in places the old valleys were deserted and new
ones formed. By the lowering of their outlets some streams acquired
high gradients and soon cut canyons through portions of their courses.
This is particularly true of Bonanza, lower Little Eldorado, and
Glacier creeks. .The present inner canyons of these streams have
certainly been cut since the valleys were modeled by glacial ice. .

The placer deposits are therefore almost entirely the result of
postglacial concentration, and the gold-bearing bench gravels which
have been found at places within the canyons, but above the present
streams, are not properly to be called “‘old channels,” but are merely
remnants of the gravels of the present streams left behind as the valley
was rapidly lowered.

Cairnes ! recognizes the youthfulness of the present canyons and
says of the changes of drainage: ‘‘Such may have been produced by a
somewhat sudden uplift of the district or by the glacial damming
of portions of the stream valleys, caused by great accumulations of
morainal material derived from the mountains to the north.” He
therefore does not seem to recognize that in glacial time, as at present,
the great ice movement was not from the north, but from the Wrangell
and St. Elias mountains northward, augmented by the smaller
glaciers from the Nutzotin Mountains; that the whole of the mining
district was completely buried by glacial ice; and that the present
topography is in large measure that which was impressed upon the
district by glacial erosion.

Cairnes speaks of bench or ‘‘old channel” gravels, and says: ?

As the bottoms of the old channels are in places above and in places below those of
the streams of the present crecks which they cross, these older gravels now occur both
as bench deposits above those of the present sireams and as buried gravels below the
level of the present stream bottoms. * * * It seems possible, from what is now
known of the different gravels in the Chisana district, that the bulk of the placer gold
in the district was or is [in] the old channels and will be obtained either from the
gravels of the old channels directly, or from gravels of the present streams where these
cut the older gravels.

After a season of vigorous mining and prospecting in 1914 no single
deposit of gravels was seen by the writer which could properly be
called an ‘‘old channel” deposit or which could not have been laid
down by the present streams during the postglacial cutting of their
canyons, except the Tertiary gravel capping of Gold Hill. It may be
that tbere still remain portions of the stream deposits of the preglacial
streams which were not removed by glacial scour, but if so they have
not yel been found. In Dry and Alder gulches there is a heavy fill f
of gravels along an old glaciated valley, deposited when the present
mouth of Chathenda Creek was blocked by Chisana Glacier, bué this /-

1 Cairnes, D. D., ap. cit., p. 53. “Idem, p. 61.
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valley was occupied by & stream for only a short time during the
recession of the glaciers, and its gravels are not preglacial.

MINES AND PROSPECTS.

During the present investigation all the mines that were being
actively worked and most of the prospects upon which work was
being done were visited. In the following pages the nrining operations
are briefly described. The separate properties are described in order
along the streams, those on each creek being grouped under one
heading and the descriptions beginning with the lowest claim and
proceeding -in order upstream. A number of claims were worked
under one management, and the description of the mining done by
this company on all its ground is given at only one place.

BONANZA OREEK,
No. 1 FRACTION.

No. 1 Fraction is a fractional claim lying immediately above claim
No. 1, thiough which Bonanza Creek flowsfor a distance of about 100
feet, in a steep-walled canyon. During periods of high water the
stream occupies the canyon bed from wall to wall, and at ordinary
stages of flow there are gravel bars of small dimensions at only a few
poiats. Prospecling and mining were carried on here in a small
way by one man, who coofined his work for the most part to cleaning
out the crevices of the agglomeratic bedrock and to washing out the
small accumulations of stream gravels. The gold recovered had been
scarcely sufficient to justify mining, but the varying tenor of the gravels
on other parts of this stream encouraged the expectation that some
richer spots might be found. There is insufficient workable ground
here to warrant operations on an extensive scale.

DEADMAN FRACTION.

The so-called Deadman Fraction is a fractional claim about 950
feet long, lying between No. 1 Fraction and No. 2. Like No. 1
Fraction, it lies along that portion of Bonanza Creek which is steeply
intrenched in a deep canyon of Carboniferous pyroclastic rocks.
At the time of visit, late in July, 1914, a party of four men was just
beginning mining operations, and no clean-up had yet been made,
so that the value of the ground was not known. The canyon floor is
narrow and if worked from rim to rim would give a width of bedrock
of only about 12 feet, and the gravels are only from 2 to 4 feet thick,
Laige bowlders were abundant, and the quantity of gravel which
could be shoveled into sluice boxes was small,

-~
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CLAIM NO, 2

Mining was conducted during most of the open season on claim
No. 2 by laymen, seven men being continuously employed. Sluicing
was begun on June 12, no work having previously been done on this
ground. The workable width of the canyon floor there averages
about 30 feet, and no flume was used, the creek being diverted first to
one side of the flat and then to the other. The usual pick and shovel
method was employed exclusively. The gravels consist for the most
part of rather flat, slabby cobbles and bowlders and range from 3 to
12 feet in thickness, averaging about 5% feet. Water for the sluice
boxes was taken from the creek through canvas hose, and the boxes
were set on a grade of 9 inches to the box length. The gravels here
contain little clayey sediment, and the use of a dump box has been
found to be unnecessary. The gold is said to occur almost entirely
on bedrock or in the crevices within the bedrock, no considerable
amount being found in the overlying gravels. The gold is rather
irregularly distributed on the bedrock, which consists of lavas and
agglomerates, some beds being much decayed and soft. The harder
phases of the rock are in places worn smooth and have retained little
gold, but immediately below such places there are often found spots
of considerable richness. The high points of the hard, rough bed-
rock have in general retained the most gold.

The gold recovered from this claim is coarse, but nuggets are rare,
the largest found having a value of $4.. All the gold is smooth and
flat, showing plainly that it has been subjected to much wear between
the place of its bedrock source and its present position, On August 1,
1914, about 500 linear feet of the stream bed had been worked out.

CLAIM NO. 3,

Claim No. 3 includes a deeply intrenched portion of Bonanza Creek,
the canyon being cut into the Carboniferous pyroclastic rocks, which
strike N. 75° W. and dip about 40° SW. Canyon Creek joins Bonanza
Creek near the upper end of this claim. Mining operations were car-
~ ried on by one party of 10 men. Work was commenced in the spring
at the lower end of the claim, but the gravels there were found to aver-
age 14 feet in thickness and to be too low in gold content to justify
mining. Mining was then begun at a point 600 feet below the upper
line of the claim and progressed during the summer until the upper
part of the claim was worked out. The ground mined averaged only
20 feet in width and ranged from 2 to 4 feet in depth. Large bowl-
ders were very abundant. Many of them were too large to move by
hand and were not taken from the cut, but the finer gravel was
removed from around them. About 300 feet of 42 by 20 inch flume
was used to carry the creek past the cut, and eight lengths of sluice
box and a dump box, set on a grade of 10 inches to the box length and

6411°—15——14
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equipped with pole riffles, were employed. The mining was all done
by means of pick and shovel. The gold was coarse and well worn
and was irregularly distributed, rich spots alternating with less pro-
ductive areas. The highest values were commonly found on the
higher portions of hard bedrock. In places where the bedrock was
decayed and soft there was not enough gold to justify mining. Most
of the gold lay on bedrock or in the cracks in it, and the gold content
of the overlying gravels was said to be small.

NO. 3 A FRACTION,

No. 3 A Fraction is the lower of two fractional claims which lie
between claims No. 3 and No. 4 and has a length of about 500 feet. On
this ground six men were engaged in mining throughout the summer.
Bonanza Creek is here deeply intrenched in the Carboniferous pyro-
clastic rocks, and the stream flat is winding and narrow, the workable
ground having an average width of only 12 feet and a thickness of 2
to 8 feet. The stream was carried across the working cut by a flume
120 feet long and 42 inches wide, and the gravels were mined by pick
and shovel and washed through a set of 12 sluice boxes and a dump
box, lined with pole riffles and set on a grade of 10 inches to the box
length. The gravels are not well rounded, and angular pieces of rock
are common. A sticky clay mixed with the gravel makes the use of
a dump box necessary, and even this fails to disintegrate all of the clay
so that some loss of gold must certainly take place. Much of the bed-
rock is hard and blocky and retains the gold well, and most of the gold
occurs on bedrock or in the crevices in it. It is necessary to take up
from 2 to 5 feet of bedrock in order to recover all the gold. As on
many of the elafms on lower Bonanza Creek, the best values are found
not in the deepest channel in bedrock but on the higher points of it.
The gold is bright, coarse, flat, and well worn. The largest nugget
had a value of $61.80, and half of that recovered is said to be in nug-
gets worth $5 or more. Some pieces having a rusty, reddish coating
are found on portions of the bedrock which are decayed and of a
bright-red or purple color, the gold doubtless acquiring a rusty cast
from the iron in the underlying bedrock.

3 B FRACTION.

The claim known as the 3 B Fraction is the upper of the two frac-
tional claims lying between No. 3 and No. 4 and is about 900 feet
long. Mining was begun on the lower end of this ground in 1913,
and several thousand dollars’ worth of gold was recovered. In June,
1914, mining operations were continued at the point where they
were left off the fall before, and 10 men were continuously employed
during the open season. The creek there flows through a deeply
intrenched gorge in the Carboniferous lavas and agglomerates, and
the bedrock is rough enough to retain the gold well. The creek
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gravels average about 25 feet in width and are shallow, the average
depth to bedrock being less than 2 feet. Although bowlders are
rather abundant, most of them can be moved by hand and only a
few require blasting. A flume 30 by 19 inches in section and 350 feet
long is used to carry the creek past the cut and is adequate except in
periods of flood. The pick and shovel method of mining is used ex-
clusively, the gravels being washed through a set of 16 sluice boxes,
each 12 feet long, 14 inches wide, and 12 inches deep, set on a grade
of 8 inches to the box length and equipped with pole riffles. An
abundance of sticky clay in the gravels requires the use of a dump
box, and even this fails to disintegrate the clay completely, so that
there is a constant loss of gold, equal, it is estimated, to about 10 per
cent of that recovered. About 2 feet of bedrock is taken up and
put through the boxes. The gold is practically all found on bedrock
or in the cracks in the rock surface, the overlying gravels containing
very little gold. The gold, which assays $16.36 an ounce, is bright,
smoothly worn, and very coarse, the pieces averaging 10 to 15 cents
in value, exclusive of the larger nuggets. One $40 nugget was found,
and another worth $33.50, and pieces having a value of $3 to $20
constitute a large portion of the gold recovered. At the time this
claim was visited it was said that the ground mined had carried an
average value of about $2 to the square foot of bedrock.

A number of localities along the valley sides of this claim have
small deposits of bench gravel, and the ground on which the tents
are situated, 15 feet above the creek, is said to contain a good pay
streak.

OPERATIONS BY F. T. HAMSHAW.

The claims staked in this district by James & Nelson, the original
discoverers of placer in this camp, were leased by them to J. J. Price
and J. J. Ives, who in turn assigned their lease to F. T. Hamshaw.
The ground involved in these leases included, on Bonanza Creek, Dis-
covery claim, No. 1 below and Nos. 1, 4, 5, 6, and 8 above Discovery;
on Little Eldorado Creek, No. 1; and on Big Eldorado Creek, Dis-
covery claim. With the exception of a few small subleases made by
Price & Ives, all the mining done on these claims in 1914 was carried
on by Mr. Hamshaw, the principal operations being on claims Nos. 4
and 5 on Bonanza Creek and No. 1 on Little Eldorado Creek.

The main camp was located on the south side of Bonanza Creek at
the mouth of Little Eldorado Creek and consisted of about 16 tents
in all, including offices, commissary, mess, and sleeping quarters.
The camp is connected by fair trails and by telephone with the town of
Bonanza, at which there is a general warehouse. The number of
men employed varied considerably during the season, ranging from
& minimum of 30 to a maximum of over 100, The general mining
practice followed was to ground-sluice off the upper portion of the
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creek gravels, leaving a foot or two above bedrock to be shoveled
into the sluice boxes. Whenever a large gang of shovelers was em-
ployed, a horse team and scraper were used to clear away the tailings
from the lower end of the sluice line. The average thickness of the
stream gravels mined, including that portion of the bedrock which
was removed, was only a little more than 6 feet, and the actual aver-
age thickness of the stream gravels was between 4 and 5 feet.

The following summary of mining operations on these claims is
published because it is believed to contain valuable data on the actual
cost of pick and shovel placer mining of shallow stream gravels in a
region remote from established lines of transportation. Reliable fig-
ures on such operations are difficult to obtain, as they are rarely
kept by the placer miner. Other operators in this same district
claim lower mining costs than those given in the accompanying table,
but their figures are not based on accurate measurements and can,
therefore, not be given for comparison. It will be noted that the
total working cost as shown would be somewhat reduced when proper
account is made of the difference between the estimated and actual
cost of board for the employees but would be increased if allowance
were made for amortization, and if the cost of dead work were added.

Summary of mining operations by F. T. Hamshaw at Chisana, in the White River
/ " mining district, Alaska, during 1914.

[Published by permission of F. T. Hamshaw.]

Linear | Value |Working| Square |Valueper ‘::,:H“‘
feet of cost per | feet of per
ereek linear | bedrock | footof | 3A0ACS
worked. foot. foot. mined. | bedrock. bedrock
079 $22,17 $19.12 19,725 L3 $0.74
£33 26,45 20.13 23,182 .80 .67
1,020 50, 50 13,28 43,047 L2t 32
Total or & 2,841 | 33,04 17.51 85,054 1.08 576
Upper end of Little 380 3.435 4.45 11,042 14 .18
Operationsof laymen. ........ccoevenneferasnsnnns e A A 24, 004 55 .87
Orand Botal. ... ceesrasscicnsnnssfarasesnarsfoaserasanafsnsnsarane 19 20D Lrvisoronosfsnnnnecins
Cuble Working
Value Total
yards of cost per Gold
gravel | Pereabic [ Cogui a "ggtmx
moved., yard -
No. 4, BODANZA. . ..oonrennnnsnnnnsnasens 4,530.0 $5.51 $3.21 | $24,128.00 | 814,787, 20
No. B, BONADTA. . ...v0eveseeresarececes] 58105 3.05 2.73 " 528.00 | 15, 473.00
No. 1, Little Eldorado. ..ccvemiiinnnnas 9,210.5 5,63 148 51,952, 00 13,810.70
Total or average. .......ccc..cvvvnee 19,360.0 4,03 2.473 06, 608, 00 43, 870. 00
Upper end of Little Eldorado Creek a....|  1,391.0 1.25 1,56 1,646.00 |  2,177.80
Operations of laymen.........ooecaanan 8,222,0 22 285 13,697.08 |............
Grand total. ... ..ecanmrennssasnsss bR R R I ——— 111,050, 00 | ceevemnnnan

@ Not in pay channel; worked out to make dumping ground for pay streak on left bench.
‘Nore.—Labor is calenlated at $6 a day and board, or $10 s day. Boarding-house account shows a cost
of $2.75 per day per man. Working cost does not {nelude smortization snd dead work, as follows: Cost
of sluices and dead work before sluicing, No. 4, Bonanza, $5,280; No, 5, Bonanza, $4,975;
No.1, Little Eldorado, ; total, $13,782,
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The gravels mined lie on bedrock composed of the Carboniferous
and Devonian lavas and pyroclastic rocks, with some shales, all
having a general northwest strike and dipping 10°-60° SW. The
bedrock differs in character from place to place, some beds being
much decayed and soft, while others are hard and rough. Through-
out all this district experience has shown that the greatest concen-
tration of gold occurs on the hard, rough bedrock, the softer phases
being relatively lean. Bowlders in the gravels are rather abundant,
although those too large to be rolled aside by hand are uncommon.
In general the gravels are unfrozen, but locally frozen patches wore
encountered, and many of these were subleased to laymen to be
mined.

The gold is bright, coarse, and smoothly worn. The largest nugget
found had a value of over $130, and pieces weighing a quarter of an
ounce or more make up about 5 per cent of the total gold recovered.
The gold is said to assay $16.67 to the ounce.

The present stream gravels on claim No. 1, Little Eldorado, were
about worked out during the summers of 1913 and 1914, but it is
reported that late in the fall of 1914 rich ground was found on the
left bank of Little Eldorado Creek several feet above the stream, and
extending beneath the bench gravels at that place. On claim No. 5,
Bonanza, paying ground was found high on the north valley wall,
and at a number of places along both Bonanza and Little Eldorado
creeks there are patches of bench gravels that have yielded good

rospects.
prosp CLAIM NWO. 7.

Mining was carried on by two parties on claim No. 7. On the
lower half of the claim four men were mining by pick and shovel
methods. The creek there flows through a narrow gorge with steep
walls of pyroclastic rocks interbedded with black shales. No flume
was used, the creek being turned first to one side of the flat and
lIater to the other. Ten lengths of sluice boxes, 12 by 14 inches in
cross section, and a dump box were employed for washing the gravels,
and in order to obtain sufficient grade for the sluice its upper end
was set so high that in parts of the cut the gravels were lifted by
shovel as much as 10 feet. A relatively small amount of ground
required to be shoveled, for the surface gravels were first sluiced off
by the use of an automatic dam before shoveling was begun. Water
was carried to the sluice boxes by means of canvas hose. The gold
was unevenly distributed, rich areas of hard, rough bedrock being
succeeded by nearly barren strotches of smooth, decayed bedrock.
The gravels washed were from 3} to 4 feet deep and contained few
large bowlders.

At the time of visit, in July, 1914, the operators reported that the
output from this claim, which lies adjacent to the rich ground on
Little Eldorado Creek, was disappointingly small.
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On the upper half of No. 7 a number of men were engaged in
mining, several hundred linear feet of the creek bed being worked
out. Conditions were similar to those on the lower half of this
claim, the distribution of the gold, however, heing especially irregular.
The gravels had an average width of about 20 feet and a depth of
3% feet and contained an unusual quantity of sticky clay which made
recovery of the gold difficult. Late in July the tenor of the gravels
then encountered had become too low to justify mining, and a
prospecting ditch 100 feet long had been run without having again
encountered workable ground.

NO.7 A FRACTION.

Mining was conducted on the lower of two fractional claims lying
between No. 7 and No. 8, known as No. 7 A Fraction, which is be-
tween 500 and 600 feet long. ¥our men, as laymen, were mining
gravels which averaged less than 2 feet in thickness. At the time of
visit a section of the stream gravels 300 feet long and 20 feet wide
had been worked out. Five lengths of 12-inch square sluice box
and a dump box were used, with the upper end of the sluice line 9 feet
above bedrock, the water being conducted to the boxes through can-
vas hose. Not many large bowlders were encountered, but numerous
large pieces of angular rock were embedded in the gravels. The
bedrock consists of the pyroclastic materials and some shales and in
places is worn so smooth that little gold was retained on its surface.
The gold occurred for the most part on bedrock or in the rock crevices,
and the overlying gravels contained little. The distribution of the
gold was uneven, relatively lean areas being succeeded by richer spots.

NO. 7 B FRACTION.

No. 7 B Fraction is a fractional claim about 700 feet long, lying
between No. 7 A Fraction and No. 8. Four men had been mining
on this claim, the title to which is in litigation. In an area 200 foet
long and from 14 to 20 feet wide, which had been worked, the gravels
averaged about 3 feet in thickness. The bedrock is composed of
pyroclastic materials, and the richest ground was found on the
harder portions of it, some of the ground yielding $2 to the square
foot of bedrock. The distribution of the gold was very irregular, and
late in July, 1914, the ground sufficiently rich to mine had been
worked out and mining was discontinued.

CLAIM NO. 8.

On claim No. 8 mining was conducted by laymen for a part of the
summer, and a stretch of the creek gravels about 400 feet long and
having an average width of 12 feet was worked out. The gravels,
of an average thickness of 3 feet, lay on a bedrock composed of pyro-
clastic materials. For several weeks 16 men were employed in two
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shifts, 8 men working on each shift. Late in July the gold con-
tent of the gravels encountered became so low that active mining was
discontinued, although 2 men were engaged in the endeavor to
locate more ground which would warrant exploitation. The gold
was said to be very unevenly distributed along the course of the
valley floor and only locally to be abundant enough to justify mining
under the present high cost of operation. The recovery ran from 10
to 22 cents to the square foot of bedrock. Practically all the gold
was found on bedrock, the overlying gravels being of low tenor.
There was considerable clay in the gravels, and although this clay
contained some fine gold, the gold could not be recovered by the
methods used. The largest nugget found on the ground had a value
of $8, and the gold would all be classed as coarse, though large
nuggets were much less common than on the next few claims below.

CLAIM NO. 10,

Two parties were mining on claim No. 10, one on the lower and one
on the upper half of the claim. On the lower half four men, operating
on a lease, were engaged in mining, although at the time of visit
little ground had been sluiced. This claim lies’ above the contact
between the pyroclastic rocks and the Mesozoic shale series, and the
bedrock is composed of black shale, cut by numerous dikes. The
gravels mined had an average thickness of about 4 feet, and the gold
was for the most part on the surface of the bedrock, or less than a
foot down into the crevices in it. The gravels are of comparatively
small size and are easy to mine, few large bowlders being encountered.
The gold is relatively fine and flaky, the only two nuggets recovered
having values of $6 and $3.

On the upper half of the claim five men began mining late in
July, 1914, and at the time of visit no sluicing had been done. A
horse scraper was used to remove the surface gravels, but the sluice
boxes had not yet been installed. It was said that the gold values
all lay in the lower 3 feet of gravels and on bedrock, and that the
gold content of the upper gravels was too low to warrant sluicing.
The bedrock is black shale striking N. 65° W. and dipping 57° SW.
The shales are cut by dikes which strike approximately parallel with
the shale but dip at right angles to it.

CLAIM WO, 1L

On the lower end of claim No. 11 four men were prospecting in
July, 1914, but had found no workable ground. The gravels were
from 3 to 5 feet deep and lay on a bedrock of black shales with some
interbedded sandstone, striking N. 55° W. and dipping 60° SW.

On the upper half of the same claim several men were beginning
mining operations late in July. The gravels from & cut 4 to 5 feet
in depth had been shoveled into the sluice boxes, but no clean-up had
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yet been made. Itis reported that late in the summer ground yielding
$6 per square foot of bedrock was found on this claim, and that one
nugget valued at about $64 and others worth $30 were obtained.

CLAIM NO. 12

Three men, operating on a lease, were mining on the lower half
of claim No. 12 in 1914. The gravels average about 5 feet in thick-
ness, though they are locally as much as 9 feet thick, and lie on a bed-
rock of black shale. Wheelbarrows were used to take off the upper
portion of the gravel, in which, it is said, not a color of gold could be
found. The gravels are composed largely of rather flat pebbles of
moderate size, and large bowlders were not abundant. The gold
recovered was coarse and contained nuggets which had a maximum
value of $8. No fine gold was found.

Three men were mining on the upper half of claim No. 12 and had
sluiced the gravels from a cut 85 feet long and 18 feet wide. The
gold found, almost entirely on the shale bedrock, was irregularly
distributed but was said to average 60 cents to the square foot of
bedrock. From 14, to 2 feet of the bedrock was taken up to secure
all the gold. The flow of water in Bonanza Creek at this place was
just about sufficient to afford a sluice head.

UPPER BONANZA CREEK

Late in July, 1914, no active mining was being done on upper
Bonanza Creek, although prospecting was being or had been done
at a number of places. On claim No. 13 one party had done con-
siderable work, and it was reported that ground sufficiently rich to
mine had not been found, although locally the returns were encourag-
ing. Another party was just starting to prospect this ground.

Claims Nos. 14 to 18 have all received some attention from pros-
pectors. On claim No. 15 several hundred feet of bedrock drains
had been dug, but only an occasional color was found. On claim
No. 18 there is a shaft said to be 85 feet deep, with a 25-foot drift
from the bottom. The drift is on bedrock, but the bottom of the
bedrock channel was not reached. No paying ground was found at
this place.

LITTLE ELDORADO CREEE.
CLAIM NO, 2.

Active mining was conducted during the entire summer on claim
No. 2, Little Eldorado Creek, seven men being employed. On this
claim the stream flat, though bordered by steep bluffs, is wider than
on the claim below, having a width of 75 to 150 feet. The gravels
average about 3 feet in depth, contain few bowlders, and are com-
posed largely of flat, shingle-like pebbles of banded shale and gray-
wacke. The bedrock is of the pyroclastic series and is locally termed
“porphyry.” Its surface below the stream gravels is fairly flat in



MINERAL RESOURCES OF CHISANA-WHITE RIVER DISTRICT. 217

cross section from one bluff to the other. The bedrock is much
broken, and from 5 to 12 inches of it is shoveled into the sluice boxes
with the overlying gravels. It is easily removed, as it comes up in
angular fragments only a few inches in diameter. The gold is said
to be recovered in large part from the bedrock, although the over-
lying gravels contain some gold. They are about 3} feet deep
throughout the claim, except in those places where detritus from the
bluffs has moved down upon the stream gravels. At the time of
visit 17 lengths of 11-inch sluice box, set on a grade of 8 inches to
the box length, were in use, more boxes being gradually added as
mining progressed upstream. The gravels contain little clay, and
a dump box is not considered necessary here. The pay streak is 36
to 40 feet wide and is taken out in three cuts. Water under pressure
is brought through canvas hose to the lower end of the sluice boxes,
and a nozzle is so set as to keep the tailings from piling up at the end
of the sluice line.

The gold is very coarse, a large percentage of that recovered being
in nuggets ranging in value from 50 cents to $20. It is bright yellow
in color and fairly well worn and is said to assay $16.90 to the ounce.

CLAIM NO. 3.

Mining was commenced in July, 1914, on claim No. 3 by three
men and continued during the summer. At the time of visit a cut
65 feet long, about 50 feet wide, and averaging 3 feet in depth had been
worked out. The gold was recovered from a false clay bedrock,
underlain by 2 feet of gravels which rest on the true bedrock of lavas
and intrusive rocks. The gravels are frozen at a depth of 2 feet
below the surface and are stripped and thawed by water before being
shoveled into the sluice boxes. They consist for the most part of
shale and graywacke pebbles, with considerable material of various
sorts which resembles the gravels found on Gold Hill. The gold, like
that on claim No. 2, is bright and coarse, the largest nugget recoverad
having a value of 815

sxoom CREEE.

Skookum Creek is & small stream that joins Little Eldorado Creek
from the west about 400 feet below the upper end of claim No. 2.
The upper basin of this stream is a broad marshy tract lying on the
east slope of Gold Hill, without conspicuous drainage lines. For the
lower quarter mile of its course the creek flows through a well-defined
though small gulch which shows outerops of intrusive rock at a
number of places, and the stream gravels lie on a bedrock, locally
called ‘porphyry,” which is composed of lavas and agglomerates,
cut by later intrusive rocks, Six men were engaged in mining on the
lower end of Skookum Creek throughout the summer of 1914. Work
was begun near the mouth of the creek on ground which lies on claim
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No. 2, Little Eldorado, and continued upstream onto claim No. 1,
Skookum, the ground on both claims being operated on lease. At
the time of visit, late in July, a strip of gravels 224 feet in length alcng
the creek had been mined. The pay streak was narrow, averaging
only 6 feet in width, but was unusually rich. The stream wash,
consisting largely of rather angular material, is from 5 to 14 feet in
thickness and averages about 6 feet. It contains also a considerable
admixture of rounded gravels probably derived from Gold Hill
Numerous pieces of lignitized wood have been found during the
mining operations. Both the stream wash and the bedrock were
frozen. They were thawed by stripping and by surface water before
they were shoveled into the boxes. Skookum Creek carries only a
small volume of water, and even with an additional supply obtained
from a ditch toward the head of Little Eldorado Creek only about
one-third of a sluice head was available, and it was necessary to store
the water and to sluice only intermittently. The gold occurs for the
most part upon bedrock and is very coarse, little fine gold being
recovered. The largest nugget found had a value of $52, and pieces
worth from $10 to $20 were numerous. The gold is said to assay
$16.50 to the ounce.

At the head of the cut, on August 1, 1914, the pay streak had
widened to about twice the average width below, and on one side
of the creek it was covered by 14 feet of overburden, of which 6 feet
was nearly pure ice.

No prospecting had been done on Skookum Creek above the
location of the mine.

GOLD RUN.

CLAIM “NO. ¢ BELOW."

Claim ‘“No. 2 below” on Gold Run, the lowest claim on that
stream which had been mined, lies a short distance above the mouth of
Glacier Creek. The stream has there a rather deep, narrow valley
cut in shales, graywackes, and fine conglomerates, which form the
bedrock of the gold-bearing gravels. Six men were mining on this
claim throughout the summer with pick and shovel. By August 1 a
strip of ground 150 feet long and 15 feet wide had been mined. The
gravels range from 44 to 5 feet in thickness and are for the most part
composed of imperfectly rounded slabs of shale and graywacke, with a
smaller proportion of well-rounded lava and diorite pebbles like
those of the gravel capping on Gold Hill. From 1 to 4 feet of bedrock
was also taken up and washed. Nine lengths of sluice box and a
dump box, set on a grade of 8% inches to the box length, were used.
The gold is found both on bedrock and distributed through the
overlying wash, is b.ight and fairly well worn, and is in finer and more
flaky particles than that found on Bonanza Creek. The largest
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nugget taken from this claim was worth $6.50. Operations on this
claim are said to have yielded little more than the cost of mining.

CLAIM “NO. 1 ABOVE.”

Mining operations were begun late in Juiy, 1914, on claim ‘‘No. 1
above” Gold Run, four men being employed. Winter shafts had
shown that bedrock lay about 14 feet below the surface and that an
encouraging amount of gold was present. A pit 500 feet long and 40
feet wide was therefore ground-sluiced through about 11 to 15 feet
of frozen gravel, but no sluicing had been done by August 3. As the
water supply from Gold Run was too small for efficient mining, a
dam was built to impound water for ground-sluicing and a ditch
half a mile long to tap the upper part of Discovery Pup was under
construction. It was thought that with this additional water supply
sluicing could be started. The gravels are made up of poorly rounded
shales and graywackes, with much well-rounded material derived
from the gravels of Gold Hill. Few bowlders too large for two men
to handle were encountered. The gold is said to be distributed
throughout the gravels, without any noticeable concentration on
bedrock.

CLAIM “NO. 2 ABOVE,"

On claim No. 2 above Discovery, well toward the head of the Gold
Run basin, one man was engaged throughout the summer in pros-
pecting the benches 10 to 15 feet above the creek. The bedrock is
composed of much fractured and broken shale and graywacke,
covered by a mixture of shale fragments and rounded pebbles evi-
dently derived from Gold Hill, against which this creek heads. Gold
oceurs in the detritus from the surface down but is most abundant in
the shattered bedrock. It is for the most part fine and flaky, but a
few larger pieces worth as much as $4 have been recovered. Some
gold has been found in the creek bed on this claim, but the amount
was insufficient to justify mining, The stream at this place is of
small volume, and mining can be conducted on only a small scale.

POORMAN CREEE.

On claim No. 1, near the mouth of Poorman Creek, four men were
mining throughout the summer. The stream flows in a narrow,
steep-sided gulch cut through shales and graywackes intruded by
dike rocks. The stream flow is normally too small to furnish a sluice
head of water, and two dams were constructed to store water. Sluic-
ing was therefore done only intermittently. The stream wash ranges
in thickness from 4 to 12 feet and averages about 7 feet, and a section
of the stream bed 100 feet long and from 10 to 15 feet wide had been
mined, Nine lengths of sluice boxes, set on a grade of 13 inches to
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the box length, were in use. The gold occurs both in the gravels and
upon bedrock, of which about 2 feet is taken up and sluiced. The
gold is fine and flaky compared with most of that recovered in this
district, the largest piece having a value of only 35 cents. It is re-
ported thab the gold taken from this claim was insufficient in qumtxty
to ]ust.xfy further mining.

BIG ELDORADO CREEK.

CLAIM NO. 4 BELOW UPPER DISCOVERY.

On claim No. 4 below Upper Discovery, Big Eldorado Creek, two
men were mining on leased ground in 1914. On this claim the creek
has cut a deep, narrow gorge into a mass of diorite, and the stream
flat is steep and narrow, with many large bowlders. The stream
gravels average 6 feet in thickness, and 4 feet of the surface material
was ground-sluiced off before shoveling was begun. A pit 600 feet
long and 12 feet wide had been mined. Most of the gold recovered
was taken from the surface of the bedrock or the fractures in the
rock, from 2 to 4 feet of the diorite being taken up and washed. The
gold is unevenly distributed along the creek bed, fairly rich spots
being succeeded by lean areas. The gold is bright and very rough.
The operators reported that this claim yielded only a fair return for
the labor expended on it.

CLATM NO. 3 BELOW UPPER DISCOVERY,

Vigorous mining was conducted on claim No. 3 below Upper Dis-
covery, 10 men, operating in two shifts, being employed. Big El-
dorado Creek is here intrenched into the valley floor and flows through
a narrow gorge cut in diorite, which forms the bedrock of the placer
gravels. About 250 linear feet of the creek bed had been mined to
an average width of 30 feet, the stream gravels there averaging only
2 feet in thickness. The gold-bearing gravels, while containing a
good deal of angular material, are better rounded than those farther
upstream and contain some well-worn gravels, probably derived from
the ancient gravels that were formerly distributed along the hilltops
adjoining this basin. Large bowlders of diorite of local derivation
are common. Some gold is said to occur throughout the gravels,
but the richest concentration is on the rough bedrock surface or in
the crevices in the diorite. From 2 to 4 feet of the diorite is re-
moved in mining. The gold is bright, coarse, and very rough. Few
pieces were seen that showed signs of much wear, and most of the
particles are angular and sharp, some erystal faces being discernible.
Many pieces show the imprint of the crystals of vein quartz upon
them, and gold with some quartz attached is common. The gold

_is markedly different in appearance from the well-worn, smooth gold
of Bonanza and Little Eldorado creeks, and it is evidently of local
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origin. The present creek placer is probably a primary concentra-
tion of gold derived from the rocks that form the upper basin of

this stream.
CLAIM NO. 1 BELOW UPFER DISCOVERY.

Two men, operating on leased ground, were mining on claim No. 1
below Upper Discovery. The stream gravels average about 7 feet
in depth and consist of a mixture of angular blocks and well-rounded
pebbles. Large bowlders are not numerous, and most of those en-
countered could be handled without difficulty. The gold occurs
mostly on bedrock, but some is distributed through the gravels. It
is coarse, bright, and rough and shows little evidence of stream wear.

TUFPER DISCOVERY.

Upper Discovery claim lies in the upper basin of Big Eldorado
Creek. The valley of the stream is here a broadly U-shaped basin,
and the creek has intrenched itself but little into the valley floor.
Two men were prospecting this ground early in August. They re-
ported many fine colors of gold throughout a vertical thickness of
10 feet of stream gravels, with a few small nuggets. The under-
lying rock is diorite, but the so-called bedrock in the cut made was
a tough layer of clay, and no hard bedrock had been uncovered. °
The stream wash consists of bowlders and angular pieces of diorite
intermingled with a goodly proportion of well-rounded gravels from
Gold-Hill. The ground is frozen and must be thawed before it can
be sluiced. Insufficient sluicing had been done to afford a basis for
reliable estimates of the value of this ground.

CHATHENDA CREEK.

Prospecting and some mining were done by two men on the Big
Seven claim, on Chathenda Creek (locally called Johnson Creek) a
short distance above the mouth of Rhyolite Creek. At that place
Chathenda Creek flows in a deep, steep-walled canyon, cut through
Tertiary sandstone, conglomerate, and shale and later gravels. The
stream gravels average 4 feet in.thickness and lie on a bedrock of
sandstone. The south wall of the canyon is composed of a great
thickness of gravels and shaly sand, and it is said that occasional
colors can be found in these gravels and that the only stream gravels
which carry encouraging amounts of gold are those immediately be-
low the gravel bluffs. Considerable prospecting had been done, but
little sluicing. The gold is rather fine and is unevenly distributed.
The largest piece found had a value of $2. Numerous nuggets of
native copper have been found in the stream gravels. Mining in
this canyon is difficult on account of the large volume of Chathenda
Creek, which in times of high water can not be controlled by ordi-
DAry means, :
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PROSPECTS.

* Practically all the streams for many miles in each direction from
this placer camp have been more or less thoroughly prospected, with
varying degrees of success. In many places where little or no gold
was found the prospectors have abandoned the ground and moved to
other places, and the only evidence of their work is that given by the
prospect holes and ditches which they excavated. Naturally the
streams nearest to the rich placers of Bonanza and Little Eldorado
creeks received the greatest share of attention, for all the adjacent
streams were staked during the stampede late in the summer and
fall of 1913. Thus Chathenda (Johnson) Creek was staked from the
town of Chisana to the head of the stream, and numerous pits and
cuts were made. It is worthy of note that in spite of rather thorough
prospecting, Chathenda Creek above the mouth of Bonanza Creek
has nowhere yielded even an encouraging prospect, and many of the
excavations failed to show even a color of gold, although the stream
lies parallel to and only a short distance south of Bonanza Creek and
is eroding the same geologic formations. Below the mouth of
Bonanza Creek the Chathenda gravels as far west as the mouth of the
~ lower canyon are known to carry varying amounts of gold, and locally
they have been rich enough to encourage extensive prospecting and
even a small amount of mining. Several men prospected continuously
throughout the summer of 1914 at points between the mouth of Dry
Gulch and the lowest canyon.

Snow Guleh, a tributary of Little Eldorado Creek from the north-
east on claim No. 2, is reported to contain workable gravels, both in
the creek bed and on the benches, but mining there is being delayed
until a suitable dumping ground shall be made available by the
exhaustion of the gravels in claim No. 2.

The upper portion of Bonanza Creek. and its tributaries, Coarse
Money and Shamrock creeks, while only partly prospected, have
as yet revealed no pay streak. Snow Gulch, Bug Gulch, and Pensive
Pup, tributaries of Little Eldorado Creek from the northeast, have
not yet been thoroughly prospected, but it is said that workable
ground has been found on Snmow Gulch. The benches along these
streams and along Little Eldorado and Bonanza creeks are known to
carry considerable gold locally and deserve further prospecting.

The valleys of Dry Gulch and Alder Gulch and the broad pass
connecting them are known to be floored by a heavy deposit of
gravels. In Alder Gulch and upper Dry Gulch several shafts, two of
w]nch are said to be more than 60 feet deep, penetrate gravels without

bedrock. The gravels are reported to carry some gold.
Near the mouth of Dry Gulch a shaft 92 feet deep penetrates through
gravels almost to the level of Chathenda Creek, without reaching
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bedrock. This shaft is reported to have cut two layers of gravel
which are sufficiently rich to warrant mining, but no gravels from
this place had been sluiced.

Bryan Creek, the next tributary of Chisana River south of
Chathenda Creek, was prospected in 1914. On claim No. 4 below
Discovery six men were working throughout the summer. A number
of pits were sunk, and a drain 10 feet deep was excavated without
reaching bedrock. Some gold occurs throughout the stream gravels
and especially on a clay false bedrock, the largest piece found having
a value of $1.26. Copper nuggets are abundant. No sluicing had
been done, and the work was all directed toward the endeavor to
reach bedrock, in the hope of finding a valuable pay streak.

On claim ‘‘No. 3 below,” Bryan Creek, one man had dug a long
bedrock drain in gravels which were in places 12 feet in depth. The
bedrock of sedimentary and intrusive rocks showed some gold, but
no paying ground had been found at the time of visit.

The main valley of Chavolda (Wilson) Creek has been prospected
at & number of places, with very little success. There are high bluffs
of washed gravel on the south bank of the stream both above and
below the mouth of Glacier Creek, but a tunnel driven 65 feet into
the gravel bluff, with a 15-foot winze, is said to have yielded only &
few fine colors. Other prospects farther upstream have given no
oncouragement. It is reported that during the winter of 1914-15
encouraging prospects were found on Chavolda Creek near the mouth
of Alder Gulch.

Glacier Creek proper and its northeastern tributaries, Sargent,
Paulson, and Chicken creeks, have not yet been proved to contain
profitable gravels, although the southern tributaries, Gold Run and
Poorman Creek, have yielded some gold. |

Numerous tributaries of Beaver Creek and White River have bean
visited and prospected to a greater or less extent as a result of the
stampede to the Chisana. It was reported that late in the fall of
1914 workable placer ground was found on lower Ptarmigan Creek,
a northward-flowing tributary of Beaver Creek near the international
boundary, but this report has not been verified. Lime Creek, a
headward fork of White River, was the scene of one or two
stampedes, but only small amounts of gold were found.

The possibilities of the.general district near the headwaters of
White and Chisana rivers have by no means been exhausted, and
much unprospected ground remains which may prove to carry gold
placers; but it is nevertheless significant that the large amount of
prospecting that was done in 1913 and 1914 failed to enlarge greatly
the area of productive ground, as determined during the early days
of the gold rush, and it seems evident that the conditions which
brought about the formation of gold placer deposits are of compara-
tively local development.
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TOTAL PRODUCTION OF PLACER GOLD.

As already stated, the first production of placer gold from this
district was made in 1913. During that year an amount of gold vari-
ously estimated as between $30,000 and $40,000 was recovered. In
1914 over 20 claims contributed to the production, and gold to the
value of more than $250,000 was mined. It is therefore safe to say
that the total productmn of the district up to and including the
year 1914 was not far short of $300,000.

GOLD LODES.

For many years the existence of low-grade gold lode deposits in
this region has been known. In 1906 a small stamp mill was erected
at & gold lode on Jacksina Creek, a tributary of Nabesna River, and
60 tons of ore crushed in this mill is reported to have yielded $12 a
ton of free gold. This marks the most serious effort to develop a
gold lode property in the region, but other lodes have been staked,
and varying amounts of excavation have been done on them. As a
result of the gold placer stampede in 1902 from Dawson into the
basin of Beaver Creek near the international boundary, a large num-
ber of gold lode claims were staked in that general district. These
claims, situated on Beaver Creek near the boundary and on Eureka
and Fourmile creeks, have already been described elsewhere,! and
little development work has since been done on them. On Chathenda
Creek at the mouth of Bonanza Creek a mineralized dike, knewn to
contain some free gold, has been staked a number of times within the
last eight years, but no serious attempts to prospect it have been
made. The discovery of the rich placer deposits in 1913 naturally
stimulated the search for the gold lodes from which the placers were
derived, and a considerable number of gold. lode claims have been
staked in the district surrounding the placer mines. At the mouth
of Bonanza Creek the mineralized area, which was first staked sev-
eral years ago, was prospected by two ‘tunnels each only a few feet
long. For a distance of several hundred feet along Bonanza Creek
the walls of the rock canyon are composed of an intrusive rock, from
pink to gray in color, mottled with phenocrysts of darker mjnerals
and containing abundant pyrite, the whole being oxidized on the
surface to a rusty red color. There are in places bunches composed
almost entirely of pyrite, and some small quartz veins cut the mass.
The dike cuts Carboniferous lavas and pyroclastic rocks and appar-
ently strikes N. 20° W. and dips about 75° N. The quartz veinlets
are said to carry several ounces of gold to the ton, and the whole
dike is reported to be auriferous. It is said that free gold can be
panned from the oxidized and decayed surface portion of the out-

1 Moffit, F. H,, and Knopf, Adolph, Mineral resources of the Nabesna-White River district, Alaska
U.B Geol. Burvey Bull. 417, pp. 58-60, 1910,
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crop.  No assay reports of the gold content were available, and too
little work has been done to determine the average gold tenor of the
dike, the location of the ore shoots, or the extent of the auriferous
portion of the dike.

In the canyon of Chathenda Creek, about halfway between the
mouth of Dry Gulch and Bonanza Creek, there is a zone of mineral-
ization in the Carboniferous rocks and the diorites which intrude
them. This mineralized belt strikes approximately N. 65° W. and
dips 78° SW., and a large group of claims has been staked upon it,
extending from the canyon of Chathenda Creek up the mountain to
the north. Two tunnels 10 and 15 feet long have been driven in a
steep gully that joins the canyon, and several open cuts have been
made. As shown by these disconnected openings, there is a belt
reaching a width of 10 feet, of rusty mineralized country rock cut
by some small quartz veins which carry sulphides and are stained
by green copper carbonate. No sampling was done by the writer,
but it is reported that assays taken from the quartz veins have
shown a high gold content. Other claims, supposedly on the con-
tinuation of this mineralized zone, have been staked on both sides
of upper Dry Gulch.

Some quartz claims have also been staked on Canyon Creek about
three-fourths of a mile above its mouth, but no development work
had been done there at the time of visit, in August, 1914.

CONDITIONS FAVORING THE FORMATION OF GOLD
PLACERS.

Predictions as to the probable occurrence of commercially valuable
deposits of gold in areas that have not yet been thoroughly pros-
pected are not to be accepted with too much confidence, for of a
dozen localities in which the conditions may seem to be alike, one
may contain rich gold deposits and the others no ground sufficiently
rich to mine. Nevertheless, prospecting in areas within which the
geologic conditions are encouraging is likely to yield larger rewards
than an equal amount of effort spent in unpromising areas. From a
study of the Chisana placer district certain principles of broader
application may be laid down. Among these are the following:

Placer gold should be sought only in those places where gold occurs
in the bedrock, or where material derived from such gold-bearing
bedrock has been brought by streams.

In those areas in which glacial erosion was severe the preglacial
. concentrations of placer gold are likely to have been removed and
scattered. Locally portions of preglacial stream gravels may be
preserved, but their discovery is likely to result only from thorough
prospecting. -

In such severely glaciated regions postglacial placers will be present
only in those pleces in which postglacial erosion has been sufficient

6411°—15—15
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to form new concentrations of gold, derived either from bedrock,
from the scattered gold of preglacial placers, or from preglacial gold-
bearing gravels which were not removed by ice erosion. In most
places the postglacial erosion of bedrock has been too little to con-
centrate gold in sufficient quantities to form workable placers, al-
though such a concentration seems to have taken place on Big
Eldorado Creek.

In the Chisana district most of the stream placers hava been
formed by a concentration of gold derived originally from veins in the
Carboniferous rocks near intrusive masses, somewhat concentrated
in Tertiary gravel deposits, and later reconcentrated by streams
before the last great period of glaciation. The glaciers scattered the
stream concentrations of gold, but the postglacial streams have ac-
complished a later concentration into the deposits now being mined.
This rather complicated chain of events may or may not have been
duplicated in other parts of this general region, and therein lies the
difficulty of stating the likelihood of other placer localities being
discovered.

In a goneral way the conditions are promising. Between Nabesna
River and the international boundary there are many places where
granitic intrusive masses cut the Carboniferous sedimentary and vol-
canic rocks, and the borders of such intrusive masses deserve careful
prospecting. If in such places bodies of unconsolidated Tertiary
gravels are found, the streams draining the gravels should be pros-
. pected with care. Absence of severe glacial erosion would increase
the probabilities for finding concentrations of placer gold.

COPPER.

Before the first white man entered the Chisana-White River re-
gion the Indians had brought out reports that great quantities of
native copper occurred there, and instruments made of copper, as
well as copper nuggets, said to have come from this region, were
objects of barter between tribes of natives. As is usual with such
reports the size reported for the metallic deposits increased with the
distance from the area in which they were said to occur. The first
authentic information published on the resources of this district was
obtained in 1891, when Schwatka and Hayes ' with one other white
man made an exploratory trip from Fort Selkirk along the northern
front of the St. Elias Mountains to the head of White River, across
Russell Glacier, and thence southwestward to the mouth of Copper
River. They failed to find the fabulously rich copper deposits re-
ported by the natives but established the fact that placer copper
occurs in the gravels of upper Kletsan Creek. Since their trip a con-
siderable amount of prospecting for copper has been done in this

+Hayes, C. W., An expedition through the Yukon district: Nat. Geog. Mag., vol. 4, pp. 117-162, 1892,
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region, and a number of copper lodes have been discovered. One
large body of low-grade copper sulphide ore has been staked at Orange
Hill, near the head of Nabesna River, 2 number of claims on deposits
of native copper or copper sulphides are held between Nabesna and
Chisana rivers, and a large number of claims, some of which have
been patented, have been located in the White River basin. Many
" of these claims have been held for & number of years, but the remote-
ness of the region and its lack of transportation facilities make cop-
per deposits of only prospective value, as mining under present con-
ditions is out of the question. On some of the ground a good deal
of development work has been done, but on most of the patented
claims developments have ceased, and on the unpatented claims in
general only the annual assessment work has been done.

With the exception of the discovery of a few new copper lodes, the
value of which has not yet been demonstrated, and a moderate
amount of development work on the ground already held, the condi-
tions are much the same as in 1908, and the report® on the copper
resources of the district published at that time is still sufficiently up
to date, so that a republication of deseriptions of the claims is unnec-
essary here. In the more complete report on this district, now in
preparation, the individual copper lodes will be discussed more fully.

LIGNITE.

A formation consisting of conglomerates, sandstones, and shales,
with some tuffaceous beds, all probably of Tertiary age, occurs at a
few localities within this region and as shown by the structure and
position of the beds was probably at one time much more widely
distributed than at present. There is also a strong probability that
other isolated patches of these same rocks occur within the area here
discussed but have not been seen in the hasty reconnaissance work
which has so far been done. These Tertiary rocks in places contain
lignite, which occurs in thin carbonaceous layers and more rarely in
beds of greater thickness.

On Coal Creek, a tributary of Rocker Creek, near the international
boundary, some development work has been done on a lignite bed.
A tunnel, said to be 30 feet long but now caved in, has been driven
on a lignite cropping in a small gulch. The lignite strikes N. 50° E.
and dips 68° NW. As exposed in the gulch outside the tunnel it
occurs in two beds, one 3 feet and the other 1 foot thick, separated
by a 1-foot clay parting, The lignite is clean and bright but rather
friable and is said to burn readily and to be of sufficiently good grade
to use in a forge for welding. A small amount has been mined and
used by prospectors in this district, as this is the only known occur-

t Moffit, F. H., and Knopf, Adolph, Mineral resources of the Nabesna-White River district, Alaska;
U. 8. Geol. Survey Bull. 417, 1910, '
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rence of workable coal or lignite in a large region where the demand
for such fuel is considerable. The lignite is interbedded with greenish
sands and conglomerates, but the whole outcrop of this formation is
of small area, being surrounded by intrusive rocks, and the amount
of lignite at this place is probably not large.

At a point 14 miles west of Ptarmigan Creek, 2 miles above its
junction with Beaver Creek, there is a small area of Tertiary rocks
reported to contain some lignite. The lignite is said to strike
approximately riorth and dip steeply to the east and to be of rather
poor quality.

The Tertiary conglomerates and sandstones crop out along the east
side of the low pass between Chathenda Creek and Beaver Lake, but
no lignite was seen there. Along Chathenda Creek below the mouth
of Dry Gulch and in the basin of Rhyolite Creek there is an area of
Tertiary sandstones and conglomerates, with agglomerates and tuffs,
locally containing considerable carbonaceous material. Several
prospect holes on Chathenda Creek show lignite on the dumps,
although the lignite could not be seen in place. At the first forks of
Rhyolite Creek above its mouth a bluff shows carbonaceous shale and
sandstone with beds of lignite an inch or two in thickness, but no
workable coal has been found.

Lignite is reported from the north side of the Nutzotin Range on a
tributary of Beaver Creek. The locality is 7 miles west of the inter-
pational boundary and about 1 mile south of the mountain front,
and the outcrop is on a stream bluff. The area of Tertiary rocks at
this place is not known, but the lignite is reported to form a bed about
8 feet thick, striking nearly east and dipping stecply to the south.
It is said to be of fair grade and to burn readily.



MINING IN THE FAIRBANKS DISTRICT.

By Henry M. EAxIN,

INTRODUCTION.

The writer devoted about 10 days in the later part of August, 1914,
to the investigation of the recent mining developments in the Fair-
banks district. This time was insufficient to visit all the operating
mines, but by supplementing the observations made with informa-
tion furnished by the operators fairly complete data were obtained
on the principal developments.

In the summer of 1914 about 125 placer mines were operated in
this district, employing some 1,200 men. Statistics of winter opera-
tions are far from being complete, but it is probable that not over 50
mines were worked. The value of the placer gold produced in 1914
is estimated at $2,500,000, compared with $3,300,000 in 1913. During
the summer of 1914 the most productive creeks were Cleary and
Pedro. Important operations continued also on Ester, Dome, Vault,
Little Eldorado, Goldstream, Engineer, and Fairbanks creeks. The
falling off in output is to be interpreted as indicating the exhaustion
of the bonanza deposits and the nondevelopment of the extensive
bodies of auriferous gravels of lower gold tenor.

There was a relatively greater decline of lode mining in 1914. Only
four lode mines were operated long enough to be considered regu-
larly productive. There were, however, eight or nine lode properties
that made some gold output; in 1913 there were thirteen such prop-
erties.

PLACER MINING,

GENERAL ACTIVITIES.

The present placer-mining activities of the Fairbanks district are
supported mainly by low-grade deposits, placers that yield $1 or
less a square foot, which have lain in reserve on the productive
creeks pending the exhaustion of the more profitable concentrations.
During 1914 deep placers yielding as little as 40 cents a square foot
were worked by drifting, and shallow deposits of still lower grade
were worked in open cuts by mechanical methods.

229
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Mining costs in terms of the volume of material handled have
remained about stationary during the last several years, as the gen-
eral advance in the price of fuel and supplies has been offset by an
increasing economy in their use and an increasing efficiency of mining
methods, equipment, and employees. The improvement of deep-
mining methods has been made mainly in the details of operation
and in the organization of forces. In shallow mining a great ad-
vance is being made by the increasing use of mechanical equipment.
The output of the district in 1914 was derived more largely from
mechanically operated shallow placers than in any preceding year.
Winter mining has suffered a greater decline than summer opera-
tions, being more expensive and hence less adapted to the exploita-
tion of the remaining low-grade placers.

REVIEW OF OPERATIONS BY CREEEKS.
CLEARY CREEK.

Cleary Creek and the section of Chatanika Valley adjacent to its
lower course continue to form the most productive placer-mining
center of the district. Upstream from the margin of Chatanika
Valley most of the richest part of the Cleary Creek pay streak has
been worked out, but there is still considerable activity devoted to
cleaning up the so-called “side pay ” and the weaker parts of the pay
streak that were rejected in earlier operations. From claim No. 11,
above Discovery, to “No. 10 below ” in this section of the valley 13
claims were active during the summer of 1914. They were worked
by 13 plants that employed a total of 138 men. Claims “No.11 above”
and “ No. 1 below "’ were worked in open cuts; the others were drifted.

The open-cut mine on “No. 1 below ” is of special interest, as it
marks the first installation of heavy mechanical equipment for this
type of mining on Cleary Creek. 'The work of preparing the ground
for open cutting has been in progress since 1912. A bedrock drain,
1,900 feet long, timbered and lagged throughout, was put in to keep
the works free from water. In this work and in opening the first
cut on the lower end of the claim a large amount of tailings of earlier
operations was reworked, and the expense of the new undertaking was
largely repaid by the gold thus recovered. The alluvium in this part
of the valley is 16 to 22 feet in depth and consists of 6 to 12 feet of
muck underlain by gravel. It is mostly thawed, but small spots are
frozen and require thawing with stcam points. The equipment in-
cludes an 80-horsepower Scotch marine high-pressure boiler, a large
American triple-drum hoisting engine, two Bagley scrapers, and an
electric-light plant. The first cut worked out in 1914 was 250 feet
square. The muck was first removed by ground-sluicing and scrap-
ing. The gravels were then worked by a rather complex but efficient
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gystem. The scrapers delivered the material to a hopper at the side
of the cut, which emptied into a 40 cubic-foot dump car. The dump
car was hauled up a 200-foot incline, delivering the gravels to a dump
box 82 feet long and 4 feet wide. The dump box and the sluice
boxes, with the exception of two lengths of undercurrent, were floored
with iron-shod wooden riffles. The system is reported to be very
economical and capable of working low-grade ground profitably.

On Cleary Creek downstream from “ No. 10 below ” and on the
adjacent section of the Chatanika Flats 16 plants operated during
the summer of 1914 on 14 separate cliims. About 200 men were
employed. Much less activity was shown the previous winter. The
alluvium in this area ranges from 34 to 140 feet in depth. It is per-
petually frozen and consists chiefly of sands, gravels, and less worn
rock materials. Locally, especially on the marginal slopes of
Chatanika and Cleary valleys, the gravels are overlain by silts, in
places of considerable depth. FElsewhere only a thin covering of
muck is found.

The chief concentrations at this locality are the continuation of
the Cleary Creek pay streak N. 65° W. for half a mile beyond the
margin of the flats and the Chatanika pay streak, which runs S. 25°
W. from the extremity of the Cleary streak. Other concentrations
of less definite form parallel these west of Cleary Creek and south
of the Chatanika pay streak. The information at hand indicates
that the concentrations along the south side of Chatanika Valley ap-
pear to be on a series of benches that rise from the lowermost, 140
feet below the surface, to the uppermost, a quarter of a mile farther
south, near the railroad and 56 feet below the surface. The surface
rises southward, so that the progressive elevation of the benches is
even more pronounced than the differences in depth indicate. Indi-
vidual benches range from 10 to 30 feet in height. These benches
are only partly revealed by the mine workings, but they appear to be
cut in bedrock, and some of them, especially the higher ones, have
steep fronts and flat tops. In some places the fronts are vertical; in
others they are more or less gradual, and locally they are transected
by narrow depressions that contain wash of a different sort than that
overlying the adjacent terrace surface.

The distribution of gold on the benches has certain general charac-
teristics. The higher gold content is found in zones near and parallel
with the inner margins of the benches. The tenor of the bench
placers is generally very moderate—40 to 80 cents a square foot—but
in places there are local enrichments, especially in the vicinity of
the transecting depressions mentioned above. '

At a mine located just west of Chatanika village the shaft pene-
trated a rich placer at a depth of 56 feet, in gravel overlying a
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stratum of unworn fragmental rock material that was long regarded
as true bedrock. Later this stratum was penetrated and gravels
beneath it were exposed. The shaft was then sunk to a depth of 75
feet and an equally rich concentration was discovered on the true
bedrock surface. A short distance south of the shaft the lower con-
centration ends against a bedrock scarp, the front of a terrace, which
rises to the level of the upper concentration and supports the south-
ern part of it. The explanation of these facts must await much more
exhaustive and detailed examination than has yet been attempted.

On Chatham Creek, tributary to Cleary Creek, two small plants
worked a part of the summer. On Wolf Creek new discoveries were
made during the summer that resulted in a marked stimulation of
mining activity. Six claims were worked by 10 small outfits, em-
ploying about 50 men. The depth to bedrock on the upper part of
the creek is slight, and open-cut methods are used. The ground
deepens downstream to 30 feet on claims “ No. 2 above” and “ No. 3
above,” and 60 feet on “No. 1 above,” where drifting methods are
required. The gold is not evenly distributed, and the gravels are
said to range from those that are barely profitable to those yielding
$4 a square foot.

ELDORADO CREEK,

Seven claims were active on Eldorado Creek, from “ No. 5 above”
to “No. 9 below.” Seven plants, employing 85 men, were oper-
ated. Although none of the plants were large, at least four of them
‘were worked in a very substantial manrer and made a creditable
production. :

- The later developments on Eldorado Creek, as on all the productive

tributaries of Chatanika River, are on the flats of the Chatanika.
The ground is 110 to 150 feet deep, and prospecting is necessarily
slow and expensive in the absence of drilling operations. Prepara-
iions are under way for a renewal of prospecting on the Chatanika
Flats in the attempt to trace the Eldorado pay streak beyond its
present known extremity.

DOME CREEK.

Most of the mining on Dome Creek in 1914 was on the flats near
its mouth. Two plants worked on the Shakespeare and two also on
the Niggerhead association claims. “No. 14 below” and “No. 7
below ” each had a single outfit operating. Only prospecting was
done on the Dawdawn association. The seven outfits employed about
110 men. The ground deepens notably toward Chatanika River,
and on the lower end of the Niggerhead association it is 170 feet to
bedrock. N
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YAULT CREEK.

Seven plants, employing 118 men, worked six separate claims on
Vault Creek during the summer. Four of these were among the
largest in the district; the others were much smaller. _

Two or three small plants worked successfully the preceding win-
ter, Here also the chief activity is in the lower part of the valley
and on the Chatanika Flats, where extensions of the pay streak have
been more recently traced.

FAIRBANKS CREEK,

Summer operations on Fairbanks Creek were carried on from
claim “No. 16 above” to “ No. 15 below.” Eighteen plants worked
on 13 separate claims and their maximum force was about 180 men.
The average number of employees for the season was considerably
less. Only a little winter work was done.

The depth to bedrock on Fairbanks Creek ranges from a few feet
near its head to 120 feet on “ No. 15 below.” In the headward section
the mines are open cut; farther downstream drifting methods are
employed. The open-cut mines are operated largely by manual
methods, but a few are equipped with steam scrapers.

The only dredge in the district is that of the Alaska Exploration
Co. on claim “No. 8 above,” Fairbanks Creek. It has a elose-con-
nected line of 3}-cubic-foot buckets and a 40-foot ladder. It is run
by steam power, and wood is used for fuel. The ground is 10 to 12
feet in depth and is thawed. Mechanical troubles have prevented
continuous operation of the dredge, and the lack of thorough pros-
pecting before the earlier operations made necessary a great deal
of dead work that otherwise might have been avoided. This defect
in the plan of operation is being remedied by extensive drilling on
the ground toward which the dredge is working.

FISH CREEE.

A little mining was done on Fish Creek on ¢laims “ No. 1 above ”
and “No. 2 above.” Other operations in the Fish Creek basin were
those on First Chance Creek, Monte Cristo Pup, and Pearl Creek.
These operations altogether included half a dozen outfits working
separate claims and employing about 20 men.

TWIN CREEE.

A single small ground-sluicing outfit worked on Twin Creek near
its mouth a part of the summer. An attempt was made early in the
season to operate on a larger scale farther upstream, but it was aban-
doned after a short trial.



MINING IN THE FATRBANKS DISTRICT. 285

the old workings that are capable of supporting profitable mining
with the exercise of rigid economy. Unexpected returns, it is said,
were obtained from some of the new workings, on claims that wers
considered entirely worked out years ago.

EVA CREEEK,

Prospecting only was done on Eva Creek during the year. Drill
work on the Minnesota association is said to show good concentra-
tions, but the ground is thawed, so that it can not be worked with
present equipment.

A working shaft was sunk on the upper end of the Happy Home
association on the strength of alleged determinations made with a
divining rod. Without any other evidence of the existence of placers
beneath the surface, this laborious and expensive piece of work was
undertaken with complete confidence in its successful issue. It is
interesting to note the persistence of this archaic idea, which, if at
all trustworthy, must long ago have been universally adopted as a
substitute for all other modes of prospecting.

READY BULLION CREEE.

Successful operations were carried on by a large plant in summer
and a smaller one in winter on the Mihalcik bench on Ready Bullion
Creek. The only other activity on the creek was desultory prospect-
ing for “side pay ” on some of the worked-out claims.

OTHER STREAMS.

Small plants were operated for a part of the season, one on St.
Patricks Creek and one on Happy Creek, which are tributary to
Cripple Creek. Only a little prospecting work is reported in the
Smallwood Creek basin and little is known of the results obtained.

A little activity is reported on two or three claims on Chena River.
Only a few persons worked in this section, and they produced only
a few hundred dollars.

The Tenderfoot district includes a small area in the vicinity of
Richardson post office and is drained by several small northerly
tributaries of Tanana River. The productive creeks in 1914 were
Tenderfoot Creek and Democrat Pup, a tributary of Banner Creek.
On Tenderfoot Creek claims Nos. 4, 5, 6, and 16 were worked by
three plants, employing about 55 men. The ground is 90 to 170
feet deep and is drifted. On Democrat Pup two outfits operated
during the summer. The ground is shallow and is worked in open
cuts by ground sluicing together with manual methods.
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LODE MINING.
CAUSE OF THE DECLINE.

Although the decline in lode mining noted above is in part due to
the failure of some of the properties to justify further development
work, it is more largely the result of retrenchment on the part of
operators who are unwilling to invest further in mine development
or to exploit their proved reserves under the present cost of operat-
ing, and who hope for larger returns on their investments and larger
operating profits when the projected Government railroad shall have
given a new and lower schedule of costs. Present costs are not only
prohibitive for mines whose ores yield $20 or less to the ton, but
they burden the richer mines as well by limiting operations to only
the richer parts of lodes and curtailing the profits of their exploi-
tation. Any reduction in costs would not only increase the net
revenues from such ores as are now mined, but would also permit
a marked enhancement in the value of lode properties. Because of
this outlook some of the largest operators in 1914 were considering
the advisability of shutting down until the railroad is completed.

MINES WITH REDUCTION PLANTS.

. The most important lode operations in the district in 1914 were
those of the Rhoads-Hall mine, on Bedrock Creek; of the Soo Mining
Co., near the head of Dome Creek; and of Crites & Feldman, on
Moose Creek. Only these mines operated their own mills for much of -
the year.

The Rhoads-Hall mine was worked throughout the year, and the
mill operated about 350 days. The mine furnished a practically con-
tinuous supply of ore, so that little or no shortage was felt. New
ore was blocked out at about the same rate that the older workings
were depleted. About 3,000 feet of development work was done. 1,800
feet in ore and 1,200 feet in waste. Of this work 2,000 feet was com-
prised in. drifts, chiefly on the 70-foot and 100-foot levels. Connec-
tions driven between levels aggregated about 1,000 feet. About
50,000 feet of vein matter was stoped out. An average of about 23
men were employed, 18 in the mine, 3 in the mill, and the others at
the mess. '

The Soo Mining Co. was engaged during the year chiefly in mine
development and prospecting. Six to ten men were employed. The
mill was run at intervals as ore was provided by the development
work.

The Crites & Feldman property on Moose Creek showed a marked
development during the year. Five men were employed in the mine
extending tunnels and opening out for stoping. The creek-level
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tunnel was extended to a depth of 450 feet, and the main adit, 90 feet
higher, to 550 feet, both in ore their whole extent. A little stoping
was also done. The 4-stamp Hendy mill that was formerly located
on Chatham Creek was moved to a new site on Moose Creek below
the mine during the summer and began crushing about September 1.

MINES WITHOUT REDUCTION PLANTS.

A number of mines not equipped with reduction plants produced
more or less ore, which was treated at the mill-equipped mines or
by custom mills, of which there are several in the district. Three
mines of this character operated in the Fairbanks Creek section, two
in the Cleary Creek basin, and two at the head of St. Patricks Creek.

The active mines in the Fairbanks Creek section were on the May-
flower, Pioneer, and Roy Lode claims. The first two claims had
heen developed to some extent prior to 1914. The development of the
Roy Lode claim followed the discovery of rich ore in July, 1914, A
small test shipment was made late in the summer, and satisfactory
returns were reported. In all about 40 tons of ore from the three
mines was milled, from which $3,000, or $75 a ton, was recovered.

In the Cleary Creek basin the Tanana Quartz & Hydraulic Mining
Co.’s holding on upper Bedrock Creek and the Homestake mine on
Wolf Creek were worked in the same small way as in previous
years. ‘The work on the former property is said to aim chiefly at
mine development and the returns are derived from shipments made
to test the various parts of the lode.

The Homestake mine is operat,ed under lease. The ores produced
are chiefly from a rich vein that averages only 5 inches in width.
About 35 tons of ore milled from the two properties is said to have
yielded well over $100 a ton.

At the head of St. Patricks Creek the Mohawk and Fairchance
properties were active. Over 50 tons of ore was produced, ranging
in tenor from $18 to $50 a ton, .

PROSPECTING.

A number of properties in the district are being actively pros-
pected and developed, but are making no actual production of gold,
as the ores produced are not milled. These operations vary widely
in results attained, but altogether comprise a very encouraging
aspect of the industry. Although some of the claims under investi-
gation will probably be added to the long list of valueless properties,
there are others that promise to become highly productive mines.

In the Fairbanks Creek section several properties are being pros-
pected in a small way. The Nars-Anderson-Gibbs holdings are being
slowly developed by Mr. Gibbs, who has purchased the interests of
the other interested parties. A resumption of work on the Mizpah
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claim was planned for the fall of 1914. The Ohio group, opposite
placer claims “No. 13 above” and “ No. 14 above,” was prospected
by two partners, who have sank an 80-foot shaft on a vein that
averages 2 to 2} feet in width. They have 20 tons of selected ore on
the dump. The American Eagle claim, farther upstream, has re-
cently been released from litigation and prospecting under lease has

In the Cleary Creek basin the Rexall mine has been leased by
new operators and an early resumption of operations is planned. In
the Chatham Creek valley the Chatham and Pioneer properties are
idle, but an attempt to finance further development work in under
way. On Willow Creek the Newsboy mine is idle, but it is planned
to continue development and mining when costs reach a sufficiently
low point to make it profitable, ‘On the Emma claim, at the head
of Willow Creek, a little work was done in 1914.

In the valley of Twin Creek the Rainbow mine is closed, but it has
been recently let under a new lease and large-scale operations are con-
templated in the near future. The Moonshine and Sunshine claims
near by were prospected during the winter of 1913-14.

In the Ester district the most important prospecting work under
way is that of Tyndall & Finn on the Bondholder and Yellow Jacket
claims, near the head of St. Patricks Creek. The Bondholder dis-
covery was made in 1912. In 1913 a little development work, chiefly
surface open cuts, was done, and in 1914 the work was contin-
ued by a force of three to five men. Four inclined shafts, 20 to 140
feet deep, were sunk along the footwall of the main Bondholder lode.
The shafts are 7 feet wide across the strike of the lode, and every 20
feet a test drill hole was driven into the hanging wall to a depth of
5 feet. At a depth of 55 feet in the main shaft a 50-foot drift was
driven to the southwest on the strike of the lode. The ore was tested
by crushing and panning, and samples that made a good showing in
the pan were considered workable. By this test the main lode is said
to have a determined minable width of 12 feet.

In June, 1914, an adit was started from the creek level on the Yel-
low Jacket claim, 250 feet lower than the collar of the main Bond-
holder shaft. In December it had been driven 175 feet, and the
operators intended to drive it about 325 feet farther to undercut the
Bondholder lode, and proposed to complete it by June, 1915. Three
distinet lodes of smaller size on the Yellow Jacket will also be cut.
The tunnel is 6} feet high, has 6-foot sills and 4-foot caps, and is laid
with an 18-inch gage track of 8-pound rails. Steel cars of 10 cubic
feet capacity are in use. Tyndall & Finn are also developing the
Mohawk claim and report the discovery of a 6-foot lode during the
fall of 1914, on which they have sunk three shafts to a depth of 26
feet.



MINING IN THE HOT SPRINGS DISTRICT.
By Henry M. Eakin.

GENERAL ACTIVITIES.

The Hot Springs district had a highly prosperous season in 1914,
The production is estimated at $750,000, compared with $400,000
in 1918. The Sullivan Valley continued to be the most productive
center. Two areas of extremely rich placer ground have been located
here, one in 1912 and the other in 1913. Both areas were worked
on a large scale in 1914 and contributed the larger part of the pro-
duction of the district.

Other sections of the district also showed a marked improvement
over the previous year. American Creek, where gold was discovered
in 1911, was better equipped with machinery and made a very cred-
itable showing. In the Pioneer Creek basin new deposits favorably
situated for hydraulic mining were discovered. Many older claims
throughout the district were also operated with fair success.

THE PLACERS.

The placers of the Hot Springs district are widely divergent in
character, form, and manner of distribution. The types disclosed
by operations include ordinary pay streaks, bench deposits, stream
reconcentrations from bench deposits, and irregularly distributed
discontinuous bodies that do not enter into the familiar classification
of placers.

Placers of the ordinary pay-streak type occur only in relatwalv
narrow and high-walled valleys, notably in those of American and
Eureka creeks.

Bench deposits occur along the sides of valleys or skirt around the
points of interstream features from one valley to another. They are
as a rule essentially horizontal and some of them extend for long
distances. Low-grade bench deposits of this type extend westward
from Eureka Creek along the north side of the Baker Creek basin
across the valleys of several small streams. A less extensive bench
deposit skirts around the point of a ridge between Quartz Creek
and its chief western tributary. A series of benches, the largest of
which is What Cheer Bar, are developed on the north side of Pioneer
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Creek valley. These extend far up toward the head of the valley
and are crossed by a number of small northern tributaries of Pioneer
Creek.

Reconcentrations from bench deposits are found in the northern
tributaries of Pioneer Creek and in the streams that cross the exten-
sive bench deposit west of Eureka Creek.

The placers of unusual type referred to above are fittingly de-
scribed as “spots” by the local operators. The simplest forms are
rudely elliptical in outline and have a relatively rich central area,
away from which the gold tenor and the size of particles decrease out
to the margin of profitable ground. Such placer spots are developed
locally on the surface of bedrock terraces. Some of them appear
upon a single terrace. More complex forms are in places developed
upon several closely spaced terraces, and it is not uncommon to find a
great variation in the elevation of bedrock in a single mine, the sur-
face being everywhere sensibly flat except in the terrace scarps.
Many of the central areas are of bonanza richness. In one mine
$200,000 is said to have been produced almost entirely from a space
of 5,000 square feet. On higher terraces at the same locality several
other small areas of but slightly lower tenor were mined. Still other
mines have shown small areas containing $10 to $30 in each square
foot. The minable area of individual spots ranges from a few thou-
sand square feet to a few acres. The larger areas are usually more
complex in form and include two or more terraces. In such areas the
distribution of gold is also complex, a richer area usually appearing
on each terrace. The placer spots are known to occur only in the
Sullivan Creek basin. They have been developed on lower Cache
Creek and in the Sullivan Creek valley a quarter of a mile* above
Tofty and at five localities from half a mile to 5 miles below Tofty.

- The alluvium developed in these mines is 50 to 170 feet deep. Still
greater depths are kmown to occur in the basin. The material is
mostly light-colored stratified silt, but in places its upper part is dark
colored and contains vegetable material and ground ice. The silts are
generally underlain by gravels or less worn fragmental material.
This material ranges in thickness from a few feet to 35 feet, as shown
in the mine workings.

Large, well-worn bowlders, measuring as much as 7 or 8 feet in
diameter, have been found in the gravel deposits, on their surface
beneath the silts, and in the silts above the top of the gravels. That
they were not produced or transported in the same manner as the
other deposits is clear. Some of them are apparently not of local
origin.

'glll: Sullivan Creek placers contain tin ore as well as gold. The
character of concentration is the same, and the two minerals are prob-
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ably closely allied as to their bedrock source. Hematite and pyrite
are also associated with them in some of the placers.

CONDITIONS THAT GOVERN MINING PROGRESS.

The variety and unusual types of placer deposits and the general
lack of familiar topographic guidance has made prospecting unusu-
- ally hazardous and expensive in the Hot Springs district. In the ab-
sence of large continuous deposits the fortunes of mining have been
closely allied with those of prospecting, and the industry has pro-
gressed in an erratic and uncertain manner. Very little capital not
produced within the district has been used, and the earnings of
earlier operations have been largely reinvested in the attempted de-
velopment of new deposits. Disappointments have been numerous,
and the combination of confidence and funds has remained with but
" a few operators.

The production in 1914 exceeds that of any other year in the his-
tory of the district except 1911, when the output was considerably
greater. The large production in 1914 is due chiefly to comparatively
recent discoveries in the Sullivan Creek valley and on a tributary of
Pioneer Creek in the older section of the district. The Pioneer Creek
discovery was made wholly by accident and in a situation not con-
sidered favorable for prospecting by local operators. The other two
discoveries are the result of one of the greatest financial ventures
ever made in prospecting for placer ground in Alaska. A small for-
tune, the entire net production of one of the richest mines in the his-
tory of the district, was spent to the last dollar in drilling the deep
ground of Sullivan Valley. Half the amount had been spent when
the first strike was made in 1912 on Miller Gulch. Control of the
ground was lost to the discoverer,’and drilling was resumed. A year
later the placer on Hokeley Gulch was struck, and the confidence of
the operator was justified at the very time his capital was exhausted.

It must be confessed that the drilling operations of this venture
were more or less haphazard and that their successful issue was due
more to the large capital employed and to good fortune than to
a sound hypothesis regarding the distribution of concentrations
or any systematic scheme for carrying on the search. It is not
at all certain that another similar venture following the same plan
and method would be equally successful. It seems possible, however,
that the hazard and expense of prospecting could be notably reduced
by taking the probable origin of the placers more into account and
by making a better use of the data furnished by mining operations
and drilling regarding the surface features of bedrock beneath the
alluvium and the relation of concentrations to such features.

6411°—15——16
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OPERATIONS IN 1914,

The Hot Springs district includes three rather distinct placer
areas—the Baker Creek area, to the esst; the Sullivan Creek basin,
located centrally; and the American Creek area, to the west, near the
junction of Yukon and Tanana rivers. These sections of the district
will be taken up in order.

BAXER CREEK TRIBUTARIES.

Operations were carried on in the Baker Creek section of the dis-
trict on Thanksgiving, Gold Run, Eureka, and Pioneer creeks,
whose riames have been familiar in the annals of placer mining for
more than a decade. For the most part the present operations are
conducted on a small scale and represent the lag end of the industry,
as the rich placers have long been exhausted and only a few known
spots rich enough to support mining remain. The deposits on -
Seattle Jr. Creek, a tributary of Pioneer Creek, are exceptional in
being recently discovered and of relatively high grade. In addition
to the creek placers two areas of bench placers were worked, each
by a small outfit, one between Thanksgiving Creek and Gold Run
and the other between Gold Run and Eureka Creek.

Two plants operated on Thanksgiving Creek and one on Gold Run
by the familiar method of groundsluicing and shoveling in. On
Eureka Creek a steam-scraper plant operated at a point half a mile
above the mouth of Pioneer Creek. On the northern tributaries of
Pioneer Creek three plants operated and a fourth was engaged in
dead work preparatory to operating in 1915. Two of the active
plants were small groundsluicing outfits. The third operated the
pewly discovered ground on Seattle Jr. Creek, using hydraulic
equipment. ¢ %

In all ten plants worked in this part of the district and employed
a total of 60 men.

SULLIVAN CREEK BASIN.

Large scale operations were carried on throughout the summer on
Hokeley and Miller gulches. Work was resumed on the Midnight
Sun claim late in the summer with the intention of continuing
through the winter. A little prospecting and mining was done on
lower Cache Creek and on the high bench west of Quartz Creek.

HOEKELEY GULCH.

Hokeley Gulch heads about 5 miles southwest of Tofty in a swampy
flat and flows southwestward for 13 miles into Woodchopper Creek,
a tributary of Sullivan Creek. A large area of rich placer ground
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was located on the Wild Goose claim, about a quarter of a mile east
of the head of the stream, by Adolph Bock in March, 1913. Later
in the same year the ground was explored by a shaft and drifts, and
preparations were made for extensive operations the following sea-
son. During 1914 an average of over 50 men were employed. Day
and night shifts were used throughout the season, and part of the
time dirt was hoisted from two separate shafts by the same power
plant. Power was generated by three 50-horsepower boilers using
cordwood fuel. Water for the boilers and to replenish the sump
from which the sluice boxes were supplied was pumped from a small
lake half a mile south of the mine.

" The shafts penetrate 130 feet to bedrock, most of the way through
light-colored stratified and frozen silt. A stratum of gravel 6 to 8
feet thick lies on bedrock beneath the silts. The gold is well concen-
trated on bedrock and in the lowermost gravels. It is well worn and
of fine, even texture, indicating considerable transportation and as-
sortment prior to its deposition in the present placers.

Although the deposit has not been fully outlined, margins have
been located which indicate that it is not part of a continuous pay
streak but is irregularly terminated in all directions. The gravels
vary in gold content from place to place, ranging from those that
are barely workable near the margins to some of very high tenor,
about the central shaft. There are considerable areas that yield $4
to $6 or more to the square foot, and the entire minable area is
thought to extend over several acres. Stream tin occurs with the
gold, but no special attempt was made to recover it.

There is considerable difference in depth between the two shafts,
though they are only a few score feet apart. To the southeastward
bedrock drops off to still lower levels.

MILLER GULCH.

High-grade placers were discovered by drilling on the United
States Association claim, in lower Miller Gulch, in 1912. Later dis-
coveries have developed areas of placer ground at intervals for about
a mile northwestward toward the head of the gulch. The surface of
the claim has a gentle eastward slope. However, depths to bedrock
range from 85 to 120 feet within a horizontal distance of 500 feet,
the difference in elevation of the bedrock being accounted for in bold
scarps that stand between adjacent level-surfaced features. These
features persist for a considerable distance toward the head of the
gulch. Above the United States Association claim the first placer
area is 65 feet below the surface and the next one 45 feet. The
uppermost placers are at still less depth and are apparently of the
ordinary pay-streak type. *
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Three mines were worked on Miller Gulch in 1914, one of which
operated three plants most of the time. On an average a total of
112 men were employed.

Rich concentrations of tin occur with the gold, and some of the
plants were equipped to recover all that they mined. About 30 tons
of concentrates are reported as saved by one mine.

THE MIDNIGHT SUN CLAIM.

The Midnight Sun claim is about a quarter of a mile northwest of
Tofty and 500 feet east of Sullivan Creek. The ground is 50 to 65
feet deep and for the most part is perpetually frozen. The pay streak"
lies on and near the bedrock surface, which has the form of a well-
preserved series of low terraces both here and on the Abe Lincoln
claim adjacent to the southeast. ]

Under the first' management the Midnight Sun mine was de-
veloped in a very efficient manner and a large production was made.
Later the control passed to other hands, and after a short season seri-
ous caving occurred and the mine was flooded by surface waters and
by ground water from a body of thawed gravel that the workings
penetrated: The mine was closed and laid idle until the summer of
1914, when the original management regained control. It was
planned to reopen the mine by sinking a new shaft in barren frozen
ground near the placer area and driving tunnels to tap the known
bodies of pay gravel adjacent to the old workings. This work was
to be done mainly in winter, in order to avoid the surface waters that
enter the old workings through a caved-in sump. Pumping appara-
tus was to be installed to handle the ground water.

CACHE CREEE.

A great deal of mining has been done on Cache Creek, mostly on
small areas of rich ground that have supported but short-lived mines.
Productive years have alternated with nonproductive, when the
efforts of operators were directed entirely to ‘the search for new
placer areas. This was the situation during most of 1914, but toward
the end of the season operations were begun on a néwly discovered
area of low-grade ground.

QUARTZ CREEK,

The deposit in the Quartz Creek basin known as Homestake Bar
is situated on a gentle slope about a quarter of a mile west of the
stream and at an elevation 60 to 75 feet higher. It is the shallowest
placer of the Sullivan Creek basin, consisting of only 3 to 4 feet of
gravel and coarse fragmental materials overlain by 3 feet of yellow
silt. The deposit continues horizontally around the point of the low
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ridge that separates Quartz Creek from its chief western tributary
for about a quarter of a mile, but it is at present workable as placer
ground for only a part of this distance.

Small-scale operations carried on by manual methods have been
in progress on Homestake Bar since 1910, and in 1914 four men
were s0 engaged during the summer.

AMERICAN CREEK.

American Creek is about 15 miles west of Tofty. The headward
part of its valley for about 2 miles is in the high bedrock area that
borders Sulliven Creek farther east. This part of the valley is
deep, steep-sided, and relatively narrow. Beyond the margin of the
bedrock area the stream flows for about 8 miles over a broad flat
that is continuous with the floor of the lower Sullivan Creek basin
and enters the east side of Fish Lake.

The grade of American Creek in the reach where prospecting has
been done is 70 to 85 feet to the mile. In the upper narrow part of
the valley the alluvium ranges between 12 and 18 feet in depth. Out
on the flats beyond the margin of the hills the depths increase
rapidly, indicating that the bedrock surface has here a much steeper
slope than in the headward part of the valley.

The placers of American Creek, so far as known, occur within the
more constricted part of the valley. They have the form of a well-
defined continuous pay streak, 40 to 100 feet wide, within which the
gold content ranges from that of barely workable gravels up to $1.35
a square foot.

Three steam hoists and two hand-windlass outfits worked the five
productive claims of the creek in 1914. A small outfit was also en-
gaged in prospecting in deeper ground near the margin of the flats.
Thirty men in all were employed in this part of the district. -






MINERAL RESOURCES OF THE LAKE CLARK-IDITAROD
REGION.

" By Prmwr S. Smrra,

INTRODUCTION.

The area described in this report has for convenience been called
the Lake Clark-Iditarod region. It is roughly quadrilateral and is
bounded on the southeast by Lake Clark and on the northwest by the
town of Iditarod—that is, it extends from latitude 60° to 62° 30" N.
and from longitude 154° to 158° W. Plate X (p. 270) shows the -
relation of this area to the southwestern part of Alaska.

Different parts of this region have been examined with very dif-
ferent degrees of thoroughness. Thus the region around Iditarod -
was examined by Maddren in 1910 and by Eakin in 1912, and the
region contiguous to Lake Clark by Martin and Katz in 1908, and
reports by these different geologists have been prepared and pub-
lished.* To the east the early surveys of Spurr? and Brooks® have
afforded the most authoritative statements as to the geology and
geography of the country. To the west the main source of informa-
tion has been the report of Spurr, although in 1914 Maddren visited
the region and is preparing a report of his observations.

The area lying between the settlement of Iditarod on the north-
west and Lake Clark on the southeast is divisible into three parts,
the section near Iditarod being the best known and most exploited,
the part near Lake Clark being the next best known, and the part
between these two places being practically unmapped except for
Spurr’s survey of Kuskokwim River, which transects the unex-
plored portion from east to west. .

All the available information derived from different sources has
been considered in preparing this report, but many of the observa-
tions on the mineral resources were made by the writer while

1 Maddren, A. G., Gold placer mining developments in the Innoko-Iditarod region:
U. 8, Geol. Burvey Bull. 480, pp. 236-270, 1911, Martin, G. C, and Katz, F. J., A
geologle reconnalssance of the Illamna regiom, Alaska: U. B. Geol. Burvey Bull. 485,
188 pp., 1912. Eakin, H. M., The Iditarod-Ruby reglon, Alaska : U, 8. Geol. Survey Ball,
578, 45 pp., 1014,

2 8purr, J, B, A reconnalssance In southwestern Alaska in 18988: U. 8. Geol. Survey
Twentleth Ann. Rept., pt. 7, pp. 43-268, 1900.

® Brooks, A. H., The Mount McKinley region, Alaska: U. 8. Geol. Burvey Prof. Paper
70, 284 pp., 1911,
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attached to a Geological Survey party that traversed the region in
1914. This party, consisting of 7 men, was in charge of R. H.
Sargent, topographer, and its supplies and equipment were trans-
ported by a pack train of 20 horses. The party left Iliamna Bay
June 7 and reached Iditarod September 9. As a result of this trip
about 5,000 square miles of previously unsurveyed country was
mapped, the positions of certain previously known features were
determined with more precision, data were obtained concerning the
geologic and physiographic character and history of the region, and
scattered notes were made about the flora, fauna, climate, and popu-
lation. In the present report, however, only the facts bearing on
the mineral resources of the region are given in detail; the other
facts will be set forth more completely in another publication which
is now in preparation.

To the members of the Survey who have served with the writer in
the field and in the office hearty acknowledgments are due. Special
thanks are given to R. H. Sargent, in charge of the field expedition,
for his unfailing assistance in furthering the geologic investigations,
Obligation is acknowledged to the field members of the expedition,
. E. C. Carlberg, C. A. Anderson, J. D. Nelson, Olaf Holt, and Earl
Kelso. In the microscopic examination of the rock specimens col-
lected by this expedition the writer was aided by J. B. Mertie.

The few white people living in the region all courteously assisted
the expedition with the help and information they possessed. This
was especially true of Commissioner Thomas W. Hanmore and
Messrs. W. S. Foss and A. Ruel, at Iliamna village; of Messrs. Hans
Sieversen and Frank' Brown, at Newhalen and Sixmile Lake; of
Messrs. Fred Bishop and E. W. Parks, near Sleitmut, on the Kusko-
kwim; of Capt. Jung and crew of the steamboat used in crossing the
Kuskokwm and of the residents of Iditarod and the miners and
prospectors on Flat and Otter creeks.

The natives employed at Iliamna Lake, at Sixmile Imke, and on
the Kuskokwim worked faithfully and efficiently to promote the ob-
jects of the expedition and deserve appreciative thanks. The services
rendered by Sakaren, chief of the Nondalton natives, and of Wasca,
one of the Kuakok'wxm natives living near the mouth of the Holitna,
are acknowledged with especial gratitude.

GEOGRAPHY.

The northeastward-trending highland of the Pacific mountain sys-
tem is one of the most prominent features of southwestern Alaska.
In the Lake Clark-Iditarod region the main axis of the Alaska Range
does not extend beyond the north end of Lake Clark, and the axis of
the Chigmit Mountain lies to the east of both Lake Clark and Iliamna
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Lake. The region here described therefore lies west of this great
physiographic province and is part of the central platean region. In
few places is the mountain province separated from the plateau prov-
ince by a sharply defined line, but the two usually merge into each
other through a foothill belt. Although not a high mountain mass the
plateau province is characterized by greatly deformed rocks ranging
in age from Paleozoic to Tertiary.

Many of the large streams head in the highland area and.flow
thence across the general structural trend until, at a greater or less
distance from the high mountains, they collect to form the major
rivers whose courses are more or less parallel with the axes of the
mountain system. Certain other streams originate in the platean
province and swell the master streams of the region, but most of
these streams are shorter and of smaller volume.

By far the most important stream of the region is the Kuskokwim,
which receives several tributaries from the east that rise in the high
mountains as well as many other side streams that head within the
plateau province. The three other major basins, from south to north,
are the basin drained by Lake Clark, Iliamna Lake, and Kvichak
River, the Mulchatna-Nushagak river basin, and the Iditarod River
basin, the water of which is ultimately tributary to the Yukon. The
first two of these discharge into Bristol Bay and the third into
Norton Sound.

These four main basins form definite, easily delimited areas that
serve well for purposes of description, but they are not geomorpho-
logic units, for each individual basin shows several physiographic
subprovinces, and several of the subprovinces extend uninterruptedly
from one basin to another. Thus each of the basins is made up of
highlands and lowlands, the boundaries of some of which are not
coincident with the boundaries of the different drainage basins.

Taken as a whole, the Lake Clark-Iditarod region is an area of
moderate relief with scattered, irregularly distributed, rather small
highland areas separated from one another by lowlands, some of
which are of large size. The relative proportion of highland to
lowland is probably approximately 2 to 1. East of the Lake Clark-
Iditarod region this ratio probably increases, but toward the west
it decreases, so that in places it may even be reversed. Here and
there the main streams lie near the surface of the broad, widely open
lowlands, but in’ other places they are hemmed in by steep slopes that
rise to the rolling uplands through which they flow.

Trees and bushes are common in the valley bottoms, but on the
slopes they decrease in size and number until at 500 to 1,000 feet
above the streams they are absent and only grasses and mosses grow
or their places are taken by bare rocky ledges. The larger trees are
dominantly spruce. Some of the trees are more than 18 inches in



250 MINERAL RESOURCES OF ALASKA, 1914,

diameter, but their average diameter in the better-timbered areas is
probably about 1 foot. Feed for stock is not plentiful in the poorly
drained areas; in fact, it is so scanty that it must be searched for.
In the higher parts of the region it is most abundant near the upper
limit of the trees.

Game is rather scarce throughout the region, though hard-beaten
trails indicate that in the past many of the larger animals were abun-
dant. Probably not more than a hundred people live in the region
outside of the few mining camps. The bare, undistinctive hills, the
low brown flats with lakes and marshes, and the small number of
people or animals make the region as a whole appear desolate and
unprepossessing.

GEOLOGY.

Between the west coast of Cook Inlet and Lake Clark rocks of
different ages and complex structure have been intruded by a batho-
lithic mass of granitic rocks of Mesozoic age. Northwest of Lake
Clark the hard rocks are composed dominantly of Mesozoic sedi-
ments, which are considerably deformed and have been intruded at
different times by igneous rocks that differ in composition and age.
Some Paleozoic rocks also are exposed here and there in the area.
Although all these rocks are exposed at different places in the
region, the widespread unconsolidated water-laid deposits which
mantle the lowlands and, as it were, submerge the lower hill slopes
constitute the dominant geologic formation. The accompanying
geologic map (PL X)) shows the main stratigraphic units, but owing
to its small scale the details have been omitted. For instance, the
representation of the unconsolidated deposits has been generalized
so much that the map does not show that practically every part of
the region south of the Kuskokwim that was visited is more or less
covered with these deposits. Even the hills that rise to elevations
of 3,000 feet or more above the sea have in many places pebbles and
waterworn gravels on their summits.

The Paleozoic rocks that were recognized by the expedition of
1914 consist entirely of limestones. These rocks are exposed south
of Kuskokwim River and form a series of bare white hills, which
make prominent landmarks. Similar limestones are reported to
occur on the Holitna and on the Kuskokwim near McGrath. Other
Paleozoic rocks north and west of Iditarod, mostly slates, cherts,
and greenstones, have been reported.

The Mesozoic rocks are dominantly shales and sandstones, but in
places, especially near the base of the section represented in this area,
there is a great thickness of conglomerate. Fossils of Cretaceous
age have been found in some of these rocks, and others of Jurassie
age have been found in adjacent areas, in rocks correlated with cer-
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tain rocks of the Lake Clark-Iditarod region. All the rocks have
been folded, faulted, and considerably eroded.

Igneous rocks, both intrusive and effusive, are associated with or
cut the Mesozoic sediments. The intrusive rocks are mainly of
granitic composition and probably represent more than one epoch of
intrusion. Thus the granitic batholith east of Lake Clark is re-
garded as of pre-Cretaceous age, whereas acidic intrusives cut the
Cretaceous rocks near Iditarod and at many places in the Kuskokwim
basin. The intrusive rocks, so far as seen, occupy few large areas
in the Lake Clark-Iditarod region. Instead they occur usually in
rather small stocks, or even more commonly in dikes.

The largest area of effusive igneous rocks is in the vicinity of Lake
Clark, where porphyritic rocks, in general of andesitic composition
and probably of Lower Jurassic age, are exposed. In this same
region other lavas of Tertiary or Recent age, which still retain a glassy
aspect and surface flow structure, overlie the older rocks. Tuffs and
agglomerates are associated with lavas of both these types. They
range in color from dark brown or mearly black to cream-white.
Some of them are interlaminated with the Mesozoic sediments, and
probably parts of these sedimentary rocks are composed of volcanic
tuff which has been but glightly worked over by water.

The unconsolidated deposits of nonresidual material are composed
mainly of fluviatile, glacial, and glaciofluviatile sands, gravels, and
silts. The glaciofluviatile material mantles the whole region so deeply
that it obscures in large measure the records of the early part of
" Quaternary time. A definite limit between the glacial and glacio-
fluviatile deposits can not everywhere be drawn, as the two types show
all phases of intergradation. Some distinct moraines are recogniz-
able at a number of places, but most of the moraines have been
obliterated by the outwash deposits from a later stage in the retreat
of the now vanished glaciers. The glaciofluviatile deposits merge,
on the other hand, into typical stream deposits. The modern streams
in the main are reworking the older deposits and in relatively few
places are eroding only the hard rock of their valleys. The deposits,
therefore, contain a large amount of material foreign to the drain-
age of the stream in which they occur.

The geologic structure of the region trends, in general, northeast,
but this broad structure is complicated by minor deformations, and
the unconsolidated deposits, none of which have been affected by it,
in large measure obscure this trend. The general structure between
Lake Clark and the Paleozoic limestones of the Stony River basin
appears to be that of a somewhat faulted and deformed synclinorium,
the limestones appearing to be on the southern flank of the accom-
panying anticlinorium. Whether another syncline succeeds the lime-
stones on the northwest has not been determined. The abruptness
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with which the topography breaks off from the limestone hills to
the Kuskokwim flats suggests that a fault of considerable magnitude
may occur here, Whether or not this is the correct explanation of
the structure, the fact remains that the country north of the lime-
stones is so deeply covered with recent deposits that no valuable
structural observations have been made within a distance of about
50 miles northwest of the limestones. North of this point as far as
Iditarod the rocks are in rather open folds, whose axes trend about
northeast. Beyond Iditarod Paleozoic rocks are again exposed, as
if on the southern flank of another structural system possibly similar
to that near the Paleozoic limestones already described.

To the deformation by which the Pacific mountain system was pro-
duced, the structural features of the Lake Clark-Iditarod region seem
to be mainly due. This deformation was apparently greatest in the
Alaska range, the Chigmit Mountains, and the Aleutian range. In
places remote from this main axis the amount of deformation is
less, so that the major structure appears to become more regular
toward the west and northwest. In no place in this region, how-
ever, is the structure of the pre-Tertiary rocks simple, and as a rule
the dips are more than 30°.

GENERAL ECONOMIC CONDITIONS.
WAGES AND SUPPLIES.

Few mines and prospects are being developed in the Lake Clark-
Iditarod region except in the immediate neighborhood of Iditarod, .
and information about many of the factors that determine the suc-
cess or failure of mining ventures is rather meager. It has seemed
desirable, however, to discuss the prevailing general conditions, for,
although these would undoubtedly change if mining should increase,
they afford the only sure basis from which deductions as to the future
economic conditions may safely be made.

Wages during the summer for miners at the small mines near
Iditarod are $5 a day and board, but at some of the larger mines they
are $4 a day and board. In the more remote districts the usual wages
are $7.50 and board, the board being assumed by the operators to cost
about $2.50. Practically no natives are employed in the producing
mines, and probably they are too few ever to have a marked effect on
the cost of labor. Along Kuskokwim River, however, the usual wages
paid to a native are $2 a day and board. This is also about the price
demanded for native labor on Iliamna and Clark lakes. Nearer to
the settlements of whites, in the interior, the natives usually receive
somewhat more. Owing, however, to the fact that most of the natives’
wages are paid in trade, the actual cost is considerably less than if
they were paid in cash.
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During the winter, when shallow placer mining is prevented by
snow and ice, fewer men are employed and consequently the over-
supply of labor tends to lower the wages paid. If more employment
were obtainable during the winter, owing to an increase in deep
placer mining or through the development of lode mines, this differ-
ence between winter and summer wages would probably decrease, but
the summer wage would probably go down rather than the winter
wage go up. This conclusion seems warranted by the fact that many
moré persons would find permanent employment during the seven or
eight winter months that the shallow placer mines are now closed and -
would not be compelled to support themselves for an entire year on .
the proceeds of their labors during the four or five months of the
open season. It is therefore believed that the general tendency of
wages in the future will be to decrease.

In an area so remote as much of the Lake Clark-Iditarod region
supplies of all kinds are expensive. This is inevitable because of the
long transportation all goods must undergo, the dangers of loss or
damage to which they are subjected in transit, the short time avail-
able for bringing them in, the need of an exceptionally large reserve
supply, the financial uncertainty as to the stability of the boom towns
and the merchants who flock to newly organized camps, the high cost
of wages and the attendant high overhead and construction charges,
the various social and educational disadvantages inherent on life in a
remote region, which justify a larger income from investments, and
the many other real though less tangible hardships to which all fron-
tier life is subjected. ‘With the natural changes that follow the per-
manent settlement and development of the region many of the draw-
backs become less or disappear, so that the general tendency will be
for the cost of supplies to decrease. Already the cost of supplies has
been lowered several hundred per cent in less than four years. As an
instance, in 1910 oats and hay sold in Iditarod for over 20 cents a
pound, but in 1914 they sold for 6 cents a pound. Even at present,
however, in remote parts of the district high prices prevail, and 25
cents is the smallest unit used.

Although prices are high when judged by the standards of the
eastern United States, the supplies carried are usually of good
quality and of great variety. The stores seem to carry a much bet-
ter assortment of supplies than stores serving a settlement of similar
size in the States. This is due in large measure to the exceptionally
generous scale on which most Alaskans live. In the matter of food,
for instance, even the poorest prospectors usually have canned milk,
butter, and other things that elsewhere may be regarded as luxuries.
Possibly this demand for a liberal ration is caused by the severe cold
and the long-continued darkness to which the Alaskan people are

‘subjected in the winter. .
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TRANSPORTATION.

One of the important items entering into all mining calculations
is that of transportation. Not only does it materially affect the cost
of supplies, but it may even determine the feasibility of an enter-
prise. To appreciate the importance of transportation it should be
realized that practically the only ice-free winter route from the
States to this part of Alaska leads to one of the small bays on the
west side of Cook Inlet. From that place the route to the interior
lies across the general trend of the country, so that several ranges
must be traversed. A route of this sort presents many difficulties
which add to the cost and time of transportation.

The more natural highways by way of Kuskokwim and Yukon
rivers are blocked by ice from October to'June. Furthermore, both
of these streams lie north of the winter limit of sea ice, so that they
can not be reached by boats from the States for seven months of the
year. Therefore, although the rivers offer a water grade for hauling
supplies and are much used for this purpose, they are of much less
value than they would be if at least parts of them could be reached
during the whole year by boats from the outside world.

During the winter, transportation is effected mainly by dog teams
or, on well-beaten trails, by horse-drawn sleds. Road houses are
maintained at intervals along the main lines of travel and afford
food and shelter for both persons and animals. The main winter
trail from Iditarod to the sea used for the transportation of mail
runs in general eastward to Tako#na, thence to McGrath, thence up
the Kuskokwim across the divide at Rainy Pass, thence southeast-
ward in the basins of Skwentna and Yentna rivers to the crossing of
the Susitna at Susitna, and thence to Knik, a distance of about 500
miles. From Knik the usual trail is followed to Seward, where all
the year around connection by steamboat with the States is main-
tained. Other much-traveled trails lead from Iditarod to the Yukon
and the Tanana. Many of these trails are staked and flagged by the
Alaska Road Commission, so that they are recognizable even in severe
storms, which are by no means infrequent.

In summer the main lines of transportation to the region from the
States are by a sea trip to St. Michael and thence up Yukon River,
or by the so-called “inside passage” to Skagway, thence by rail to
Whitehorse, and thence down the Yukon. The coastwise steamships
that call at the ports on the southern coast of Alaska afford a third
means of approaching the urea. However, this route presents the
difficulty, already pointed out, that from the western shores of Cook
Inlet no easy route of transportatlon into the interior has been de-
veloped. Small ocean-going vessels can ascend the Kuskokwim in
summer as far as Bethel, but no regular trips are made by this route.
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The two main summer lines of transportation within the region
are by Yukon and Kuskokwim rivers. A fleet of shallow-draft river
steamers, operated by the White Pass & Yukon Route, follows a more
or less definite schedule on Yukon River. Smaller boats belonging to
the same company run up Innoko and Iditarod rivers to Dikeman.
Above that point still smaller boats, operated by other.companies
or individuals, complete the water trip to Iditarod. Several indi-
viduals and independent companies also run river boats on irregular
schedules to the Yukon and Innoko river ports.

On the Kuskokwim shallow-draft river steamers or launches run
up the river from Bethel as far as Takotna. These boats seldom
make more than three or four round trips a season, and the amount
of freight they carry is small.

The recent decision of the Government to build a railroad to de-
velop parts of Alaska called attention to the possible routes from
the southern coasé into the interior. Among others the route from
Iliamna Bay to Iditarod and Yukon River was considered by the
Alasks Railroad Commission,’ but while its value for local uses was
recognized it was dismissed by the commission, as it “is too far to
the southwest to permit its use as a trunk line into the interior.”
This route had been privately surveyed in part and the papers on it
had been filed in Washington in the General Land Office. The route
presents no very difficult engineering problems and would afford easy
grades into the interior, but much of it would lie in a country holding,
so far as known, little promise of much economic value in the near
future.

During the summer transportation within the region is carried on
mainly by boats on the rivers and by horses or back-packing on cross-.
country trips. A few wagon roads have been built, but most of
them are so wet and muddy that only very light loads can be drawn
on them. In striking contrast to the other roads is the one from
Flat City up Flat Creek. This compares favorably with many roads
in the States, and although it was expensive to build it shows that
good roads can be made even under the adverse conditions which are
met in this part of Alaska.

A tram road for horse-drawn cars running on wooden rails con-
nects Iditarod and Flat. This tram road is in operation only during
the summer and carries freight the 8 miles between the two towns
for 2.to 3 cents a pound. It undoubtedly’ could be kept open in
winter, but at that time of year transportation across country is
much less difficult than in summer and the people are not otherwise
engaged, so that they can profitably do their own freighting.

L Rallway routes in Alaska: 62d Cong., 3d sess, H. Doc. 1346, p. 8, 1913.
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POWER.

At present the only place where power is in much demand is in
the vicinity of Iditarod. At that place power for various uses is pro-
duced mainly by the use of wood or mineral oils as fuel. Timber
was at one time fairly abundant in that region, but with continued
cutting the supply is becoming less easily available. At one of
the larger mines about 5,000 cords of wood is used each year for pro-
ducing motive power and for thawing the frozen ground containing
the placer gold. The manager estimates that the wood delivered at
the boilers costs from $15 to $18 a cord. The supply of wood in the
vicinity of this power plant has become so small that a new location
nearer the river has been selected, and the wood will be used to
generate electric power, which can be cheaply and effectively trans-
mitted to the places where it is to be used for mining. The wood
for this plant is cut in the more remote valleys and floated down-
stream to the site of the power plant, where it is cut into cordwood
lengths. At the new plant the wood should not cost much more than
$6 to $8 a cord.

Not only is wood used at the larger mines, but it is also the main
source of the power used on the larger boats. The wood for the
steamers does not cost so much as that used at the mines, for it
does not have to be transported so far. Consequently most of the
wood for the boats is sold at about $6 to $7 a cord. Most of the
small boats and launches use gasoline or distillate for fuel. This
fuel is also used on one of the dredges and at ssme of the smaller
mining properties. The cost of distillate in small Jots at Iditarod
in 1914 was $5 a case of 10 gallons.

No water powers with volume larger than a few sluice heads have
been developed in the region. Almost no coal is used.

The few facts regarding power given above have been taken
entirely from data obtained in the immediate vicinity of Iditarod.
In order to use this information for other parts of the region the
facts require modification to fit the local conditions of the area to
which they are to be applied. As a rule the determination of the
amount of modification required will depend in large measure on
personal judgment, but help in reaching a decision may be afforded
by consulting the map (Pl X) showing the distance and the avail-
able routes to the project under consideration. Increased trans-
portation facilities may be expected to decrease the cost of oil
fuels that are shipped in from a distance, but probably they will
only slightly affect the cost of wood for fuel, because the depletion
of the supply will more than counteract the improvement in the
means of transportation. .
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MINERAL RESOURCES.
EKINDS AND DISTRIBUTION,

The mineral resources of the Lake Clark-Iditarod region outside of
the immediate vicinity of Iditarod have been so slightly explored
that those at present known probably are only a part of the resources
that full examination of the area would disclose. In the following
pages a description of the developed deposits will be given, and atten-
tion will be drawn to those places in the undeveloped areas where
geologic conditions indicate that similar deposits may be sought with
some assurance of success.

The principal developed metalliferous deposits of the region are
those in which gold is the mineral of value. This is due not only to
the widespread distribution of gold, but also in large measure to the
ease with which it is obtained in a nearly pure state and the conse-
quently small charges for elaborate machinery, refining, or trans-
portation of nonmetallic material. The gold deposits that have
been most extensively developed are the placers, none of the gold
lodes having yet reached more than the prospect stage. This is
probably due to the ease of recovering the gold from placers, rather
than to the absence of lodes. Gold placers have been mined in the
vicinity of Iditarod, on Otter Flat, Chicken, and Happy creeks, and
other tributaries of Iditarod River; on the Takotna and some of its
side streams which are in the Kuskokwim basin; in the valley of
Crooked Creek, a tributary of the Kuskokwim just west of the area
described in this report; on the Holitna; on Bonanza Creek and the
bars in the Mulchatna basin; and on Caribou Creek and Keejik
River, in the Lake Clark drainage basin.

The only gold lodes that are being prospected are northwest of
Lake Clark and at Candle Creek, on the Takotna. Neither of these
- was visited by the Survey expedition of 1914, and the only informa-
tion regarding them was gained from prospectors and from the local
papers. Some gold is associated with the base metals in the other
lodes of the region.

Quicksilver has been reported at several places in the basin of the
Kuskokwim. It occurs both in lodes in the form of cinnabar, the
sulphide of mercury, and in gravel deposits in the form both of
cinnabar and of native mercury. The occurrence in the gravels does
not appear to be of much importance commercially. A description
of the quicksilver deposits is given in a separate article by the writer
and A. G. Maddren in another part of this volume (pp. 272-291).

Other metals, such as copper, antimony, silver, lead, molybdenum,
and manganese, have been found in or near the region, and some of
the deposits have been more or less developed. Copper has been

6411°—15——17 ’
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reported at several places, and deposits have been prospected near
Iliamna Lake and in the vicinity of Lake Clark. It occurs combined
with sulphur in the form of the mineral chalcopyrite.

Antimony occurs most commonly as the sulphide, stibnite. It has
been found associated with the mercury ores on the Kuskokwim and
in the Iditarod basin in the vicinity of the igneous contacts. None
of the stibnite deposits have been developed.

Silver-bearing lead ore, or argentiferous galena, has been found and
opened to some extent in the hills south of Iliamna Lake. This place
lies outside of the area described in this report, but is so close to it
that similar deposits may be found within the area.

Molybdenite, the sulphide of molybdenum, has been found in
small quantities in deposits west of the north end of Lake Clark.
This ore carries some gold, and it is mainly on account of that metal
that the deposit is being prospected.

Deposits containing manganese have been found in the same
region as the silver-bearing galena. The mineral is the black man-
ganese oxide. The same mineral has been reported also in the basin
of the Kuskokwim.

Coal has been found at a few places adjacent to the town of Idita-
rod, in the central part of the Holitna basin, and in the Kuskokwim
Valley south of Bethel, outside of the region here described. Rocks
which elsewhere in Alaska are coal bearing have a rather wide distri-
Bution in the Lake Clark-Iditarod region, so that investigation of un-
explored parts may considerably increase the number of known coal
exposures. No deposits of oil nor of gas have been reported in this
region, though they occur on the west coast of Cook Inlet, north of
Iliamna Bay.*

The water resources of the area have been developed only on a
small scale locally to meet domestic and mining needs. Fuller settle-
ment and development of the region will undoubtedly necessitate
examination of the now undeveloped water resources.

" Each of the mineral resources above mentioned will be described
in some detail in the following pages, and the known facts of geologic
significance about each will be given. The information is far from
complete, but may be of service to prospectors, investors, and others
contemplating mining work in the region.

GOLD DEPOSITS.

IDITAROD REGION.

The gold deposits of the Iditarod region have been studied in some
detail by Maddren and Eakin, and although some of the more accessi-
ble deposits were seen by the writer, the observations of the other

1 Martin, G. C, and Kats, P. J., op. cit, pp. 126-128,
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geologists have been so recently published that restatement of the de-
tails here seems inadvisable. Inasmuch, however, as the only active
mines are situated in the vicinity of Iditarod, a summary of the gen-
eral features may be of service in indicating the conditions under
which the gold occurs and so furnish clues as to conditions under
which it is likely to be found in the unprospected parts of the region.

According to Eakin:?

Twenty-nine claims, located on eight different creeks, were worked in the
Iditarod district in 1912, Thirty-six plants were engaged in the work. Of
these 1 was a dredge, 22 were equipped with steam machinery, and 13 used man-
‘ual methods. A total !
of about 975 men were
employed. The value of
the total gold produc-
tion of the district, in-
cluding Moore Creek (a
tributary of the Takot-
na), for the year 1912
was probably a little in
excess of $3,500,000.

In 1914 an addi-
tional dredge was
running part of the
season, about 15
plants, employing
500 men, were in
operation, and the
gold production
reached about $2,-

060,000; otherwise o 5 10 MILES
the conditions were . — S—
o 12 -3 4Test
similar to those pre- Grane, Messroie - Gold placer.
vailing in 1912, sechmenany roc.
Th 1 d Fioorn 8. —Map showling distribution of placers and igneous
e go comes rocks in the vicinity of Iditarod.

entirely from plac-
ers, of which two distinct types are recognizable. In one the gold
occurs in the stream gravels, forming typical creek placers; in the
other it occurs associated with disintegrated but non water-sorted
material, forming residual placers. Both types are areally associated
closely with plutonic igneous rocks of granitic character. Figure 6, -
a copy of part of the geologic and economic map accompanying the
report by Eakin,® shows the close relation between the distribution
of the placers and that of the igneous rocks in the vicinity of Idita-
rod. No placers other than those shown on the figure are mapped by
1Eakin, H, M., The Iditarod-Ruby reglon, Alaska: U. 8. Geol. Survey Bull. 678, pp.

85, 1914,
3 Idem, pl, 8.
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Eakin within 80 miles of Iditarod. This close relation is of the
greatest importance in furnishing a clue to the places in near-by
undeveloped areas where prospecting is justifiable.

Mining in the vicinity of Iditarod is carried on mainly by small
plants. The general conditions do not differ materially from those
encountered in placer mining in other parts of Alaska. Two dredges
have been installed—one on Flat Creek and the other near Discovery
claim, on Otter Creek—and are in successful operation. One of
these is equipped with buckets having a capacity of 7 cubic feet. It
is capable of handling over 4,000 cubic yards of gravel a day and has
a working season of about 175 days. This dredge is operated by
electricity, which is produced at a plant located near the mine. The
ground mined is in general permanently frozen, so-that it is artifi-
cially thawed before being dredged. Thawing is done by steam
generated by the use of wood as fuel. The steam points are usually
set only 8 feet apart, and more than 25 men are required for the thaw-
ing operations, which are therefore expensive. The depth that is
dredged is seldom over 25 feet and the average is between 10 and
15 feet.

The success of this enterprise seems to be due to the high tenor of
the gravel, owing to its derivation in large part from the near-by con-
tact area, to adequate financial backing, and to efficient management.
The efficiency of the management is shown not only in the actual
handling of the dredging operations, but also in the thorough pre-
liminary sampling of the ground, in the careful investigation of the
incidental problems, such as the effectiveness and cost of thawing and
in the close scrutiny of costs, so that wasteful or expensive practices
are discovered and remedied.

The smaller plants, employing mainly ha:nd labor, are confronted
with many of the problems already noted. However, because the
area of placer ground mined by them is less and the cost per unit is
greater, the richer placers only are sought. The material usually
mined, except in the residual placers, is permanently frozen, so that
the expense of thawing must be provided for. Most of the small
mines have worked the shallower placers, and consequently are sit-
uated near the heads or on-the slopes of the valleys. Under these con-
ditions a considerable volume of water for sluicing or for mechanical
purposes is obtainable only at high cost. The larger plants, employ-
ing powerful machinery, are able to work deeper placers and conse-
quently are usually located in the valley bottoms, where the alluvium
is deeper and-the volume of the streams greater. However, the gra-
dients of the valley floors are so low that a large supply of water at a
considerable head is not obtainable except by ditches tapping the
supply a long distance upstream from the mine. Some of the opera-
tors have tried to overcome this difficulty by pumping water from the
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larger tributary streams with gasoline engines, but this practice has
usually been so costly that it has been abandoned.

KUSKOKWIM BASIN.

In the part of the Kuskokwim basin included within the Lake
Clark-Iditarod region gold has been reported in the Takotna, George,
Crooked, and Holitna basins, as well as'at places on the main stream.
In the Takotna basin the two places where gold has been found in
commercial quantities are on Moore Creek, near the head of the main
Takotna, and on Candle Creek; a small tributary of Tatalina River,
which is the large southern affluent of Takotna River. The placers
of Moore Creek have been mined for several years on a small scale.
A stampede to this creek took place in 1910, but in 1912, according to
Eakin,! only one claim was in operation. In 1914, so far as could be
be learned, three mines were operated, employing about 13 men. Only
pick-and-shovel methods were used in mining the shallow placers on
this creek. A project was under way to bring in a gasoline-driven
drill to test the deeper and more extensive deposits of Moore Creek,
but no report has been obtained as to the success of the enterprise.

On Candle Creek auriferous placer ground was prospected during
the winter of 1913-14 by means of a Keystone drill and by shafts, and
good returns were reported. A mine equipped with steam bucket
hoist was operating on this property in the summer of 1914. The
depth of the deposit carrying the gold ranged from 10 feet near the
head of the valley to 56 feet in the lower part. The gold near the
head of the creek is reported by Maddren?* to occur in residual gran-
itic sands. The occurrence seems essentially identical with that of .
the residual deposits at the head of Flat Creek, in the Iditarod dis-
trict, with stream placers extending downstream similar to those that
occur on Flat Creek.

No mining has been in progress recently in the George River basin,
but a rush of gold seekers invaded the headward part of this valley
in 1910 and staked claims over much of the region. At that time
Julian Creek was said to afford the best showing for placers, but in
1914 no one was permanently settled on the creek. This stream has
not been visited by the Survey parties, but its geology is said to be
similar to that of the placer areas already noted, in that the sedi-
mentary rocks are cut by granitic intrusives.

An account of the placers on Crooked Creek is given elsewhere in
this volume (pp. 351-353).

Gold has been found at a number of places on the Holitna, but the
only definite report concerning that region has been given to the
Survey by Mr. W. R. Buckman, a prospector who spent the winter of

1 Bakin, H. M., op. elt, p. 35. 3 Maddren, A, G., oral communication.
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19028 in the basin of that stream. He states that small amounts of
gold were found in many parts of the basin. On bars in the lower
part of this stream accumulations of black sand with minute particles
of gold were found, especially a short distance above the place where
the Holitna is joined by the Hoholitna. On the headwater branches
colors of gold were found in the lower parts of all the streams, but
nearer the mountains the number of colors decreased and the indica-
tions of placers were less promising. The lower parts of these
streams were difficult to prospect, as the gravel was unfrozen and
consequently the ground was very wet. The gravels are composed of
a variety of different rocks, including granite, sandstone, greenstone,
quartz, conglomerate, and a little limestone. No placers that could
be profitably mined were found. Considering the immense size of
the area to be investigated and the difficulties of prospecting, the
negative results obtained by this prospector in the short time spent
on the search do not prove that further investigations of the region
will not disclose workable deposits.

Two different outfits of two men each started up the Holitna late in
August, 1914, intending to spend the winter prospecting in the upper
part of the basin.

The occurrence of gold on the main Kuskokwim was noted by
Spurr* in 1898, and he seems to have recognized its mode of occur-
rence so accurately that his description, which follows, 13 entirely
adequate to-day:

Ag soon as the Kuskokwim leaves the vicinity of the Tordrillo Mountains,
however, and flows through the Tachatna serles and the succeeding Cretaceous
rocks it seems to be entirely without any gold in its gravels, An exception to
this was at the mouth of the Chagavenapuk, where the gravels contain many
colors of fine gold, but these gravels consisted of the characteristic dlke rocks
of the Terra Cotta Mountains, where the stream heads, and undoubtedly the
gold together with the gravels had been brought from this source. In the reglon
below Kolmakof, where siliceous dike rocks again cut through the mountains, it
ig reported by traders that gold occurs in small quantities.

The gold on the Kuskokwim, therefore, is * * -* derived from the min-
eralized rock and the quartz veins which result from the action of ore-bearing
golutions accompanying or followlng the Intrusion of Eocene dikes.

MULCHATNA BASIN.

Gold has been reported from several parts of the Mulchatna basin,
Spurr ? states:

As early as 1800 three prospecfors, Harry Mellish, Percy Walker, and Al
King, are sald to have ascended the Mulchatna 200 miles, and there to have
found gold, which, however, was too fine and flaky to save. A few prospectors
have been wintering on the Mulchatna the past season (1898), but the result
of their explorations is not yet known. From one of them, Mr, Murkle, who
came back after a month or two, the writer learned that fine colors had been
found on the Mulchatna, but none on the Swan.

~

1 fpure, J. B, op. cit., p. 250. 21dem, p. 261.
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In 1909 Katz? visited the Iliamna region and obtained the follow-
ing notes on the gold deposits in the Mulchatna basin: -

On the Mulchatna, from the Koktalee up, and on the Koktalee also fine flour
gold is found on all the river bars. Bedrock has not yet been prospected along
these larger streams on account of ground water. Only summer work has been
attempted so far, and as yet no permanent ground frost has been encountered. .
It is clalmed that after May 15 no thawing is required. Above the forks of
the Mulchatna, particularly on the middle fork, the gold so far found is
coarser, and there is sald to be pay. Some of the smaller tributaries carry
coarse gold. On one of them two men opened a hole In 1909 and took out
about $8 worth of coarse gold.

The prospecting so far has been confined to the present stream beds. The
pay is said to be practically all on bedrock, which is reported by the pros-
pectors to be chiefly slate. Limestone and * porphyry” bedrock also are
reported. The gravels prospected are generally from 4 to 12 feet deep; one
hole is 16 feet deep.

In 1914 the only prospecting for gold in the Mulchatna basin is
reported to have been on Bonanza Creek. This is apparently a
small stream, heading in an isolated group of hills, flowing in its
middle course in a steeply incised gorge and in its lower part in a
rather wide gravel-floored lowland of the middle and northern forks
of the Mulchatna. A small camp, consisting of about six persons,
has been established. This place was not visited, but from what
are believed to be reliable reports it was learned that a hole 65 feet
deep had been recently sunk to bedrock and gold discovered. Gran-
itic intrusive rocks, cutting the sandstone and shale country rock,
were found in the hills south of this creek, and probably their con-
tacts were the source from which the mineralization was derived.
No information as to the value of the placers found has been re-
ceived, and the lack of actual investigation of the region makes
conjectures as to the probable value almost worthless. Nevertheless,
the impression gained from the study of adjacent regions was that
while workable placers may occur their distribution must be irregu-
lar, or, as the miners say, “spotted,” and they must be rather closely
limited to those areas which derive placer material mainly from the
contact zones that surround the igneous intrusives.

' LAEKE CLARE-ILTAMNA LAKE BASIN.

According to Katz:*

The effort to discover placers on the drainage tributary to Lake Clark from
the morth has not met with encouraging results. Prospects have been found
on Caribou Creek, a northeasterly tributary to Chulifna River; on Kellet
Creek and Ingersol, Lincoln, and Franklin gulches, which are headwaters of

1 Katz, F. J., Notes on the Mulchatna region: U. 8. Geol. Survey Bull. 485, pp. 131-133,

1912,
* Martin, G. C., and Katz, F. J,, op. cit, p. 126.
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Kijik River; and on Portage Creek, which enters Lake Clark about 35 miles
above the outlet of the lake and which heads against the last-mentioned streams,
These streams were not visited by the Survey party, and little information
about them was obtained. Two men are reported to have done considerable
work on Portage Creek, which netted a few hundred dollars’ worth of coarse
gold. It was further reported that they found the alluvium to be about 12
feet deep and composed chiefly of large glacial bowlders.

When the region was visited in 1914 no claims other than those
at the head of Lake Clark were being prospected, and operations
on these consisted of little more than the annual work required by
law. A quartz vein had rather recently been discovered on the
upper part of Kijik River, about 10 miles northwest of the extreme
head of Lake Clark. The lead is reported to cut granitic rocks and
is probably a pegmatite vein. The gold content is reported to be
sufficiently high to make mining profitable, but the great expense
necessary for the opening of a property at this place will probably
preclude active development in the near future. Associated with
the quartz and gold in this vein are small, irregularly distributed
crystals of molybdenite, the sulphide of molybdenum. This mineral
is in platy bluish silvery flakes, the largest aggregates of which are
about half an inch in diameter. The occurrence of the molybdenite
and the presumable pegmatitic character of this gold-bearing vein
point to the conclusion that the vein was formed at moderate to
high temperatures.

POSSIBLE FUTURE AREAS.

From the foregoing account of the places where gold-bearing
deposits have been reported certain general conclusions may be
drawn. The most important of these is that auriferous mineraliza-
tion is closely associated with the intrusion of granitic igneous rock.
This conclusion does not mean that gold deposits will be found
wherever these igneous rocks occur, for many other factors determine
the places where ore bodies are formed. It does mean, however, that
the contact areas mear the igneous intrusives are the most promising
areas in which to prospect for mineralization and possible ore bodies.
The positions of all known areas of igneous rocks of this sort have
been indicated on the map accompanying this report (Pl X). Much
of the area, however, is still unsurveyed, and probably these rocks
occur at other places. Frorm the mode of occurrence at the known
localities the occurrence of the igneous rocks thav may be found in
the unsurveyed areas is probably essentially similar—that is, these
rocks have an irregular distribution and a rather small areal extent.

Judged from the facts now known, a great part of the mineraliza-
tion is disseminated throughout the country rock near the contacts
with the igneous rocks. Although in a region of disseminated min-



LAEE CLARK-IDITAROD BEGION, 265

eralization the search for lodes may not be successful, the search
for placers may be rewarded. The same general Jaws apply to pros-
pecting for placers, however, as to the search for lodes, but certain
other features must also be considered. The drainage must be so
arranged that a considerable amount of the mineralized contact zone
i traversed by the stream on which placer ground is sought, the con-
centration must have been effective, and the placer accumulation
once formed must not have been subjected to any destructive erosional
activity, such as glaciation, which has removed it.

In some parts of the region, notably in the basins of Kuskokw:m
and Mulchatna rivers and in the area draining into Lake C]ark the
heavy outwash deposits from the former glaciers have mantled over
the low parts of the region so deeply that whatever placér accumu-
lations may have been formed before the glaciation are now in large
measure concealed. Under these conditions prospecting is difficult,
for it requires an understanding of the general geologic and physio-
graphic history of the region in order to select the best places to ex-
amine in detail, and in addition requires an outfit suitable for pros-
pecting the buried deposits. Upstream from the outwash deposits
the streams are usually eroding bedrock or earlier stream deposits,
and small placers are likely to be found. In many of these places,
however, the streams are cutting down their courses and eroding the
hard rock. This work has been in progress for so relatively short a
time and the rocks attacked have weathered so slightly that the con-

" centration of the valuable heavy mineral usually has not resulted in
rich accumulations, Where the streams are cutting down in former
stream deposits containing possible gold accumulations the renewed
erosion may possibly effect additional concentration into very rich
placers. In most places of this sort, however, the courses of the
earlier and the present stream would not coincide in all parts and as
the rich concentrations would be more or less limited to the places

. where they did coincide the distribution would be decidedly irregu-

lar. The prospector might, therefore, find rich spots here and there
along the stream, whereas the surrounding area would not be rich
enough to warrant mining.

Furthermore, the probable irregular distribution and rather small
extent of the mineralized areas would not lead one to expect, from -
present indications, a widespread distribution of placers such as is
common in areas like Seward Peninsula and the Fairbanks district,
where colors of gold may be found on almost every stream or in-
every deposit of the unconsolidated rocks.

To summarize, the present conditions indicate that placers may
occur in parts of the region traversed by the Survey party of 1914,
but probably they are not widespread or regular in their distribution.
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They may hold out promise of adequate returns to the observant and
skilled prospector, but for others they will be difficult to find and
costly to operate. So far as has been seen the chance of finding gold
lodes that can be worked at a profit in the near future does not seem
encouraging.

: COPPER DEPOSITS.

Copper-bearing deposits have been developed only in the adjacent
Iliamna-Lake Clark region. These have been described by Katz?
as follows:

The copper deposits of this region may be referred to two classes: (1) Chalco-
pyrite deposits in llmestone—(a) associated with minerals of contact-meta-
morphic origin and (%) without evidence of contact-metamorphic origin; (2)
chalcopyrite in quartz veins in greenstone and in granite.

Only the deposits In the limestone have as yet developed any prospective
value, These are known at four localities—2 miles west of the head of Illamna
Bay; 94 miles west-northwest of the head of Cottonwood Bay; on Kasna Creek
near Kontrashibuna Lake; and at Millet's, on Iliamna Lake 22 miles west of
Iliamna village. At each of these localities the mineralization 1s In limestone
near its contact with an igneous formation. At the last-mentioned place the
contact is not exposed and there s no evidence as to its nature. At the othef
localities there are diorites or diabases Intrusive Into the limestone. The
limestones are metamorphosed by coarse recrystallization of the caleite and
the development of garnet, epidote, magnetite, hematite, and quartz, besides
the sulphides pyrite and chalcopyrite. These developments in general are
close to and parallel with the igneous contacts, but from place to place along
these contacts they vary considerably in mineral association, in shape, and in
gize. They are Irregular and nonpersistent. In all thelr features—thelr
geologle position, mineralogy, and outline—they have the characteristics of
contact-metamorphic deposits. .

From what is now known of the general geology of the Lake Clark-
Iditarod region few places seem to hold promise of containing de-
posits of copper-bearing minerals similar to those of the area just
described. The general statements that have already been made
concerning the probability of finding gold lodes apply also to the
copper lodes. In addition, however, the lower value of copper and
the greater cost of producing it in a refined state make a copper
property probably much more expensive to develop than a deposit of

free gold.
ANTIMONY DEPOSITS.

Stibnite, the sulphide of antimony, has been found at several
places in the Lake Clark-Iditarod region, notably at Parks mercury
prospect and in the divide near the head of Glen Gulch. The oc-
currence of the antimony ore at the mercury prospect is described
somewhat fully elsewhere (pp. 278-280), so that further description
here is unnecessary.

1 Martin, G, C,, and Katz, F. J., op. cit., pp. 116117,
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The occurrence of stibnite near the head of Glen Gulch has been
examined by Maddren,' from whom the following facts were ob-
tained. Stibnite occurs mainly in the larger quartz veins and near
the contact of the granites and the sandstone and shale succession of
rocks. One of these shattered contact zones at the head of Glen
Gulch was prospected by means of open cuts, but the stibnite was
found to be so irregularly distributed that the deposit could not be
profitably worked under the existing conditions. This prospecting
was not intended primarily to develop a lode valuable for its content
of antimony, but rather one valuable for its content of gold.

Particles of stibnite are found in the concentrates from many of
the placer claims and have doubtless been derived from the same
source as the gold. The placers at the head of Flat' Creek afford
perhaps the best illustration of this condition.

The conclusion that the stibnite mineralization is closely associated
with the intrusion of deep-seated igneous rocks of the granite family
is indicated by the foregoing facts. The low price of antimony and
the high cost of production make the probable commercial develop-
ment of deposits of this metal in the near future in this region ex-
tremely doubtful. Inasmuch, however, as the antimony ore also
carries some gold, possibly in some places the gold tenor may be great
enough to warrant exploitation of the auriferous stibnite lodes.

BILVER-LEAD DEPOSITS.

No silver-lead deposits have been found in the Lake-Clark-Iditarod
region, but in the Iliamna region, to the south, one deposit has been
reported. This deposit was described by Katz and the following
notes? are abstracted from his published report:

Silver prospects have been found in the limestone belt which ex-
tends southwestward from Iliamna village. The silver claims aggre-
gate about 2 miles in length. However, but one group of eight claims
has been developed sufficiently to make investigation possible. - The
only silver minerals disclosed are argentiferous galena (the sulphide
of lead) and argentiferous sphalerite (the sulphide of zinc), which
are also manganiferous and which occur in veins. In addition to
these minerals manganiferous limonite and lead-bearing ocher, small
smounts of smithsonite (zinc carbonate), and selenite (lime sulphate)
are present in weathered parts of the veins. Pyrite is only locally
and sparingly developed. - Calcite and quartz, in veins that have been
crushed, are found near the metalliferous veins but do not occur as
gangue minerals in them. The limestone has been cut nearly at right
- angles to its strike by many small vertical dikes. Several larger dikes

1 Maddren, A, G, oral communication,
® Martin, G, C,, and Kats, F. J., op. cit,, pp. 124-125,
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and irregular masses were also observed, most of which are parallel
to the strike of the limestone. The ore bodies appear to have been
formed along fissures in the limestones. The fracture zones seem to
be vertical. Along these the limestone is brecciated, and some pieces
are slickensided. To judge from the material collected, the galena,
sphalerite, and small amounts of pyrite filled the fractures. To some
extent also the limestone is impregnated with these sulphides.

No production has been made from this property, but the owners
report that samples have yielded from 80 to 196 ounces of silver and
as much as $20 in gold to the ton, 35 to 50 per cent of lead, and 15 to
20 per cent of zine. The black manganiferous gossan, they report,
carries 2 to 6 ounces of silver to the ton.

MOLYBDENUM.

The only known occurrence of mineral containing molybdenum in
the region is on Kijik River about 10 miles northwest of the extreme
north end of Lake Clark. Little is known about the geologic con-
ditions at this place. Apparently the molybdenum occurs as molyb-
denite in scattered flakes, in what is presumably a pegmatite vein
closely associated with granitic intrusive rocks. So far as learned
the molybdenite is not sufficient in amount to have commercial value
on its own account, but the fact that the vein is said to carry some
gold may make development of the property possible.

MANGANESE.

Manganese, as has already been noted (p. 267), occurs in the silver-
bearing lead deposits south of Iliamna village. At that place it has
not been utilized and apparently has no commercial value.

Dall * states that “ black oxide of manganese has been received from
the Kuskokwim.” He gives no further notes concerning the locality
from which the specimen was obtained nor concerning the mode of
occurrence,

COAL RESOURCES.

In many parts of Alaska the Cretaceous rocks, which in general
are similar to the bedrock of a large part of the country north of
Kuskokwim River, are coal bearing. So far, however, no workable
coal deposits have been found in the basin of the Kuskokwim within
the area here called the Lake Clark-Iditarod region. At a few places
on the hills east of Iditarod, however, coal crops out, and attempts to
mine it have been made, Coal has also been reported on Big River
and on the Holitna. Probably by more extensive exploitation other
coal deposits will be found, but from what is now known of the coals

1Dall, W. H., Alagka and its resources, p, 478, 1870,
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of this geologic horizon, although they may be of economic value
in a region of scanty fuel, they are not as a rule of sufficient value to
allow their being transported far, and they can not be cheaply mined.

The coal deposit on which most development work has been done
is situated on the tram road from Iditarod to Flat, about a quarter
of a mile south of the crest of the divide between Otter Creek and
Iditarod River. At the time of the writer’s visit the property was
lying idle and the excavations had filled with water. The following
notes were obtained from Mr. W. W. Acheson, of Iditarod, who was
familiar with the mine when it was in operation. The bed of coal
which was exposed at the surface dips about 45° southwest. It is
ubout 40 inches thick, and its walls are very smooth and in places
slickensided. Near the surface considerable slate was mixed with
the coal, but lower down the slate decreased in amount, so that at a
depth of 50 feet it was almost entirely absent. This prospect had been
developed by a 40-foot vertical shaft, from the bottom of which a
20-foot incline on the coal bed had been driven.

The coal on the dump appears to slack badly and when mined is
intersected by numerous veins of ice, Many of the small pieces of coal
on the dump have polished and slickensided surfaces. It has been
used locally as fuel in the road house near by and also in a black-
smith’s forge, but was not very satisfactory for the latter use.

The character and fuel value of the coal are not definitely known,
for the information from the different sources was not in accord. A
sample said to have been taken from this property, received from
Charles Estmere, of Iditarod, according to Brooks! was analyzed
by A. C. Fieldner, chemist of the Bureau of Mines, with the follow-
ing results:

Analysis of coal from locality near Iditarod.

[Alr-drylng loss, 0.0]

Alr- Asre- | Moisture | MOIsture
dried. | celved. | free. ‘“ga
....................................................... 1.40 ) Pl A
Volatile matter......... 6.60 6. 60 8.70 7.23
L T Lo T T T 84.75 8473 85.95 02.77
............................................................ 7.25 7.25 Tl |
100.00 100,00 100.00 X
Bl ey cernnsenoarssnnporsyensnesnssesnessnrmranmyanemrponss 1.10 1.10 112 "‘?,-.i",’

* Mr. Fieldner adds the following statement: “ This analysis indi-
- cates that the coal is anthracite. The sample received was chiefly

1 Brooks, A. H., The Alaskan mining industry in 1918: U. 8. Geol. Survey Bull. 592,
pp. 72-738, 1914,
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slack, and the data at hand indicate that the coal bed is crushed. It
is doubtful whether this coal could be utilized without briquetting.”

A somewhat different statement as to the character of the coal was
given by Mr. Acheson, who says that the material ignites rather
easily and has the physical features of lignite. Perhaps these two
discordant views can be reconciled by assuming the coal to be nor-
mally a lignite or subbituminous coal, similar to the other known
Cretaceous coals, and that it has been metamorphosed locally into an
anthracite through the deformation and shearing to which it has been
subjected. .

Coal has also been reported from several other places in this same
neighborhood. An exposure of coal is said to have been found on
the Iditarod side of the Iditarod-Flat divide, at a point about a mile
northwest of the locality previously noted. No mining has been
done at this place, and the character and extent of the coal have not
been determined.

Northeast of the locality last mentioned are other coal croppings
that have been slightly exploited. No work was in progress at that
place, and the old pits were not visited. Some coal has been taken
out, however, and it is said to have been used in Iditarod with satis-
factory results, though probably at most not more than a few hun-
dred pounds has been so used.

Coal-bearing rocks have been reported to crop out on the Holitna
at two places. One of these is about midway between the mouth and
the head of that river, and the other is some distance farther up-
stream. The deposits have not been carefully investigated, but the
discoverer of them says:* “The coal indications on the Holiknuk
[Holitna] are not extensive enough to permit the assertion that they
will in time be of commercial importance.”

Coal deposits have also been reported to occur on the western
flanks of the Teocalli Mountains, on the eastern slopes of the basin
of Big River, which is a tributary of the Kuskokwim lying outside
of the area described in this report, but no details as to their extent
or character have been published.

WATER RESOURCES.

As yet almost none of the available water powers of the Lake
Clark-Iditarod region have been put to use. In large measure this
neglect is due to the small demand for power, except in the mining
camps, for the Iliamna-Lake Clark region contains probably some
of the best water powers in Alaska. The future use of the now un-
developed water powers depends on their availability, which in turn

! Buckman, W. L., unpublished letter.
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depends on the purposes for which they are to be employed and
their cost relative to other sources of power. So many factors inter-
act in relation to this matter and interact in so complex a manner
that their evaluation can be effected only by analyzing a specific
problem.

The general areas where mineral deposits may be sought with some
assurance of success, as has already been pointed out, are those where
intrusive masses cut the country rock and bave brought in mineraliz-
ing solutions. Areas of this sort are scattered here and there
throughout the Lake Clark-Iditarod region, but most of them are of
small size and the harder igneous rocks form the higher parts of the
upland. Consequently the mineralized areas in most places are
drained by small headwater streams, which in their upper parts have
exceedingly steep gradients and little volume. Under these condi-
tions a water supply adequate for large-scale mining usually can not
be found close at hand. In many places probably small mining

“plants can acquire sufficient water by building short ditch lines, but
many of them will undoubtedly experience the same difficulty as has
been felt by those situated in the mineralized area at the head of
Flat Creek, where, when rain is not falling, the water supply is in-
adequate. Recourse to long ditch lines, such as have been built in
Seward Peninsula to overcome the difficulties of a region topo-
graphically similar, may, of course, be feasible. Long ditch lines,
however, are expensive, and their construction should not be advo-
cated until their lines have been carefully surveyed, the volume of
the supply they tap accurately determined, their installation critically
investigated, and the mineral deposit to which they are planned to
bring water proved to contain sufficient valuable minerals to defray
their cost.

For agriculture the water supply would seem to be sufficient, even
if a considerable part of the country should uitimately prove to be
adapted to cultivation. In fact, one of the problems would probably
be to drain the area rather than to bring additional water to it.

No hot or thermal springs have been reported to occur in the
region, and the general geologic conditions indicate that they are not
likely to be found except under special conditions,



QUICKSILVER DEPOSITS OF THE KUSKOKWIM REGION.

. By Pumir S. Smrrm and A. G. Mappren.

INTRODUCTION.

The central Kuskokwim region is the only portion of Alaska where
up to the present time lode prospects of quicksilver that have at-
“tracted serious atention have been discovered. Minerals carrying
‘this metal, however, have been noted in the gold-bearing gravels of
several placer mining districts of Alaska. For example, mercury
minerals have been found in the concentrates of sluice boxes from
placer claims in Seward Peninsula on Daniel, Iron, and Ophir
creeks; in the Tditarod district on Happy, Black, and Glen gulches;
“and in the Yukon-Tanana region on Seventymile Creek. In none of
- these places, however, have commercial amounts of these minerals
been discovered.

At two localities on the Kuskokwim considerable interest has been _
shown recently in lode prospects of quicksilver.  One of these, the
‘Parks prospect, is in the central part of the Kuskolkwim basin, and
the other is near Kolmakof, about 100 miles downstream from the
~ Parks prospect. (See PL. X.) The observations at the Parks pros- -
pect were made by Philip 8. Smith, and those at the prospect near
Kolmakof were made by A. G. Maddren.

The investigations of the quicksilver deposits were made in the
course of general surveys of the Kuskokwim and adjacent regions in
the summer of 1914 Descrlptlons of the results of these general
surveys are printed elsewhere in this volume®* or are in preparatlon, ‘
and should be consulted by those desiring information concerning the
broader features-of the geology and geography of the part of Alaska
in which the quicksilver depomts oceur,

HISTORICAL SKETCH.

Possibly the earliest. p.ubhshed reference to the occurrence of
quicksilver in Alaska was made by Dall,?> who stated: “ Mercury, in
the form of cinnabar, exists in the Cretaceous strata of the Alex-

i 8mith, P. 8., Mineral resources of. the Lake Clark.-Iditarod region, pp. 247-271, Magd-
dren, A, G,, Gold placers of the lower Kuskokwim, with a note on copper In the Russian
Mountains, pp. 292--360,

1Dail, W. H,, Alaska and its resources, p. 477, 1870
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ander Archipelago. The locality is unknown, but fine specimens
were in the possession of the Russians.” So far as now known,
however, cinnabar has never been found in any part of southeastern
Alaska. The locality from which the quicksilver specimens came
was therefore stated incorrectly to Dall by the Russians (presumably
at Sitka), possibly because they did not wish to arouse in the new-
comers interest in the remote part of the Territory. Apparently the
Russians were disinclined to impart accurate information, for scme
of the United States officials who visited Sitka about the time of the
transfer of the Territory to the United States reported that the
Russians furnished very vague and indefinite data concerning the
source of mineral specimens in their possession and the location of
reported mineral deposits.

Petrof ' appears to have first recorded the occurrence of quick-
silver in Alaska in a region where its presence has been authen-
ticated. He states that in the Kuskokwim region are—

well-defined veins of cinnabar, antimony, and silver-bearing quartz. * * *
Cinnabar has also been discovered on the Kuskokwim, and assays made of the
cre in S8an Francisco indicate a very valusble discovery there, * * * The
mountains eastward of the Rédoute Kalmakovsky are high, heavily timbered
around the base, and give ample evidence of the presence of mineral deposits,
veins of quartz, cinnabar, and other ores being easily traced wherever the
slopes and bluffs are exposed to view.

Ten years later, in the report of the Eleventh Census,? the follow-
ing general statement, which contains little new information, was
made concerning the occurrence of cinnabar in Kuskokwim Valley:

Veins of cinnabar crop out at various points along the river, but though they
are known to contain a large percentage of mercury, their remoteness from
shipping has thus far prevented their thorough examination or development.

Spurr,® who visited the region in 1898, reports-as follows:

About 5 miles below Kolmakof. in a cliff on the right side of the river, a
trader, Mr. Lind, found, several years ago, a vein of cinnabar, or ore of mercury,
which has been mentioned in numerous reports of Alaskan governors and other
publications, The vein cecurs in a loeality where the stratified shales of the
Eolmakof [Upper Cretaceous] series are cut by frequent dikes of siliceous
yellow-weathering rock. According te Mr, Lind, the vein is an impregnation of
* the arkose and other sedimentary beds with red cinnabar, the mineralized rock
taking the form of a vertical zone a foot or two wide, often irregular and pinch-
ing out, Mr, Lind spent about $2,000 in mining some of the ore and getting it
to the States, but on account of the gmall quantity and the low price of mercury,
he lost on the venture,

1 Petrof, Ivan, Report on the population, industries, and resources of Alaska, pp. 13,
77, 90, 1884,

3 Report on the mineral industries of the United States at the Eleventh Census, 1890,
p. 106.

2 gpurr,'J, E.. A reconnaigsance in southwestern Alaska In 1808: U, 8. Geol. Survey
Twentieth Ann. Rept., pt. 7, p. 261, 1800.
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The references to cinnabar in the reports of Alaskan governors?
noted above by Spurr are simply brief repetitions of the general in-
formation published in the census reports of 1880 and 1890, already

uoted.

® Spurr does not appear to have observed the outcrop or excavations
from which the ore shipped by Mr. Lind was taken, although he notes
the sedimentary rocks and describes a dike which is only about 200
feet downstream from the prospect. Apparently in 1898 artificial
excavations along the bluffs were not large enough to attract atten-
tion to the spot where the cinnabar occurs, so that Spurr learned of
the deposit only after arriving at Bethel, about a week later. At this
place he seems to have met Mr. Lind and to have been informed by
him of the facts quoted above. Spurr’s failure to see the excavations
i§ not surprising, however, for in 1914, even with the aid of persons
familiar with the locality, Mr. Maddren found the indications of
cinnabar obscure, in spite of the fact that further work is reported to
have been done on this prospect within the last ten years.

DESCRIPTIONS OF PROSPECTS.
PAREKS PROSPECT.

LOCATION AND DEVELOPMENTS,

The only place where any considerable amount of development
work has been done on quicksilver lodes is at the Parks prospect, on
the north bank of the Kuskokwim, about 15 miles above Georgetown
by river, or about 330 miles above the mouth of the Kuskokwim. It
is readily accessible, for the main workings are situated not more
than 100 feet from the river and about 15 feet above it.

Quicksilver ore was discovered at this place about eight years ago
(1906), and development work has been done on a small scale ever
since. At no time, however, have more than two or three men been
employed on the property, and this small force, with insufficient
funds, has succeeded in opening the deposit only slightly, A small
portable retort has been used in reducing the ore, and by means of
it about 700 pounds of quicksilver has been produced. This has
been sold to the placer miners in Seward Peninsula and in the vicinity
of the prospect. By the crude process employed only about 4 pounds
of ore can be treated at a time, so that the reduction of the ore has
been slow and costly.

The ore occurs along the bank of the stream and has been followed
in these natural exposures for a few hundred feet. The main de-
velopment has been the driving of a crosscut adit about 200 feet long

! Bwineford, A. P., Report of the governor of Alaska for the flscal year 1886, p. 949 ;
jdem for the fiscal year 1888, p. 18, Knapp, L. B, idem for the fiscal year 1891, p. 81.
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across the general strike of the shales and sandstones that form the
country rock. The rocks stand well, so that almost no timber is used
except in the fractured and disintegrated surface zone near the
entrance of the adit. Several prospect holes and shafts, the deepest
of which is said to be about 45 feet, have been sunk farther up the
slope. Most of these old pits have been lying idle so long that they
are now filled with water and are not accessible. Considering the
length of time that the deposit has been known, only a small amount
of development has been accomplished, and that has not been planned
so as to disclose most effectively the characteristics of the deposit.
The slope of the adit affords a grade sufficient to carry off the
water from the underground workings and to aid the tramming out
of ore and waste. The back of ore above the adit level, however,
is not great, and consequently if the property is developed power for
pumping and hoisting must be provided. An attempt has been made
to prepare for the installation of a modern furnace for reducing the
ore, but lack of funds has allowed little to be done except the clear-
ing of a site on the hillside near the crosscut adit. The installation
of a furnace is hampered not only by lack of funds, but also by the
lack of easily accessible material suitable for the construction. The
sandstones and shales of the neighborhood are not strong enough
for walls and supports, so that even the rougher construction mate-
rials must be transported several miles, and the special material, such
as fire brick, must be brought all the way from the States. A fairly
resistant igneous rock occurs a short distance downstream from the
site selected for the furnace, but it is not abundant, and probably
the nearest place where a strong, durable rock can be obtained is
Barometer Mountain, about 5 miles south of the prospect.

GEOLOGIC OCCURRENCE.

The country rock in the vicinity of the prospect consists of sand-
stones and shales of Cretaceous age. The sandstones are rather
fine grained and appear to contain no pebbly phases. Most of the
grains are angular and consist of fragments of rather fresh dark
iron silicates and quartz. Some of the sandstones contain a number
or worn mica flakes which have evidently been derived from the now
huried metamorphic or igneous rocks of older age. The shales are
black and are so fine grained that the individual particles are not
recognizable by the unaided eye. Near the mineralized areas these
rocks are considerably shattered and in places much slickensided.
The rupturing does not appear to be widespread, and a short dis-
. tance from the claims the normal unshattered condition of the rocks
prevails.
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Igneous rocks of two distinctly different kinds have been recog-
nized. One of these, a gray-green medium fine grained rock with
prominent flakes of biotite over a quarter of an inch in diameter,
is closely comparable with diabase, and the other, a light-gray, nearly
white rock, belongs to the group of granitic rocks. The rock re-
sembling diabase occurs as a poorly exposed, slightly inclined thin
layer at some distance from the ore bodies. Its relations to the other
rocks are not clearly shown, but apparently it is later than the shales
and sandstones and occurs as a sill rather than as a flow interstrati- -
fied with the sediments. When examined microscopically the rock is
seen to be composed mainly of small laths of feldspar and large
flakes of biotite. The feldspar is not excessively twinned, usually
only twice, and is little decomposed, and the larger part of it has
been determined to be labradorite. The biotite is in blades which are
little decomposed and which show strong absorption in polarized light.
Considerable chlorite is scattered irregularly through the thin sec-
tion and apparently has been derived principally from the decom-
position of ferromagnesian minerals. No undecomposed iron silicate
minerals were recognized, but blades and fragments of altered
minerals that, from their apparent original rectangular cleavage,
are believed to have been augite are fairly common. The relations
are not definitely proved, but this rock is believed to be older than
the granitic rock.

The best exposures of the granitic rock are afforded in the cross-
cut adit. In this adit, beginning at the entrance and extending in a
northeasterly direction toward the face, is a succession of sedimen-
tary rocks having a low northeasterly dip, which increases toward
the northeast. These sediments are cut, about 75 feet from the
entrance of the adit, by a 3-foot dike of the light-colored igneous
rock. Succeeding the dike is an area of much shattered and brec-
ciated dark slates. The shattering is so thorough, though apparently
on a small scale, that within short distances trends toward almost
all points of the compass may be found. Although the strike of
these rocks is not constant, the dip is in general so steep as to be
practically vertical. Many stringers of quartz have been formed
in the open spaces produced by this brecciation, and most of the ore
minerals have been introduced into this zone. Beyond it the sedi-
ments are followed by more of the granitic igneous rock. This ex-
tends uninterruptedly for about 100 feet, to a point where more
shattered shale was found. The contact between the shale and
igneous rock was followed for about 80 feet, until the fact became
apparent that the adit was curving backward so that it was only a -
few feet from the point where the deflection to the northwest had
been made. The general conditions at this place are represented in
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figure 7, which shows the geology as exposed in this opening. The
amount of exploration has not been sufficient to determine the shape
or size of the igneous masses, but judged from surface indications
they are not large, and they appear to be more or less cylindrical
bodies rather than extensive plugs or batholiths,

When examined under the microscope the igneous rock i is seen to
be so much decomposed that few of the original minerals are pre-
served. The small amount of quartz in the decomposed rock indi-
cates that little of this mineral was originally present. Carbonate
occurs in the rock in considerable quantities as a secondary mineral.
In some of this secondary carbonate small patches of cinnabar have
been recognized. Sericite is a common secondary mineral. The rock
is usually much stained with iron hydroxides.

At a prospect pit a few hundred feet from the main adit described
above is an exposure of a light-colored igneous rock which probably
belongs to the same
period of intrusion
as the igneous rock
in the adit. It is,
however, less weath-
ered, and a micro- /A" Igneous rock
scopic examination Y
of specimens from
this place showed a
porphyritic-rock
whose phenocrysts
are quartz and com-
p]ete]y altered feld- Fieune 7.—Sketch map of the underground development at

Parks quicksllver prospect.

spar. The feldspar

had been altered to quartz, sericite, and a fine-grained indeterminate
material. The groundmassisa fine-grained mixture of primary quartz
and secondary products which doubtless had been derived from the
decomposition of the original feldspars. In all probability the rock
was an acidic porphyry, probably of rhyolitic or latitic composition.
The porphyritic rock is much more quartzose than the decomposed
rock found in the adit. The field occurrence, however, seems to point
clearly to the close association of -the two rocks, and therefore,
although the rock from the adit appears to be much more basie, it
probably is equivalent to the porphyritic rock from the prospect pit,
and both are regarded as granitic or monzonitic porphyries.

The main occurrence of the ore is in the brecciated zone adjacent
to the contacts of the igneous masses. Wherever this zone is found
some mineralization has occurred. This shattered condition close
to the igneous rocks is not limited to a single dike or stock but seems

Shattered and brecciated
shale impregnated with ore

3 Shattered and breccisted shale
= impregnated with ore
A "-1.gnebul rock

] 50 IOIO FEET
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to be general wherever the sediments have been cut by intrusives.
Where there are several dikes whose margins are mineralized exag-
gerated estimates of the possible future tonnage of the property are
likely to be made if the true geologic structure and relations are not
ascertained. This can be done only by careful prospecting by ex-
perienced men, but until development work of this sort has been
done, the value of the property can not be determined.

Although the distribution and direction of the deposit have not been
definitely determined, the dikes and igneous bodies seem to trend, in
general, northwest, and this is probably the direction of their greatest
horizontal extent. Some evidence in support of this view is afforded by
the material in the creek several hundred feet west of the adit, about
50 feet from the Kuskokwim. This material is mainly ore, as if a
highly mineralized lead were cut by the creek at this point. A no-
table feature of the unconsolidated material in this stream is the
amount of native quicksilver it contains. The material in the bed of
the creek, which is little more than a wet-weather stream, consists
mainly of angular frost-riven fragments apparently derived from a
near-by bedrock source. Pans of this slightly water-sorted material
yielded so much quicksilver that perhaps half a spoonful was ob-
tained from three moderate-sized pans. The origin of the native
quicksilver was not determined definitely, but probably it was pro-
duced by the natural reduction of the cinnabar. This reduction may
possibly have been assisted by the heat of former woods fires. The
hillsides near the prospect have been recently burnt over, as is shown
by blackened vegetation and standing fire-scarred trees, and other
fires doubtless occurred in the past. The amount and distribution of
the native quicksilver seem to preclude the possibility that it has been
inadvertently spilled or has been lost in earlier operations. Native
quicksilver, either as a primary constituent or as an alteration prod-
uct, has been frequently reported to occur in cinnabar lodes, but it has
seldom been reported to occur upon the present surface, as at the

Parks prospect.
CHARACTER AND RELATION OF MINERALIZATION,

The mineralization is closely related to the shattered and brecciated
contact zone between the igneous dikes and the sediments. The
metallic minerals are almost exclusively cinnabar and stibnite. Iron
pyrite in narrow stringers, most of them less than one-eighth of an
inch wide, has been seen at a few places, but almost nowhere is it
intermixed with other sulphides. Im fact, it is so distinct that the im-
pression gained in the field was that it had been introduced at an
entirely different time than the ore minerals. Subsequent study in the
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laboratory, although affording no evidence in support of this view,
has shown no facts that are opposed to it.

In few places is a distinct veinlike form recognizable in the de-
posit. On the river bank a little west of the main opening a veinlike
mass about a foot wide showing a somewhat banded structure has
been traced for a short distance. Normally, however, the mineraliza-
tion follows the irregular partings between the shattered fragments
of country rock, and consequently forms a network of anastomosing
stringers and lenses.

The ore near the surface is weathered to a rusty brown iron-stained
color. In the more oxidized portions of the deposit the cinnabar is
practically unrecognizable by inspection of the fragments, owing to
the coating of iron oxides. In less decomposed parts the characteris-
tic red of the cinnabar becomes more evident, until in the unaltered
parts the blood-red cinnabar is very striking.

The cinnabar occurs principally in small particles intimately mixed
with the well-formed crystal blades of stibnite, the sulphide of anti-
mony. These two minerals were deposited almost contemporane-
ously, for the stibnite incloses and is inclosed by the cinnabar. So
closely do the two minerals occur together that the mineral living-
stonite—the sulphide of antimony and mercury—was reported to be
the metallic sulphide other than cinnabar occurring in this deposit.
Tests by R. C. Wells, of the chemical laboratory of the Geological
Survey, failed to find this mineral and instead proved that the sup-
posed quicksilver content of the stibnite was really derived from the
minute particles of cinnabar that were intimately intergrown with
the stibnite.

Tests were also made by Mr. Wells to determine whether any of
the compounds of selenium or tellurium and mercury were present.
Neither selenium nor tellurium was found in analyses of bulk
samples, and therefore the compounds of mercury and these ele-
ments must also be absent.

The stibnite occurs usually in distinct crystals, which in places
are so closely intergrown that their boundaries are those impressed
upon them by the other particles with which they are in contact and
are not the normal crystallographic faces. In places, however, where
room was available for the crystals to form—as, foc instance, in the
. vicinity of the vugs—the stibnite is in its characteristic bladed form
with shinmg cleavage planes. Some of the crystals of stibnite are
an inch long and a quarter of an inch wide, but most of them are
smaller and range in size down to hairlike radiating aggregates sc
minute that the crystal faces can not be recognized by the aid of a
hand lens. In most of the specimens collected the stibnite oceurs in
considerably greater amounts than the cinnabar.
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The character and amount of gangue that accompanies the ore
differ notably in different parts of the exposures. In places the sul-
phides are practically the only minerals in the deposits. Usually,
however, considerable quartz and carbonate accompany the ore min-
erals. The carbonate consists of siderite or ferruginous dolomite and
usually occurs in crystalline masses. Clearly in one specimen and
apparently in others the carbonate has been traversed by narrow
quartz stringers, associated with which are the bulk of the metallic
minerals. The quartz in these narrow stringers near the contact
with the carbonate is almost opaline, but farther away it is more
crystalline, and in places where vugs have been formed small, per-
fectly terminated quartz crystals project into the cavities. In some
of the vugs perfectly formed crystals of cinnabar have grown on the
crystalline quartz.

In thus calling attention to a paragenetic arrangement that has
been observed in some of the specimens the impression should not
be gained that the ore is characterized by a well-marked banded ap-
pearance. Instead all the minerals were deposited so nearly at the
same time that even the carbonate, which appears in places to be one
of the earliest minerals formed, contains inclusions of the cinnabar,
which appears usually to be one of the later minerals.

PROSPECT NEAR EOLMAEKOF.
LOCATION AND GENERAL TOPOGRAPHY.

A quicksilver deposit has been opened in thé bluff on the north
bank of Kuskokwim River, about 5 miles downstream (west)
from the trading post-of Kolmakof. This settlement is on the south
bank of the main river about 160 miles above Bethel, a port for
small seagoing vessels on the tidal portion of the lower river about
150 miles from Goodnews Bay, on Bering Sea.

. The principal topographic features in the vicinity of Kolmakof
are a broad alluvial lowland that forms the flood plain of a some-
what older wide valley, about 50 feet below which lie the present
flood plain and channel of the Kuskokwim; a wide belt of mod-
erately mountainous highland north of the river, with a generally
rolling surface from 1,000 to 2,000 feet above sea level, diversified
by the deeply eroded valleys of the larger tributary streams and
many gulchlike valleys of lesser extent eroded by the smaller
streams; and an isolated group of rather rugged mountains, locally
known as the Russian Mountains, that rise prominently above the
adjacent highlands to altitudes of 4,000 to 4,500 feet above sea level.

Near Kolmakof the Kuskokwim has an average width of about
two-thirds of a mile, and its channel is practically unobstructed,
only one or two alluvial islands overgrown with willows being
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present near its south bank. Downstream throughout its course
from a point about 10 miles above Kolmakof the south bank of
the Kuskokwim is composed of unconsolidated silts, sands, and
gravels without any outcrops of hdrd bedrock. In this part the
river flows alternately along sections of gently sloping bank bor-
dered by sand and mud bars in shoal water and sections where the
water is deeper and the current stronger, so that it cuts rapidly
into the unconsolidated sediments and undermines them, forming
steep slopes that rise from 10 to 25 feet above the water. At a few
widely separated places the bluffs rise to heights of 40 or 50 feet
above the river. Kolmakof immediately overlooks the river on one
of the most prominent of these higher bluffs.

The north bank of the river is made up chiefly of rock bluffs
from 100 to 400 feet high, interrupted at widely separated intervals
by small isolated lowland areas of unconsolidated sediments. Nar-
row alluvial benches fringe the base of some of the rocky bluffs for
short distances, but the river at flood stages flows at the foot of
most of the bluffs, so that they are kept bare by the removal of
the disintegrated talus, which makes a considerable part of the
slopes above high-water mark. None of the bluffs along this sec-
tion of the river are so abrupt as to hinder free passage on foot
along their bases at ordinary stages of the river.

Kolmakof River, a considerable stream, enters the Kuskokw:tm '
from the northea.st 8 mile below Kolmakof. About 20 miles far-
ther down a somewhat larger stream, Owhat River, joins the Kus-
kokwim from the north. These two streams border the rugged
Russian Mountains on the east and west, respectively. The tract
between them is dissected into a number of broad rolling ridges
and subordinate spurs by steeply incised valleys drained by creeks
that flow southward into the Kuskokwim. The Kuskokwim has
truncated the south ends of these ridges and formed a series of
rock-cut bluffs. These bluffs, which start at a.point about 4 miles
below Kolmakof, are prominently developed for a distance of about
12 miles. In general,the profile of each major bluff section presentsa
gradual ascent from one tributary valley to a maximum height along
the crest in the central part and an equally gradual descent to the
succeeding valley.

GENERAL GFOLOGY.

In the vicinity of Kolmakof the hard-rock bluffs are made up
principally of a widespread series of sedimentary rocks of consider-
able thickness which have been intruded by dikes and sills of both
acidic and basic composition. Large masses of igneous rocks of
granitic and porphyritic texture which seem to be of more deep-
seated origin and which mark centers of laccolithic or batholithic
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intrusion occur in the higher isolated mountain groups, such as the
Russian Mountains. Probably many of the small dikes and sills in-
truded into the sediments are offshoots of the larger masses of intru-
sive rocks of deep-seated origin. This relation, however, has not yet
been definitely proved.

The sedimentary rocks are composed of alternating beds of aand-
stones and shales, most of which are from a few inches to about a
foot thick. Some of these beds grade from sandy to shaly texture
within short distances along their bedding, and at various horizons
both sandy and shaly members show ripple markings or similar indi-
cations of deposition in shallow water. Some of the sandstones, how-
ever, have a thidkness of 100 to 200 feet, and some of the shales are
200 to 400 feet thick. These heavier members appear to be developed
at several different horizons in the series. The thin-bedded sand-
stones and shales aggregate at least 4,000 to 5,000 feet in thickness
and form most of the exposures in the river bluffs. No marked litho-
logic differences were noted in the section except toward the top,
where somewhat coarser textured arkosic sandstones of lighter color
ure developed in place of the finer-grained, more dense dark-gray
quartzose sandstones that characterize the stratigraphically lower
part of the series. Many of the shale members are slightly calcareous,
but none are calcareous enough to be properly called limestone. All
_ the shales are dark colored. Many of the nearly black shales are
somewhat carbonaceous.

The quartzose sandstones are dominantly dark gray, fine to me-
dium grained, and of dense texture. Some of these beds, however,
contain coarse material and discontinuous layers of grit. No con-
glomerate was seen within the bulk of the sediments, although at or
near the base of the series in adjacent areas heavy beds of this rock
occur. Some of the sandstones, like certain of the shales, are slightly
calcareous.

The arkosic sandstones are distinguishable from the quartzose
sandstones chiefly by their lighter color, coarser grain, and heavier
bedding. They also differ from the darker and denser sandstones in
that they contain numerous scales of light-colored mica which may be
easily recognized by the unaided eye. These arkosic sediments where
unweathered are usually light gray; in weathered outcrops, however,
they usually have pale-yellowish tints, and near the intrusive igneous
contacts they are comrmonly light purplish or iron-rust brown.

At least 1,000 feet of these beds is exposed in the bluffs in which
the cinnabar prospect near Kolmakof occurs. Fully as great thick-
nesses of sediments of the same general character are exposed in sec-
tions which may or may not be duplications, in part. at least, of the
others. Therefore the total thickness of the sedimentary series is
probably very great.
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CHARACTER AND RELATION OF MINERALIZATION.

The details of the bluff in which the cinnabar mineralization occurs
are shown in figure 8. At this place the bluff rises about 200 feet
above the river. Few outcrops of bedrock are exposed along the
upper portion of the bluff, except here and there where fresh slides
have occurred. Most of the upper slope is covered by more or less
unstable slide rock and loose soil, matted together by the roots of a
close growth of brush and a considerable number of spruce and birch
trees. Even where the rocks are exposed they are so deeply shat-
tered and disturbed by surface creep that little can be determined
about their structure and relations.

Upper slope of bluff chiafly covered by brush and timber

Fiaurn 8,—-Generallzed section of bluff on Kuskokwim River about 5 miles below Kolmakof.

Usually the best exposures of undisturbed bedrock are found in a
narrow strip 20 to 100 feet above the river, but even these are consid-
erably obscured by disintegrated material and interrupted by gullies
filled with slide rock. The country rocks at the prospect are interbed-
ded arkose and shale. Several of the arkose beds are asmuch as 20 feet
thick, but on the average they are considerably thinner. The shalebeds
range from thin layers to beds 2 or 3 feet thick. Rocks of this kind
occupy a belt 3 or 4 miles wide along the river, but their northward
extension is obscured by the covering of soil and vegetation. Sedi-
mentary rocks of the same character are reported on the upper part
of Kolmakof River, about 20 miles above its mouth, and probably
they have a widespread distribution throughout the mountainous
highland. '

The beds of this belt of arkosic sediments strike N. 80°-80° E.
Their dip changes along the different folds from southeast to north-



284 MINERAL RESOURCES OF ALASKA, 1014,

west. At the quicksilver prospect (fig. 8) the rocks stnke N. 60°-
70° E. and dip 40°-50° NW.

For several miles upstream from the quicksilver prospect no in-
trusive rocks were seen cutting the sediments, but downstream from
the prospect sills and dikes are numerous. Most of the intrusive
masses are sills—that is, the molten igneous rock has been injected
along the bedding planes of the sediments, rather than across the beds
in the form of dikes. However, some of the intrusive sills follow
one bedding plane for a distance and then cut across a few feet of
beds to another bedding plane and follow it. Fragments of the
country rock are included in both the sills and the dikes.

Two sills of igneous rock appear to have been the primary factors
in the mineralization at the quicksilver prospect. The relations of
these sills are shown in figure 8. The sills are about 200 feet apart.
The larger sill, which is about 30 feet thick, is divisible into three
parallel zones, marked A, B, and C in figure 8, and the smaller sill,
which is 1 to 2 feet thick, is marked D. Apparently the larger sill
is the one which Spurr * particularly noted and described as bostonite.

Four representative specimens collected from these different parts
have been examined microscopically by J. B. Mertie, of the Geo-
logical Survey. The rock of zone A is an altered pyroxene andesite,
composed of acidic plagioclase, much altered ; a completely calcitized
mineral, probably originally pyroxene; iron oxides, altered largely
to limonitic material; apatite; calcite as secondary material, with
cinnabar intimately associated ; minute dark particles, slso associated
with the calcite and distributed throughout the rock; and pyrite, asso-
ciated with a black opaque material. The general color of the rock
from zone A is pale gray, with iron-rust tints along the fracture
planes and darker purplish tints on the surfaces that have been most
exposed to weathering. Cinnabar in the form of small red crystal-
line particles gives a faint pink tint to the calcite, with which it is
intimately associated. The calcite occurs in minute gash veins, rarely
more than one-twentieth of an inch thick or an inch long, distributed
throughout the rock along irregular fractures and in small vuglike
cavities. The cinnabar, which may be distinctly seen with a hand
lens, is embedded in or intergrown with the calcite of the veinlets
and incrusts the surfaces of the small cavities.

The rock in zone B is readily distinguishable from that in the
other zones by its much darker gray color, fresher appearance, and
greater hardness. These differences, however, may be due to differ-
ences in the amount of leaching that has occurred in the central and
outer zénes. The rock in zone B proves to be a pyroxene andesite,
practically the same as that of zone 4. It is composed of acidie

i fipurr, J. B, A reconnalssance in southwestern Alaska in 1808: U. B. Geol. Burvey
Twentieth Ann, Rept., pt. 7, pp. 128, 216, 1900,
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plagioclase, much altered ; an altered mineral, apparently pyroxene;
hornblende, more or less altered; biotite; olivine in small amount;
iron oxides, largely altered to limonite; apatite; calcite, as secondary
material, replacing rock minerals; and quartz, probably chiefly sec-
ondary. No cinnabar was recognized in zone B.

The rock of zone € is an altered hornblende andesite, that contains
acidic plagioclase, much altered; possibly some altered pyroxene;
hornblende in various stages of alteration; biotite; iron oxides,
largely altered to limonitic material; apatite; calcite and zeolite, as
secondary minerals; quartz, probably chiefly secondary; and pyrite,
associated with a black opaque substance. Cinnabar appears to be
absent. This rock is light gray, like that from zone 4, and has along
its joints and on exposed surfaces iron-rust stains, which impart to
it a somewhat yellowish color.

The cinnabar mineralization appears to be confined to zone 4,
which contains the inclusions of shale country rock and occupies
the hanging-wall side of the sill. Whether or not the carbon of
the shale inclusions in zone A had a special influence upon the segre-
gation of the cinnabar in this portion of the sill is not definitely
known, though probably it did.

The smaller sill (D, fig. 8) appears to be the more important with
regard to quicksilver mineralization and is near the place where most
of the quicksilver ore has been obtained. This sill is an altered horn-
blende andesite, similar in composition to that of zone € in the
larger sill. Its mineral constituents are acidic plagioclase, much
altered; some completely altered minerals, probably for the most
part originally hornblende, with some pyroxene; iron oxides, altered
to limonitic material; apatite, unaltered ; calcite, replacing rock min-

“erals and in veinlets, associated with pyrite; quartz, probably chiefly
secondary, in places associated with pyrite; and pyrite, intergrown
with a black, opaque substance of unknown composition, which may
be an alteration product of the pyrite or some other sulphide, pos-
sibly metacinnabarite, intergrown with the pyrite. This rock is
light gray within, purplish iron-stained to a depth of an inch in the
marginal portions of the irregularly fractured blocks, and bright
rusty iron-stained along the less exposed joint planes.

No cinnabar was noted in the igneous rock of the smaller sill
itself, but appreciable amounts occur in lenses and stringers of
quartz near the sill and extend along joint and bedding planes of the
adjacent sediments. The maximum width of the mineralization, in-
cluding the sill, which is 1 to 2 feet wide, appears to be about 4 feet
in the small part of the outerop that is undisturbed by creep. The
cinnabar-bearing quartz lenses are neither large nor numerous in the
present exposure. Few of them are more than 6 inches thick or more
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than 2 feet long. The cinnabar is distributed irregularly and is
roughly interbanded with quartz. The thickest band of fairly pure,
more or less crystalline cinnabar observed was about a quarter of an
inch wide. Practically all the cinnabar appears to be in the quartz
lenses and stringers, although probably minor amounts also occur
in the shattered sedimentary rocks between the two sills. Although
the sediments on each side of the sills are probably impregnated with
cinnabar in appreciable amounts, it is not likely that quicksilver
ore of commercial grade occurs outside of the narrow area in im-
mediate association with the smaller sill which is occupied by the
quartz lenses. The amount of ore in this zone does not seem to be
sufficient to be profitably exploited under the present conditions of
the region. Intelligently directed development of this prospect,
however, might possibly disclose larger ore bodies. No work was in
progress at this prospect at the time of the writer’s visit, and nothing
was seen that showed that the deposit had ever been extensively
developed. Only superficial excavations have been made from time
to time at various points along the outerop, and no attempts appear
to have been made to trace the extent of the mineralization back from
the crest of the bluff.

MISCELLANEOUS LOCALITIES.

Several claims have been staked in the vicinity of the Parks pros-
pect, and explorations on a small scale have been made at these
places. Willis & Fuller have been doing some work on the divide
between Kuskokwim and George rivers, about 2} miles northwest
of the Parks property. Some quicksilver ore has been found, but
the development has not been carried much farther than that re-
quired by law to hold the property. The geologic conditions in gen-
eral are the same as at the Parks prospect and at the prospect near
Kolmakof. Dikes of light-colored intrusive rock cut the sandstone
and shale country rocks, and in the vicinity of the contacts mineral-
ization has taken place.

Cinnabar has been found in the residual placer material in the
areas of intrusive rock near Iditarod. Very little cinnabar has been
observed with quartz in place, but angular fragments of vein matter
that without doubt have been derived directly from joint fillings
in the granitic rocks contain cinnabar. Fragments of this kind are
commonly found in residual material in Happy und Black gulches.
In the deposits, especially in Black Gulch, small subangular pebbles
and grains of cinnabar, obviously derived from quartz veinlets, accu-
mulate in appreciable amounts as concentrates in the sluice boxes.
From 500 to 1,000 pounds of cinnabar pebbles are said to collect in an
ordinary string of sluice boxes during 8 or 4 days of shoveling-in
operations.
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Though cinnabar occurs with quartz in some of the small veins
that occupy joint cracks, it also occurs in subordinate association with
stibnite. In these veins the cinnabar appears normally in the more
quartzose portions of the stibnite bodies. Several small veins of
this kind have been observed on the lower part of Glen Gulch. In
these veins stibnite is the most abundant metallic mineral, and the
cinnabar occurs as flakes and blebs associated with quartz. The
stibnite-cinnabar mineralization seems to be confined to the stronger
quartz stringers that are deposited here and there within the granitic
rocks and to the stronger zones of small extent in the altered sedi-
ments at or near their contact with the intrusives. One of these zones
of stibnite-cinnabar mineralization, several feet wide but not very
long, occurs in slaty rocks along the contact at the head of Glen
Gulch. Some open-cut work was done to prospect this area, but it
was soon abandoned because the metallic minerals were found to
occur in rather disconnected lenses and vugs with a large percentage
of barren vein quartz, so that the deposit as a whole did not appear
profitable under present conditions.

ORIGIN AND PROBABLE EXTENT.

In discussing the general views held as to the origin of the quick-
silver deposits of the world, Lindgren® states:

When ft is noted that hot springs and voleanic surface flows are present in
almost all regions of importance (except Almaden in Spain, Idria in Austria,
and Nikitowka in Russia) and that cinnabar in considerable guantities is asso-
clated with undoubted spring deposits or is actually deposited In hot springs,
the argument becomes very strong indeed that such hot springe have formed
the majority of the deposits. For the few deposits that have no such clear
connection with volcanie rocke for instance, those mentioned above the charac-
teristic mineral assoclation still holds good, and we are forced to the hypothesis
that volcanism and hot-spring action are the causes of these also, though the
products of the igneous activity may have failed to reach the surface and the
hot springs may have subsided.

In other parts of the book cited, as well as in many of his other
writings, Lindgren has clearly shown that he does not confine the
term “ hot springs ” to those deriving their water from the surface but
includes those that derive their water from hot ascending solutions,
possibly of magmatic origin. If the term is used in this broad sense,
the quicksilver deposits here described may appropriately be called
hot-spring deposits. They are evidently closely associated with the
igneous rocks and have derived their mineral content from the ema-
nations of the intrusive masses in the form of solutions.

To judge from the geologic occurrence of the ores, the depth at
which they were formed apparently was not great. This conclusion

1 Lindgren, Waldemar, Mincral deposits, pp. 469470, 1918,
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is supported by the number of open spaces that are still preserved
and the number of open spaces that were in existence when the min-
eralization took place but are now filled with ore and gangue. It is
further supported by the shattered condition of the rock adjacent
to the intrusions, for the shattering probably could have taken place
only under slight load, such as is characteristic of the surficial part
of the earth’s crust. .

The significance of the determination of the depth at which the
mineralization took place is that it gives an indication as to the
probable extent of the deposit, both vertically and horizontally. If
the deposit was formed near the surface it probably, like the Califor-
nia deposits, decreases in tenor with increase in depth. In the Cali-
fornia deposits practically no workable ore extends to a depth of
more than 1,000 feet. Furthermore, the shattering of the country rock
adjacent to the igneous intrusives formed an easily pervious zone,
so that the mineralization would tend to be limited to this zone and
not diffuse far into the unshattered rock. This shattered zome, so
far as is now known, does not extend far from the intrusive rock;
therefore mineralization is not to be expected far from the dikes.
If the dikes are humerous the shattered rock may furnish sufficient
space for the accumulation of considerable ore, but as a rule the zone
surrounding a single dike does not exceed a few feet.

At Barometer Mountain, a few miles south of the Parks prospect,
and at the Russian Mountains, north of the Kolmakof prospect, con-
siderable masses of intrusive granitic rock are exposed. Possibly
similar intrusive rocks also occur near the prospects but at so great
a depth that only the apophyses from them are exposed at the
surface. These apophyses may be represented by the dikes of intru-
sive rock near the ore bodies. If this interpretation is correct, prob-
ably in the deeper parts near the larger masses the country rock is
not so much fractured and spaces for the deposition of the ore are
not so numerous. Furthermore, at the higher temperature prevail-
ing at greater depth the quicksilver minerals would not be so effec-
tively deposited from the solutions that carried them as in the cooler
rocks near the surface. Consequently a decrease in the amount of ore
from the surface downward is to be expected.

So far as observed, the ores show no considerable downward
enrichment through the action of descending surface waters. Small
particles of a mineral that may be metacinnabarite, the black sul-
phide of quicksilver, which is generally believed to be formed as a
secondary sulphide, have been seen at the Parks prospect, but their
number is not great. As noted by Lindgren,® “the suiphide of mer-
cury is practically insoluble in water, and ordinarily the processes

1 Lindgren, Waldemar, op. cit, p. 801,
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of oxidation in the outcrop of the ore deposits are of little impor-
tance.” Consequently a decided decrease in the tenor of the ore in
depth through absence of downward enrichment is probably not to
be expected.

' POSSIBLE FUTURE AREAS.

The mineralization by which quicksilver was introduced clearly
seems to have accompanied the intrusion of the igneous rocks. The
neighborhood, of these intrusives is therefore the place to prospect
for lodes of this metal. All the known intrusions of these rocks have
been indicated on Plate X. Much of the region, however, is still
unexplored, and consequently other bodies of these rocks probably
exist in the places that have not been studied.

The quicksilver minerals near Iditarod were found close to the
contact of the large igneous masses, but at the other prospects they
occur near the contact of smaller bodies, some of them only a few
feet wide. The search for the exposed large igneous masses is rela-
tively simple, for most of the intrusive rocks are more resistant than
the surrounding sediments and therefore are somewhat more promi-
nent topographically than the other rocks. The smaller dikes and
sills usually do not form noticeable topographic features and are
more irregular in their distribution. Most of the small dikes are
more or less closely associated with the larger igneous masses and
are abundant a short distance from these bodies. In many places,
however, the larger masses, from which the dikes are offshoots, are
not exposed at the surface, and their presence can be inferred only
from the abundance of the small dikes. Search for placés of this sort
is exceedingly diflicult, and they can be found only by close scrutiny
of the float and bedrock exposures. When the dikes are found, pros-
pecting to determine whether or not quicksilver mineralization is
associated with them will usually be slow, laborious work.

The intrusive rocks by which the quicksilver mineralization was
introduced cut the Cretaceous rocks but are believed to be older than
the late Tertiary and recent effusive igneous rocks and sediments.
Consequently prospecting for deposits of this sort does not seem war-
ranted in areas occupied by rocks of more recent age than the younger
part of the Tertiary.

Although the search for quicksilver deposits might disclose others
than those now known, the character and occurrence of those that
have been found and the difficulties of reduction and marketing seem
to indicate that not many productive deposits will be opened in the
region. A search for gold placers in the vicinity of the igneous rocks
would probably be far more profitable than the same amount of
search for quicksilver deposits,

6411°—15—19
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ECONOMIC CONDITIONS AFFECTING THE PRODUCTION
OF QUICKSILVER.

Quicksilver ores are relatively rare in nature. Consequently a
brief statement as to the general uses of this metal, the amount pro-
duced, and the value has been thought desirable. This statement is
given because only by considering these different factors can the
economic conditions which affect the production of quicksilver be
realized and properly evaluated in determining the probable future
of any particular deposit.

‘McCaskey * describes the uses of quicksilver as follows:

Quicksilver is used mainly in the manufscture of fulminate for explosive
caps, of drugs, of electric appllances and sclentific apparatus, and in the
recovery of preclous metals, especially gold, by amalgamation. A new use in
Scotland is the floating of lights of lighthouses upon a body of quicksilver. A
use in England, in the United States, and possibly elsewhere, is the coating of
ships’ bottoms with a paint contalning quicksllver, to prevent organic growth.
Mercuric oxide (red oxide of mercury) Is the active polson in antifouling
paint successfully used on ships’ bottoms. The metal appears to be but little
employed in siivering mirrors, as nitrate of sllver is now chiefly used for the
purpose, Increasing use of guicksilver is probably to be expected in the manu-
facture of electrical appliances and of fulminates, and possibly of paints for
protective coatings on metals, The demand for quicksilver for amalgamating
gold and silver has greatly decreased, as is well known, with the decreased
supply of free milling ores and the increased application of cyanidation to
gold and silver ores. Industrial chemistry and inventive genius are to be looked
to for Increasing the demand.

The production of quicksilver for the world in 1913, according to
figures compiled by McCaskey,? stated in metric tons of 2,204.6
pounds, was as follows: Spain, 1,490 tons; Italy, 988 tons; Austria-
Hungary, 855 tons; United States, 688 tons; Mexico and other
countries (estimated), 150 tons; total for the year, 4,171 metric tons.
The exports of quicksilver from the United States in 1914, according
to records of the Department of Commerce, were 33,900 pounds, or
a little more than 15.3 metric tons; the imports of quicksilver in
1914, according to the same authority, were 685,604 pounds, or a little
less than 311 metric tons. Imports are subject to a duty of 10 per
cent ad valorem. In the United States 33 mines and prospects pro-
duced quicksilver in 1914, Of these, 23 were in California and the
other 10 in Arizona, Nevada, and Texas. Formerly a small amount
of quicksilver was produced also in Oregon, Utah, and Washington,
but in recent years none of the quicksilver mines in these States have
been in operation.

1 McCaskey, H. D., Quicksilver in 1013: U. B, Geol. SBurvey Mineral Kesources, 1913,
pt. 1, pp. 198-199, 1914,
? Idem, p. 210.
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According to statistics furnished by the Department of Commerce
the imports of quicksilver into Alaska during 1914, all from the

States, were as follows:

Imports of quicksilver into Alaska in 1914.

Amount
Place of shipment. (pounds). Value.
............................................................................ 13,170 | 88,477
e T O R S R R R R A e 1,27 607
14,451 9,084

The following table gives the amount of ore treated and the recov-
ery, by States, for 1913

Quicksilver ore treated and average recoveries by States, in 1013,

Metal ie- | Parcentage
State Ore treated | covered of ore

e (short tons),| perton | recovered

(pounds). | as metal,

119,150 9.8 0.49

- 8,755 14.1 .71

8 2.7 | 134
Total and average for United SIALES. . . ...uueenneemeanmennns 136,278 1.1 ‘ . 655

MecCaskey,? in a preliminary statement, gives the
on the market and prices of quicksilver in 1914:

The domestic quicksilver market was unfavorable and the prices very low
during the first seven months of 1914, but upon the outbrenk of the Huropean
war the prices jumped and producers in a position to profit were encouraged
to make their maximum output. The average San Francisco domestic price
was $40.23 a flask of 75 pounds for the year 1918, agninst $42.05 in 1912 and
$46.01 in 1911. * * * It is estimated that * * * the average price for
the year [1914] will therefore be about $49—the highest since 1890. The total
productive eapacity of the quicksilver mines of this country as at present known
i® by no means unlimited, and although high prices may bring spurts of
uetlvity and new ore bodies may at any tlme be discovered, the present out-
look is not for excessive production, These facts and the present improbability
of excessive importation indicate high prices throughout the war, at least.

following notes

I McCaskey, H. D,, Quicksilver in 1913: U. B. Geol. Survey Mineral Resources, 1913,
pt. 1, p. 201, 1914,

® McCaskey, H. D., Quicksilver production in 1914 ;: U. 8. Geol. Survey Press Bull, 201,
January, 1916, *



GOLD PLACERS OF THE LOWER KUSKOKWIM, WITH A
NOTE ON COPPER IN THE RUSSIAN MOUNTAINS.

By A. G. MaopreN.

SCOPE OF REPORT.

During the summer of 1914 the writer investigated the mineral re-
sources snd general geology of that portion of the Kuskokwim region
which extends southwestward from the well-known Iditarod gold
placer district to the basins of Aniak and Tuluksak rivers, large trib-
utaries of Kuskokwim River from the south. Placer gold hus been
known to occur in these basins since 1908 and has been mined in a
small way from that year to the present.

This report treats primarily of placer-gold deposits on upper
branches of Tuluksak and Aniak rivers, which flow from opposite
_ slopes of a mountain ridge that separates these two drainage basins.
Together these basins may be conveniently designated the Tuluksak-
Aniak gold placer district. The combined drainage areas lie chiefly
between latitude 60° 30" and 61° 30" N. and longitude 159° and
161° W. The direct distance between the Tuluksak-Aniak and Tdit-
arod districts is about 150 miles. (See Pl. X, p. 270.) Within the in-
tervening area several minor localities of mineral deposits are known.
Those in which active interest was being shown during 1914 were vis-
ited. Other reported prospects at widely separated places throughout
this general field could not be visited because of lack of time, facili-
ties, and definite information as to their exact position. However,
such notes as were gathered about them are here presented.

Information was also gathered from available sources concerning
mining developments and prospects southwest of tha field personally
examined, including the section of the Kuskokwim Mountains that
extends from the Tuluksak-Aniak district to Bering Sea, a direct
distance of about 180 miles, (See PL X.) It was intended at the
beginning of the season to visit all the active mining localities of the
lower Kuskokwim region, but on entering the field it was found
necessary to curtail this plan because of the isolation of the several
camps, the lack of summer trails and overland transportation facili-
ties, and the general scarcity of supplies both at the trading posts
along Kuskokwim River and at the mining camps. No pack animals

202
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were available for carrying a camp and supplies over the mountains
south of Kuskokwim River. It was not possible to cover the whole
region in the time available by boating up the swift tributaries of the
Kuskokwim to the mountains and then man-packing with light
equipment to the several mining camps. Very rainy weather during
most of the season was also a great hindrance to field observations.
As a result personal field examinations were, by force of circum-
stances, limited to the upstream half of the lower Kuskokwim region
as a whole and were confined chiefly to the neighborhood of the
main river except in the Tuluksak-Aniak district. This district was
covered by back-packing a few necessities overland a distance 6f 75
miles on the outgoing trip and the same distance on the return and
by depending almost entirely on the generous hospitality of the
miners and prospectors on the several creeks for chelter and food
from their scanty stores.

ACENOWLEDGMENTS,

The writer wishes to record grateful appreciation to Messrs.
Huber, Schmidt, and Heckman, on Ophir Creek; Mr. R. S. Eskridge,
on Bear Creek; Mr. W. Y. Fisher, on Marvel Creek; Mr. and Mrs.
Johnstone, on Cripple Creek; and Mr. Parks, on Loco Creek. Mr.
Gordon Bettles, of Kolmakof, not only gave his personal guidance
during a three days’ trip Lo the Russian Mountains to examine lode
prospects but entertained the party at one of his cabins during that

" time.

For information regarding mining and prospecting in that part of
the region which was not visited the writer is under obligations to
Messrs. Johnson, Lindstrom, Fowler, Joaquin, Felder, Moran, King,
Heron, Hitzner, and others. Mr. Charles Estmere has kindly fur-
nished a drainage map of Kiselalik and Kuethluk rivers based on
traverses made by him through those valleys during the spring
of 1914,

The writer was accompanied throughout the trip by Burt Kennedy
as geologic field assistant, and from the middle of July to the later
part of September by Robert Plummer as field utility man.

ITINERARY.

The field here discussed was reached by the Seattle-Skagway
coastal steamship route, the railroad across White Pass to White-
horse, and the Yukon River steamboats to Iditarod.

Field work began in the middle of July with an overland journey
from the Iditarod district, in which the party followed a pack trail
65 miles long that crosses the Kuskokwim Mountains and has its
southern terminus at Georgetown, a settlement on Kuskokwim River
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about 400 miles above its mouth, or 250 miles above Bethel, the sup-
ply port for Kuskokwim Valley. On the way to Georgetown the
placer gold locality on the middle course of Crooked Creek, a few
miles west of the trail, was visited. From Georgetown Kuskokwim
River was descended by a poling boat for about 90 miles to the native
village of Ohagamut (Oknagamute). The gold placer locality on
New York Creek, a few miles above Hoffmans (Napaimut), was
visited ; the prospect of cinnabar about 5 miles below Kolmakof was
examined ; and a side trip was made to a copper lode locality in the
Russian Mountains about 12 miles northwest from Kolmakof.

From Ohagamut the outlying northern foothills of the mountains
that lie between Tuluksak and Aniak rivers, about 15 miles distant,
were reached by ascending a tortuous chain of creeks and ponds to
Whitefish Lake, a considerable body of water, 6 miles wide and about
10 miles long, that lies along the southern border of the expansive.
lowlands which characterize the lower part of the Kuskokwim
Valley.

From Whitefish Lake an overland back-packing trip was made
southward about 75 miles through the mountains of the Tuluksak-
Aniak district. Ophir Creek, a stream about 15 miles long, that dis-
charges into Whitefish Lake, and along which prospects of placer
gold occur, was ascended to its source in Rockpile Pass, at the base
of Mount Hamilton; and Bear Creek, which heads against Ophir
Creek and forms one of the chief headwaters of Tuluksak River,
was descended for about 15 miles to the scene of placer gold mining
along its middle course. Thence the divide which separates the
drainage basins of Tuluksak and Aniak rivers was crossed by way
of East Fork of Bear Creek, and the valley of Dominion Creek
was descended to its junction with Robin Creek, along which pros-
pects of placer gold are reported to have been discovered. Robin
Creek was ascended to its source on the north flanks of Marvel Dome,
which was skirted on the west by crossing the headwaters of Eagle
Creek as far as Marvel Creek, a stream about 6 miles long that
drains the southern slopes of Marvel Dome and empties into Eagle
Creek about 2 miles above its mouth. Marvel Creek is about 30
miles south of the diggings on Bear Creek and'is the most productive
gold-bearing stream that has been discovered in the Aniak basin
up to the present time. Field observations were continued south-
ward about 15 miles from Marvel Creek to Cripple Creek and two
of its headwater branches, Dome and Loco creeks, the gravels of
which contain some placer gold.

The return was made overland to Whitefish Lake by the same
general route followed on the southward trip, and thence to the
main river by the boat route. Kuskokwim River was descended to
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the settlement of Bethel, where the party arrived late in September.
Seattle was reached early in November by an ocean voyage through
Bering Sea and across the Pacific on a small trading schooner,
which makes the trip between that port and Kuskokwim River
about twice each summer.

GENERAL GEOGRAPHY.

The major topographic features of this region are a broad belt of
mountainous highlands, named the Kuskokwim Mountains, which ex-
tend inland northeastward from Cape Newenham, on Bering Sea, for
fully 500 miles, and a trunk valley system, drained by Kuskokwim
River, that extends into the interior approximately the same distance
as the mountain belt.

EUSEOEWIM VALLEY,

The Kuskokwim Valley may be divided into three natural geo-
graphic provinces—a lowland province, which lies along the north-
western flanks of the Kuskokwim Mountains and extends about 200
miles inland from the mouth of the river on Bering Sea; a central
province, along the middle length of the river, which is deeply en-
trenched for a distance of about 150 miles from east to west across the
entire width of the Kuskokwim Mountain belt, diagonally transverse
to the trend of the mountains; and an extensive interior basin prov-
ince, which lies along the southeastern flanks of the inland section of
the Kuskokwim Mountains and is occupied by the large headwater
branches and upper course of the main river.

Inasmuch as the headwater or interior basin province of the Kus-
kokwim Valley, together with the eastern portion of the central prov-
ince downstream as far as Georgetown, are described by P. S. Smith
in another part of this bulletin (p. 249), further mention of these
areas will not be made here. The same statement applies to that part
of the Kuskokwim Mountains which extends northeastward from the
section across them between Georgetown and the Iditarod mining dis-
trict. A reference to the Kuskokwim-Iditarod section is contained
in Smith’s report (p. 252), and a large part of this range north-
eastward from this section has been described in previous Survey
publications by Eakin® and the writer.? Therefore the descriptions
of the Kuskokwim Valley here presented will be confined to the west-
ern section of the central province from Georgetown downstream and
to the lowland province.

An extensive tract of lowlands borders the lower course of Kusko-
kwim River for a distance of about 300 miles above its mouth. About

i Eakin, H. M., The Iditarod-Ruby reglon, Alaska : U. S. Geol. Survey Bull. 578, 1914.

» Maddren, A. G., The Innoko gold-plicer dlstrict, Alaska: U. 8. Geol. Survey Bull.
410, 1910; Gold-placer mining developments in the Taunoko-Iditarod reglon: U. 8. Geol
Survey Bull, 480, pp. 286-270, 1811.
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100 miles of these lowlands farthest from the sea are of the true
valley type in that they occupy a broad area within the Kuskokwim
Mountain belt that is bounded by sloping highlands on each side.
The remaining 200 miles of lowlands, through which the river flows
to the sea, may be more properly considered as being of the coastal-
plain type in that they are bounded by highlands only along their
southeastern borders within the limits of the Kuskokwim drainage
basin, and in that the main river in this stretch is more or less
affected by the tides of Bering Sea. On the north the Kuskokwim
lowlands merge imperceptibly into similar lowlands that extend
along the lower course of Yukon River. These two coalescent low-
land tracts expand westward between the lower courses of Kusko-
kwim and Yukon rivers, a great triangular coastal plain whose area
is fully 30,000 square miles. Kuskokwim River flows southwestward
through the southern portion of this great lowland in general paral-
lelism with the trend of the Kuskokwim Mountains, on the south-
east, at distances of 15 to 30 miles from their foothills. All the large
tributaries to the main river throughout this section flow from these
mountains.

The tides of Bering Sea extend up Kuskokwim River for fully
100 miles above its mouth, through which distance extensive mud
flats and bars obstruct its channel. For another 100 miles upstream
from this estuarine portion the current of the river is alternately
slackened and accelerated by tidal flow and ebb.

Among the rivers of Alaska the Kuskokwim ranks second to the
Yukon in length, volume, and navigability. Light-draft ocean ves-
sels may ascend its tidal portion for a distance of about 150 miles
above Goodnews Bay, on Bering Sea, or to the settlement of Bethel,
and river steamboats may follow its channel for fully 500 miles
above Bethel.

EUSEOKWIM MOUNTAINS,

SUBDIVISIONS,

Geographically the Kuskokwim Mountains may be divided into
two principal tracts, northeastern and southwestern, of about equal
length and breadth, separated by the middle course of Kuskokwim
River. The northeastern or inland tract lies north and northwest of
the middle and upper parts of Kuskokwim River, between that
stream and tributaries te the Yukon which drain the northwestern
flanks of the mountains. The southwestern mountain tract lies south
and southeast of the middle and lower parts of Kuskokwim River,
between the Kuskokwim and the headwaters of Nushagak and
Togiak rivers, which flow southward into Bristol Bay. (See PL
X, p- 270.)
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RELIEF,

In general the Kuskokwim Mountains may be described as a belt
of strongly rolling ridges and spurs, 80 to 100 miles in width, in
which the summits range from 1,000 to 3,000 feet above sea level,
and the most persistent trend is northeast. There are, however,
considerable variations from this general trend in parts of the belt.

The most pronounced features of relief in this mountain belt are
isolated groups of rugged peaks and higher domelike mountain
masses scattered here and there throughout the belt and rising to
altitudes of 4,000 to 7,000 feet, so that they stand prominently above
the highland elevations that occupy the greater part of the belt. The
highest peaks in the belt are situated along the middle of its south-
western division between the sources of Kuethluk and Kanektok
rivers. One of the most prominent of these peaks stands at an alti-
tude of about 7,300 feet, and several others in this vicipity, including
one named Mount Oratia, are about 6,000 feet in altitude. Through-
out the remainder of the Kuskokwim Mountains, however, there
are few summits more than 5,000 feet in altitude, and in the inland
tract, north of the main river, there are no peaks over that height.

The relief immediately along Kuskokwim River, produced by its
direct erosion, is most pronounced in the upper half of the central
valley province. In this part a well-developed gorge is entrenched
to a depth of more than 1,000 feet across the highland belt for about
50 miles, extending 20 miles above and 30 miles below Georgetown.
The river is here confined on both sides by steep mountain slopes,
spurs from which are truncated to form rocky bluffs along the banks
at frequent intervals. This is the only part of the trunk valley that
is so restricted as to present marked relief immediately along both
banks. Downstream from this section, throughout the remainder
of the mountain belt, broad valley lowlands border the south bank of
the river. In sharp contrast to these lowlands, however, the north
bank of this part of the river is formed mostly of more or less con-
tinuous stretches of rocky bluffs which are truncated from the high-
land ridges and stand from 200 to 600 feet above the river.

The valleys of the larger tributaries to the Kuskokwim within
its gorge section, such as George River and Crooked Creek, have
entrenched forms which correspond to that of the trunk valley; but
in the lower half of the mountain province the large tributaries
occupy rather broad basins which conform with the wider trunk
valley in this part. The basins of Aniak River, on the south, and
of Kolmakof and Owhat rivers, on the north, are some of the
largest of these wider valleys.
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DRAINAGE.

Kuskokwim River and its tributaries drain by far the largest part
of the Kuskokwim Mountains. In general the main drainage lines
show strongest development along the structural trends of this
mountain belt—that is, the largest and longest tributaries, as well as
the greater part of the trunk river, occupy valleys which extend
mainly in a southwest direction, with the trend of the mountains.
The most marked exception to this trend of the drainage is shown by
the course of the main river in its middle section, which cuts some-
what diagonally across the mountain belt from east to west. Above
and below this transverse section the river follows the southeastern
and northwestern flanks of the mountain belt, respectively.

GLACIATION.

There is evidence that many of the higher groups of peaks of the
Kuskokwim Mountains which stand from 2,000 to 3,000 feet above
the main part of the highland belt were the centers of well-developed
mountain glaciation during a former period when the drainage con-
ditions of this region were somewhat different from those of the
present, or at least that the glaciation considerably modified the char-
acter of the former drainage system, from which the present drain-
age system is inherited.

On the slopes of the high peaks between the headwaters of Kueth-
luk and Kanektok rivers there are mountain glaciers of considerable
size, which appear to be the remnants of much larger and longer
mountain valley glaciers. There is ample evidence that formerly
such glaciers were numerous and extensive along the central part
of the southwestern division of the Kuskokwim Mountains, where
they appear to have been developed on almost all the mountain
masses above 4,500 feet in altitude. This evidence consists of steep
cirque basins at the heads of some of the mountain valleys and
bowlder moraines heaped along the valley floors below the cirques,
in some places for only a mile or so and in others for many miles.
There are also widespread deposits of glacial outwash gravels along
these valleys, beyond the moraines, some of which extend for many
miles. Some of the details of these glacial features and their eco-
nomic significance will be discussed in connection with the placer
gold deposits which they have affected.

MINERAL RESOURCES.
HISTORICAL OUTLINE.

Cinnabar appears to have been the first mineral authentically re-
ported to occur in the Kuskokwim Valley. For a number of years it
was the only mineral definitely mentioned in the few reports pub-
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lished on this region. An account of the discovery and development
of these deposits is presented as a separate paper in this bulletin
(pp. 272-201).

During the pioneer period of placer mining in the interior of
Alaska, before the rush of gold seekers to the Yukon Valley in 1897,
apparently only a few transitory attempts were made to prospect in
the Kuskokwim Valley. Prospectors are known to have passed
through this valley as early as 1889, when Frank Densmore led a
party from the Tanana Valley to the Kuskokwim and descended that
river to the Yukon portage. About the same time another pioneer
prospector, Al King, made the same trip. Afterward Joe Goldsmith
crossed from the Yukon by way of the Russian mission portage and
ascended the Kuskokwim for several hundred miles. James Cleg-
horn and Harry Mellish also crossed this portage and wintered at
Kolmakof. None of these men, however, appear to have made discov-
eries of mineral deposits of sufficient value to induce them to remain
in or return to the Kuskokwim Valley.

This region appears to have been neglected as a field for prospect-
ing during the early years of the gold excitement that centered in the
Klondike and spread along various tributaries of the Yukon. It was
not until the Nome boom, in Seward Peninsula, reached its height
during 1900 that further attention was directed toward the Xus-
kokwim region. One of the results of the rush of people to that dis-
trict was the movement of a small number of men from Nome to the
region about the mouth of the Kuskokwim during the summer of
1900, and they prospected in that vicinity for several years. Placer
gold was discovered at several localities in the vicinity of Goodnews
Bay, and productive mining, on a small scale, was undertaken on
Butte Creek, in the basin of Aalalik River near the settlement of
Quinhagat, and has been carried on for the last ten years or more.

During the winter of 1900-1901 a typical dog-sled stampede to the
Kuskokwim Valley was made by a considerable number >f men from
Nome. The movement was based on vague rumors of the discovery
of placer gold on a stream designated “ Yellow River,” but the loca-
tion of this stream in the Kuskokwim Valley does not appear to have
been even approximately fixed. Some parties searched for it as far
up the Kuskokwim as its headwater branches in the Alaska Range,
near Mount McKinley. Ultimately a number of the stampeders ar-
rived on the stream now named Ophir Creek, in the Tuluksak-Aniak
district, and decided it to be their goal. Prospects of placer gold are
reported to have been found on this stream by these men, and old
hewn stakes are now standing in this valley to testify that claims
were located there some years ago. Old-timers who participated in
this excitement, which is known as the “ Yellow River” or “ Pete
McDonald ” stampede, state that the name “ Yellow River” was
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applied to the sluggish outlet of Whitefish Lake, into which Ophir
Creek discharges; and that it was so named because the water of
the outlet stream is discolvred by the combination of iron oxide and
decayed vegetable matter so characteristic of swamp water. Others
claim that “ Yellow River” should be identified with Aniak River
because of the silt which is stated to discolor one or more of its
headwater branches.

About the time of the “ Yellow River” stampede copper-bearing
lode prospects were located in the Russian Mountains northwest
of the trading post of Kolmakof, but these lode claims and the
placer claims on Ophir Creek also were soon relinquished by failure
to perform assessment work upon them, and no further interest was
shown in them until 1913-14, when they were relocated.

The basin of Holitna River, a large south-side tributary of the
Kuskokwim, received considerable attention from prospectors dur-
ing 1902-3. W. R. Buckman, one of these men, made the first
comprehensive sketch map of this extensive drainage area. Out-
crops of coal-bearing rocks were noted at several localities, Al-
though colors of gold are reported to occur in many of the gravel
bars of this basin, productive deposits have not been found up to
the present time.

The discovery of placer gold on the headwaters of Innoko River
in 1906 caused a considerable movement of prospectors from Nome
up Kuskokwim River the following year. It is estimated that sev-
eral hundred persons left Nome for the Innoko diggings by way
of the Kuskokwim River during 1907. Most of them arrived at
their destination after various delays and risks due to unsatisfactory
transportation, especially across Bering Sea and into the mouth of
the river. A few of these persons, however, did not go all the way to
Innoko district but stopped at various points along Kuskokwim River
and turned their attention to prospecting some of its tributaries.

One of these parties, of whom William Fisher was a member,
ascended Tuluksak River. After finding colors of gold in the gravel
bars at several points along that part of the main stream that flows
from the mountains, the Fisher party finally discovered gold in com-
mercial quantities on Bear Creek, either in 1907 or 1908. Besides
staking two discovery claims on the main creek, the party also located
discovery claims at the mouths of two of its tributaries, Bonanza and
Spruce creeks. Open-cut mining has been conducted along this
stream since that time. _

The discovery of the rich Iditarod placer gold deposits during
the winter of 1908-9 led to the finding of gold prospects during the
summer of 1909 in the basins of George River and Crooked Creek,
tributaries to the Kuskokwim running southward from the Iditarod
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district. The rush of people to the Iditarod in 1910 led to an over-
flow into the central part of the Kuskokwim Valley during that year
and the widespread location of placer claims throughout the basins
of George River and Crooked Creek and along the upper valley of
1ditarod River. One of the results of this excitement was the estab-
lishment of a considerable settlement, named Georgetown, on Kus-
kokwim River at the mouth of George River in the autumn of 1910.
The failure of the prospects on George River and Crooked Creek to
develop into large producers of gold caused the practical abandonment
of this settlement by the spring of 1911,

At this time the revival of rumors as to the richness of the gold
prospects in the Goodnews Bay district and reports of more recent
discoveries there caused many of the disappointed men congregated
at Georgetown to go to the mouth of the Kuskokwim as soon as the
river was free of ice. On finding these reports greatly exaggerated
most of the men who took part in the movement returned up
Kuskokwim River during the spring and summer. - Some of them,
however, undertook to prospect several tributaries to the lower-
Kuskokwim before returning. One of these parties, consisting of
Harry Buhro, Kid Fisher, and Fred Labelle, concluded to examine
the basin of Aniak River. They appear to have based their decision
on the report that a lone and somewhat mysterious prospector,
named “ Old man ” Keeler, had made discoveries of gold in the gravel
bars of this river during the summer of 1910, and that a small
party of prospectors, who were trailing Keeler, had built a cabin
at the mouth of a stream, now named Dominion Creek, in the autumn
of 1910 and had spent part of the previous winter there. Buhro,
Fisher, and Labelle verified the occurrence of bar prospects and
then undertook a somewhat systematic search for the streams from
which the gold in the bars might be derived. In August, 1911,
Buhro discovered coarse gold on a stream, now named Marvel Creek,
in the basin of Salmon River, the westernmost headwater branch of
Aniak River. More or less unsuceessful mining has been done on
Marvel Creek since 1912. _
~ Other parties who descended the Kuskokwim from Georgetown
in 1911 ascended Eek, Kuethluk, and Kiselalik rivers, large streams
emptying into the lower Kuskokwim and draining the northwestern
flanks of the Kuskokwim Mountains southwest of Aniak and
Tuluksak rivers. Prospects of placer gold were discovered on the
upper course of Eek River in two creeks, one named Rainy and the
other Kopon or Gobown. Although prospecting has been continued
on these creeks and others in their vicinity for the last three years,
no productive mining has been done up to the present time. In
1913, however, shallow placer deposits were discovered in a short
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gulch stream on upper Kuethluk River, named Canyon Creek, from
which about $14,000 worth of gold was produced during the sum-
mer of 1914,

ECONOMIC CONDITIONS.

The foregoing chronologic account of prospecting in the Kusko-
kwim Valley, while by no means complete as to details, shows that
there has been a more or less constant though shifting movement of
prospectors throughout this region during the last 15 years. Al-
though the whole valley may be considered to have been covered
in a general way, much of the prospecting has been only of a pre-
liminary character.

Such productive localities as have been found point to the conclu-
sion that other deposits of commercial importance may be expected
to occur wherever intrusive bodies of granitic rocks cut the country
rocks, and that there is still a large field for prospecting in this
region, especially for the systematic prospecting that will search out
the areas of granitic intrusive rocks and examine them thoroughly
in the manner that is suggested on page 306.

Systematic prospecting has been greatly handicapped by the
scarcity of permanent supply posts at convenient points along the
main river. Most of the prospectors have been obliged to consume
much of their time each year in transporting their outfits long dis-
tances in order to reach the parts of the region they desired to ex-
amine. None of the small productive camps have resulted in the
establishment of settlements at the scenes of mining that would
furnish facilities of supply near at hand and enable prospectors to
devote the greater part of their time to the thorongh examination of
surrounding areas. From time to time the promise of discoveries
in one locality or another has stimulated the establishment of supply
posts at a number of points along Kuskokwim River, but the un-
settled condition of population and mining development has pre-
vented these posts from becoming fixed with a degree that could be
depended upon from year to year.

SETTLEMENTS AND TRANSPORTATION.,

The native settlement of Bethel, on the tidal portion of Kuskokwim
River, about 100 miles above its entrance into Bering Sea, is the
most important supply station for this region, and probably it will
always be of commercial importance because of its natural location
as a port of entry for ocean-borne traffic to the extensive region
drained by Kuskokwim River. Bethel was established in 1886 as
the local headquarters of a Moravian missionary society, and since
that time has served more or less as a trading center for the native
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population and a place of supply for prospectors within reach of it.
Shallow-draft seagoing power vessels can reach Bethel during the
season of open navigation, from June to October, and for the last
five or six years a somewhat irregular trade has been carried on
between Bethel and Seattle, Wash. Kuskokwim River is navigable
for stern-wheel steamboats for fully 500 miles above Bethel. Conse-
quently this place is a logical point for the discharge of ocean traffic
and its transshipment up the river. Without doubt the greater part
of all supplies for the Kuskokwim region will be brought to it by
this water route, no matter where future developments in the valley
may take place.

Several river steamboats have been operated on KXuskokwim River
each summer since about 1907, when the miners came from Nome to
the Innoko district by way of this river. The trade of these boats
increased until 1911, when several additional boats were placed upon
the river, but since then it has fallen off and in i914 only one large
river boat was required to carry all the freight offered. At its
maximum the freight carried on the river each summer amounted
to about 2,500 tons, but in 1914 it had dwindled to about 500 tons.

The excitement that resulted in the building of the mushroom
settlement of Georgetown in 1910-11 greatly stimulated commercial
activity along Kuskokwim River for a year or so. Besides the
establishment of several stores at Georgetown, a well-stocked station
was placed at the site of the old Russian trading post of Kolmakof,
about 65 miles below Georgetown or 150 miles above Bethel. The
Kolmakof station was established with the primary object of serving
the prospective diggings in the Aniak and Tuluksak basins, to which
supplies could be hauled across the Kuskokwim Valley lowlands by
way of a winter sled trail. However, both the Xolmakof and George-
town stations were discontinued in the spring of 1914, and the
goods they contained were transferred up- the river to a station on
Tacotna River, which is still maintained. These changes were due
to a marked falling off in business activity because of the fact
that mining developments in the Tuluksak-Aniak district have not
progressed as rapidly as was expected.

GENERAL DISTRIBUTION.
PLACER GOLD.

Gold is the chief mineral resource now known within the lower
Kuskokwim region. Prospects of placer gold are widely distributed
in the gravels of a number of streams throughout the mountain belt,
but gold has been mined in commercial quantities at only a few locali-
ties. The most productive of these are on Bear Creek, in the Tuluk-
sak basin; Marvel Creek, in the Aniak basin; Canyon Creek, on
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upper Kuethluk River; and Butte Creek, in the basin of Aalalik
River. All these localities are in the southwestern division of the
Kuskokwim Mountains, and at all of them mining is now being car-
ried on. There are also a number of other creeks within and be-
tween the basins of these streams on which prospects of gold have
been found. These will be noted in the descriptions of the produc-
tive areas. :

In that part of the mountain belt that lies north of the middle
Kuskokwim, between this river and the Iditarod district, placer
gold is being mined in small amount on Crooked Creek, a tributary
that empties into the Kuskokwim about 18 miles below Georgetown.
Good prospects are being developed also in a small basin, drained by
New York Creek, near the bank of the Kuskokwim a few miles above
Hoffmans (Napaimut). Prospects of gold are reported to occur on
Mission Creek, which flows into the Kuskokwim about 20 miles below
Kolmakof from the southwestern part of the Russian Mountains, but
no active interest was being shown in this creek during 1914.

During the winter of 1910-11 about 100 men were engaged in pros-
pecting along the upper Iditarod Valley, and since then a few per-
sons have visited this area from time to time. It is reported that
prospects of fine gold may be obtained from the bars along the upper
course of this river 30 to 70 miles southwest of the Iditarod mining
district. The gold in the river bars appears to be traceable to creeks
tributary to the river on the right side. These creeks, named in
ascending order, are Dome, Moose, Little, Tiny, Slate, Rainy, and
Williams. Little Creek is the only one on which valuable prospects
were found and is reported to have yielded pans showing 1 to 2 cents
worth of fine gold from some of the gravels. The tributaries on the
left side of this part of Iditarod Valley appear to be barren of gold.
No productive mining has been done within this area up to the
present time.

LODE PROSPECTS.

An ore deposit, of the fissure-vein type, composed chiefly of chal-
copyrite and arsenopyrite and containing copper, gold, and silver,
occurs in the Russian Mountains about 12 miles northwest of Kol-
makof. This is the only lode prospect in the lower Kuskokwim
region on which serious development work is known to have been
done. In 1914 it was prospected by means of a shaft to the depth
of about 40 feet.

Float specimens of the copper minerals malachite and azurite are
reported from the valley of Kuethluk River, and the presence of
galena (sulphide of lead) in the same valley is indicated by a few
. pebbles of this mineral in the bar gravels of this river.
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The occurrence of realgar (sulphide of arsemic) has been noted °
by prospectors in the headwater area of Eek River.

A prospect of cinnabar occurs on the right bank of Kuskokwim
River about 5 miles below the trading post of Kolmakof. It is
described elsewhere in this bulletin (pp. 280-286).

COAL PROSPECTS.

Coal crops out in the foothills along the northwest flanks of the
Kuskokwim Mountains on Eek and Kuethluk rivers, but little is
known either of the areal extent of the coal-bearing formation or
of the number and thickness of the beds, for no development work
has been done on them.

GENERAL CHARACTER OF MINERALIZATION,

In a broad geologic sense, the widely scattered occurrences of gold
and other metals mentioned above appear to be connecting links in a
chain of mineral deposits of closely related origin, which seem to
have a general thongh somewhat sporadic development throughout
the Kuskokwim Mountain belt. However, they do not warrant the
statement that the Kuskokwim Mountains, throughout their extent,
are characterized by a mineral belt, in the usual sense of that term,

The agent that introduced or governed the metallic mineralization,
especially of gold, appears to be the igneous rocks, chiefly of siliceous
granitic types, which are intruded into the country rocks in the form
of large and small dikes and extensive massive bodies. Both forms
of intrusion are known fo occur at intervals from the Tuluksak-
Aniak district to the Iditarod district and thence northeastward to
the Innoko district. The gold of the productive placer deposits in
these districts is, without exception, found in close association with
the intrusive rocks and the altered contact zones about their borders.
It is reported that the same association with granitic intrusions is
characteristic of the placer gold deposits of the Kuethluk, Eek, and
Aalalik basins, southwest of the Tuluksak-Aniak district, and the
Candle Creek area, south of the Innoko district. Thus an intimate
relation appears to be established between the placer gold deposits of
the Kuskokwim Mountain belt and the intrusive siliceous granitic rocks
that are irregularly but persistently distributed at intervals through-
out these mountains. So far as now known there is no exception to the
broad application of the above statement, although there appear to
be local variations in the mode of original occurrence of the gold,
both within the masses of the intrusive rocks and in the contact
zones of mineralization about them. For example, in the Iditarod
district the gold appears to be deposited chiefly within the body of

6411°—15—20
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a massive intrusive granitic rock, but in the Innoko district no mas-
sive intrusive rocks occur in the immediate area of gold mineraliza-
tion and the gold appears to have been introduced by mineralized
siliceous dikes that cut the sedimentary country rocks. In the Tuluk-
sak-Aniak district large bodies of the granitic intrusive rocks occur,
and the gold of the productive placers-on Bear Creek appears to
be traceable to these rocks. The alluvial history of the gold-bearing
gravels in Bear Creek is so obscured by the presence of glacial out-
wash gravel deposits of great thickness and extent that it is difficult
to trace the placer gold to its primary bedrock source, but there
appears to be no doubt that the intrusive rocks of this district have
effected the gold mineralization, as in the other districts cited.

BUGGESTIONS TO PROSPECTORS,

The best procedure for prospecting in the Kuskokwim Mountain
belt is to search out the areas that contain granitic intrusive rocks,
either in the form of large bodies or of dikes, and to confine opera-
tions to them or to their vicinity. Special attention should be given
to the granitic rocks themselves where they show evidences of vein-
lets and where they are deeply decayed, as in the Iditarod district.
Where the intrusive bodies have been eroded or are in the form
of dikes cutting the country rocks, particular attention should be
given to the stream deposits that are derived directly from such areas
and the zones of contact alteration that generally occur in the country
rocks about the borders of the granitic intrusions.

An attempt should be made to recognize the differences between
the areas of granitic rocks which have been subjected to mountain
glaciation and those which have not, for the ungleciated areas are
more favorable for rich placer concentrations. Erosion by glacial
ice has been severe enough in some of the higher mountains of the
Tuluksak-Aniak district to scatter broadcast any piacer gold which
may have been accumulated from mineralized intrusive rocks before
glaciation occurred. The placer gold deposits of the Iditarod district,
on the other hand, illustrate the conditions that may be expected in
an area which has not been subjected to glacial erosion, but in which
all the evidence points toward slow residual decay of the mineralized
granitic rocks and moderate stream concentration throughout a long
period of time undisturbed by glacial activity.

TULUEKSAK-ANIAK DISTRICT.

LOCATION AND EXTENT.

The Tuluksak-Aniak district comprises the drainage basins of
Tuluksak and Aniak rivers, two large tributaries of the Kuskokwim
that empty into it from the south at points about 70 miles apart.
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The area of the Tuluksak basin is about 1,500 square miles and that
of the Aniak basin about 3,000 square miles. The Tuluksak basin
lies on the northwestern flanks of the Kuskokwim Mountains, but its
headwater branches do not reach far into the interior of the moun-
tain belt. On the other hand, the Aniak basin, which lies east of the
Tuluksak basin, is entirely within the mountain belt. Several large .
headwater branches of the Aniak rise far in the interior of the moun-
tain highland, opposite those of Nushagak and Togiak rivers, which
drain a considerable part of the southeastern flanks of the Kusko-
kwim Mountains. (See Pl X, p. 270.) The combined area of these
two basins lies chiefly between latitude 60° 30" and 61° 30" N. and
longitude 159° and 161° W. (See PL XI, p. 850.)

TULUKSAK RIVER.

The mouth of Tuluksak River is about 60 miles above Bethel,
and it is stated that a slight tidal effect is noticeable in the main river
up to this point. The lower half of Tuluksak River meanders
across the Kuskokwim lowlands by a course fully 60 miles long,
though in this part the lowlands are only about 20 miles wide.
Within the mountains the Tuluksak has two principal headwater
branches, the southern of which is named Fog River and the north-
ern of which is formed by three large streams, named in upstream
order Granite, California, and Bear creeks. Each of these creeks
., occupies a valley of considerable area and is fed by many large
tributaries. Bear Creek will be further described under the dis-
cussion of its gold placers, the only deposits of economic impor-
tance so far developed within the Tuluksak basin.

LOWLANDS BETWEEN TULUKSAK AND ANIAK RIVERS.

The lowlands crossed by the lower course of Tuluksak River ex-
tend northeastward up the Kuskokwim to Aniak River, a distance
of about 50 miles. Throughout this distance they present the same
general aspect, but in their up-river half they are a few miles nar-
rower and occupy a more or less well-defined valley, bounded by
rolling highlands on each side. This somewhat confined tract of
lowlands within the mountain belt is more clearly a valley than
the expansive delta-shaped coastal plain that extends westward from
the vicinity of Tuluksak River to Bering Sea along that part of
Kuskokwim River which is affected by the tides. The change from the
coastal-plain type to the valley type of lowlands is imperceptible,
but may be considered to occur between Tuluksak and Aniak rivers,
approximately where the Kuskokwim emerges from the mountain
belt.
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Within the limits of the mountains almost the whole lowland area
~ lies south of the main river. In other words, the Kuskokwim flows
along the northern margin of the lowlands, against the flanks of the
highlands that form the north slope of the broad lowland valley.
The lowland tract contains a practically continuous chain of shallow
. flood-plain lakes and ponds, with intervening swamps, extending
along its southern border against the foothills of the mountains
between Tuluksak and Aniak rivers. Nearly all the drainage from
the mountains between these two rivers empties into this chain of
lakes and ponds, from which it flows indirectly into the Kuskokwim
across the wide tract of lowlands by way of a number of very tor-
tuous and for the most part sluggish creeks and sloughs. Thus this
lowland tract is poorly drained and is subject to widespread inunda-
tions at times of flood. The only streams that maintain well-
established courses from the mountains on the south across the full
width of the lowlands to the Kuskokwim are Tuluksak and Aniak
rivers. Even these large streams maintain their channels with diffi-
culty, as is shown by their wide meandering.

The largest of the shallow bodies of water on this lowland tract
is Whitefish Lake. Although 6 miles wide and about 10 miles long
this lake has a maximum depth of only about 80 feet and in the
greater part of its area is less than 10 feet deep. Whitefish Lake
receives a stream about 15 miles long, named Ophir Creek, on which
occur prospects of gold that will be described in the discussion of
placer deposits,

ANIAK RIVER,

Lower Aniak River flows across the Kuskokwim lowlands in a
meandering channel approximately 45 miles long, at a place where
the lowlands are about 15 miles broad. South of the lowland tract,
within the mountain highland belt, the broad basin of the Aniak
is drained by three principal branches, the westernmost of which is
named Salmon River and the others Middle Fork and East Fork,
respectively. Little is known about the two latter branches beyond
the fact that their sources lie well within the mountains, opposite
the headwaters of Nushagak River, to the south. Although pros-
pects of gold are reported to occur within the areas drained by the
Middle and East forks of the Aniak, so far the only productive
deposits of placer gold that have been developed within this basin
occur in the valley of Salmon River.

MOUNTAINS BETWEEN TULUKSAK AND ANIAK BASINS.

The wide basin of Aniak River separates a portion of the Kus-
kokwim highland on the west from the main part of the mountain
belt, so that s considerable mountain area occupies a somewhat
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isolated position between the upper courses of Tuluksak and Aniak
rivers. The extent of this mountainous area is about 30 miles from
east to west and 60 miles from north to south. It is surrounded by
broad lowlands on all sides except the south, where it merges with
the main mountain belt that extends southwestward.

The higher ridges of this area, which form the divide between
the Tuluksak and Aniak drainage basins, have average altitudes
of about 3,000 feet above sea level. The spurs that descend from
these ridges to the lowlands form a wide belt of rolling foothills
on the west, north, and east flanks of the mountains. About the
center of the area several summits stand prominently above the
general elevation of the main ridges. The highest of these summits,
Marvel Dome, has an altitude of about 4,800 feet. Mount Plummer,
whose altitude is about 4,600 feet, stands about 4 miles northwest
of Marvel Dome, between the sources of East Fork of Bear Creek
on the north and Eagle Creek on the south. A third summit, Mount
Hamilton, about 4,300 feet in altitude, stands in the northern part
of the area at the sources of Bear and Ophir creeks. Because of
its somewhat outlying position, Mount Hamilton overlooks a broad
expanse of the Kuskokwim Valley lowlands and may be seen for
many miles from points both up and down the main river, so that,
although not the highest, it is one of the most prominent summits
. in the district and serves as a general landmark. Locally Mount
Hamilton is known as Bear Creek Dome,

BEAR CREEK AND ITS GOLD PLACERS,
TOPOGRAPHIC FEATURES,

Bear Creek is one of the largest headwater tributaries of the
northern branch of Tuluksak River. (See Pl XI, p. 350.) Its
sources occupy a large semicircular basin which lies immediately
south of Mount Hamilton and opens toward the east. From this
basin the creek flows southeastward for about 5 miles and thence
southwestward for about 10 miles through two high mountain ridges,
which form the dominant topographic features of this part of the
district. In the middle part of this southwesterly course Bear Creek
flows for about 4 miles across a pronounced central basin that is in-
closed by the two ridges. This inclosed basin is about 15 miles in
length, its greater dimension extending in a northwesterly direction,
somewhat transverse to the trend of the main valley. The greater
part of this central basin area lies southeast of Bear Creek and'forms
a wide lateral expansion to the valley of the main stream that is
drained by two of its longest tributaries—East Fork, about 9 miles
long, and Myrtle Creek, about 7 miles long. The part of this basin
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on the opposite side of Bear Creek is drained by Bonanza Creek,
whose length is about 6 miles, and by Spruce and Happy creeks,
each about 8 miles in length.

Where Bear Creek crosses the two mountain ridges above and
below the expansive central basin along its middle course its valley
is considerably constricted. The tributaries in these sections are
relatively short and more gulchlike in character than those which
drain the central basin.

UNCONSOLIDATED DEPOSITS,

The Bear Creek valley is occupied by widespread deposits of gravel
and silt in the form of gently sloping and more or less continuous
benches that extend along the entire length of the main stream and
throughout the lower area of the expansive’central basin drained by
East Fork and Myrtle and Bonanza creeks. The main channel of
Bear Creek and the lower courses of all its tributaries are more or
less intrenched into these deposits to depths ranging in different
parts of the valley from 10 to 100 feet or more. In general the
amount of the intrenchment is progressively greater downstream, yet
this condition is not markedly apparent at first glance because large
quantities of the alluvial deposits formerly present along the imme-
diate courses of the streams have been removed as the intrenchment
proceeded, especially along the middle course of Bear Creek, where
it flows through the central basin and where the alluvial deposits
appear to have been deepest. Within this central basin the removal
of unconsolidated material along Bear Creek has proceeded to a
stage wherein this stream has reduced its flood plain almost to bed-
rock and for some time has been cutting laterally into the alluvial
benches, thus forming a narrow strip of flood plain, from a quarter
to half a mile in width, along its channel. The gravels of this flood
plain range in depth from 3 to 8 feet and rest on a bedrock floor of
fairly uniform grade.

Considerable amounts of coarse gravels and cobbles, with some
bowlders, have been secondarily concentrated in this flood plain .
from the thick bench deposits as a result of their intrenchment, espe-
cially along the present channel of Bear Creek. Somewhat away
from the present course of the main stream, in those parts of the
flood plain that have not been reduced so nearly to the bedrock floor,
the unconsolidated deposits appear to be composed more of finer
gravel, together with sand and silt that do not appear to have been
reconcentrated by the action of the present stream. At least, the
larger part of the unconsolidated material somewhat removed from
the present channel of Bear Creek is not so coarse as that along the
channel. These finer sediments may be, at least in part, deposits that
were laid down along the valley floor before the widespread bench



GOLD PLACERS OF THE LOWER KUSEKOEKWIM, 311

gravels were deposited throughout the valley. In other words, a con-
siderable amount of the finer gravels and silts on the bedrock floor
of the flood plain may represent the products of an older cycle of
stream erosion in this valley that have not yet been affected by the
secondary concentrating activities of the stream which are now in-
trenching and removing the thick bench deposits.

The greater part of the placer gold of this valley, so far as its dis-
tribution has been disclosed by prospecting and mining up to the
present time, occurs in the gravels of the flood plain which have not
been recently washed by the present stream and in the crevices of
the shattered and decomposed bedrock upon which the gravels rest.

GOLD PLACER DEPOSITS.

DISTRIBUTION.

The most productive gold placer deposits so far found in the
Bear Creek valley occur in the central basin and immediately above
it. Most of the claims that have been prospected and worked are
located as 20-acre tracts of the conventional dimensions—that is,
approximately 1,320 feet in length and 660 feet in width. The
longer dimensions of most of the claims extend along the course of
the valley, but a few claims cross the trend of the valley in order to
inclose more of the shallow gravel deposits.

The initial claim, designated Upper Discovery on Bear, is located
just above the mouth of Myrtle Creek. Bonanza Creek empties into
Bear Creek near the upper end of Upper Discovery claim. Down-
stream from this claim more or less prospecting and open-cut mining
has been done on claims designated consecutively Nos. 1 to 6 below
Upper Discovery. Upstream from it four claims, designated Nos. 1
to 4, above Upper Discovery have been mined to a considerable
extent by open-cut methods. Several so-called bench claims located
along the right margins of claims Nos. 1 to 6 below Upper Discovery
include part of the shallow ground not covered by other locations.

A claim at the mouth of Bonanza Creek, designated Discovery
claim for this stream, which immediately adjoins the claims along
Bear Creek, has been worked in a profitable manner and may well be
considered in connection with the shallow ground along the main
creek, with which it is closely associated. Bonanza Creek is staked
upstream from its mouth for several miles, but no productive mining
appears to have been done within its valley above Discovery claim.

The only other grouud on a tributary to Bear Creek in this part of
its valley on which mining has been done is on Spruce Creek, a small
stream discharging into Bear Creek on claim No. 4 below Upper
Discovery, about 13 miles below Bonanza Creek, on the same side of
the valley. The alluvial deposits of Spruce Creek from its mouth to
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its source are covered by eight claims, each of 20 acres, of which the
one at the mouth is designated Discovery claim and the others Nos.
1 to 7 above Discovery. The only mining which has been done on
Spruce Creek is represented by an open-cut working on claim No. 1.

Practically all the alluvial ground immediately along Bear Creek
has been staked for placer mining and prospecting has been done as
far upstream as claim No. 25 above Upper Discovery. A chain of
20-acre claims extends downstream from Upper Discovery for about
8 miles, or to the mouth of East Fork. Below East Fork, where the
valley broadens as it leaves the higher mountains and passes through
a belt of foothills, a more or less connected series of 160-acre associa-
tion-group claims has been located. Altogether 10 or more of these
association groups, each about 1 mile in length, are so arranged as to
occupy about 8 miles of the valley bottom and the benches along ths
sides. Very little prospecting of a conclusive character has been done
on these large tracts, but it is reported that prospects of gold may be
obtained from some of their gravels, especially on rims of bedrock
that are exposed here and there by the down-cutting of the main
stream. The gravels on these bedrock rims may belong to the wide-
spread bench-gravel deposits which fill the valley, but there is a
strong possibility that they may be remnants of older stream gravels
which have been buried by the bench gravels and recently exposed by
the intrenching activity of Bear Creek. This may account for the
opinion held by some of the prospectors that the bulk of the bench
gravels on lower Bear Creek are poor in gold content. The only
productive ground in this valley below the mouth of East Fork that
has been worked to any extent is on a small tributary named Tiny
Gulch, situated about 8 miles below Upper Discovery claim, on the
left side of the main stream.

Except on the Tiny Gulch claims and on claim No. 1 above Dis-
covery on Spruce Creek practically all the productive mining so far
done in the Bear Creek valley has been confined to a tract about 3
miles in length, covered by the claims from No. 6 below to No. 4
above Upper Discovery, inclusive. The several so-called bench claims
which adjoin claims Nos. 1 to 6 below Upper Discovery along the
valley bottom may be included with the creek claims, as they are
merely extensions of them. Discovery claim on Bonanza Creek may
also be considered to belong essentially to the flood plain of Bear
Creek, as it bears a close relation to the contiguous claims along
Bear Creek at the confluence of these two streams. The features
of this more or less productive tract may well be described without
reference to the claim boundaries, because the gold-bearing gravel

" deposits which it contains have had the same history in all essential
particulars.
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OHARACTER OF BEDROCK.

The bedrock along the productive section of Bear Creek, defined
above, is almost entirely obscured from view by the shallow gravels
of the flood plain and the deep bench gravels which border the flood
plain on both sides. Bedrock is exposed along the main creek at
only a few points, where the stream flows strongly against the
escarpments of the benches and has cut away their bases so as to
form bluffs. In the lower part of several of these bluffs, especially
in one on Upper Discovery claim, bedrock is laid bare in a slightly
truncated outcrop beneath the thick bench gravels. To judge from
this outcrop and the rather unsatisfactory exposures of bedrock
floor that were observed in the few newly dug open cuts available
for inspection during 1914, it appears that the dominant bedrock of
Bear Creek within the productive area is a massive siliceous granitic
intrusive rock. This rock is fine grained in texture and contains con-
siderable biotite mica. It is somewhat decomposed and much frae-
tured. Most of the igneous bedrock is broken into small angular
fragments that may be readily loosened with a pick and lifted with
a shovel, but some of it is in the form of larger blocks, a foot or more
in dimension. These blocks and fragments are closely keyed together,
and the innumerable crevices between them furnish spaces for the
rapid circulation of water and the lodgment of particles of gold.

The massive granitic bedrock is in turn intruded by dark-colored
dikes of diabasic rock which are softer and less fractured than the
granitic rocks they cut, or rather the severe crushing to which they
have been subjected is shown by mashing, distortion, and slickensided
surfaces instead of by distinct, sharp-cut fracturing. Little can be
determined in regard to the number and distribution of these dikes,
owing to the widespread deposits of unconsolidated material on the
bedrock. Small outcrops of the dikes, however, are encountered at
frequent intervals in the open cuts on nearly all the claims that have
been prospected or mined. Some of the exposures indicate a thick-
ness of 10 to 20 feet for the larger dikes, but others show only a few
inches of intruded material. The miners recognize these intrusives
by their darker color and softer or tougher texture. Although the
granitic bedrock is considerably decomposed, the dark dike rock is
more so, and the surface portion of some of it has the consistency of
hard clay. Bedrock of this kind appears to have been favorable for
the retention of the placer gold in places where it has not been sub-
jected to the strong scour of recent stream action; but in many
places where such scouring has occurred it is quite barren of gold.
It is much easier to dig and clean than the hard, fractured granitic
bedrock, in whose crevices the gold lodges more beneath the surface.
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In order to make a good recovery of placer gold from the shattered
granitic bedrock the top layer of blocks must be pried apart, but as
these blocks readily disintegrate into still smaller fragments the
cleaning of the rock is tedious.

In taking up the shattered granitic bedrock considerable care must
be exercised to exclude flowing water from the cuts as much as pos-
sible, for if water is allowed to flow through the crevices the sediment
that fills them and holds the particles of gold is washed from the
blocks, with the result that the gold immediately sinks into deeper
crevices, from which its recovery by manual labor is almost impossi-
ble. In the most successful operations about 1 foot of the shattered
bedrock is taken up, but in much of the mining that has been done no
attempt was made to recover the gold in the bedrock and only the
gravels were shoveled into the sluice boxes.

CHARACTER OF THE GEAVELS,

The gravel deposits along the present flood plain of Bear Creek
from claim No. 6 below to claim No. 4 above Upper Discovery are
from 8 to 8 feet in depth. In the distance of about 3 miles covered
by these claims Bear Creek falls about 50 feet to the mile. The sur-
face of the valley bottom back from the main channel of the stream
also conforms in general to this average grade, though here and there
it shows minor differences of level of a few feet. The average width
of the flood plain is about a quarter of a mile. Although the slightly
higher portions of the flood plain have the appearance of low benches
and parts of them are located as so-called bench claims, prospecting
has disclosed the fact that the gravels of which they are composed are
in few places more than 6 feet in depth.

For the most part the surface of the narrow flood plain is bordered
on each side by the abrupt but not particularly steep escarpments of
the much deeper bench deposits into which the present flood plain of
Bear Creek is intrenched. As is to be expected, however, there are
here and there a few narrow tracts of intermediate benches, which
lie between the higher benches and the lower surface of the shallow
flood-plain deposits and evidently mark progressive stages in the de-
velopment of the intrenched channel as it stands to-day.

The shallow deposits along Bear Creek are composed, for the
most part, of well-washed gravels mixed with a small percentage of
sand and clay. About a foot of silty soil has accumulated over the
more stable portions of the flood plain, and in some parts sand and
clay make up the bulk of the alluvial deposit, extending within about
1 foot of the bedrock floor, upon which is a layer of gravels.

The gravels are composed of the several kinds of rock that occur
in the valley basin, the sandstone and hard shale or slate country
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rock, the volcanic agglomerate and tuff associated with these sedi-
ments, and the siliceous and basic igneous rocks intruded into them.
Most of the gravel is of the siliceous granitic rock, probably because
its hardness makes it more resistant to wear. The gravel ranges in
size from small pebbles to cobbles 6 to 10 inches in diameter. A few
bowlders as large as 3 feet are present. '

In general the deposits are rather loosely compacted—that is, the
spaces between the gravels and cobbles are not tightly filled or sealed
with sand or clay. As a consequence water circulates rather freely
through the flood-plain deposits. The supply of water in Bear
Creek is so abundant that all the unconsolidated deposits along the
flood plain are more or less charged with it. Wherever open cuts are
dug to bedrock a free seepage of water almost invariably appears in
the excavations, and the low grade of the bedrock floor makes it diffi-
cult to construct satisfactory drains to carry the seepage water away
from the working cuts. In addition to this the greatly shattered
bedrock to a depth of several feet is also charged with a large volume
of seepage water that circulates more or less freely. In many places
this water appears to be flowing readily through open crevices and
often it is under sufficient pressure to cause it to bubble perceptibly,
like a small spring, from some of the crevices. Other crevices, how-
ever, are more or less sealed by fine sediment, and many of these
clogged spaces contain fine particles of gold.

Evidently because of this extraordinary volume of free seepage
water the gold-bearing deposits are entirely unfrozen throughout
the year, a condition which is unusual for the interior of Alaska,
where it is the rule for alluvial ground to be at least partly frozen.
The occurrence of the placer gold chiefly in the gravels immediately
on bedrock and in the crevices of the shattered bedrock would natur-
ally be expected when consideration is given to the amount of water
that flows through the deposits. Yet there is nothing unusual in this
distribution of gold, as it is generally so distributed even in frozen
placer deposits except where there has been more than one period
of gold concentration in a cycle of drainage development.

In the valley of Bear Creek there appears to have been but one
primary period of gold concentration—that is, only one period dur-
ing which the conditions of direct stream erosion and concentration
- of the products of disintegration of mineralized bedrock were favor-
able for the formation of placer gold deposits along the present bed-
rock floor of Bear Creek. The evidence at hand favors the view that
the placer gold now found along Bear Creek was concentrated there
before the present bench deposits were laid down throughout the
valley.

Three distinct periods of drainage development are recorded by
the uncznsnlidated deposits in Bear Creek valley to-day. The record
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of the oldest may be read in the bedrock form of the valley. It
marks a time when the streams were eroding and concentrating the
disintegrated bedrock and the gold of mineralized areas of the bed-
rock. The second period was that during which the valley basin was
deeply filled by the alluvial deposits that now form the extensive
high benches along the sides of the valley. During this period the
streams were so heavily loaded with gravels and silts that concentra-
tion did not occur on bedrock, and such concentrations as were
already there, as a product of the earlier drainage system, were
deeply buried by the continued additions to the sediments, until they
were built up to their maximum thickness. The third or youngest
period of drainage development is the one which may be observed in
the valley to-day. Its principal activity is the intrenchment of the
present drainage courses into the thick alluvial deposits laid down
during the second period. Although considerable quantities of these
thick deposits are being removed in consequence of this intrenchment
and coarse gravels from the removed alluvium are being concentrated
along the trunk stream and its larger tributaries, this process’does
rot involve a concentration on bedrock such as was effected by the
drainage of the oldest period—that is, it does not involve the con-
centration of newly disintegrated bedrock along the immediate lines
of intrenchment except in the few minor areas already cited, where
small outcrops of bedrock have been exposed beneath the bench
gravels at widely separated intervals along the immediate channel of
Bear Creek. In brief, the present drainage development is not of the
kind that might be expected to effect a concentration of gold from
bedrock, because the bedrock is not being eroded and as a matter of
fact has been protected from erosion since the first period of drainage
development described above. The drainage of the present period
has hardly incised its trunk course near enough to bedrock to have
any influence on it whatever. For these reasons the second and third
periods of drainage development in Bear Creek valley are consid-
ered to have played a very minor part in the concentration of the
placer gold now found along the bedrock floor of the valley. In
other words, the gold concentration is considered to have occurred
almost entirely if not altogether during the first period of drainage
development,

The chief facts supporting this argument for only one period of
gold concentration in Bear Creek valley may be summarized as fol-
lows: Placer gold is produced primarily at stages of drainage devel-
opment when the streams are concentrating disintegrated rock from
mineralized areas. The Bear Creek valley has just passed through
a period of drainage development during which its bedrock was not
being eroded, but on the contrary was being covered deeply with
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unconsolidated sediments. Although the present streams have re-
cently begun to erode again, the down-cutting has barely reached
the stage where the streams are working near the bedrock floor of
the valley and has not yet brought about a condition in which they
could make any primary concentration of gold from bedrock.
Neither do any of the present large tributaries to Bear Creek appear
to be now contributing an appreciable amount of placer gold to the
main creek, along which the richest deposits occur. If such a process
of enrichment were now in progress, one or more of the larger tribu-
taries to the productive section of Bear Creek should contain gold in
proportion to the deposits along the main stream, but this does not
appear to be the case.

The only alternative supposition to account for the gold now found
along Bear Creek is that which assumes that the gold is derived, by
secondary concentration, from the thick bench deposits during the
progress of their intrenchment. This supposition does not appear to
be satisfactory, because if such were the derivation of the gold it -
would be natural to expect a proportional distribution of gold along
at least some of the intrenched tributaries to the productive section
of Bear Creek, which might have acted as an agency of enrichment
to the deposits along the main stream, but evidence that the gold
had a widespread distribution throughout the bulk of the bench
deposits is lacking. At least the outwash character of the bench
deposits appears to preclude the possibility that placer gold has been
concentrated in particular tracts within them and not in others. The
coarser constituents of the bench alluvium show uniform concentra-
tion by the down-cutting of both the main stream and its tributaries;
consequently it should be expected that placer gold derived from the
same source should also be concentrated more or less uniformly along
the intrenched stream channels if it were present in the bench de-
posits with the gravels. As the placer gold along Bear Creek and its
tributaries seems not to be uniformly distributed, the only conclusion
that appears to satisfy the facts as now known is that the gold has
no essential connection with the thick bench grave!s or their intrench-
ment, but is closely related to the period of stream. erosion and con-
centration that preceded the deposition of the thick alluvium of the
benches. In other words, the placer gold appears to belong to the
oldest period of drainage activity of which there is a record in the
Bear Creek valley. This conclusion is more significant when the
glacial outwash character of the bench deposits is considered, as will
be deseribed below.

The gold now found along Bear Creek occurs on both sides of the
present channel, as if the stream in its meandering had cut through
what may previously have been a more or less continuous pay streak
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belonging to an older concentration and thus, by removing the gold-
bearing gravels here and there, had produced the somewhat barren
spaces that the miners term “blanks.” As has been stated, the
greater part of the placer gold of this valley occurs in tracts of
gravels and shattered and decomposed bedrock that have been least
disturbed by the present down-cutting of the stream to, or nearly to,
the bedrock floor. Furthermore, the gravels with which the gold is
most closely associated appear to be finer and more oxidized than
the general run of coarser gravels that have been reconcentrated from
the bench deposits.

From the preceding discussion it may be easily understood that the
concentration of placer gold along Bear Creek has not had a simple
history, but one of many complexities. As one of the chief episodes
of this history is that which introduced the thick bench deposits, a
description of these deposits is given below.

BENCH DEPOSITS,

The escarpments of the dissected benches which border the present
flood plain of Bear Creek are for the most part abrupt, but not
particularly steep except where they are now being eroded by the
creek as it meanders from one side of its flood plain to the other.
Beneath the thick bench gravels in a few of these steep, freshly cut
bluff banks are exposed slightly truncated outerops of bedrock, which
indicate something of the gently rolling configuration of the floor
upon which the bench deposits rest.

The evidence that the unconsolidated deposits of gravels and silts
in the central basin of the Bear Creek valley were formerly much
thicker than they are now is furnished chiefly by the margins of
these alluvial deposits against: the bedrock slopes that border this
central basin. These margins are distinctly indicated where the
gently sloping surfaces of the alluvial benches abut against the
steeper bedrock slopes along the flanks of the mountain ridges and
spurs, especially between the larger tributaries, where they have
been protected from removal by recent erosion. For example, on the
broad bedrock spur between Bonanza and Spruce creeks the upper
margin of the alluvial bench stands fully 400 feet above the present
flood plain of Bear Creek at the mouth of Myrtle Creek, and on the
slopes of the main valley on each side of Happy Creek, opposite the
mouth of East Fork, remnants of alluvial benches stand fully 500 feet
above the main creek. South of Bear Creek the area between East
Fork and Myrtle Creek, which discharge into Bear Creek at points
about 3 miles apart, is entirely occupied by an alluvial bench. The
surface of this broad bench slopes gradually up toward a mountain
spur that stands about 3 miles south from Bear Creek. On the flanks
of this spur the margin of the alluvial deposits stands at an eleva-
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. tion of over 500 feet above Bear Creek, which is somewhat higher
than the margin of the bench deposits on the north side of the valley,
between Bonanza and Spruce creeks. The upper limits of the allu-
vial bench deposits in the more constricted sections of the Bear Creek
valley stand at the same general level as those within the central
basin.

The general accordance of level of the margins of these wide-
spread alluvial deposits along the main valley of Bear Creek and
throughout its central basin appears to point to the conclusion that
this valley was formerly filled with alluvium nearly, if not quite,
to the height indicated by the margins of the present benches. At
least the alluvial filling was much deeper than at present, for the
upper limits of such deposits are clearly of the type that was con-
trolled by one stage of stream aggradation. This view necessitates
the conclusion that the surface upon which the alluvial deposits were
spread, when they reached their maximum development, must have
extended across the whole area of the central basin and up and down
the main valley of Bear Creek at the elevation indicated by the
present marginal limits of the alluvial deposits. In other words,
the evidence of the present benches indicates that practically the
whole area of the Bear Creek valley, with the exception of its head-
water basin, was filled with unconsolidated gravels and silts, which
at the mouth of Myrtle Creek reached a maximum depth of at least
400 feet and at the mouth of East Fork a depth of about 500 feet.

The surface on which the streams were depositing this material
was, without doubt, a progressively rising or aggrading one until the
maximum thickness of the alluvial deposits was built up. Since then
the process has been reversed, and there has been a progressive lower-
ing of the surface during which a considerable bulk of the alluvial
deposits has been removed, or ground-sluiced, from the central basin;
and the main stream and its principal tributaries have intrenched
their channels.

It is obvious that the drainage conditions under which Bear Creek
valley was filled with gravel and silts, especially in its extensive
inclosed central basin, must have been entirely different from the
present conditions, under which that material is being gradually re-
moved. A sufficient cause to account for these conditions, however,
is found close at hand, in the part of the central basin that is drained
by the upper 6 miles of East Fork, where there are distinet and
strong evidences of mountain valley glaciation.

GLACIATION ALONG EAST FORK.

The sources of East Fork occupy a distinct glacial cirque whose
steep walls have been eroded in the north flank of Mount Plummer.
This summit has an altitude of about 4,600 feet, and the bottom of
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the cirque is about 2,000 feet below the summit. The point of dis-
charge of East Fork into Bear Creek, about 9 miles from its source,
is fully 2,000 feet lower than the bottom of the cirque. Thus the
part of the central basin drained by East Fork has a steep gradient,
which is ample to permit the discharge of a large quantity of alluvial
material into the Bear Creek valley when conditions are favorable
for the erosion of such material from the mountains.

The upper 6 miles of the East Fork Valley is now occupied by
extensive glacial moraines, which give proof that the mountains
bordering this part of the central basin have been subjected to pro-
found erosion. These morainal deposits are composed chiefly of
large bowlders, which for the most part have a typically disorderly
arrangement, with many potholes and other characteristic glacial
features. Some of the potholes hold lakelets and ponds. A group
of such lakelets occurs about 6 miles from the source of East Fork,
or 3 miles from Bear Creek, at an elevation of about 400 feet above
the main stream, approximately at the margin of the broad bench
which extends between East Fork and Myrtle Creek. These lake-
lets appear to mark the site of a well-developed terminal moraine
that was deposited by the glacier which formerly occupied East
Fork.

Without going into details it may be stated that a glacier at least
6 miles long formerly occupied the upper valley of East Fork and
is believed to be a cause sufficient to account for the amount and
character of the alluvial bench deposits that now occur throughout
the valley of Bear Creek. At its maximum development the East
Fork glacier may have reached quite to the mouth of East Fork and
thus dammed the whole valley of Bear Creek above that point.
On the other hand, such damming of the Bear Creek valley as is
necessary to account for the alluvial benches throughout its extent
may have been caused by outwash gravels, which were discharged in
such large quantities from the glacier’s terminus, near the group
of lakelets mentioned above, as to effectually clog the valley above
East Fork. In either case it is apparent that the Bear Creek valley
was filled with outwash gravels and silts, chiefly of glacial derivation,
up to the marginal limits of the present widespread benches; and it
is also apparent that much of this material has been removed since
the melting of the East Fork glacier.

EFFECTS OF GLACIATION ON FPLACERSB.

The processes of glacial erosion and deposition are very unfavor-
able to the formation of placer deposits—indeed, they are generally
considered to be destructive of such concentrations. Placer deposits
of value are not to be expected in areas that show evidences of having
been directly eroded by glacial ice unless there has been in such areas
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a period of stream erosion upon mineralized bedrock since the ice
disappeared. Any placer concentrations that might have existed in
such areas before the glaciation will have been almost invariably
scoured away and scattered broadcast in the sediments outwashed
from the glaciers by their melting waters. Gravsls and silts de-
posited by heavily loaded glacial streams, beyond the areas eroded by
ice, are not to be expected to concentrate placer gold; for usually
such deposits are built up so rapidly by dumping of material in un-
assorted arrangement as to preclude the processes of stream concen-
tration. On the other hand, however, outwash sediments of this
character may be expected to bury previous placer concentrations and
thus protect them during the period of active glaciation and long
enough afterward for the stream drainage that may succeed the glacial
drainage to remove the overburden of glacial outwash deposits.

Although the upper basin of East Fork is occupied by considerable
masses of intrusive granitic rock, there is no evidence at hand to
prove that the glaciated part of this basin contains rocks mineralized
with gold. The evidence that placer gold was deposited in appreci-
able amounts with the glacial outwash sediments that now form the
widespread benches throughout the Bear Creek valley is also nega-
tive, as has been considered on pages 314-318,

There is, however, one locality in the Bear Creek valley, on Spruce
Creek, where some placer gold appears to have been concentrated in
the glacial outwash sediments either during the period of their dep-
osition or during the succeeding period of intrenchment and re-
moval. Nevertheless the chief concentration of gold in Spruce Creek
appears to have taken place on its bedrock floor during the period
of erosion and concentration that preceded the period of glacial ac-
tivity., Although the manner of occurrence of some of the gold on
Spruce Creek appears to indicate concentrating activity at intervals
throughout all three periods of erosion and deposition now re-
corded by the unconsolidated deposits in the Bear Creek valley, this
locality seems to be characterized by special features not found in
the valley as a whole. These features are pointed out below.

SPRUCE OREEE.

Spruce Creek is a small tributary, about 3 miles long, that dis-
charges into Bear Creek from the northwest about 1} miles below
Bonanza Creek. Its valley consists of upper and lower sections of
quite different character. Its upper mile drains a bedrock basin
eroded from a steep mountain spur whose crest stands about 2,000
feet above the mouth of the creek. The stream descends fully 1,500
feet in this distance of 1 mile. In the lower 2 miles the valley is
eroded in the bench deposits that are distributed thronghout the cen-
tral basin of Bear Creek. In this lower section the stream has a
descent of about 400 feet and does not flow on bedrock at any point.

6411°—15——21
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The erosion of the lower 2 miles of Spruce Creek has removed a
large amount of the thick bench deposits, but on the left a well-
preserved area of these sediments, 1} miles broad, extends to Bonanza
Creek as a gently sloping bench. There is also a narrow bench of
these sediments along the right side of lower Spruce Creek. The
upper limits of these bench deposits, on both sides of Spruce Creek
and up its valley, stand at approximately 400 feet above the present
flood plain of Bear Creek at the mouth of Spruce Creek. From
the uniform level of the upper limits of the bench deposits in and
sbout the Spruce Creek valley, and in fact around the entire border
of the central basin of the Bear Creek valley, it appears that these
sediments attained a thickness of about 400 feet at the present mouth
of Spruce Creek at the time of their maximum accumulation.
Whether this deep filling really occurred or not, there is ample evi-
dence to show that in the lower 2 miles Spruce Creek has eroded a
large quantity of unconsolidated sediments from its valley during
the last or intrenchment period of drainage development of Bear
Creek and its tributaries. Spruce Creek, being one of the minor
tributaries to Bear Creek, is not to be expected to show as thorough
intrenchment of the bench sediments within its valley as the trunk
stream and its larger tributaries. The result is that a considerable
thickness of unconsolidated sediments still remains along the bottom
of the lower section of the Spruce Creek valley. For instance, at a
point about 1,500 feet above the mouth of the creek the sediments
that occupy the valley are at least 20 feet in depth. This depth of
sediments is disclosed in an open cut about 280 feet long and 15 to 20
feet wide situated on the lower part of claim No. 1 above Discovery
on Spruce Creek. This development work was commenced in 1913
and continued during the summer of 1914 with the labor of about
six men, The trench is designed as a bedrock drain. Its upper end,
which is 280 feet from the place where it was begun, is 15 feet below
the surface. A pipe driven into the sediments at this point indicates
the bedrock floor of the valley to be about 5 feet deeper than the
trench, or 20 feet below the surface.

An average section of this cut shows from 2 to 4 feet of vegetable
muck as a surface layer. Below this muck is from 2 to 3 feet of
coarse gravel that contains occasional bowlders as much as 1 foot in
diameter. These bowlders are of granitic and agglomerate rocks,
and the gravels are made up of the same kinds of rock, together with
pebbles of hard sandstone and shale. Beneath these gravels is a
layer of bluish clay, from 1 to 13 feet thick, of the kind that is char-
acteristic of glacial sediments. The deposit below the blue clay is a
brown sandy clay with pebbles. It is believed that sediments of
this character extend to bedrock.
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- Several thousand dollars’ worth of gold has been mined from the

sediments of this cut by washing them through a line of small sluice
boxes as the work of excavation progressed. Those who have done
this work believe the brown pebbly clay in the bottom part of the
cut to be a sort of false bedrock, or, rather, they have found that
much of the placer gold occurs above the lowermost sediments and
that the best concentration appears to occur on or in the layer of
blue clay. Nevertheless gold to the amount of 1 cent to the pan is
reported to occur in the brown pebbly clay so far as it has been pros-
pected, and it is thought that good concentrations of gold should
occur on the bedrock beneath this clay. Some gold occurs in prae-
tically all the sediments, from the layer of muck on the surface to
the bottom of the cut.

The washing of the gold from both the blue and the brown clay
is difficult because of their tendency to form lumps or balls in the
sluice boxes unless thoroughly disintegrated with water; and as the
water supply of Spruce Creek is not ample, even for so small an
operation, considerable delay was experienced both from the clay
and from the accumulation of tailing gravels at the lower end of the
~ sluice, where it was often necessary to employ as many as three men
spreading tailings in order to keep the boxes free.

The placer gold mined from this trench is fairly coarse and rough.
Small nuggets, worth from 75 cents to $1, are not uncommon. Many
of these have quartz attached to them, and the general character
of the gold indicates that it has not traveled far from its bedrock
source,

The men who made the open cut on claim No. 1 also located the
upstream claims Nos. 2 to 6 above Discovery, but have done no
development work on them; consequently nothing is known regard-
ing the depth or character of the unconsolidated deposits of these
claims except what may be inferred from the cut on claim No. 1.
It is probable that the sediments do not exceed 30 feet in depth on
any of these claims and that on the upper claims they become more
shallow. Claim “No. 7 above” is also staked. These seven claims,
together with Discovery claim, at the mouth of the creek, are each
about 20 acres in area and of the usual length of a quarter of a mile;
thus they cover the 2-mile section of the Spruce Creek valley that
is eroded in the unconsolidated bench deposits. The upper mile of
the creek does not appear to have been staked for placer mining,
although it is reported that prospects of gold may be obtained from
the rather meager accumulations of washed gravels which occur
along this section.

The upper mile of Spruce Creek appears to have had a simple
history; throughout its existence it has been eroding the disinte-
grated bedrock from the steep mountain slopes of its basin, concen-
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trating this material along its bed, and delivering the stream-washed
sediments to the more gently graded lower section of the valley.
On the other hand, the history of sedimentation, erosion, and con-
centration along the lower 2 miles of the valley is somewhat com-
plex in that the products of erosion from the steep headwater basin
have not been delivered under uniform conditions of stream activity.
Before the bench deposits filled the lower 2 miles of the valley the
eroded material from its upper basin was, without doubt, deposited
and more or less concentrated along the bedrock floor of the lower
section in a normal manner. But upon the invasion of large quan-
tities of bench-forming sediments into the lower section of Spruce
Creek valley, apparently in greater part from sources outside of
that valley, the stream-washed material delivered from the upper
. bedrock basin of Spruce Creek appears to have become incorporated
with the thick bench sediments, as they were built up, in an unas-
sorted manner and forming a minor part of the deposits as a whole.
After the bench sediments ceased to be deposited within the lower
valley the stream entered upon the period of intrenchment that has
recently characterized all the drainage of the central basin of Bear
Creek. During this period large amounts of the unconsclidated
bench deposits have been removed and the valley has assumed the
form it now presents.

Under the conditions of sedimentation and erosion here outlined
it is evident that different kinds of water action have had an impor-
tant influence on the manner of occurrence of the placer gold con-
tained in the deposits along the lower 2 miles of Spruce Creek. In
the absence of evidence to the contrary it may be assumed that all the
placer gold in the Spruce Creek valley originated from bedrock
within the rather small area of its present drainage basin and not
from an outside source. The delivery of the placer gold appears to
have been going on before, during, and after the building up of the
bench sediments. Secondary concentration of the gold from the
bench sediments that have been removed from the valley, together
with additions from the upper bedrock basin since the period of
intrenchment began, probably accounts for all the gold that occurs
above the horizon of the blue clay in the unconsolidated sediments
of the lower 2 miles of the valley. )

The origin of the gold in the brown pebbly clay beneath the layer
of blue clay is not so clear. The more oxidized condition of these
brown sediments may mean that they were laid down before the
thick bench gravels were introduced into the valley. As has been
stated, the conditions of gold concentration on the bedrock floor of
the valley beneath the brown sediments are not known at present.

It is possible that some of the placer gold on the bedrock floor of
Bear Creek in the vicinity of the mouth of Spruce Creek is derived
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from the Spruce Creek valley. This inference seems to be especially-
applicable to what appears to be older and finer gravels that lie be-
neath the coarser unoxidized flood-plain gravels along Bear Creek
and that do not appear to have been disturbed by the recent erosion
of that stream. These gravels may be closely related to the older
sediments along the bed of Spruce Creek. Such a delivery of gravels
and placer gold to the Bear Creek valley from a minor tributary
like Spruce Creek could very well have occurred before the deposi-
tion of the bench sediments, but there does not appear to have been a
favorable condition for such delivery since the invasion of this
tributary valley by the thick bench deposits. As the benches were
built up to progressively higher levels within the Spruce Creek
valley the ability of the small stream to wash gravels containing
placer gold to positions much beyond the upstream limits of the
progressively rising flood plain was diminished, because the grade
of the stream was materially lessened downstream from those limits.
Therefore the sediments from the upper bedrock basin of Spruce
Creek, together with any placer gold they may have contained, were
doubtless incorporated with the bench sediments at successively
higher positions up the valley during the accumulation of the bench-
forming sediments, instead of being carried down the valley to posi-
. tions they may have formerly reached along its lower course or
beyond in the valley of Bear Creek.

During the period of removal and intrenchment that has succeeded
the period of bench accumulation Spruce Creek has not been able
to clear its valley of the bench deposits that filled its lower 2 miles
and return to its bedrock floor along that section. Consequently any
placer gold that may have been concentrated along its bedrock floor
during the period that preceded the deposition of the bench sedi-
ments should still be there in a practically undisturbed condition.
However, Spruce Creek has removed a large amount of the bench
sediments and has effected considerable secondary concentration of
those sediments during that process. The unoxidized gravels, with
small bowlders and cobbles, that lie above the layer of blue clay
probably represent the products of this secondary concentration.
The placer gold that occurs above the blue clay is evidently also the
result of this secondary concentration. It therefore seems probable
that practically all the placer gold deposited along the lower 2 miles
of Spruce Creek since the deposition of the bench sediments began
has been more or less concentrated by secondary stream action within
the area of the ralley itself and has not enriched the placers of Bear
Creek in any material degree.

Spruce Creek appears to be about the only tributary to the central
basin of the Bear Creek valley that could have been a source of
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some of the placer gold now found in Bear Creek—at least it is the
only tributary so far discovered that contains gold in commercial
amounts. The lack of placer gold in commercial amounts on the
other tributaries is probably attributable to the character of the
bedrock in which their basins are eroded—that is, it indicates that
the bedrock of these tributaries is not mineralized with gold in
appreciable amounts. In fact, the bedrock affording the most favor-
able conditions for gold-bearing mineralization, from which placer
gold might be derived, appears to have a distribution that conforms
somewhat closely with the area in which the placer gold deposits
now occur. This distribution of placer gold within an area of bed-
rock that appears favorable for gold- bearing mineralization is one
of the chief facts in support of the opinion, already expressed, that
most of the placer gold now found along the main course of Bear
Creek was concentrated in this part of the valley before the invasion
of the glacial outwash sediments from East Fork. Conditions fav-
orable for the concentration of placer gold from bedrock along the
central course of Bear Creek have been practically lacking since the
bench-forming sediments were introduced, because nearly all of the
bedrock has been buried. Moreover, as the bench sediments were
built up the gradients of the lower courses of all the streams tribu-
tary to the central basin of Bear Creek were so lessened that most
of them were probably umable to deliver much of the sediment
derived from their upper bedrock basins very far beyond the pro-
gressively rising upper limits of the flood-plain levels within the
lower parts of their valleys. The result of such a condition of stream
drainage would be that any placer gold that might be derived from
the upper bedrock basins of the tributary streams during the period
of bench accumulation would not have a favorable opportunity of
being delivered beyond the limits of the valleys of such tributaries
to positions along the present central course of Bear Creek. For
this reason it does not seem probable that any large percentage of
the placer gold now present along the central course of Bear Creek
was deposited there by secondary concentration during the period
of removal and intrenchment of the bench gravels. The fact that
concentrations of placer gold of commercial importance have not
been discovered along the larger tributaries to the gold-producing
section of Bear Creek seems to indicate that the bedrock of those
basins is not mineralized with gold in appreciable amounts. On the
other hand, the fact that the character of the bedrock along the
central course of Bear Creek, within the general area now occupied
by the commercially valuable placers, appears to be entirely favor-
able for gold-bearing mineralization strengthens the view that the
placer gold is essentially of local derivation.
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CHARACTER OF BEDROCK.

The country rocks of the upper basin of Spruce Creek are com-
posed of thick strata of agglomerate and fine-grained tuffaceous
rocks interbedded with some sandstones and shales, all of which are
well hardened and considerably fractured.

A large body of intrusive granitic rock cuts the country rocks near
the head of Spruce Creek and forms the crest of the mountains to
the south. Contact mineralization from this body of intrusive rock
seems to be indicated in the country rocks of the Spruce Creek basin
by small quartz stringers in the joint cracks. Some of this quartz
is reported to contain gold, and the fact that placer gold attached
to vein quartz is found in the creek is corroborative of this report.

On Discovery claim at the mouth of Spruce Creek a fine-grained
granite rock that contains consideruble biotite mica forms the bed-
rock in several prospect holes. It is probable that rock of this kind
is the chief bedrock of this claim, and also of the claim upstream
from it, where decomposed fragments of similar rock are reported
to have been brought up by the pipe that was driven into bedrock in
the open cut previously described. Rock of the same kind was ob-
served on Discovery claim at the mouth of Bonanza Creek and forms
a large part of the bedrock of the productive placer claims along
Bear Creek between Spruce and Bonanza creeks and for about 1
mile above Bonanza Creek. The conclusion appears to be warranted
that intrusive granitic rocks have a rather extensive and appareatly
continuous areal distribution beneath the unconsolidated bench de-
posits in that part of the Bear Creek valley where productive placers
are now known to occur. It is not known whether the igneous rocks
that lie beneath the bench deposits along the central part of the
Bear Creek valley connect with the granitic intrusive body that crops
out along the crest of the mountains south of the source of Spruce
Creek, but it is thought that these intrusive bodies are closaly related
if not actually connected.

It may be that the mineralization from which the placers of Basr
Creek are derived is intimately associated with the intrusive bedrock
upon which much of the placer gold is now concentrated. The fact
that the siliceous intrusive rocks along Bear Creek are in turn in-
truded by basic dikes may be of significance in this connection, for
such relations are in many places associated with gold mineralization.
Although vein quartz is not uncommon in the joint cracks of both the
intrusive and the country rocks of this area, it is not developed in
marked amount. The only indication of metallic mineralization
with the quartz in the joint cracks that was observed in the placer-
bearing area is on Discovery claim at the mouth of Bonanza Creek,
where a thin quartz stringer showed discoloration by green malachite
stains.
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DEVELOPMENT AND PRODUCTION.

GENERAL CONDITIONS,

Since 1909 from 10 to 25 men have been engaged in mining and
prospecting on Bear Creek. The actnal mining has been done dur-
ing the summer, but the unfrozen condition of the gravels has en-
abled some opening-up work and prospecting to be carried on dur-
ing the winter. Most of the men, however, have been obliged to
devote a considerable part of each winter to sledding their supplies
for the year to Bear Creek from the trading posts of Bethel and
Kolmakof, on Kuskokwim River. The distance by winter trail from
Bear Creek to Bethel is about 115 miles and to Kolmakof about 55
miles. The trading post at Kolmakof was maintained only during
1912 and 1913, so most of the supplies used on Bear Creek have been
obtained at Bethel. During the last several years freight has been
hauled from Bethel to Bear Creek on sleds drawn by reindeer that be-
Jong to the natives. The charge for this haul is 5 cents a pound. The
same charge has been made for hauling freight from Kolmakof with
dog teams.

So far the production of gold from Bear Creek has not been suffi-
cient to encourage the establishment of a supply station at or near
the diggings. Such an enterprise should not be difficult to maintain
if enough business should be offered. Shallow-draft steamboats can
readily ascend Tuluksak River to a point about 30 miles above its
mouth, near its junction with Fog River, and poling boats can be
used for freighting supplies up the remainder of the river into the
lower course of Bear Creek, within a few miles of the diggings.
This water route has been used from time to time for transporting
supplies with poling boats from Bethel to Bear Creek.

OHARACTER OF DEVELOPMENT.

All the placer mining on Bear Creek up to the present time has
been done by simple open-cut, pick-and-shovel methods with small
gluice boxes. The low grade of the stream has prevented the adop-
tion of hydraulic methods except for small amounts of crude ground-
gluicing to remove superficial accumulations of turf and seil. In
1911 a steam-power scraping and hoisting equipment was brought
to Upper Discovery claim, but it has not been placed in operation.

Most of the excavations that have been made on Bear Creek are
distributed along the 3 miles of the stream included in the claims
from No. 6 below to No. 4 above Upper Discovery. Nearly all the
ground so far demonstrated to be productive lies within this area
along the main stream, with the exception of Spruce Creek, Tiny
Gulch, and Discovery claim, at the mouth of Bonanza Creek. This

-
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latter claim is in reality merely a lateral extension of the contiguous
claims that lie along the main creek. Such work as has been done
above and below this 3-mile tract is now practically abandoned, and
the same statement applies to much of the.work that has been done
within this tract.

All the open cuts have been laid out in the form of bedrock drains
or trenches, and many of them have not been developed beyond this
form. In some places, however, where the gravel has given more _
promise of immediate returns, the trenches have been expanded
laterally into excavations of considerable dimensions. The most
extensive of these pits have been made on Upper Discovery claim,
on claims No. 4 below, and Nos. 1, 2, 3, and 4 above Upper Discovery,
and on Discovery claim at the mouth of Bonanza Creek.

PRODUCTION.

The value of gold that has been produced from the placers of Bear
Creek during the six years of mining from 1909 to 1914, inclusive, is
estimated by those in a position to judge to be about $35,000. Full
data for the yearly production are not available.

It is reported that the value of the gold produced in 1909 was
about $3,500. Most of this gold was mined from a small area on
Tiny Gulch. The ground staked on Tiny Gulch comprises only two
20-acre claims, on which the gravels are from 2 to 3 feet in depth.
Since 1909 the production from this ground has not been more than
a few hundred dollars’ worth each year. The value of the output in
1914 is reported to be about $650, and the total value of the gold pro-
duced from the two claims on Tiny Gulch during the period 1909-
1914 probably does not exceed $5,000.

About $6,000 worth of gold was the average yearly production for
Bear Creek from 1910 to 1913, Most of this gold was mined from
the open cuts along the main stream, where the gravels vary from 4
to 8 feet in depth. An average of 40 to 50 cents’ worth of gold to the
square foot of bedrock is the best yield reported to have been ob-
tained from the larger cuts, and much of the mining in these cuts
has not yielded more than 20 cents to the square foot of bedrock.
In most of these cuts, however, no particular effort seems to have
been made to take up much of the shattered bedrock, in the crevices
of which considerable gold is lodged, or to control the abundant
flowage of seepage water in the cuts while the bedrock was being
cleaned. In several operations where more care has been exercised
in taking up the bedrock average yields of 30 cents to the square foot
of bedrock have been obtained; and in one operation in which par-
ticular attention was given to saving the gold in the bedrock an aver-
age yield of nearly 50 cents to the square foot is reported.
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During the greater part of the summer of 1914 from 12 to 15 men
were engaged in mining on Bear Creek, and the total production
was about $7,000 worth of gold. The largest number of men engaged
on a single operation was six, on claim No. 1 above Discovery, on
Spruce Creek. Several of these men were working for wages and
received $10 a day without board. Most of the other men were work-
ing independently on their own claims or under layman agreements.
Two operations were conducted by men working alone; another by
two men working as partners on a lay; and a third by two men who
owned the claim and hired another man to help.

PROPOSED DEVELOPMENTS.

In 1914 an improved type of portable prospecting drill, operated
by gasoline power, was taken to Bear Creek with the object of
testing the deposits for dredging. The men who contemplate dredg-
ing operations have purchased or bonded nearly all the placer
ground along Bear Creek from claim No. 6 below to claim No. 3
above Upper Discovery. During 1914 the drill was used to test
this ground, especially that part of the tract included in claims
Nos. 1 to 6 below Upper Discovery. The results of open-cut mining
that has been done on Upper Discovery claim and the two claims
above it are considered to furnish fairly satisfactory data as to the
gold content of the gravels on the upper part of the tract which
it is planned to dredge. It is reported that a small dredge may
be installed on Bear Creek within the next few years. The character
- of the gravels and bedrock seems to offer no difficulties to dredge
mining. It appears that 10 feet is the maximum depth to which
a dredge will have to dig in order to handle the gold-bearing de-
posits on Bear Creek effectually.

Steam power, with wood for fuel, has been considered somewhat
favorably for operating a dredge on Bear Creek, but the supply
of spruce timber readily available in the valley is not abundant.
Most of the timber in this valley is situated downstream from the
tract to be dredged, with the exception of a meager amount on the
two lowermost claims of the tract, which is not adequate for the
operation of a dredge for any great length of time. Consequently
the hauling of wood from the lower part of the valley will be a
considerable item of expense in operating a dredge with steam
power. There is a possibility, however, of obtaining cheaper and
more satisfactory power for dredging by installing a small hydro-
electric plant on the East Fork of Bear Creek 3 or 4 miles above
~ its mouth. The volume and grade of thfs stream appear to be ample

for such a purpose.
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CALIFORNTA AND GRANITE CREEKS,

California and Granite creeks are two streams of about the same
length and volume as Bear Creek and, together with that stream,
comprise the chief headwater tributaries of the northerly branch of
Tuluksak River. (See Pl. XI, p. 350.) They are west of Bear
Creek and empty into Tuluksak River from the north about 8 miles
apart. California Creek, which lies about midway between DBear
and Granite creeks, is by some considered to be the head of Tuluksak
River and is so designated, the name California Creek being used
in a more restricted sense for one of the tributary streams within
this valley.

The valleys of California and Granite creeks are bounded by low
mountains and foothills that lie in a broad belt west of the higher
mountains that surround the valley of Bear Creek. The headwater
basins of these two valleys are separated from the valley of Ophir
Creek, to the north, by mountains from 2,000 to 3,000 feet in altitude.
These mountains are made up chiefly of massive intrusive granitic
rocks. It is reported that the greater part of the valley of Granite
Creek is eroded from massive granitic rocks, hence the name of the
stream. Rocks of this character are also reported to have a wide-
spread distribution within the valley of California Creek.

Colors of gold are reported to have been found in both Granite
and California creeks before gold was discovered on Bear Creek. In
fact, it is stated by old-timers that the prospects found on these two
creeks encouraged them to extend their search across the divide into
the valley of Bear Creek. These men did not consider granite bed-
rock a good “ formation” to prospect for gold. This opinion was
probably held generally among Alaskan prospectors until the
Iditarod placers were discovered.

The prospects of gold in the valleys of California and Granite
creeks appear to be intimately associated with residual and stream-
washed products of decay from the granitic rocks. Apparently
there are in these valleys no complications of concertration caused
by glaciation, such as exist in the Bear Creek valley. Under these
conditions the residual granite sands and the stream-washed material
derived from them should be worthy of further prospecting.

" BOGUS CREEK.

Bogus Creek is a stream of minor size that flows by a tortuous
~ course across the Kuskokwim lowlands about midway between lower
Tuluksak River and Whitefish Lake. Its upper course drains part of
the outlying foothills situated between Granite Creek and the Kus-
kokwim lowlands.



832 MINERAL RESOURCES OF ALASKA, 1014,

It is reported that colors of placer gold may be obtained from the
stream gravels of this valley. About 10 years ago a prospecting shaft
was sunk here to a depth of 50 feet, and the sediments were found to
be frozen to this depth. Since then no further prospecting has been
done in the valley. The prospectors who sunk the shaft on Bogus
Creek also sunk a shaft to a depth of about 50 feet in frozen ground
in the valley of Tuluksak River at a point about 5 miles below the
mouth of Granite Creek. Tt is reported that fine colors of gold were
found in both these shafts.

OFPHIR CREEEK.
LOCATION AND GENERAL FEATURES.

Ophir Creek is a stream of considerable volume, about 15 miles in
length, whose source is in Rockpile Pass on the west flank of Mount
Hamilton, north of Bear Creek, on the other side of the divide. (See
Pl X1, p. 350.) It flows in a direction somewhat west of north into
Whitefish Lake, which is the largest of a chain of lakes and ponds in
the Kuskokwim lowlands along the northern border of the foothills
between Tuluksak and Aniak rivers. This large lake and Ophir
Creek are about midway between the lower courses of the two rivers
just named. _

Rockpile Pass has an elevation of about 2,000 feet and Whitefish
Lake of about 250 feet above sea level, consequently Ophir Creek de-
scends about 1,750 feet in its length of about 15 miles. A thousand
feet of this descent is in the upper 3 miles of the creek, where the
valley is dominated by Mount Hamilton and its subsidiary spurs.
For several miles below this steep upper section the creek falls about
200 feet to the mile and its valley is bordered on both sides by rolling
mountain ridges about 1,500 feet in altitude. Thence to its mouth the
grade of the stream gradually becomes less, the valley broadens, and
the ridges on the sides gradually descend to gently sloping foothills
that merge with the Kuskokwim lowlands.

Ophir Creek has no tributaries of consequence from the east and
only three of any considerable length from the west. The upper-
most of these is about 3 miles long and empties into the main creek
about 4 miles from Rockpile Pass. This branch is of note chiefly
from the fact that a hot spring is situated within its basin, about 1}
miles above its mouth, in consequence of which it is named Hot
Spring Creek. This spring is of scalding temperature at its point
of issue, but the water it discharges is cooled within a few hundred
yards by mixture with surface water. It flows from a massive
granitic intrusive rock that occupies a large area in the upper part
of the basin of this tributary. Its waters do not appear to be miner-
alized ; at least no sinter material is deposited about the spring.
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The other two west-side tributaries to Ophir Creek are each about
4 miles in length and flow into it about 3 and 5 miles, respectively,
below Hot Spring Creek. All three of these tributaries rise on a
domelike mountain mass whose summit is about 2,800 feet above
sea level. This is the highest mountain flanking the valley of Ophir
Creek except those about its source.

The valley of Ophir Creek is in sharp contrast to that of Bear
Creek in that it contains no glacial features. Glacial activity ap-
pears to have had no part in its development, which as a whole is
that of normal stream erosion and deposition in a mountainous
country of moderate relief.

OHARACTER OF BEDROCE.

The country rocks of the Ophir Creek valley consist chiefly. of
stratified volcanic fragmental material of basic composition inter-
bedded with minor amounts of shale and sandstone. Much of the
volcanic material is in the form of fine-grained and thinly bedded
tuffs, but it includes members of considerable thickness made up of
medium-textured agglomerate. All the country rocks are much
hardened, and in some of the tuffs and shales slaty cleavage has been
developed along the planes of bedding.

An extensive mass of granitic intrusive rock occupies the slopes
and ridges of the west side of the Ophir Creek valley in its upper
half. The basin of Hot Spring Creek is eroded mainly in this
granitic rock, which also forms the domelike mountain mass drained
by this stream and the two other larger tributaries of Ophir Creek.
The hot spring previously mentioned is near the eastern border of
the intrusive mass, where it is in contact with agglomerate country
rock. This massive granitic intrusive extends southward from the
basin of Hot Spring Creek across the divide into the valley of Bear
Creek and thence farther south into the basin of Aniak River, as is
described on page 338.

Besides the massive body of granitic rock there are dikes of the
same kind cutting the country rocks about the head of the valley,
especially in the flanks and subsidiary spurs of Mount Hamilton.
Several dikes of andesitic rock cut the stratified voleanic country
rocks on the east side of the valley of Ophir Creek about the middle
of its length.

UNCONBOLIDATED DEPOSITS.

The change in the grade of Ophir Creek is directly reflected in the
character of the stream-washed deposits along the valley bottom.
In the upper 5 miles of the valley the greater proportion of the un-
consolidated deposits are coarse gravels and cobbles. A number of
bowlders of moderate dimensions are also present, especially. toward
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the head of the creek. Downstream from this section of coarser wash
the stream gravels become progressively finer, and along the lower half
of the valley silts make up a large part of the stream deposits, although
fine gravels occur in the present bed of the stream all the way to its
mouth. The flood-plain deposits along the lower half of Ophir
Creek have the form of wide, low-lying, swampy tracts. The sur-
face of this lowland stands only a few feet above the normal stage
of stream flow, and during floods it is extensively inundated. The
banks of the main stream throughout the central section of the
valley are only a foot or two high, and consequently this part of
the flood plain is also subject to overflow. In brief, Ophir Creek is
cssentially an aggrading stream, flowing upon and building up its
flood plain from its mouth to its source. Apparently the stream has
had this character throughout its recent history, at least. Possibly
this is the reason why the gold in its gravels is not well concentrated
but rathér widely distributed.

There are no well-developed bench deposits, in the real sense of the
term, along the valley of Ophir Creek—that is, there are no deposits
that have been laid down by the main stream at a higher level and
then intrenched by it. The only sediments that bear the relation of
benches to the present flood plain are gently slopmg alluvial-fan de-
posits that have been discharged into the main valley from short
gulches along some parts of the central section of the valley. Where
these lateral gulches are close together the sloping-fan deposits
from them coalesce with one another and give the appearance of
benches, especially where the meanders of Ophir Creek are now cut-
ting into them. These so-called bench deposits are frozen for the
most part, but nearly all the unconsolidated sediments along the
flood plain are unfrozen.

GOLD PLACER PROSPECTS,

It is reported that gold was discovered on Ophir Creek by some
of the men who participated in the “ Yellow River stampede ” during
the winter of 1901-2. The prospects were merely fine colors obtained
from shallow holes made with wood fires. Although claims were
staked at that time no serious prospecting was undertaken, as none
of the parties had outfits adequate to enable them to remain in the
district.

Ophir Creek does not appear to have attracted furt.her attention
from prospectors until 1918. In that year a dozen or more pros-
pectors located claims along the course of the stream for a distance
of about 10 miles. These claims extend from a point about 4 miles
above the mouth of the creek to a point near its source. In upstream
order the principal claims are designated Lower Discovery, Nos. 1 to
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12 above Lower Discovery, Nos. 6 to 1 below Upper Discovery, Upper
Discovery claim, and Nos. 1 to 8 above Upper Discovery. _Most of
the claims are 20 acres in area, but some of them are association-
group claims of 40 acres,

Most of the men who located claims on Ophir Creek in 1913 came
prepared to remain throughout the winter. As a result half a dozen
cabins were built and considerable serious prospecting was done.
This work was fairly well distributed along the creek, and conse-
quently a good idea of the nature of the alluvial deposits has been
gained. Sufficient prospecting has not yet been done, however, to
warrant a definite statement as to the value of the gold content in
the gravels, though it seems to have been demonstrated that fine gold
is somewhat generally distributed along the creek.

The presence of free seepage water in the unfrozen gravels along
the flood plain prevented the successful sinking of holes to bedrock
on the larger part of the creek claims, but a number of holes were
sunk to bedrock in the frozen deposits on both sides of the creek, and
two open trenches, or bedrock drains, were dug at places where the
gravels were shallow enough for this kind of prospecting.

On Lower Discovery claim a hole 23 feet in depth was sunk to bed-
rock. It is reported that about 7 feet of sediment at the bottom of
this hole prospected about half a cent to the pan.

Another hole about 38 feet in depth was sunk through gravel which
is said to have prospected colors through the entire thickness of the
deposit with the exception of about 2 feet at the top. This hole is the
deepest on the creek.

On claim No. 6 above Lower Discovery a trench intended for a
bedrock.drain but not carried to bedrock was dug in the flood-plain
gravels to a depth of about 3 feet. Colors of gold are said to have
been obtained from the gravels of this excavation.

Prospects of 1 cent to the pan are reported to have been obtained
from seven or eight holes that were sunk to a depth of 5 or 6 feet
on claim No. 7 above Upper Discovery. None of these holes reached
bedrock, however, for seepage water was encountered at the depth
indicated.

On claim No. 5 below Upper Discovery a hole 14 feet deep was
sunk in frozen ground on the right side of the creek. Bedrock was
not reached at this depth, but colors of gold are reported to have heen
obtained.

On Upper Discovery claim a trench 150 feet in length was dug as
a bedrock drain and was 7 feet below the surface at its upper end.
Colors of gold were panned from this trench, and a drill hole, 5 feet
in depth, was driven at its upper end to bedrock, which is thus shown
to be about 12 feet beneath the surface of the flood plain at this point.
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Prospects of several cents to the pan are reported to have been ob-
tained from this drilled hole.

Two holes were sunk in frozen ground on clairs Nos. 8 and 4
above Upper Discovery and encountered bedrock at a depth of 15
feet. A drill hole was made in thawed ground which encountered
bedrock at about the same depth. No report as to the prospects that
may have been found in these holes was obtained. ' The same state-
ment applies to claim No. 6 above Upper Discovery, where a hole
was sunk in frozen ground to a depth of 22 feet without reaching
bedrock.

No prospects of gold have been obtained from Hot Spring Creek,
but it is reported that shallow pits on the two other west—aide tribu-
taries to Ophir Creek have yielded prospects.

From the work that has been done on Ophir Creek it appears that,
owing to the large amount of wet unfrozen ground along the creek,
prospecting with a dri]l should be the most satisfaclory method of
determining whether the deposits of this valley are of commercial
value or not. Drilling was attempted during the winter of 1913-14.
The most essential parts of a drill outfit were sledded to Ophir Creek
from Bear Creek, where the machine had been operated with steam
power the previous year. Several joints of 4-inch casing 5 feet in
length, two heavy bits, and a bailer were assembled with the in-
tention of drilling holes by hand. This outfit proved somewhat
heavy for effective hand drilling, and most of the time of those in-
terested was consumed in devising a portable drill tower provided
with mechanical arrangements for increasing the power of the drill:
Inadequate facilities prevented the successful accomoiishment of this
undertaking and consequently very little actual drilling was done.

From what has been learned of the depth and character of the un-
consolidated deposits along Ophir Creek dredge mining would ap-
pear to be the method most applicable to the exploitation of the
gravels provxdmg they prove to contain sufficient gold.

Ophir Creek is somewhat favored as regards the transportation
of heavy mining equipment and supplies, for the water route from
Kuskokwim River to Whitefish Lake is available if the proper kind
of boat is used. It would be less difficult to place a small dredge on
Ophir Creek than on the other placer creeks now known in the dis-
trict, because tedious and expensive overland hauling would not be
necessary.

DOMINION AND ROBIN CREEKS,

LOCATION AND GENERAL CONDITIONS.

Dominion Creek, a stream about 10 miles in length, flows south-
eastward into Salmon River from the high mountains that stand
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between its sources and those of Myrtle Creek and East Fork of
Bear Creek. (See Pl. XI, p. 350.) The chief headwater basin of
Dominion Creek lies on the eastern flanks of Mount Plummer, on
whose northern flanks Fast Fork has its source. This headwater
basin has been glaciated, like that of East Fork, although not to so
great an extent. There is no question, however, that a considerable
body of ice occupied the upper portion of this branch of Dominion
Creek during the time when the East Fork glacier was in existence.
The ice mass on the Dominion Creek side of Mount Plummer appears
to have extended down the valley a mile or more at the time of its
maximum development. Its limits are marked by morainal heaps
of rock débris. The remainder of the valley bottom is occupied by
outwash deposits of gravel and silt which extend to its confluence
with the valley of Salmon River, whose bottom is also occupied by
extensive alluvial deposits. The outwash deposits along the lower
4 or 5 miles of Dominion Creek are being intrenched by the present
stream.

About 3 miles above the mouth of Dominion Creek, its chief tribu-
tary, named Robin Creek, enters from the west. Robin Creek is
about 5 miles in length. Its upper part, 1 mile long, has a northerly
direction and its lower part an easterly direction. The headwaters
of Robin Creek occupy a steep basin on the northern flanks of the
Lighest mountain in the district, Marvel Dome, whose altitude is
about 4,800 feet. This basin is clearly a glacial cirque and is similar
in all respects to the glaciated basin at the head of East Fork of
Bear Creek, on the northern slopes of Mount Plummer. The northern
slopes of both Mount Plummer and Marvel Dome appear to have
been the most favorable situations for the development of glacial
conditions in this distriet, but, although glaciation has also occurred
to some extent on their eastern slopes, no glaciers were formed on the
southern slopes. The significance of the differences in the character
of erosion and stream deposition that have resulted from the pres-
ence or absence of glaciers will be pointed out later.

The floor of the glaciated headwater basin of Robin Creek is occu-
pied by considerable morainal débris. Other evidences of the former
oceupation of this basin by a considerable body of glacial ice are also
present. From this evidence it appears that the ice extended down
the valley at least 2 miles and possibly farther. The remainder of
the valley bottom is deeply mantled with heavy glacial outwash mate-
rial, much of which is in the form of bowlders. These outwash
deposits merge with those of the Dominion Creek valley. The lower
2 miles of Robin Creek is intrenched into them, in accordance with
the intrenchment along the lower course of Dominion Creek,

6411°—156——22
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CHARACTER OF BEDROCK,

The basins of Dominion and Robin creeks are almost entirely
occupied by a series of interbedded sandstones and shales. The only
other rocks known to occur within the area drained by Dominion
Creek and its tributaries are granitic intrusives that cut the sedi-
mentary series. These intrusive rocks appear to be distributed in a
more or less continuous belt along the high crest of the divide that
borders the drainage basin of Dominion Creek on the west, extending
from Mount Plummer on the north to Marvel Dome on the south.
Although the greater part of this divide is composed of sedimentary
rocks, the harder granitic rocks define the serrated crest because of
their greater resistance to erosion.

The sedimentary rocks cut by the granitic intrusives along this
divide are considerably hardened along the zones of contact, the
sandstones being altered to quartzites and the shales to slates. These
altered sediments are much fractured and more or less veined with
quartz stringers. Although no metallic mineralization was observed
in the quartz veins, it may be presumed that some of them contain
gold, at least on the southern slopes of Marvel Dome, where pro-
ductive placers appear to have been derived from their disintegra-

tion and erosion.
GOLD PLACER PROSPEOTS,

The lower 5 miles or more of Dominion Creek and the part of
Robin Creek from its confluence with Dominion Creek to its moraine-
filled headwater basin have been staked for placer mining, but very
little systematic prospecting has been done in these valleys. It is
reported that colors of gold may be obtained from the gravel deposits
near the mouth of Dominion Creek.

In the vicinity of claim No. 3, below Discovery, on Robin Creek,
which is about a mile above its mouth, several cabins have been built
and some prospecting has been done, but no mining has yet been
undertaken. The prospects of gold that have been found along
this creek indicate that it is widely scattered. This does not appear
strange in view of the character of the coarse bowlder-bearing
glacial outwash deposits along Robin Creek, and especially of their
unassorted condition and their deposition by torrential waters.
Bowlders from 1 foot to 5 feet in diameter are very nummerous in
the unconsolidated deposits of this valley, particularly along the
narrow flood plain of the present stream, where more or less second-
ary concentration has taken place during the recent intrenchment.
Because of these conditions the unconsolidated deposits are difficult
of exploitation and do not appear favorable for placer mming. At
least they are unfavorable to mining if ordinary manual methods
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are employed, even if they should be demonstrated to contain con-
siderable gold.

Prospectors were led to investigate Robin Creek in particular
because of the fact that its headwater basin is eroded from the belt
of intruded and altered sediments that passes through Marvel Dome,
It was reasoned that if such bedrock relations produced placers of
value in the valley of Marvel Creek, on the southern flanks of Marvel
Dome, the same relations at the source of Robin Creek, on the north-
ern flanks of this mountain mass, should have produced the same
results. It is possible that this reasoning is correct, but the pros-
pectors failed to recognize the fact that the valley of Robin Creek
has been affected by glaciation, while that of Marvel Creek has not
been glaciated to any appreciable degree. It is obvious that the
presence or absence of glaciers which effects the character of erosion
and stream concentration on the opposite slopes of a mountain mass,
such as Marvel Dome, has also a direct effect on the concentration of
placer gold from mineralized areas within the mountain mass.

EUREKA CREEEK.

Eureka Creek, which drains the eastern flanks of Marvel Dome,
is about 6 miles in length, flows eastward, and empties into Dominion
Creek, about a mile from Salmon River. It appears to have many
of the characteristics of Robin Creek. Its source is in a steep basin
on the eastern slopes of Marvel Dome, separated from the headwaters
of Robin Creek by a typical glacial aréte. This basin is eroded from
the area of altered sedimentary rocks and graniti: intrusives already
described as forming the central mass of Marvel Dome. The uncon-
solidated deposits within the basin appear to be of glacial character
and the lower valley is occupied by outwash sediments of the same
character as those along the valleys of Dominion and Robin creeks.

Small prospects of placer gold are reported to occur in the gravels
along parts of the valley of Eureka Creek, where a number of claims
have been located, but no mining has been done on them. The
remarks made regarding the possibilities of mining on Robin Creek
seem to be applicable to Eureka Creek.

MARVEL CREEK,
LOOATION AND GENERAL FEATURES,

Marvel Creek is a stream of moderate volume which flows south-
ward from Marvel Dome about 6 miles into Eagle Creek, which is
tributary to Salmon River from the west. (See Pl XI, p. 350.)
The mouth of Marvel Creek is about 2 miles above the mouth of
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Eagle Creek. On the east the valley of Marvel Creek is separated
from that of Salmon River by a broad mountainous ridge whose
rounded summits stand about 3,000 feet above sea level. - On the west
it is separated from the upper valley of Eagle Creek by a similar
ridge. Both these ridges may be considered as southward spurs of
Marvel Dome.

The comparatively narrow valley floor of Marvel Creek lies from
1,000 to 2,000 feet below the summits of the ridges, and the valley
slopes rise with moderate steepness to the summits, which lie about
a mile distant from the creek on both sides. Thus Marvel Creek has
no tributaries more than a mile in length.

CHARACTER OF BEDROCEK.

The country rock of the Marvel Creek basin appears to be a series
of interbedded sandstones and shales similar to the sediments that
occur in the basin of Dominion Creek, to the north. The only other
rocks observed are the granitic intrusive bodies that cut these sedi-
ments in Marvel Dome. In the headwater basin of Marvel Creek
there appear to be two masses of granitic rock cutting the sedimen-
tary formations. These extend in a northwesterly direction through
the higher mass of Marvel Dome and lie along both sides of the chief
headwater branch of Marvel Creek. Along the course of the creek,
between these bodies of granitic intrusives, there extends a mass of
the sedimentary country rock, which has been considerably hardened
and now has the form of blocky fine-grained quartzites and hackly
glates. The bodies of intrusive rock appear to terminate in the
rugged southeastern spurs of Marvel Dome. No traces of intrusives
were observed south of these high spurs in the sedimentary rocks
that extend from them and form the rounded ridges bordering the
valley of Marvel Creek for 5 miles from its headwater basin. Al-
though the sandstones and shales of these ridges are for the most
part well hardened they show no evidences of mineralization from
intrusive rocks. Between and near the granitic intrusive bodies,
however, considerable contact alteration has occurred. The sedi-
mentary rocks between the two granitic bodies show the greatest
alteration, being hardened to dark-gray quartzites and black slates.
Several rusty-reddish zones of weathering or oxidation extend
through this belt of altered sediments, especially along and near the
contacts with the intrusives. No other evidences of mineralization
are discernible except a few quartz veinlets.

The sandstones and shales along the outside contacts of the granitic
masses are also hardened to quartzites and slates, or the intermediate
varieties of such altered sediments termed argillites and phyllites.
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The strongest effects of contact-zone hardening die out a short dis-
tance away from the granitic intrusives. The hardened sediments of
these outer contact zones are considerably fractured into blocks, and
the fracture spaces are sealed with vein quartz in the form of irregu-
lar stringers. Most of these quartz stringers range in thickness from
that of a knife blade to several inches, but a few of them are 8 to 10
inches thick. The largest quartz stringers are distributed along the
east flank of the easternmost granitic body, where they show most
prominently in freshly broken talus blocks of a more massive member
of the sandstones that is coarser grained and less hardened than most
of the other sediments near the granites. The quartz is of the glassy
porcelain-white variety commonly termed “bull quartz” by prospectors.
None of the vein quartz shows appreciable traces of metallic miner-
alization of any kind beyond red, iron-stained films here and there
. along fractures, due to surface weathering. All the quartz is surpris-
ingly devoid of traces of sulphide mineralization. However, in the
absence of any other evidence, the mineralization associated with the
granitic intrusives within the headwater basin of Marvel Creek ap-
pears to be the only possible source of the placer gold now found
along the creek.

GOLD PLACER DEPOSITS.

FORM OF THE CLAIMS,

Marvel Creek is staked for placer mining from its mouth to its
headwater basin. The claims are in the form of six association
groups, named, in upstream order, the Pioneer, Camp Robber, Yel-

low Jacket, Hornet, Wild Horse, and Ready Money. Each of these
association groups except the Ready Money comprises anarea of about
120 acres, or the equivalent of six ordinary 20-acre placer claims.
The dimensions of these group claims are approximately 5200 feet
in length and 1,000 feet in width. The Ready Money group contains
only the equivalent of three 20-acre claims and is half the length of
the other groups. As the valley bottom of Marvel Creek is compara-
tively narrow, practically all the gravel deposits along the course of
the stream are included in a tract 1,000 feet in width. This consid-
eration led the locators to adopt the dimensions stated. Gold was
discovered on this creek in August, 1911, and the claims described
were staked at that time.

CHARACTER OF THE GRAVELS.

The steep headwater basin of Marvel Creek, on the southern slopes
of Marvel Dome, does not appear to have been glaciated. Thus it is
in contrast to the upper basin of Robin Creek, on the northern slopes
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of the mountain. This contrast is shown not only in the headwater

* portions of these two streams but in the alluvial deposits along the
lower sections of their valleys as well. As a whole the gravels in the
Marvel Creek valley are much better assorted than those in the valley
of Robin Creek—that is, they show the results of more thorough con-
centration by normal stream action.

Most of the gravel deposits along Marvel Creek are comparatively
shallow. They are distributed along the present flood plain of the
stream for a width of 200 to 800 feet and are from 5 to 25 feet in
depth. There are also some small, disconnected higher gravel de-
posits along the borders of the present flood plain that range in depth
from 10 to 30 or more feet. These have the position and form of
poorly defined-sloping bench deposits along the base of the bedrock
slopes of the valley. Their surfaces are, for the most part, not very
distinct from the lower slopes of the valley, and in some places they .
merge imperceptibly with the higher portions of the flood plain.

About 4} miles from the mouth of Marvel Creek, at the point where
its two chief headwater branches flow from the steep slopes of Marvel
Dome and join, at the upper end of the Ready Money claim, the
alluvial deposits are deeper than on the claims below the Ready
Money. On this claim a shaft 60 feet deep failed to reach bedrock.
The material excavated from this shaft contains a considerable pro-
portion of bowlders of moderate size and many large cobbles. The
greater thickness of the unconsolidated deposits at this point and
their coarseness are due to the fact that the steep headwater branches
of the creek are able to deliver large quantities of heavy wash into the
head of the main valley from the slopes of Marvel Dome.

Downstream from the Ready Money claim the alluvial deposits be- -
come progressively shallower and finer, yet heavy cobble wash and a
number of bowlders occur along the valley for several miles. A pecu-
liarity of the bowlders along the middle section of the creek is that the
greater number of them appear to rest on or near the top of the finer
gravels, instead of on bedrock beneath the finer wash. Their position
with relation to the finer wash seems to be due, at least in part, to
their having been carried along the flood plain during periods of tor-
rential stream flow, as if rolled along the top of finer gravel deposits
that had been previously distributed along the bed of the valley
during more moderate periods of stream flow.

On the Pioneer claim, where the Marvel Creek valley expands later-
ally into that of Eagle Creek, the sloping bench deposits are much
more extensive than up the valley on the other claims, where such
deposits occur only here and there as narrow strips along the sides of
the flood plain. - On the upper part of the Pioneer claim Marvel Creek
meanders against a section of the bench gravels on the left and has
truncated its channel a few feet into a point of the bedrock floor upon
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which the higher gravels rest. It is on this exposure of bedrock, or
“rim rock,” as it is termed by the prospectors, that gold was dis-
covered on Marvel Creek. Although this discovery is reported to
have consisted of $1.08 worth of fairly coarse gold in six pans of
gravel, further prospecting at this locality has failed to show the
presence of gold in paying quantities. None of the bench gravels
farther up the creek have been demonstrated to contain enough gold
to pay for working. All the productive gold-bearing gravels appear
to be included in the creek gravels of the present flood plain.

The gravels of the Marvel Creek valley are composed chiefly of the
sedimentary country rocks. Pebbles and cobbles of the hardened
phases, quartzite and slate, predominate. The gravels include also,
however, a considerable quantity of cobbles and bowlders of the
granitic intrusive rocks that occur on Marvel Dome, at the head of
the creek. In general, the gravels are coarse and not well rounded.
They include many flattish and somewhat angular forms that have
the appearance of talus blocks, whose edges and corners have been
only slightly rounded: These shapes are particularly characteristic
of the cobbles and bowlders.

Considerable silt is present in some of the gravels, and along some
parts of the valley layers of tough yellow clay occur on or near bed-
rock. Some of the miners contend that the best concentrations of
gold occur on these patches of clay and that very little gold occurs
in the fine gravels or shattered bedrock beneath the clay layers.
Other miners assert that much of the gold is contained in the shat-
tered bedrock. As the bedrock alternates from hard blocky sand-
stones or quartzites to shattered shales or slates according to the man-
ner in which the sedimentary country rocks are interbedded, it is
natural that the conditions for the concentration of gold on or in
bedrock should vary from place to place. Some of the layers of clay
appear as if they might be the products of the residual decay of the
shale bedrock with which they are intimately associated. Practically
all the unconsolidated creek gravels are unfrozen and are therefore
difficult to prospect by means of shafts.

The fall of Marvel Creek in the distance of about 5 miles covered
by placer claims is about 600 feet. About 400 feet of this descent
has a grade of about 3 per cent, and the remaining 200 feet, along the
lower half of the creek, has a grade of about 1} per cent. The
volume of water in the creek appears to be ample for ordinary mining
operations, ,
DEVELOPMENRTS AND PRODUCTION,

The locators of the placer claims on Marvel Creek have not under-
taken to mine the ground themselves but have adopted the leasing
system of development. During 1912 practically all the ground
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staked along the creek was leased to several persons under the usual
agreement that a percentage of all production should be paid to the
owners as mining progressed. These leases were not apportioned
according to the boundaries of the claims as staked but covered parts
of claims or two adjoining claims, according to the desires of the
lessees.

The principal operation undertaken in 1912 was on a tract of
ground that lay ehiefly on the upper part of the Camp Robber claim,
but also included the lower part of the Yellow Jacket claim. Here
an open cut of about 20,000 square feet was excavated by pick and
shovel. The gravels were washed through a line of ordinary small
sluice boxes. Shoveling in was commenced about the middle of July
and continued to the end of September. Over 500 ounces of gold, or
approximately $10,500 worth, was mined from this cut. Thus the
ground averaged about 50 cents to the square foot in gold recovered.

The bedrock in this cut is a brown coarse-grained blocky sand-
stone that appears to form a slight bedrock barrier across the floor
of the valley. Considerable gold is reported to be contained in the
crevices of this rock. It is stated that much of this gold in the
bedrock was not recovered by the operation described, because the
blocks could not be easily cleaned or washed through the small sluice
boxes employed. No mining has been done in this cut since 1912.

Open-cut pick-and-shovel mining was commenced in 1912 on two
adjoining leases farther up Marvel Creek, one of which covered
1,200 feet of the central part of the Hornet claim, and the other the
upper 2,100 feet of the Hornet and lower 600 feet of the Wild Horse
claim. About $3,500 worth of gold is reported to have been mined
from the lease of 1,200 feet on the Hornet claim in 1912. Work on
this ground was continued during 1913 and about $1,250 worth of
gold was produced. In 1914 an attempt was made to expand opera-
tions on this lease by installing a flume 24 inches wide and 1,600 feet
long with the purpose of ground-sluicing the gravels and hydraulick-
ing them through the flume in large quantities. For this purpose a
ditch was dug along the left slope of the valley that delivered ample
water to a penstock about 100 feet above the working pit. Canvas
hose was used to deliver the hydraulic water to small nozzles. Poor
judgment appears to have been exercised in setting the flume in
order to give it sufficient grade to carry the gravels and to bring its
upper end to a position on bedrock where it could be effectively used
for mining of this kind. As installed in 1914 this flume had several
sharp curves along its course, where the gravels clogged in the boxes,
and its upper end was set about 4 feet above the bedrock floor
of the valley, with the result that the gravels, after being ground-
sluiced into the cut, had to be shoveled into the flume for washing.
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‘Much of the gravel washed was conveyed from the cut to the boxes in
wheelbarrows. A large amount of freely flowing seepage water was
present in the cut and hindered the efficient cleaning of the shattered
bedrock. The bedrock in this cut is shattered sandstone and shale,
and the overburden consists of these country rocks with some of
granite. Bowlders of these rocks weighing as much as 100 pounds,
together with many cobbles of the same kind, are abundant in the
deposit. The gravels containing gold in paying quantities appear to
have what is termed a spotted distribution in the deposits as a whole.
The operation of 1914 was unsuccessful. A clean-up on August 14
of about 700 square feet of bedrock, representing the labor of four
men for 15 days, yielded only $136 worth of gold. Work that was
carried on until the later part of September was not expected to
yield more than 10 cents to the square foot of bedrock surface.
Probably not more than $1,500 worth of gold was produced from this
lease of 1,200 feet of ground on the Hornet claim during 1914. The
approximate production of gold from this tract may be summarized
as follows: 1912, $3,500; 1913, $1,250; 1914, $1,500; total, $6,250.
Those interested in this property plan to reset the flume on bedrock
in a proper manner and continue mining operations during 1915 by
ground-sluicing and hydraulicking with canvas hose.

No mining was done during 1914 on the tract included in the lease
that covers the upper 2,100 feet of the Hornet claim and the lower 600
feet of the Wild Horse claim. In 1912 preliminary work on this
ground yielded about 6} ounces of gold, worth about $120. This
work was continued in 1913, when about six men were employed for
the season. The mining was carried on by shoveling into a line of
ordinary small sluice boxes. An area of about 11,000 square feet of
bedrock was worked in this manner. The yield is reported to have
been about $2,500 worth of gold and to have barely paid the expenses
of operation.

A company was organized in 1912 under the name Marvel Creek
Mining Co., and reorganized in 1913 under the name Marvel Creek
Mining & Development Co., to mine the gravels along the lower
half of Marvel Creek. The company leased for five years the tract
covered by the Pioneer, Camp Robber, and Yellow Jacket claims
and the lower 850 feet of the Hornet claim. The plan of operation
adopted was similar to that attempted on the central section of the
Hornet claim—that is, it involved ground-sluicing and hydraulick-
ing through a large flume. In 1913 a ditch nearly 1 mile long was
dug along the right slope of the valley to furnish hydraulic water,
and a large number of flume boxes, 30 inches wide, were built and
partly set in place. In the spring of 1914, the flume was completed,
and early in June active mining was begun with a crew of 13 men.
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Mining was continued until July 21, but did not progress favorably
because the flume did not have sufficient grade to carry the gravel
and was not set on bedrock. It was necessary to shovel all the gravel
up into the flume and to keep several men working along the boxes to
prevent the gravels from clogging in the flume. It is reported that
panning tests showed the gravels to contain values from 50 cents to
$1 to the square foot of bedrock. The cost of the operation, as under-
taken, is stated to have been about 50 cents to the square foot. The
gold recovered from a clean-up for the seven weeks of operation
amounied to 104 ounces, worth about $1775. Owing to this poor
showing operations were discontinued. The men employed received
only one-third of the wages due them for their labor. Two men
continued to shovel gravel into this flume during the remainder of
the sea on. The total production for the operation is estimated to
"be about $2,000.

The difficulty with the two large flun.es installed on Marvel Creek
in 1914 was due primarily to the fact that the flumes were not prop-
erly set on bedrock with sufficient grade. It seems doubtful whether
the grade of the bedrock floor along the lower half of this creek is-
sufficient to allow setting such a flume so that it would carry the
gravels satisfactorily. It appears that some means is necessary for
stacking the tailings delivered at the lower end of the flume. How-
ever, a simple conveyer operated by a Pelton wheel or similar
water-power device should prove efficient for the purpose of elevat-
ing and stacking the gravels to a height of 15 or 20 feet. Farther up
the creek, on and above the Hornet claim, a 3 per cent grade may be
obtained for setting a bedrock flume, and it is probable that the dis-
posal of tailings would not be so difficult, yet mechanical means for
such disposal in the form of a tailings giant or stacker may prove
necessary. ®

The value of the total production of gold from Marvel Creek for
the three years in which mining has been done may be summarized
as follows: 1912, $14,120; 1913, $3750; 1914, $3,500; total, $21,37C.

FISHER CREEE.

Fisher Creek is a stream about 9 miles in length, of good volume,
that discharges into Salmon River from the southwest about 5 miles
above the mouth of Eagle Creek. Its chief headwaters drain the
eastern slopes of Fisher Dome, a mountain mass about 4,000 feet in
altitude. From this mountain the upper half of Fisher Creek flows
southeastward ; it then makes a right-angle turn to the left, so that
the lower half of its course flows northeastward into the Salmon.

The basin of this stream is eroded from the same series of inter-
bedded sandstone and ghale country rocks that occupy the valley of
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Marvel Creek to the north. In the high mountainous ridge that
borders the upper half of the Fisher Creek valley on the northeast
a few outcrops of granitic dike rocks cut the sedimentary series.
Intrusive rocks of the same kind are reported to occur in more
massive form in Fisher Dome, at the source of the creek. Pros-
pectors consider that the conditions of intrusion and mineralization
in Fisher Dome are similar to those in Marvel Dome.

The men who discovered gold on Marvel Creek state that they
obtained fair prospects of fine gold in the gravel bars at the mouth
of Fisher Creek before they found coarse gold on Marvel Creek.
After staking Marvel Creek they also located placer claims along
the course of Fisher Creek, but no prospecting of consequence was
done on the latter stream until the winter of 1913-14. At that time
a cabin was built at the bend of the creek, about 4 miles above its
mouth, and about half a dozen holes were sunk to bedrock in the
vicinity of the cabin. These holes, which ranged in depth from 15
to 80 feet, penetrated frozen deposits of silt and gravel. No prospects
of gold were found of sufficient worth to encourage further develop-
ments. Apparently the upper part of the creek near Fisher Dome,
where the intrusive rocks and associated evidences of mineralization
are reported to be more abundantly developed, has not been pros-
pected up to the present time.

CRIPPLE CREEK AND TRIBUTARIES,

Soon after Marvel Creek was discovered extensive locations of
placer claims were made on the headwaters of Salmon River, espe-
cially on Bell and Cripple creeks, two large streams that enter the
river on the right from the southeast. Bell Creek is situated imme-
diately east of Cripple Creek, and its mouth is about a mile below
the confluence of that stream with Salmon River. Although the.
gravels within the valley of Bell Creek have been prospected in a
preliminary manner, no developments have been undertaken.

GENERAL FEATURES OF CRIPPLE CREEE.

Cripple Creek is a stream of large volume, about 14 miles in
length, that discharges into Salmon River about 4 miles above Fisher
Creek, or 8 miles above Eagle Creek. This stream, with its three
chief west-side tributaries, named in upstream order Porcupine,
Dome, and Loco creeks, drains an extensive headwater basin of
Salmon River, bounded on the south by mountains whose summits
stand from 4,000 to nearly 5,000 feet above sea level. These moun-
tains appear to have been occupied by extensive glaciers during a
former period. The rather gentle slopes of the upper half of the
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Cripple Creek basin are mantled by heavy morainal.deposits, com-
posed chiefly of large bowlders. The irregular features of deposition
characteristic of such deposits are well developed on the broad,
gently sloping ridge that separates Dome and Loco creeks, and also
on the slopes of the upper valley southeast from Loco Creek.
Potholes, containing small ponds of water, occur along the margin
of the moraine.

Dome and Loco creeks have intrenched their channels into the
mantle of moraine, and in some places along their courses have
exposed the bedrock floor upon which the morainal deposits rest.
From the amount of intrenchment by these streams it may be
roughly estimated that the morainal deposits vary in thickness from
25 to 100 feet or more.

The lower half of the Cripple Creek valley, especially along its
west side, is occupied by thick deposits of glacial outwash gravels,
which also extend down the valley of Salmon River for fully 20
miles to and beyond Dominion Creek, from which similar gravels
were discharged into the valley of the main river, as described on
pages 337-339. Since these gravels were deposited Cripple Creek
and Salmon River have intrenched their channels through them to
the bedrock floor upon which they rest, and at many places the
streams have cut into the bedrock to depths of 10 to 80 feet. These
bedrock exposures, however, do not appear to represent an actual
downcutting below the old bedrock grades so much as the lateral
truncation of noses of bedrock slopes or spurs that lie buried beneath
the gravels, against which the present streams have been deflected
during their intrenchment.

UHARACTER OF BEDROCK.

The country rock of practically all that part of Cripple Creek
basin that is not hidden by morainal deposits consists of the hard
quartzite and slate phases of the sandstone and shale series that oc-
cupies the whole area of the Salmon River valley so far as it was
examined. The high mountains at the head of Cripple Creek were
not visited, but from the predominance of large bowlders of granitic
intrusive rock in the morainal deposits throughout the upper half of
the Cripple Creek basin it is surmised that massive bodies of granitic
intrusives make up a considerable part of the mountains that adjoin
this basin on the south. Prospectors report that a large dikelike
body of granitic rock is exposed beneath the morainal deposits on the
upper course of Dome Creek, and that the domelike mountain at the
source of this creek is made up chiefly of intrusive granitic rock.

On the high mountain ridge east of Cripple Creek, between it and
Bell Creek, a wide dikelike body of siliceous intrusive rock cuts the



GOLD PLACERS OF THE LOWER KUSKOKWIM, 349

sedimentary country rocks. It is quite possible that many other dikes
of a similar kind are intruded into the sedimentary rocks of thas

GOLD PLACER PROSPECTS.

Prospects of placer gold occur along the lower 7 or 8 miles of
Cripple Creek, within the area occupied by the thick deposits of out-
wash gravels, and also along the lower half of Dome Creek, which is
intrenched into these deposits. The gold has two modes of occur-
rence—in the shallow, recently washed gravels along the narrow
intrenched flood plains of the present streams, and in the thick out-
wash gravel deposits that now have the position of benches above the
drainage levels. It is evident that the gold in the benches is older
than the gold in the recent stream wash, and it is probable that all
the gold along the beds of the present streams is derived from the
the thick bench deposits by the process of secondary concentration
that has accompanied the intrenchment of those deposits down to the
bedrock floor of the valley.

The source of the gold in the bench gravels, however, is not so evi-
dent. Two assumptions may be made regarding it. One is that the
gold now found on the older bedrock floor of the valley, at the base of
the bench gravels, was concentrated there before the thick deposits of
outwash gravels buried the old valley floor. The other is that the
gold was introduced into the bench deposits while they were being
laid down. If the latter assumption is correct the gold should be dis-
tributed more or less generally through the thick gravel deposits,
because they are not well assorted. The small amount of prospecting
that has been done in the bench deposits of this valley, chiefly by
means of several short tunnels, appears to indicate that the placer
gold in the bench deposits is concentrated on or very near the bedrock
floor, and that the higher portions of the gravels contain little if any
gold. While not conclusive, this scanty evidence might be interpreted
to favor the first assumption.

No commercially productive mining has been done on Cripple
Creek or its tributaries. The prospecting of the bench gravels by
means of tunnels, already mentioned, was done at a point about 2}
miles above the mouth of Cripple Creek, on its left side, where the
stream has cut into the bedrock floor to a depth of 10 or 15 feet.
Tt is reported that one tunnel was dug into the gravels for a distance
of about 60 feet and that some of the gravels on bedrock showed 2
cents’ worth of gold to the pan. The bench gravels at this place are
at least 100 feet thick, and it is the opinion of mining men who
have examined them that they are too deep to be mined by dredges
even if they should be demonstrated to contain commercial quantities
of gold.
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About 200 yards below the mouth of Loco Creek, on the left bank
of the main stream, a narrow strip of bench has been prospected by
ground-sluicing and open-cut work. This bench lies along the
margin of the morainal deposits that extend between Dome and Loco
creeks and appears to conmsist chiefly of stream-washed morainal
material. Tt contains a number of large morainal bowlders. The
water for ground sluicing was conveyed by ditches from small pot-
hole ponds on the margin of the moraine a short distance back of the
narrow bench and about 50 feet above it. Most of this work was
done in 1913. In 1914 one man continued the operation on a small
scale. It is not known how much gold was mined, but from the
fact that the men who initiated the work abandoned the property
it is understood to have been unprofitable.

In the flood plain of Cripple Creek about a mile below the mouth
of Loco Creek a bedrock drain was being dug by one man during
1914, A few dollars’ worth of fine flaky gold was obtained from
this trench, but the presence of gold in commercial quantities had
not been demonstrated.

Shallow bar gravels along the present bed of Cripple Creek from
2 to 3 miles above its mouth were washed with a rocker, by one man,
during the summer of 1913. This method of mining was much
favored during that season by very low water in the streams. Gravel
bars that were entirely inaccessible during ordinary stages of
stream flow were then within reach. It is reported that some bars,
or rather small areas within them, yielded as much as $1 worth of
fine gold in an hour of rocking. This, however, was far above the
average yield. In 1914 several men attempted to mine one of the
most promising of these bars on a larger scale by shoveling into a
line of sluice boxes, but the results of this work were practically
negligible. The extreme lightness of the gold made it very difficult
to save, and a higher stage of the stream prevented digging in as
favorable parts of the bar as were available in the summer of 1913

The gold in the shallow gravel bars along the narrow intrenched
flood plain of Cripple Creek is probably derived chiefly from the
bench gravels by secondary concentration. In eroding into and
removing the large quantity of outwash gravels that formerly
filled the valley to a considerable depth the main stream appears
to have reached and reestablished itself upon the original bedrock
floor of the valley, with minor modifications here and there where
it has cut laterally into the bedrock floor, as is shown by the low
bluff outcrops of bedrock beneath the bench gravels along some
sections of the creek. Cripple Creek is a stream of large volume
and its grade is sufficient to give it considerable power to transport
the gravels along its bedrock floor. It is also subject to violent
and sometimes torrential floods each season, and often several
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floods occur in one season. Consequently the gravel bars along its
channel are not stable but shift more or less from year to year or
even from one period of high water to another in the same year.
Without doubt a uniform concentration of gold in the present bar
gravels is impossible, owing to these fluctuations in the eroding
and transporting activities of the stream. Under these conditions
the formation of a pay streak of placer gold of any marked con-
tinuity in the bar gravels is not to be expected.

PLACERS ON MIDDLE KUSEOEKWIM RIVER.

Placer gold has been mined from two tributaries of Kuskokwim
River—Crooked Creek and New York Creek—in the middle section
of the main valley, where the river has cut across the broad moun-
tain belt of the region from east to west, as described on pages
295, 297,

CROOKED CREEE.

Crooked Creek is a large stream that empties into Kuskokwim
River {from the north about 18 miles below Georgetown. This set-
tlement, which is now practically abandoned, is half a mile below
‘the mouth of George River, another large north-side tributary to
the Kuskokwim, whose basin lies immediately east of that of Crooked
Creek. The sources of both Crooked Creek and George River are
divided on the north from the headwaters of Bonanza Creek, a large
tributary to Iditarod River.

The valley of Crooked Creek extends from north to south for
a direct distance of about 35 miles. The area of the valley within
which prospects of placer gold occur occupies about 7 miles of its
middle length and is about 25 miles south of the rich placers on
Otter and Flat creeks, in the Iditarod district.

The country rocks from which the valley of Crooked Creek is
eroded comprise the thick sedimentary series of interbedded sand-
stones and shales that characterize the whole Kuskokwim Mountain
belt. In the vicinity of the placer gold locality these sedimentary
rocks are cut by considerable bodies of siliceous intrusive rock. It
is probable that mineralization from the intrusive rock is the source
of the placer gold.

Placer gold was discovered on Crooked Creek in 1909 by prospec-
tors who entered the Kuskokwim Valley from the Tditarod district.
The rush of people to the Iditarod in 1910 caused a large overflow
of men into the valleys of both Crooked Creek and George River dur-
ing the Jater part of that year, especially after gold in paying quan-
tities was found in August on Snow Gulch, a short tributary to
Crooked Creek from the east. The excitement that followed this
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discovery resulted in widespread staking of ground for placer mining
throughout the valleys of Crooked Creek and George River and cul-
minated late in the fall in the establishment of the settlement of
Georgetown.

The productive mining on Crooked Creek is practically confined
to the lower courses of Quartz, Snow, and Ruby creeks, three gulch
tributaries that flow into the main stream from the east. The placer
gold occurs in bench gravels that lie along the east side of Crooked
Creek and have been intrenched to depths of 15 to 30 feet by the
lower courses of the gulch streams, and in the present gravels of these
streams, derived by secondary concentration from the bench gravels
as a result of the intrenchment.

Quartz Gulch, which empties into Crooked Creek about 12 miles
from its source, has proved to be the largest producer of placer gold
in the valley up to the present time. In 1910 gold to the value of
$1,400 was mined from claim No. 1, at the mouth of this gulch; and
in 1912 this claim produced gold to the value of $29,000, of which
$28,000 was mined from the stream gravels during the summer and
$6,000 from short drifts into the bench gravels during the winter.
The open-cut summer mining was done in gravels 6 to 7 feet deep,
and the winter drift mining in bench gravels 20 to 25 feet deep. The
productive area on Quartz Gulch is rather small, being practically
confined to the lower part of claim No. 1, at the mouth of the stream.
During 1913 and 1914 two men have mmed on this claim and theu-
production of gold has been about $3,000 each year.

On Snow Gulch, which is about half a mile below Quartz Gulch, the
first mining in the Crooked Creek valley was done in 1910, at a point
about 1,000 feet above its mouth. Here gold to the value of about
$2,000 has been produced. In the bench gravels to the right of this
locality about $600 worth of gold was mined in 1911 and about $2,300
worth in 1912. Snow Gulch is the only one of the three productive
tributaries on which placer gold is reported to be distributed along
any considerable distance of the stream. For five claims above its
mouth, or a distance of about 1} miles, the stream gravels yield ap-
preciable prospects of gold. This distance corresponds approxi-
mately to the width of the bench gravels in this part of the Crooked
Creek valley, across which the tributaries from the east have in-
trenched their lower courses on leaving their upper rock-cut gulch
sections. It may also be noted that the eastern contact of the igneous
intrusive rock which occurs in the gold-bearing area crosses Snow
Gulch from the steep mountain spur that separates Snow and Quartz
gulches, about 1} miles above the mouth of Snow Gulch. This con-
tact with the sedimentary country rocks may mark a zone of gold
mineralization from which the placer gold along the stream below
this point may be derived.
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Ruby Gulch, which is about half a mile below Snow Gulch, is
similar to it in all essential features. In 1911 placer gold to the value
of about $3,000 was mined from this stream at a point near its mouth.

It is reported that prospects of gold occur along the valley of
Crooked Creek from the mouth of Quartz Gulch downstream for a
distance of about T miles, to the mouth of Crevice Creek, a tributary
from the east. Prospect holes sunk in the bench gravels that lie to
the left of the main creek throughout this distance have shown
values of 10 cents to the pan, and one hole near the mouth of Crevice
Creek is reported to have yielded a prospect worth $2.

The production of placer gold from the valley of Crooked Creek
may be summarized as follows:

Production of placer gold in Crooked Creck valley.

- Quartz | Bnow Rub
Year. Guich. | Guleh. | Guich,

Total, $44,3004.
NEW YORK CREEK.

New York Creek is a small stream that discharges into Kuskokwim
River from the north about 3 miles above the small native trading
settlement of Hoffmans or Napaimut, which is about 9 miles above
Kolmakof. Placer gold was discovered on Murray Gulch, a short
right-side tributary to New York Creek, in 1910. More or less
prospecting has been done each year since the discovery along the
lower three-fourths of a mile of Murray Gulch and in the valley of
the main stream near the mouth of this gulch. Although good pros-
pects of coarse gold have been found both in the deep gravels along
the bed of Murray Guich and in strips of bench gravels along the
slopes of its valley, no systematic mining operations have yet been
undertaken.

A rocky bluff about 500 feet high, on the north bank of Kus-
kokwim River just below the mouth of New York Creek, affords a
good exposure of the sedimentary country rocks of this area, together
with some siliceous dikes that are intruded into them. The sedi-
mentary rocks consist of heavy beds of sandstone, from 4 to 6 feet
thick, interbedded with dark shales, standing at high angles. The
sandstones are much cross fractured or jointed, and the shales are
much compressed and crushed. The dikes are intruded diagonally

0411°—156——23
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across the strike of the sediments as irregular bodies that range
from 1 foot to 3 feet or more in thickness,

The vein minerals that fill the joint seams in the sandstones and
the sheared spaces in the shales consist of an intergrown mixture of
calcite and quartz. Lenticular stringers of these minerals, from 1 inch
to 3 inches thick, are deposited along the borders of the dikes that
cut the sediments. Some highly carbonaceous, almost graphitic
gouge has resulted from the crushed shales along the borders of the
dikes. Fragments of the shale country rock are included in the
dike rock. Zones of reddish iron-stained country rock are common
in the vicinity of the dikes.

Both the sedimentary and dike rocks shown in this bluff extend
northwestward from the river across the basin of New York Creek.
Outerops of the dike rocks that correspond in trend with those in
the river bluff, and are probably extensions of the same bodies, cross
the upper part of Murray Gulch 1 mile above its mouth and about
three-quarters of a mile back from the outcrops in the bluff. The
bedrock source of the placer gold in Murray Gulch is probably
closely related to these intrusive rocks, or to zones of contact min-
eralization along their borders in the sedimentary rocks. All the
placer gold that has been found in Murray Gulch appears to be dis-
tributed downstream from the dikes that cross the headwater basin
of the gulch.

Three 20-acre placer claims cover practically all the alluvial de-
posits along Murray Gulch that have yielded prospects of gold. The
claim at the mouth of the stream is designated Discovery and the
claims upstream from it Nos. 1 and 2 above Discovery.

The unconsolidated sediments along the present course of the
stream consist chiefly of silt overlying several feet of gravels that
rest on bedrock. There is also considerable decayed vegetable matter,
or muck, on top of the silt. These deposits are about 35 feet deep at
the lower end of Discovery claim and in the valley of the main creek
near by. Up the gulch the depth becomes gradually less, being about
15 feet on claim No. 1 above Discovery. The greater part of the
sediments along the present stream are frozen, although some of the
gravels beneath the silts carry free seepage water.

Most of the prospecting on Murray Gulch has been done by sink-
ing shafts to bedrock. A small prospecting boiler has been used to
thaw the frozen ground with steam. In the spring of 1911 the first
shaft was sunk at a point about a quarter of a mile above the mouth
of the stream, where the deposits are about 15 feet deep. It is re-
ported that two buckets of gravel from the bottom of this hole con-
tained coarse gold to the value of $30; the largest nugget had a value
of $3.65, and the smallest piece a value of 30 cents. However, the
gold content of the gravels opened by this shaft was not uniform, and
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the showing first obtained appears to be the best that has been found
on the creek up to the present time. Other work done in the vicinity
of this shaft in 1912 resulted in the production of $300 worth of gold
from small drifts whose bedrock area was about 400 square feet, the
average yield being about 75 cents to the square foot. Altogether,
placer gold to the value of about $1,000 has been produced from the
prospect shafts and drifts along Murray Gulch.

In 1914 one man prospected bench gravels that lie along the left
slope of Murray Gulch by digging trenches at right angles to the
direction of the valley. Stream-washed gravels were uncovered at
two levels—a lower one about 15 feet above and 50 feet back from the
present flood plain of the creek, and a higher one about 70 feet above
and 260 feet back from the ereek. These gravels do not show on the
surface, but are disclosed by removing from 2 to 4 feet of muck and
disintegrated bedrock that form the surface cover of the slope. The
gravels of the lower level are reported to contain gold in fair paying
quantities. The higher gravels show 75 cents in gold to the square
foot of bedrock surface. Coarse gold to the value of $80 was picked
up by hand from these gravels as the prospect trench was being dug
across them. This gold is rough and does not show appreciable wear
by stream washing. In this regard it is in contrast to the placer gold
in the bed of the present creek. It is planned to bring water to these
bench gravels by a ditch about 4,000 feet in length and to mine them
by ground-sluicing.

PLACERS SOUTHWEST OF THE TULUEKSAE-ANIAK DISTRICT.

The part of the Kuskokwim region described under this heading
was not visited by the writer, but the descriptions presented are based
on information furnished by reliable persons who are familiar with
the area. )

Southwest of the valleys of the Tuluksak and Aniak the northwest-
. ern slopes of Kuskokwim Mountains are drained by several rivers of
considerable length and volume that discharge into the lower tidal
section of Kuskokwim River. These rivers, named in order from
northeast to southwest, are the Kiselalik, Kuethluk, Eek, and Kanek-
tok. Their sources are in the highest part of the Kuskokwim Moun-
tain belt, where the prominent summits and groups of peaks have
altitudes from 5,000 to 7,000 feet above sea level. There are glaciers
on some of the higher slopes of these mountains to-day, and prospec-
tors who have explored this region report that there is strong evi-
dence of former widespread glaciation throughout the mountains.
This evidence is chiefly in the form of deposits of morainal bowlders
and outwash gravels. The outwash gravels occupy all the larger val-
leys within the mountains and expansive areas along the borders of
the Kuskokwim lowlands where the rivers leave the mountains.
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Fine colors of gold may be obtained from the present bar gravels
of almost all the larger streams that have intrenched the outwash
gravels, but placer gold in commercial quantities appears to be con-
fined to the shallow gravels in the smaller gulch tributaries to the
larger streams that have not been affected by glaciation. The best-
known example of a rich placer deposit of this character is on Canyon
Creek.

CANYON CREEK.

Canyon Creek, a small tributary to a branch of Kuethluk River, is
about 110 miles northeast of Bethel by winter sled trail. The moun-
tains in the vicinity are about 5,000 feet in altitude and the mouth of
Canyon Creek is estimated to be about 2,000 feet above sea level. It
is far removed from timber, and lumber for sluice boxes was hauled
to it from a point in the lower valley, 40 miles distant. The supplies
for the camp are hauled with reindeer from Bethel for 5 cents a
pound.

The narrow gulch drained by Canyon Creek is about 2 miles in
length. Seven 20-acre placer claims include practically all the gold-
bearing gravels in the gulch. In width the gravel deposits vary from
50 to 300 feet. On claim No. 2 below Discovery, near the mouth of
the creek, and on the lower end of claim No. 1 below Discovery, the
deposits are more than 14 feet deep, as has been shown by prospecting
shafts to this depth, which could not be completed to bedrock on ac-
count of flooding by seepage water. The overburden gravels pene-
trated by these shafts did not contain much gold, but it is reported a
drill will be used to prospect the bedrock on this part of the creek.
On and above Discovery claim the gravels are shallow, ranging in
depth from 1 foot to 4 feet.

Gold was discovered on Canyon Creek in 1913 and mining opera-
tions were commenced in 1914, The value of the total yield of gold
for this year is reported to be about $14,000, This production was
made by eight to eleven men, who mined for the whole or a part of
the season. The work was done on the upper end of claim No. 1
below Discovery, the lower end of Discovery claim, the lower end of
claim “ No. 2 above,” and the lower end of claim “ No. 3 above.” Itis
reported that the values of gold in the gravels are not uniformly dis-
tributed, but that the ground mined in 1914 averaged about 45 cents
to the square foot. _

The stream has a good grade and an ample flow of water for the
shoveling operations that are necessary in mining.

A quartz porphyry dike that cuts the country rocks at the head of
Canyon Creek is supposed to be the source of the bedrock mineraliza-
tion from which the placer gold is derived. The placer gold is chiefly
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depth from 1 foot to 4 feet.

Gold was discovered on Canyon Creek in 1913 and mining opera-
tions were commenced in 1914, The value of the total yield of gold
for this year is reported to be about $14,000, This production was
made by eight to eleven men, who mined for the whole or a part of
the season. The work was done on the upper end of claim No. 1
below Discovery, the lower end of Discovery claim, the lower end of
claim “ No. 2 above,” and the lower end of claim “ No. 3 above.” Itis
reported that the values of gold in the gravels are not uniformly dis-
tributed, but that the ground mined in 1914 averaged about 45 cents
to the square foot. _

The stream has a good grade and an ample flow of water for the
shoveling operations that are necessary in mining.

A quartz porphyry dike that cuts the country rocks at the head of
Canyon Creek is supposed to be the source of the bedrock mineraliza-
tion from which the placer gold is derived. The placer gold is chiefly
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the district up to the present time,  These are Butte and Kowkow
creeks.

Butte Creek is a small tributary to Faro Creek, a large branch of
Aalalik River, about 80 miles southeast from the settlement of Quin-
hagak. Open-cut pick-and-shovel mining has been done on Butte
Creek for about ten years, and it is reported that gold of a value
between $50,000 and $60,000 has been produced from three or four
claims during this period. In 1914 a scraping plant with a gasoline
engine for power was installed on claim No. 1 below Discovery for
the purpose of mining the deposits more effectively. The gravels on
Butte Creek are about 5 feet in depth. Most of the mining has been
done on Discovery claim and claims Nos. 1 and 2 below Discovery.
These claims, of about 20 acres each, include nearly all the placer
deposits on this creek.

Kowkow Creek is about 5 miles south from Butte Creek. The
gravels on this stream are about 6 feet in depth. One man mined
on Discovery claim for about half the season of 1914.

The production of gold from Butte and Kowkow creeks in 1914
was about $4,000.

Some hand-drill prospecting was done on Faro and Trail creeks
in the summer of 1914 with the object of testing the more extensive
gravel deposits on the larger streams of the Aalalik basin for dredg-
ing. It is reported that the gravels were found to range from
6 to 12 feet in depth, and that the prospects of gold obtained
from a dozen or more holes were far less than those which are ob-
tained on Butte and Kowkow creeks, where the average tenor of the
gravels is about 80 cents to the square foot.

BEACH GOLD ON TOGIAK BAY.

It is reported that one man was rocking placer gold from beach
sands on Togiak Bay during the summer of 1914. The country rocks
near, by are said to be schists. No details were learned of this new
placer gold locality.

COPPER IN THE RUSSIAN MOUNTAINS.
LOCATION AND TOPOGRAPHIC FEATURES.

The Russian Mountains comprise an isolated group of rugged
summits that stand prominently above a rolling tract of the Kus-
kokwim Mountain belt that lies north of the maia river, downstream
from Kolmakof. (See Pl. X, p. 270.) The central peaks of this
group range in altitude from 4,000 to 4,500 feet above sea level and
are 10 to 15 miles northwest from Kolmakof. The rugged area domi-
nated by these peaks has an extent of about 10 miles, both from east
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to west and from north to south. The group as a whole is flanked by
rolling ridges and sloping spurs of the surrounding highland that
stand from 1,000 to 2,000 feet above sea level.

The broad valleys of Kolmakof and Owhat rivers, two considerable
tributaries to Kuskokwim River from the north, mark off the Rus-
sian Mountains and their highland flanks from the Kuskokwim
Mountain belt as a whole. Kolmakof River empties into the main
river about 1 mile below and opposite the settlement of Kolmakof
and receives all the drainage from the eastern slopes of Russian
Mountains. Owhat River enters the Kuskokwim about 20 miles
downstream from Kolmakof and receives the drainage from the
western slopes of the mountain group. The headwaters of Owhat
River encircle the Russian Mountains on the north and drain its
slopes on that side. The southern slopes of the mountain group are
drained by small creeks that flow directly into Kuskokwim River
between Kolmakof and Owhat rivers.

GENERAL GEOLOGY.

The areal geology of the Russian Mountains appears to be directly
expressed by the topographic features of the group. The rugged
mountain masses of the high central area are composed of intrusive
granitic rocks that are chiefly of deep-seated porphyritic character.
The highlands that surround the central igneous mass are made up
of the sedimentary series of sandstones and shales that form the
greater part of the Kuskokwim Mountain belt. The Russian Moun-
tains appear to be made up of a batholithic igneous mass intruded
into the sediments.

MINERALIZATION,

A deposit of gold-bearing antimony is reported to occur at or near
the contact of the central igneous mass with the surrounding sedi-
mentary rocks on the upper part of Mission Creek, in the southwest-
ern part of the Russian Mountains. Prospects of placer gold are
reported to be present in the gravels of Mission Creek below this
locality, and the placer gold is presumed to be derived from the zone
of stibnite mineralization. It is not improbable that there may be
other oc¢currences of mineralization of the contact type about the
borders of the intrusive igneous rocks,

COPPER LODE.

A lode deposit of metallic sulphides occurs in the central part of
the Russian Mountains several miles within the outer limits of the
massive intrusive rocks, in the upper basin of Cobalt Creek, a streamn
that flows for 8 miles northward into upper Owhat River.
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in the form of small and flat, but plump and heavy, nuggets, of the
type called “ pumpkin-seed gold ” by the miners.

RAINY AND EAPON CREEKS.

Rainy and Kapon creeks are two headwater tributaries of Eek
River that are about 6 and 8 miles long, respectively. They lie about
5 miles apart and are sitnated approximately 12 miles southwest of
Canyon Creek.

The country rocks along these streams are reported to be slates and
conglomerates, cut by ‘granitic intrusives.

Placer gold was discovered on Rainy Creek about 1911, and pros-
pecting has been carried on for the last three years. Claim No. 2
above Discovery, on Kapon Creek, has been opened to some extent.
Two men worked there during the summer of 1914, ground-sluicing
through a small flume. The grade of the stream is reported to be
from 5 to T per cent, but the gravels are rather coarse and their
tenor of gold is rather low. The gold is dingy colored and in the
form of flat hammered flakes. The concentrates associated with the
gold are black magnetic sand, small pebbles of cinnabar, and grains
of arsenical iron pyrite.

- GOODNEWS DISTRICT.

The Goodnews mining district comprises a moderately mountain-
ous area that extends along the eastern shore of Kuskokwim Bay
from the vicinity of Goodnews Bay on the south to the lowlands of
Kanektok River on the north. A Moravian mission settlement
named Quinhagak, at the mouth of Kanektok River, is the post office
and supply post for the distriet.

The chief part of the mountainous area of this district is drained
by Aalalik River, a small stream which discharges into Kuskokwim
Bay about 7 miles below Quinhagak.

The mountains of this district are reported to be composed of
schists, slates, crystalline limestones, and granitic intrusive rocks.
Some of the schists and metamorphosed limestones are garnetiferous.

Prospectors from Nome entered the region about Goodnews Bay
during the summer of 1900, and since that year discoveries of placer
gold have been reported in various parts of the district from time
to time. Prospects of gold appear to be generally distributed on
most of the tributaries of Aalalik River, within the mountains, 10 to
20 miles back from the coast, and also on some of the short streams
that drain the seaward slopes of the mountains into Goodnews Bay,
south of the headwaters of Aalalik River, and into Kuskokwim Bay,
to the west. Productive mining has been done upon two streams in



IRON-ORE DEPOSITS NEAR NOME.

By Hexry M. Eaxin,

INTRODUCTION.

Considerable local interest has long attached to deposits of iron
ore in an area that centers about 25 miles northwest of Nome. A day
was spent at this locality by the writer in July, 1914, and some of the
more important properties were hastily examined. No previous
study of the deposits had been made by the Survey.

GEOGRAPHY.

Five groups of claims are held in the iron-bearing district. Three
of these—the Mogul, Monarch, and Galena groups—are on the height
of land between Sinuk River and Washington Creek, a south tribu-
tary of the Sinuk. The American group, comprising four claims, is
west of Sinuk River below American Creek, and the Cub Bear group,
also of four claims, crosses the divide between Washington Creek and
Cripple River. Heavily iron-stained blossom occurs at half a dozen
other places in the same general area.

The Monarch group was reached easily in a day’s travel on horse-
back from Nome, the route followed being along the beach to Penny
River, up this stream to Willow Creek, and thence northward across
the heads of Arctic Creek, Cripple River, and Washington Creek.
There is no definite trail to follow beyond Arctic Creek, but the coun-
try is open and easily traversed.

The immediate vicinity of the principal properties has a sharp
topographic relief of 800 to 1,000 feet. The valleys are fairly broad,
but the interstream ridges are generally steep sided and more or less
broken along their summits. Timber is absent, and the rocks are well
exposed on all the higher features.

Those interested in the iron ores have proposed the construction
of a railroad from the vicinity of the properties to the coast along
the Sinuk River valley. The route is apparently practicable and
would give a down grade all the way to the coast, a distance of about

14 miles.
861
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GEOLOGY.

The bedrock of the iron-bearing area consists chiefly of the several
formations of the Nome group,* including the Port Clarence lime-
stone and other limestones, schists, and slates of early Paleozoic age.
The iron-ore deposits are chiefly in limestone areas that were mapped
by Collier ? with the undifferentiated members of the group. There
is a small area of Tertiary sedimentary rocks, including thin coal
seams, on Coal Creek, a west tributary of Sinuk River about 3 miles
west of the Monarch group of claims.

The valleys are floored with alluvium, part of which is of glacial
origin. Gravel beds and erratic bowlders are widely distributed at
elevations up to 1,000 feet above sea level. The aggregate area
covered by high-level gravel beds, however, is not large.

The iron-ore deposits consist of limonite veins and stockworks
and their residual products. Hematite, galena, pyrolusite, and small
quantities of gold also occur as accessories in some of the lodes. The
examination was too brief to permit detailed studies, but the general
impression gained is that there had been strong mineralization at
certain localities, and that the mineralizing agencies had affected a
considerable area. The following brief notes will serve to indicate
the character of the ores at several localities.

CLAIMS.

MONARCH GROUP.

The Monarch group, including 14 claims, or about 300 acres, lies
on the limestone ridge that trends eastward between Sinuk River
and Washington Creek. It covers the ridge top for about 3,000
feet and extends laterally for over a mile. Within this property the
ridge crest is broken by two gaps at an elevation of about 1,000 feet
above sea level, in which are the chief deposits of iron ore. Else-
where the limestone is more or less iron-stained and may contain
small ore veinlets, but the average iron content of the limestone mass
may be too low to permit its being classed as ore.

The east gap is mantled by a heavy residual deposit of limonite
and hematite, derived from the weathering of unusually abundant
ore veins that cut the underlying limestones. The residual ores have
also slumped down into the head of the gulch that leads northward
from the gap, where they occur in considerable amounts. The veins
in bedrock beneath the gap are apparently numerous, and range in
width from a few inches to about 30 feet. They are approximately

i Coiifer, A. J., and others, The gold placers of parts of Seward Penlnsula, Alaska:
0. 6. Geol. Burvey BuH. 328, 1008,
#Idem, pl. 10.
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vertical, but their persistence, either vertically or horizontally, is
not determinable from the exposures.

In the west gap there is no important accumulation of residual
ore. The underlying limestone is cut, however, by a wide stockwork
of limonite and pyrolusite veinlets. No heavy veins were seen at
this locality.

The residual deposits of the east gap have been developed over an
area approximately 600 by 800 feet, in open cuts that range from a
few yards to several hundred feet in length. A shallow shaft and a
short drift have been driven into the deposit in the head of the
northerly gulch, 50 feet below the gap level. An open cut at the
south margin of the gap has uncovered a mass of undisturbed limo-
nite, apparently a vein 30 feet in width, cutting the limestone country
rock

In the west gap several short open cuts have been made in loosened
bedrock material which contains numerous veinlets of limonite and
pyrolusite. Elsewhere on the claims the iron-stained limestone
detritus has been thrown out of open cuts without revealing any
high-grade ores.

The residual ore of the east gap has a loose granular texture and a
high iron content, and is unusually free from injurious impurities.
Two samples taken by the writer, one from an open cut at the east
margin of the deposit and the other a composite sample from a line
of open cuts 400 feet long across its center, were found to contain 53
and 55 per cent of metallic iron, respectively. The complete analysis
of the composite sample, which is probably fairly representative of
the whole deposit, is as follows:

Analysis of composite sample of iron ore from Monarch group of claims.
[Analyst, R. C. Wells, United States Geological Burvey.]

810, s I 5 - R L S R Pt None.
ALOs et 1.34 | PO, - SRR, 13
J [y N e B SRt 78.80 |8 ________ e Trace
3" 1L 5 D .10 | MnO___ - S Lo
(17 ) i e et e = Ry R 1.97 | BaO.__. Trace.
THED i i vismm o b 10. 40

b 3 = e 1.10 100. 24

The iron, manganese, phosphorus, and sulphur contents of the ore,
calculated from this analysis, are as follows: Fe, 54.81; Mn, 1.06;
P, 0.057; S, trace.

No samples were obtained from the veins from which this residual
material has been derived. The character of the ores in the undis-
turbed veins was therefore not determined.

Only qualitative analyses of samples taken from the west gap were
made. They contain limonite and pyrolusite in about equal amount.
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The veinlets appear to comprise only a small part of the general mass
of the stockwork, so that the iron and manganese content of minable
material is probably not high.

The development work done so far on the Monarch property has
failed to furnish an adequate basis for estimating the quantity of
ore available in either the residual deposits or the underlying
veins. The size and extent of the veins for the most part can only
be conjectured. The area of the residual deposits is fairly well out-
lined, but their depths have not been generally demonstrated.
However, it seems certain that the residual high-grade ores aggre-
gate at least several hundred thousand tons. Apparently they cover
an area 600 by 800 feet to a depth of several feet. In places shafts
12 feet deep are said to have been sunk in ore. Although ore occurs
in the head of the northerly gulch 50 feet or more below the level
of the east gap, it is unsafe to assume that the divide is underlain
by ore to this depth, for this ore is apparently not in place, but has
slumped down into the head of the gulch from the gap above. Ob-
viously additional prospecting will be required to determine accu-
rately the reserves of high-grade residual ores and to demonstrate
the availability of the undisturbed vein ores. The stockwork of the
west gap will also require careful investigation to determine its
value. The relatively high manganese content of the veinlets and
the reported association of gold with the manganese strengthens
the possibility that this deposit may prove of commercial value.

The limestones on the property away from the gaps contain from
5 to 40 per cent of iron. The average content is probably nearer the
lower figure, and if this proves true it seems doubtful that much
of this material can be considered as commercial ore.

MOGUL GROUP.

The Mogul property consists of four claims situated on the Sinuk
River and Washington Creek divide about 14 miles east of the Mon-
arch property. No development work has been done here, the loca-
tions being made on the strength of a few acres of the blossom of
ore veins that cut the limestones locally. Evidence of the veins is
found_ in heavily iron-stained limestone detritus that has a scant
admixture of limonite nodules and vein fragments. There is little
evidence as to the size and extent of the veins or the possibilities of
commercial development.

GALENA GROUP,
The Galena group, which was not visited by the writer, consists

of nine claims situated 2 miles southwest of the Monarch property.
Several open cuts, shafts, and short drifts are reported to have been
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made on the property, uncovering a number of veins and small stock-
“works bearing limonite and galena. No large bodies of ore are
‘reported to have been developed up to midsummer, 1914, but suffi-
cient encouragement had been given by the findings to stimulate
further development work, which was then in progress.

AMERICAN GROUP.

The American group includes four claims situated at the base of
a limestone ridge west of Sinuk River, below American Creek, 2
miles northwest of the Monarch property. The locations are said to
cover an “iron-ore bed ” over 50 acres in extent. .The only develop-
ment work done consists of a few pits 6 to 8 feet deep, and no
analyses have been made of the ore. The ldcality was not visited

by the writer.
CUB BEAR GROUP.

The Cub Bear group includes four claims located end to end along
the croppings of iron-ore veins cutting across the limestone ridge
between Washington Creek and Cripple River. The blossom of the
veins, where it shows through the vegetation at intervals, consists of
the usual iron-stained limestone detritus mixed with limonite nod-
ules and vein fragments. A few shallow pits have been dug, reveal-
ing limonite-hematite veins as much as several feet in width. Large
blocks of ore taken from some of the pits exhibit botryoidal and
mammillary forms and fibrous texture and are essentially pure
limonite with possibly a very little accessory hematite. No estimate
of the amount of ore in the deposit or of its availability for mining
is possible at the present stage of development.



PLACER MINING IN SEWARD PENINSULA.

By Hexry M. Eaxin,

- GENERAL PROGRESS.

The chief progress made in the placer-mining industry in Seward
Peninsula in 1914 consisted in further consolidation of properties
for new dredging ventures, the financing of additional mining con-
cerns, the construction of new. dredges, and a general improvement
in the success of dredging operations. Forty dredges (including one
tin dredge), with an aggregate daily capacity of 42,000 cubic yards,
operated for all or a part of the open season in 1914, against 34
dredges, with an aggregate daily capacity of 83,400 cubic yards, in
1913. Four new dredges were completed, and four others that were
reported as under construction in 1913 were in the same condition in
1914. At least three additional dredges were contemplated for con-
struction before the season of 1915,

The dredging season of 1914 was unusually short. On account of
winter frost, snowbanks, and valley ice but few dredges commenced
operations before July 1, and many were tied up until July 15 or 20.
The four new dredges completed during the summer began operating
at still later dates. The operations were cut short in the fall by an
unusually early freeze-up.

Other forms of placer mining were carried on with varying success
in all the productive districts. The water supply for hydraulic and
ground-sluicing operations, although much better than in 1913, was
only fair, and some of the larger plants were unable to work at full
capacity much of the season. A little drift mining was done both
in summer and in winter, but in general these operations were of
relatively minor importance.

An important element of progress in the mining industry in
Seward Peninsula is the development of economies that render
gravels of lower and lower grades available for exploitation. Among
these may be mentioned the removal of hazard in dredging operations
by systematic prospecting, the reduction of overhead costs by the
formation of larger companies that operate a number of dredges
under the same superintendency, reduction of fuel expenses by use of

368
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internal-combustion engines burning crude oil, a more efficient use of
steam in thawing frozen ground, and a closer attention to economy in
the commissariat. Attention is also being given to the saving of gold
from the black sands that are produced in large amounts in the
vicinity of Nome. A plant was installed at Nome for this purpose
during the summer, and presumably it began operating before the
end of the season. There is promise of a further economy in thaw-
ing the frozen coastal-plain deposits near Nome by systematic appli-
cation and withdrawal of surface waters. Fortuitous occurrences
incident to the artificial drainage of dredging ground indicate the
possibility of developing such a method of thawing, which is a crucial
necessity to the economic exploitation of the enormous low-grade
reserves of the Nome coastal plain.

In all about 1,200 men were employed in mining on Seward Penin-
sula in 1914 for an average season of 100 days. About 450 of these
men were employed on dredge crews and in dredge construction. The
total production of the placers has an estimated value of $2,700,000.

OPERATIONS BY DISTRICTS.

NOME DISTRICT.

DREDGING.

The dredging situation in the Nome district showed marked im-
provement in 1914 over the preceding year. In 1913 there were
thirteen dredges in_the district, of which seven were operating, three
were idle, and three were under construction. In 1914 eleven dredges
operated, and the same three were still incomplete. Two new dredges
were installed during the year, and the old Peluk Creek dredge was
taken to Anikovik River, in the Port Clarence district.

The two new dredges were built on Bangor and Arctic creeks.
The Bangor dredge has a close-connected line of 3% cubic-foot
buckets, develops 150 horsepower with an internal-combustion en-
gine using crude oil as fuel, and has an estimated daily capacity of
2,000 cubic yards. The fuel consumption is estimated at 6 barrels
of crude oil a day. It was planned to complete its construction and
begin operating by September 1.

The Arctic Creek dredge is of the flume type, with a 2% cubic-foot
open-connected bucket line. It has 60-horsepower distillate engines,
using 100 gallons of fuel a day. Its capacity is estimated at 1,000
cubic yards daily. The dredge was completed and operation com-
menced July 20.
~ There is considerable divergence of opinion as to the most eco-
nomical size and type of dredge for use in the district. The capacity
of buckets in the active dredges ranges from 1§ tbo 10 cubic feet.
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The estimated costs per yard of gravel do not differ materially with
the size of dredge employed, being, as a rule, 10 to 15 cents in thawed
ground and 20 to 30 cents where steam thawing is required. These
figures do not include royalty, amortization, or other overhead
charges. Some significance may attach, however, to the fact that
the more recently built dredges now operating are of the smaller
type and the dredges that have been under construction for several
years and are still incomplete are of the larger type.

The future of the dredging industry in the Nome district hinges
strongly on the possible development of cheap methods of thawing
the frozen coastal-plain deposits. These deposits comprise the
greater part of the known reserves of the district. The thawed
gravels along the courses of streams have a much smaller areal ex-
tent and their exploitation is a comparatively simple matter. At
present the frozen deposits are thawed in advance of dredging oper-
ations by means of steam points driven from the surface to the re-
quired depth. Although this method is fairly economical in rela-
tively shallow and rich deposits, its present cost is prohibitive for
the deeper and leaner placers that constitute the larger reserves of
the coastal plain.

A possible method of thawing the coastal-plain deposits more
cheaply by means of ditch water is suggested by the results of an
artificial drainage project in the vicinity of Nome. A drainage ditch
was dug across the tundra at a short distance from one of the natural
watercourses and parallel with it. In places the excavation pene-
trated through the muck and into the surface-of the underlying
gravels. After a time it was noted that considerable water was lost
from the ditch by seepage, presumably through the gravels toward
the natural watercourse, along which there was a zone of thawed
ground. Later the thawed strip of gravel along the stream was
dredged, and it was found that the area between the ditch and the
stream was also thawed and available for dredging. Apparently the
ditch water seeping through the gravels eliminated the ground frost
to progressively greater depths, until the circulation affected the
whole thickness of the gravels down to bedrock. The depth of thaw-
ing the first summer exceeded the depth of winter frost of the fol-
lowing season, so that the second summer’s thawing was added to
that of the first, and so on to bedrock. It is estimated that the sur-
face of ground frost was lowered about 20 feet a year.

This occurrence accords with the laws of ground-water circulation
as developed by Slichter® and applied by Van Hise.? The waters

i Slichter, C. 8., Theoretical investigation of the motlon of ground waters: U. f Geol.
Survey Nineteenth Ann. Rept, pt. 2, pp. 207-384, 1899,

' Van Hise, C. R., A treatise on metamorphism: U, 8. Geol. Survey Mon. 47, pp.
571-576, 1904.
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do not move in straight lines between the point of entrance into the
gravels and the point of their withdrawal, but tend to follow a num-
ber of divergent paths from the former and of convergent paths near
the latter. The coastal-plain gravels, where thawed, are fairly homo-
geneous and offer a nearly uniform degree of permeability to ground
waters. The ideal circulation would be modified at the inception of
the process by the high level of the surface of ground frost. As this
surface was lowered by the influence of the relatively warm ditch
waters the circulation would take on more and more the ideal form.
The rate of circulation of ground water is affected by the difference
in elevation between the points of entrance and exit, being more
rapid under a higher head. The depth of gravels affected would
depend somewhat on the horizontal distance between these points.

The general principles of a possible method of thawing by sys-
tematic application of ditch waters and withdrawal of ground waters
seem clear. The details of such projects will have to do with topo-
graphic conditions, the muck overburden of the gravels, and the de-
gree of homogeneity of the deposits. Although no insurmountable
obstacles to the development of this method are apparent, it will
probably require a great deal of careful experimental investigation
to develop an efficient practical application of it.

OTHER FOEMS OF PLACER MINING.

Extensive hydraulic-mining operations were carried on by the
Pioneer Mining Co. on and near Center Creek. Four hydraulic lifts
on different claims were used intermittently, as water from the
Miocene and Pioneer ditches was available. An average of about
125 men were employed. A considerable shortage of water pre-
vented continuous operation of all the plants at full capacity, but a
large production was made.

Drift mining in the vicinity of Nome has fallen off greatly in rela-
tive importance each year since 1907, but there is still a considerable
production from this source. The present operations are confined
to placers of moderate gold tenor that are available only for the most
economical methods. Expenses are reduced by a more economical
use of steam for thawing, pressure being turned on the points for
three hours instead of six as formerly, and a longer period of sweat-
ing allowed. The expense of the commissariat is also reduced, so
that the daily cost of board per man is in some places as low as 90
cents instead of the $2 or $3 formerly allowed. These practices have
permitted the reopening of several mines that previously had been
abandoned on account of their low gold tenor.

Other mining operations reported in the vicinity of Nome during
1914 are as follows: Anvil Creek, one open-cut plant; Dexter Creek,

6411°—15—24
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deep mining during winter; Nugget Gulch, open-cut mine; Daisy
and Nicola gulches, open cut; Glacier Creek, open cut; Last Chance
and Jess creeks, one hydraulic plant each; Cripple River basin, one
small hydraulic plant on Oregon Creek and one open-cut mine on
Willow Creek; Osborn Creek, one hydraulic mine; Boulder Creek,
one open-cut mine with hydraulic lift; Buster Creek, one open-cut
mine. Some drift mining was also reported on the third beach line.

An interesting though relatively unimportant phase of placer min-
ing at Nome was the renewal of beach mining. The severe storm of
1913 was attended by a notable attack on the seaward scarp of the
coastal plain, which in places was eroded back 60 to 100 feet. This
resulted in the formation of new concentrations along the beach above
the usual strand line, and during the summer of 1914 from 50 to 100
men were engaged in working them with rockers, surf washers, and
short sluice boxes along the beach from Nome to Penny River. The
concentrations were nat very rich, and only ordinary wages were
made.

SOLOMON DISTRICT.

Eight of the nine dredges that operated in the Solomon district in
1913 continued work in 1914, and one new dredge. built early
in the summer, began work in August. The only dredge reported
idle was that of the Nome, Montana & New Mexico Mining Co. on
Goose Creek, which suspended operations pending additional pros-
pecting. It is reported that at least four of the active dredges ex-
hausted their available ground during the summer.

The new dredge was built for C. E. Kimball on Adams Creek. It
has an open-connected line of 2} cubic-foot buckets, develops 60 horse-
power with distillate engines, uses 100 gallons of fuel a day, and has
an estimated daily capacity of 1,000 cubic yards.

An innovation was introduced among the various types of power
plants used on Seward Peninsula by W. H. Esterbrook, who has
taken an option lease on the ground and equipment of the Seward
Dredging Co. on Solomon River. The new plant is equipped with a
4-cylinder 4-cycle Diesel engine of 200 horsepower and a correspond-
ing electric generator. It began operating the later part of July,
and is said to have given very satisfactory results for the rest of the
season. The fuel consumption is reported as 6 to 10 barrels of crude
oil a day, compared with 42 to 50 barrels required by the steam plant
that was replaced.

No mining other than dredging was in progress in the Solomon dis-
trict. Two small outfits are reported to have prospected for elevated
beach deposits in the vicinity of Jerome Creek during the summer
and to have found such deposits at two levels, 130 and 150 feat. above
sea. The value of the discoveries is not disclosed.
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CASADEPAGA DISTRICT.

Four dredges operated in the Casadepaga district, as in 1913, with
the exception that the small dredge of the Oro Dredging Co. was
moved from Goose Creek to Elkhorn Creek, a tributary of Niukluk
River below the Casadepaga. The other three dredges worked on
Casadepaga River, Willow Creek, and Goose Creek. No other min-
ing was done in the district.

COUNCIL DISTRICT.

Six dredges continued operation in the Council district, as in 1913,
with the exception that one of the Flume Dredging Co.’s dredges
was moved from Ophir Creek to Crooked Creek. Of the other
dredges, two worked on Ophir Creek and one each on Melsing, Mys-
tery, and Warm creeks.

Hydraulic mining was carried on by the Wild Goose Mining Co.
on Dutch Creek and by Stick & Co. on Albion Creek. A steam-
seraper plant was operated on Melsing Creek.

It is éstimated that fifteen different plants, employing about 120
men, were operated in the district, distributed as follows: Ophir
Creek and tributaries, five; Crooked Creek, three; Melsing Creek,
three; Warm Creek, three ; Elkhorn Creek, one. There was no winter
work in the district. The value of the gold produced in the district
in 1914 is estimated to be $525,000.

EOYUK RIVEER DISTRICT.

Renewed mining activity is reported on Sweepstakes Creek, where
ten men are working four separate claims. Recent discoveries are
said to have disclosed valuable placer ground in this section, and an
increased activity is expected in 1915.

On Kenwood Creek, a south tributary of Koyuk River 20 miles
above its mouth, a single outfit was working in a small way.

FAIRHAVEN DISTRICT.

About 75 men are reported to have engaged in mining on Candle
Creek and tributaries in 1914. The Candle Creek Mining Co.’s
dredge had a successful season. On claim No. 20, above Discovery,
a steam-scraper plant was operated. Twelve smaller outfits were en-
gaged in ground-sluicing and drifting on the benches of the Candle
Creek valley, and one plant drifted on Jump Creek.

Four plants operated on Bear Creek during 1914, and one on
Sheridan Creek, a tributary. About 20 men were employed. One
plant operating on Discovery claim had a hydraulic equipment, in-
cluding a Ruble elevator, and used water from the Bear Creek ditch
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under a 240-foot head. The other ontfits used manual methods in
open-cut work.

The Kugruk dredge operated successfully for a part of the open
season. Two drilling outfits were engaged in testing ground for
further dredging operations, and one drift mine was worked by a
small force.

The two dredges on Inmachuk River were late in starting, owing
to an unusual accumulation of winter ice, but operated successfully
the later part of the season. The other mining activities in the In-
machuk region have not been reported. -

EOUGAROK DISTRICT.

The Alaska-Kougarok Dredging Co. operated its 22-cubic-foot
dredge successfully on Kougarok River at the mouth of Henry Creek
during the open season. The Behring Dredging Co. has drilled
extensively on its holdings and has a 2}-cubic-foot close-connected
bucket-line dredge landed at the head of navigation ready for trans-
portation to Kougarok River below the mouth of Taylor- Creek,
where it is to be installed for operation during the summer of 1915.
Plans have also been made for installing a dredge on Iron Creek.

The North Star ditch, which takes water from Taylor Creek, was
used in hydraulic mining on claim No. 15, above Discovery, Kouga-
rok River. A small hydraulic plant was installed on Macklin Creek,
The other activities include five sluicing plants on Kougarok River,
four on Dahl, two on Coffee, seven on Iron, two on Willow, one on
Benson, two on Macklin, and two on Garfield.

The winter work in this district included two deep-mining plants
on Kougarok River, one on Willow Creek, and one on Iron Creek,
employing in all seven men and producing about $12,000 worth of
gold. Thirty-four plants were operated in summer, employing
ubout 130 men. The value of the gold produced in the district in
1914 was about $150,000.

PORT CLARENCE DISTRICT.

Six dredges operated in the Port Clarence district in 1914, but
only three of them for much of the season. The open season was
unusually short, extending only from the middle of July to early
in October.

Three of the dredges operated for gold on Windy, Dick, and Sun-
set creeks. The York Dredging Co.’s dredge continued working for
tin alone on lower Buck Creek.

The American Gold Dredging Co. put two dredges on Anikovik
River and operated for tin and gold together. One of these dredges

i Eakin, H. M., Tin miniog in Alaska: U. 8. Geol, SBurvey Bull. 622, pp. 89-82, 1915.
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was formerly on Peluk Creek near Nome and the other was mnew.
The Peluk dredge was towed along the shore of Bering Sea to the
mouth of the Anikovik, where it dug its own way across the bar into
the river. It was then laid up in order to remodel the digging lad-
der and bucket line. The new dredge was installed on the river
about a quarter of a mile from its mouth. It has buckets holding
2 cubic feet in an open-connected line, develops 80 horsepower by dis-
tillate engines, and has an estimated daily capacity of 800 cubic
yards.
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RECENT SURVEY PUBLICATIONS ON ALASKA.

[Arranged geographically, A complete list can be had on application.]

All these publications can be obtained or consulted in the following ways:

1. A limited number are delivered to the Director of the Survey, from whom
they ecan be obtained free of charge (except certain maps) on application.

2. A certain number are delivered to Senators and Representatives in Congress
for distribution.

3. Other copies are deposited with the Superintendent of Documents, Washing-
ton, D. C., from whom they can be had at prices slightly above cost. The publi-
cations miarked with an asterisk (*) in this list are out of stock at the Survey,
but can be purchased from the Superintendent of Documents at the prices stated.

4. Copies of all Government publications are furnished to the prinecipal publie
libraries throughout the United States, where they can be consulted by those
interested.

GENERAL,

REPORTS,

*The geography and geology of Alaska, a summary of existing knowledge, by
A. H. Brooks, with a section on climate, by Cleveland Abbe, jr., and a topo-
graphic map and description thereof, by R. U. Goode. Professional Paper
45, 1006, 827 pp. $L

Placer mining in Alaska in 1904, by A. H. Brooks. In Bulletin 250, 1905,
pp. 18-31.

The mining Industry in 1805, by A. H. Brooks. In Bulletin 284, 1906, pp. 4-9.

The mining industry in 1806, by A. H. Brooks. In Bulletin 314, 1907, pp. 19-30.

*The mining industry in 1907, by A. H. Brooks. In Bulletin 345, 1908, pp. 30-53.
45 cents,

*The mining industry in 1908, by A. H. Brooks. In Bulletin 879, 1909, pp. 21-62.
60 cents.

The mining industry in 1909, by A. H. Brooks. In Bulletin 442, 1910, pp. 20-46.

The mining industry in 1910, by A. H. Brooks. In Bulletin 480, 1911, pp. 21-42.

*The mining industry in 1911, by A. H. Brooks. In Bulletin 520, 1912, pp. 1944

50 cents. S
The mining industry in 1912, by A. H. Brooks. In Bulletin 542, 1913, pp. 18-51.

*The Alaskan mining industry in 1913, by A. H. Brooks. In Bulletin 502, 1914,
pp. 45-74.

*The Alaskan mining industry in 1914, by A. H. Brooks. In Bulletin 622, 1015,
pp. 15-68,

*Railway routes, by A. H. Brooks. In Bulletin 284, 1906, pp. 10-17.

*Rallway routes from the Pacific seaboard to Fairbanks, Alaska, by A. H.
Brooks.

*Geologle 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 592, 1914, pp.
1844,



14 MINERAL RESOURCES OF ALASKA, 1914,

*The future of gold placer mining In Alaska, by A. H, Brooks, In Bulletin 622,
1915, pp. 69-79,
*Tin resources of Alaska, by F. L. Hess. In Bulletin 520, 1012, pp. 89-02.
50 cents. .
Tin mining in Alaska, by H. M. Eakin. In Bulletin 622, 1915, pp. 81-94.
Administrative report, by A. H. Brooks. In Bulletin 259, 1005, pp. 18-17.
Adminlstrative report, by A, H. Brooks. In Bulletin 284, 1006, pp. 1-3.
Adminlstrative report, by A. H. Brooks. In Bulletin 814, 1907, pp. 11-18.
*Administrative report, by A. H. Brooks. In Bulletin 345, 1908, pp. 5-17, 45
cents.
*Administrative report, by A. H. Brooks. In Bulletin 879, 1909, pp. 5-20. 50
cents.
Administrative report, by A. H. Brooks. In Bulletin 442, 1910, pp. 5-19.
Administrative report, by A. H. Brooks. In Bulletin 480, 1911, pp. 5-14.
*Adminlstrative report, by A. H. Brooks. In Bulletin 520, 1912, pp. 7-18. 50
cents,
Administrative report, by A. H. Brooks. In Bulletin 542, 1913, pp. T-17.
Administrative report, by A. H. Brooks. In Bulletin 592, 1914, pp. 7-17.
Administrative report, by A. H. Brooks. In Bulletin 622, 1915, pp. 7-14.
Report on progress of surveys of public lands In Alaska during 1910, by A. H.
Brooks. In Bulletin 480, 1911, pp. 15-20.
The petrolenm 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.
Alnska coal and its utilization, by A. H, Brooks, Bulletin 4427, reprinted 1914.
*The possible nse of peat fuel In Alaska, by C. A. Davis. In Bulletin 379,
1809, pp. 63-66. 50 cents.
The preparation and use of peat as a fuel, by C. A. Davis. In Bulletin 442,
1910, pp. 101-182.
Methods and costs of gravel and placer mining in Alaska, by O. W, Purington,
Bulletin 263, 1005, 362 pp. (Abstract in Bulletin 259, 1905, pp. 32-48.)
*Prospecting and mining gold placers in Alaska, by J. P. Hutchins. In Bulletin
845, 1008, pp. 54-77. 40 cents.
*Geographle dictionary of Alaska, by Marcus Baker; second edition prepared
by James McCormick. Bulletin 299, 1906, 690 pp. 50 cents.

MAFPS.

*Map of Alaska showing contours; scale 1:2,500,000; 1906, by R. U. Goode and
B, C. Barnard. In * Professional Paper 45. $1. Not 1ssued separately.
Map of Alaska; scale 1:5,000,000; 1912; by Alfred H. Brooks, 20 cents.
Map of Alaska; scale 1:1,500,000; 1915; by A. H. Brooks and R. H. Sargent.
80 cents.
Map of Alaska showlng distribution of mineral deposits; scale, 1:5,000,000;
by A. H. Brooks. 20 cents. Also Included in * Bulletin 520. 50 cents. (New
edition included in Bulletin 592.)

BOUTHEASTERN ALASEA,
REPORTS.

*The Porcupine placer dlstrict, Alaska, by O. W. Wright. Bulletin 236, 1904,
85 pp. 15 cents.

Economic developments in southeastern Alaska, by F. E. and C. W. Wright.
In Bulletin 258, 1905, pp. 47-68.
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*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, 161 pp. 75 cents,

Lode mining in southeastern Alaska, by F. E. and C. W. Wright. In Bulletin
284, 1906, pp. 30-53.

Nonmetallic deposits of southeastern Alaska, by C. W. Wright. In Bulletin
284, 1906, pp. 54-60.

Lode mining in southeastern Alaska, by C. W. Wright. In Bulletin 314, 1907,
pp. 47-72,

Nonmetalliferous mineral resources of southeastern Alaska, by C. W. Wright.
In Bulletin 314, 1907, pp. 73-81.

Reconnaissance on the Pacific coast from Yakutat to Alsek River, by Eliot
Blackwelder. In Bulletin 314, 1907, pp. 82-88.

*Lode mining in southeastern Alaska, 1907, by C. W. Wright. In Bulletin 845,
1908, pp. 78-97. 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 distriets, Alaska, by F. H. and C. W.
Wright. Bulletin 347, 1908, 210 pp. 60 cents.

*The Yakutat Bay region, Alaska: Physiography and glacial geology, by R. 8.
Tarr; Areal geology, by R. 8. Tarr and B. S. Butler. Professional Paper 64,
1909, 186 pp. 50 cents.

*Mining in southeastern Alaska, by C. W. Wright. In Bulletin 379, 1009,
pp. 67-86. 50 cents.

Mining In southeastern Alaska, by Adolph Knopf. In Bulletin 442, 1910,
pp. 133-143.

Qccurrence of iron ore near Haines, by Adolph Knopf. In Bulletin 442, 1910,
pp. 144-1406,

Report of water-power reconnaissance in southeastern Alaska, by J. O. Hoyt.
In Bulletin 442, 1910, pp. 147-157.

Geology of the Berners Bay region, Alaska, by Adolph Knopf. Bulletin 446,
1911, 58 pp.

Mining in southeastern Alaska, by Adolph Knopf. In Bulletin 480, 1911,
pp. 94102,

The Eagle River region, by Adolph Knopf. In Bulletin 480, 1911, pp. 103111,

The Eagle River region, southeastern Alaska, by Adolph Knopf. Bulletin 502,
1912, 61 pp.

The Sitka mining district, Alaska, by Adoiph Knopf. Bulletin 504, 1912,
32 pp.

The earthquakes at Yakutat Bay, Alaska, in September, 1899, by R. 8. Tarr
and Lawrence Martin, <vith a preface by G. K. Gilbert. Professional Paper
69, 1812, 135 pp.

Marble resources of Ketchikan and Wrangell districts, by E. F. Burchard. In
Bulletin 542, 1913, pp. 52-77. |

Mavble resources of the Juneau, Skagway, and Sitka distmcts 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. 109-117. ' :

Lode mining in the Ketchikan district, by P. 8. Smith. In Bulletin $92, 1914,
pp. 75-94.

The geology and ore deposits of Copper Mountain and Kasaan Peninsula,
Alaska, by C. W. Wright. Professional Paper 87, 1915, 110 pp.

Mining in Junean region (1914), by H. M. Eakin. In Bulletin 622, 1915, pp.

Mining in the Juneau region [1914], by H. M, Eakin. In Bulletin 622, 1915,
pp. 95-102.
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Port Valdez distriet; scale, 1: 62,5600; by J. W. Bagley. Price 20 cents.
The Bering River coal fields; scale, 1:62,500; by G. C. Martin. Price, 25
cents,

In preparation.

The Ellamar district; by R. H. Sargent and C. E. Giffin; scale 1: 62,500,
The Kotsina-Kuskulana district; seale 1:62,600; by D. C. Witherspoon,

COOK INLET AND SUSITNA REGION.
REPORTS.

The petroleum flelds of the Pacific coast of Alaska, with an account of the
Bering River coal deposits, by G. C. Martin. Bulletin 250, 1805, 64 pp.

Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska, by
Sidney Paige and Adolph Knopf, Bulletin 327, 1807, 71 pp.

Gold placers of the Mulchatna, by F, J. Katz. In Bulletin 442, 1910, pp. 201~
202, Z

The Mount McKinley region, Alagka, by A. H. Brooks, with desecriptions of the
igneous rocks snd of the Bonnifield and Kantishna distrietd, by L. M.
Prindle. Professional Paper 70, 1911, 234 pp. .

A geologic reconnaissance of the Iliamna region, Alaska, by G. C. Martin and
. J. Katz. Bulletin 485, 1912, 138 pp.

Geology and coal fields of the lower Matanuska Valley, Alaska, by G. C. Mar-
tin and F. J. Katz. Bulletin 500, 1912, 98 pp.

The Yentna distriet, Alaska, by 8. R. Capps. Bulletin 534, 1913, 75 pp.

Gold lodes and placers of the Willow Oreek district, by 8. R. Capps. In
Bulletin 592, 1014, pp. 245-272,

Mineral resources of the Upper Matanuska and Nelchina valleys, by G. C.
Martin and J. B, Mertie, jr. In Bulletin 592, 1914, pp. 273-300.

Preliminary report on the Broad Pass region, by ¥. H, Moffit. In Bulletin
592, 1914, pp. 301-300.

Mining in the Valdez Creek placer district, by ¥. H. Moflit. In Bulletin 582,
1914, pp. 307-308, _

The geology and mineral resources of Kenal Peninsula, Alaska, by G. C.
Martin, B, L, Johnson, and U. 8. Grant. Bulletin 587, 1915, 243 pp.

In press.

The Willow Creek district, by 8. R. Capps. Bulletin 607.
The Broad Pass region, by F. H. Moffit and J. E. Pogue. Bulletin 608,

TOPOGRAPHIC MAFS,

Kenai Peninsula, southern portion; scale, 1:500,000; compiled. In Bulletin
526. Not issued separately.

Matanuska and Talkeetna reglon, reconnalssance map; secale, 1:250,000; by
T. G. Gerdine and R. H. Sargent, In Bulletin 327. Not issued separately.

Lower Matanuska Valley; scale, 1:62500; by R. H. Sargent. In Bulletin
500. Not issued separately.

Yentna district, reconnaissance map; scale, 1:250,000; by R. W. Porter.
Revised edition. In Bulletin 534. Not issued separately.

Mount McKinley region, reconnaissance map; scale, 1:625,000; by D. L. Rea-
burn, In Professional Paper 70. Not issued separately.
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Kenal Peninsula, reconnaissnnce map; scale, 1:250,000; by R. H. Sargent,
J. W. Bagley, and others, Included in Bulletin 587. Not issued separately.

Moose Pass and vicinity; scale, 1:62500; by J. W. Bagley. Included In
Bulletin 587. Not issued separately.

In preparation.,

The Matanuska coal fleld; scale 1:62,500; by R. H. Sargent.
The Willow Creek district; scale 1:62,500; by C. E. Giffin.
The Broad Pass region; scale 1:250,000; by J. W. Bagley.

BOUTHWESTERN ALABKA.
REPORTS.

*A reconnalssance in southwestern Alaska, by J. E. Spurr. In Twentleth An-
nual Report, pt. 7, 1900, pp. 81-264. $1.80.

Gold mine on TUnalaska Island, by A. J. Collier. In Bulletin 259, 1905,
pp. 102-103.

The petroleum fields of the Pacific coast of Alaska, with an account of the
Bering River coal deposits, by G, C. Martin, Bulletin 250, 1905, 64 pp.

Geology and mineral resources of parts of Alaska Peninsula, by W. W. Atwood.
Bulletin 467, 1911, 187 pp.

A geologic reconnaissance of the Illamna region, Alaska, by G. C. Martin and
F. J. Katz. Bulletin 485, 1912, 138 pp.

Mineral deposits of Kodiak and the neighboring islands, by G. C. Martin.
In Bulletin 542, 1913, pp. 125-136.

TOPOGRAPHIC MAPS,

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; secale; 1:250,000; by D. C. Witherspoon
and C, B. Giffin. In Bulletin 485. Not issued separately.
*Kuskokwim River and Bristol Bay region; scale, 1:625,000; by W. 8. Post.
In Twentieth Annual Report, pt. 7. $1.80. Not issued separately.

YUKON AND EUSKOKWIM DASINS.
REPORTS.

*The coal resources of the Yukon, Alaska, by A. J. Collier. Bulletin 218, 1903,
71 pp. 15 cents.

*QOccurrence of gold in the Yukon-Tanana region, by L. M. Prindle, In Bulletin
345, 1008, pp. 179-186. 45 cents,

The Fortymile quadrangle, Yukon-Tanana region, Alaska, by L. M. Prindle,
Baulletin 375, 1909, 52 pp.

Water-supply investigations in Yukon-Tanana region, Alaska, 1007-8 (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 Kus-
kokwim 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. H. Moffit nand
Adolph Knopf, with a section on the Quaternary by 8. R. Capps. Bulletin
417, 1910, pp. 64,

Placer mining in the Yukon-Tanana region, by C. E. Ellsworth. In Bul-
letin 442, 1910, pp. 230-245.

Occurrence of wolframite and easslterlte in the gold placers of Deadwood
Creek, Birch Creek district, by B. L. Johnson. In Bulletin 442, 1910,
pp. 246-250.

Placer mining in the Yukon-Tanana region, by C. E. Ellsworth and G. L.
Parker. In Bulletin 480, 1911, p. 172.

Gold placer mining developments in the Innoko-Iditarod reglon, by A. G
Maddren. In Bulletin 480, 1911, pp. 236-270.

*Placer mining in the Fortymile and Seventymile river districts, by E. A.
Porter. In Bulletin 520, 1912, pp. 211-218. 50 cents.

*Placer mining in the Fairbanks and Circle districts, by C. E. Ellsworth. In
Bulletin 520, 1912, pp. 240-245. 50 cents, i

*Gold placers between Woodchopper and Fourth of July creeks, upper Yukon
River, by L. M. Prindle and J. B. Mertle, jr. In Bulletin 520, 1912, pp.
201-210. 50 cents,

The Bonnifield region, Alaska, by S. R. Capps. Bulletin 501, 1912, 162 pp.

A geologle reconnaissance of a part of the Rampart quadrangle, Alaska, by
H. M. Bakin. Bulletin 535, 1913, 38 pp.

A geologic reconnaissance of the Fairbanks quadrangle, Alaska, by L. M.
Prindle, with a detalled 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, 1918, 220 pp.

*The Koyukuk-Chandalar reglon, Alaska, by A. . Maddren. Bulletin 532,
1913, 119 pp. Price 25 cents.

A geologic reconnalssance of the Circle quadrangle Alaska, by L. M. Prindle.
Bulletin 538, 1913, 82 pp.

Placer mining in the Yukon-Tanana region, by C. B. Hllsworth and R, W.
Davenport. In Bulletin 542, 1918, pp. 208-222,

The Chisana placer district, by A. H. Brooks. In Bulletin 592, 1914, pp.
309-320.

Placer mining in the Yukon-Tanana reglon, by Theodore Chapin. In Bulletin
592, 1914, pp. 367-362.

Lode developments near Fairbanks, by Theodore Chapin. In Bulletin 592,
1914, pp. 321-3865.

Mineral resources of the Yukon-Koyukuk region, by H. M, Eakin., In Bulletin
592, 1914, pp. 871-384.

The Iditarod-Ruby region, Alaska, by H. M. Eakin. Bulletin 578, 1914, 45 pp.

Surface water supply of the Yukon-Tanana region, 1907 to 1912, by C. E.
Ellsworth and R. W, Davenport. Water-Supply Paper 842, 1915, 843 pp.

Mineral resources of the Chisana-White River district, by 8. R. Capps. In
Bulletin 622, 1915, pp. 189-228,

Mining in the Fairbanks district, by H, M, Hakin, In Bulletin 632, 1915, pp.
220-238,

Mining in the Hot Springs district, by H. M. Bakin. In Bulletin 622, 1913, pp.
239-245.

Mineral resources of the Lake Clark-Iditarod region, by P, 8. Smith, In Bul-
letin 622, 1915, pp. 247-271.

Quicksilver deposits of the Kuskokwim region, by P. 8. Smith and A. G. Mad:
dren, In Bulletin 622, 1915, pp. 272-291.

Gold placers of the lower Kuskokwim, with a note on copper In the Russian
Mountains, by A. G. Maddren. In Bulletin 622, 1915, pp. 292-360.
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In preparation.

Chisana-White River district, by 8. R. Capps. .
Yukon-Koyukuk region, by H. M. Eakin.
Lake Clark-Iditared region, by P. 8. Smith.

Topographic maps.

Circle quadrangle (No. 641) ; scale, 1: 250,000; by T. G. Gerdine, D. C. Wither-
spoon, and others. B0 cents each, or $15 for 50. Also in Bulletin 295.

Fairbanks quadrangle (No. 642); scale, 1:250,000; by T. G. Gerdine, D. C.
Witherspoon, R. B, Oliver, and J. W. Bagley. 50 cents each, or $15 for 50.
Also in Bulletins *337 (25 cents) and 525.

Fortymile quadrangle (No. 640); scale, 1:250,000; by E. C. Barnard. 10
cents each, or $3 for 50. Also in Bulletin 375.

Rampart quadrangle (No. 643); scale, 1:250,000; by D. C. Witherspoon and
R. B. Oliver. 20 cents each, or $6 for 50. Also 1o Bulletin 337, and part in
Bulletin 535.

Fairbanks special (No, 642A); scale, 1:62,500; by T. G. Gerdine and R. H.
Sargent. 20 cents each, or $6 for 50. Also in Bulletin 525.

Bonnifield region; secale, 1:250,000; by J. W. Bagley, D. C. Witherspoon, and
O. B. Giffin. In Bulletin 501, Not issued separately,

Iditarod-Ruby region, reconnaissance map; scale, 1:250,000; by C. G. Ander-
gon, W. 8. Post, and others. In Bulletin 578. Not issned separately.

Middle Kuskokwim and lower Yukon region; scale, 1:500,000; by C. G. Ander-
son, ‘'W. 8, Post, and others. In Bulletin 578. Not issued separately.

In preparation.

Yukon-Koyukuk region; seale, 1: 500,000; by H. M. Eakin,
Lake Clark-Iditarod region; scale, 1;250,000; by R. H. Sargent.
Lower Kuskokwim region; scale, 1:500,000; by R. H. Sargent.

SBEWARD PENINSULA.

REPORTS.

The Fairhaven gold placers of Seward Peninsula, Alaska, by F. H. Mofit.
Bulletin 247, 1905, 85 pp. )

Gold mining on Seward Peninsula, by F. H., Moffit. In Bulletin 284, 19086,
pp. 132-141. The Kougarok region, by A. H. Brooks. In Bulletin 314,
1907, pp. 164-181.

Geology and mineral resources of Iron Creek, by P. 8. Smith, In Bulletin 314,
1907, pp. 157-163.

The gold placers of parts of Seward Peninsula, Alaska, including the Nome,
Council, Kougarok, Port Clarence, and Goodhope precinets, by A. J. Collier,
F. L, Hess, P. 8. Smith, and A. H. Brooks. Bulletin 328, 1908, 243 pp.

*Investigation of the mineral deposits of Seward Peninsula, by P. 8. Smith. In
Bulletin 845, 1908, pp. 206-250. 45 cents.

Geology of the Seward Peninsula tin deposits, by Adolph Enopf, Bulletin 358,
1908, 72 pp.

*Recent developments in southern Seward Peninsula, by P. 8. Smith. In Bul-
letin 379, 1909, pp. 267-801. 50 cents,

*The Iron Creek region, by P. 8. Smith. In Bulletin 379, 1909, pp. 302-354.
B0 cents, :
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*Mining in the Fairhaven district, by ¥. F. Henshaw. In Bulletin 379, 1009,
pp. 355-369. B0 cents.

Geology and mineral resources of the Solomon and Qasadepaga quadrangles,
Seward Peninsula, Alaska, by P, 8. Smith. Bulletin 433, 1910, 227 pp.

Mining in Seward Peninsula, by F. F. Henshaw. In Bulletin 442, 1910,
pp. 853-371. ’

A geologic reconnaissance in southeastern Seward Peninsula and the Norton
Bay-Nulato region, by P. 8. Smith and H. M. Eakin. Bulletin 449, 1911,
1486 pp.

*Notes on mining in Seward Peninsula, by P. 8. Smith. In Bulletin 520, 1912,
Pp. 330-344. 5O cents.

Geology of the Nome and Grand Central quadrangles, Alaska, by F. H. Moffit.
Bulletin 533, 1918, 140 pp. '

*Surface water supply of Seward Peninsula, Alaska, by F. F. Henshaw and
@G. L. Parker, with a sketch of the geography and geology, by P. 8. Smith,
and a description of methods of placer mining, by Alfred H. Brooks;
including topographic reconnaissance map. Water-Supply Paper 314, 1913,
817 pp. 40 cents.

Placer mining on Seward Peninsula, by Theodore Chapin. In Bulletin 592,
1914, pp. 385-396.

T.ode developments on Seward Peninsula, by Theodore Chapin. In Bulletin
592, 1914, pp. 897—407.

Iron-ore deposits near Nome, by Henry M. Eakin. In Bulletin 622, 1915, pp.
861-365.

Placer mining in Seward Peninsula, by Henry M. Hakin, In Bulletin 622,

1915, pp. 866-373.
TOPOGRAPHIC MAPS,

Seward Peninsula, compiled from work of D, C. Witherspoon, T. G. Gerdine,
and others, of the Geological Survey, and all available sources; scale,
1:500,000. In Water-Supply Paper 314. Not issued separately.

Seward Peninsula, northeastern portion, reconnaissance map (No. 6855) ; scale,
1:250,000; by D. C. Witherspoon and O, E. Hill. 50 cents each, or $30 a
hundred. Also in Bulletin 247,

Beward Peninsula, northwestern portion, reconnaissance map (No. 657);
scale, 1:250,000; by T. G. Gerdine and D. C. Witherspoon. 50 cents each,
or $30 a hundred. Also in Bulletin 328,

Seward Peninsula, southern portion, reconnaissance map (No. 656); scale,
1:250,000; by C. E. Barnard, T. G. Gerdine, and others. 50 cents each, or
$30 a hundred. Also in Bulletin 328,

Seward Peninsula, southeastern portion, reconnaissance map (Nos. 655-656) ;
scale, 1: 250,000; by E. C. Barnard, D. L. Reaburn, H, M. Eakin, and others.
In Bulletin 449. Not issued separately.

Nulato-Norton Bay reglon; scale, 1: 500,000; by P. 8. Smith, H, M. Eakin, and
others. In Bulletin 449, Not issued separately.

Grand Central gnadrangle (No, 646A); scale, 1:62500; by T. G. Gerdine,
R. B. Oliver, and W. R. HIll. 10 cents each, or $3 for 50. Also in Bulle-
tion B533.

Nome quadrangle (No, 646B) ; scale, 1: 62,600; by T. G. Gerdine, R. B, Oliver,
and W. R. Hill. 10 cents each, or $3 for 50. Also in Bulletin 533.

Casadepaga quadrangle (No. 6460C) ; scale, 1: 62,500; by T. G. Gerdine, W, B.
Corse, and B. A. Yoder. 10 cents each, or $3 for 50. Also In Bulletin 433,

Solomon guadrangle (No. 646D); scale, 1:62,500; by T. G. Gerdine, W. B.
Corse, and B. A. Yoder. 10 cents each, or $3 for 50. Also in Bulletin 433.
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BREPORTS.

*A reconnaissance in northern Alaska across the Rocky Mountains, along
Eoyukuk, John, Anaktuvuk, and Colville rivers and the Arctic coast to
Cape Lisburne in 1901, by F. C. Schrader, with notes by W. J. Peters
Professional Paper 20, 1004, 139 pp. 40 cents,
*Geology and coal resources of the Cape Lisburne region, Alaska, by A. J.
S Collier. Bulletin 278, 1906, 54 pp. 15 cents.
*Geologic Investigations along the Canada-Alaska boundary, by A. G. Maddren.
In Bulletin 520, 1912, pp. 207-314. 50 cents.
The Noatak-Kobuk region, by P. 8. Smith. Bulletin 536, 1913, 160 pp.
. *The Koyukuk-Chandalar region, Alaska, by A. G. Maddren. Bulletin 532, 1913,
— 119 pp. 25 cents,
TOPOGRAPHIC MAPS,

*Koyukuk River to mouth of Colville River, including John River; scale,
1:1,250,000; by W. J. Peters. In *Professional Paper 20. 40 cents. Not
issued separately.

Koyukuk and Chandalar regions, reconnaissance map; scale, 1:500,000; by
T. G. Gerdine, D. L. Reaburn, D. C. Witherspoon, and A. G. Maddren. In
Bulletin 632. Not Issued separately.

Noatak-Kobuk region; scale, 1:500,000; by C. E. Giffin, D, L. Reaburn. H. M.
Eakin, and others. In Bulletin 530. Not issued separately.
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