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INERAL RESOURCES OF ALASKA, 1919.

By Aurrep H. Brooxs and others.
PREFACE.
By AvrreEp H. Brooxs.

+This volume is the sixteenth of a series of annual bulletins’ treating
the mining industry of Alaska and summarizing the results achieved
ing the year in the investigation of the mineral resources of the
erritory.  These reports are intended to give prompt publication of

fr their preparation does not permit full office study of the field
ptes and specimens, and some of the statements made here may be
i bject to modification when the study has been completed. Those
terested in any particular district should therefore procure a-copy
of the complete report on that district as soon as it is available.
. This volume, like the others of the series, _contains an account of
e mining industry, including statistics of mineral production and
preliminary statements on investigations made by the Geological
ey. It isintended that this series of reports shall serve as con-
nient reference works on the mining industry.for the years which
ey cover. It is not possible for a member of the Survey to visif
ﬁery mining district each year, and therefore the information used
preparing the summary on mining development. is in part obtained
m other reliable sources.
During the war many members of the technical staff of the division
Alaskan mineral resources were called into the military service or
oployed in other war work. Owing to this transfer of personnel
d because the Alaska investigations and surveys were not deemed
A8 be directly important to the winning of the war, a reduction in the
Appropriation was made. Unfortunately the appropriation has not
gt been restored to its prewar status. Meanwhile the cost of the
ld investigations has greatly increased. As a result many important

# The preceding volumes in this series are U. 8, Geol, SBurvey Bulls. 259, 284, 314, 345, 379, 442, 480, 520,
, 592, 622, 642, 662, 692, and 712,
3
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4 MINERAL RESOURCES OF ALASKA, 1919,

surveys have had to be deferred, and this year's report is much
smaller than those that have preceded it.

Again, as for many years in the past, the Geological Survey is under.
great obligation to residents of the Territory for valuable data.'
Those who have thus aided include the many mine operators whe:..
have made reports on production as well as developments. There’
are still some Alaskan mineral producers who fail to respond to re= ',

quests for information. Many prospectors, Federal officials, en-

gineers, and officers of transportation and commercial companies have |
contributed valuable data. It is impracticable to mention by name -
all who have aided in this work, but it should be stated that without
the assistance of these pubhc-apmt.ed citizens the preparation of this "

report ‘would have been impossible. Special acknowledgments should

be made to the Director and other officers of the Mint; the officers of
.

the Alaska customs service; the officers of the Alaskan Engin

eering
Commission; the American Railway Express Co.; G. Howard Birch,
of Nizina; F. E. Youngs, of Seward; R. N. Moyer and Sidney Ander-

son, of Anchorage; N. D. Bothwell, of the Willow Creek district; W.
K. McLennan and R. E. Steel, of Chisana; John Elden, of Steel

* Creek; C. E. M. Cole, of Jack Wade; P. J. Hilliard, of Eagle; Charles

Zielke, of Nenana; J. A. Fairborn, R. C. Wood, and the First National
Bank, of Fairbanks; Charles Mayfield, of Richardson; Joshua L. Ray,

of Healy River; M. T. Robinson, of Tofty; A.lexa.nder Mitchell, of:

Glen Creek, Kantishna; George W. Ledger, of Rampart; B. J. Bowé:;

of Greenstone Creek, Ruby district; Herman Willeke, of Flat Creek, -

Ruby district; C. A. Boerner and C. E. Taylor, of Idxta.rod Harry

Madison, of Tolstoi; G. C. Glass and B. B. Smith, of Ophir; R. W. &= ..

Reed and E. W. Quigley, of Nome; H. E. Carter, Thomas Aiken, and” **

Charles Mespelt, of McGrath; William Loiselle and A. Stecker, of

Kwinak; Lewis Lloyd, of Shungnak; George L. Stanley, of Kiana; -

.and Volney Richmond, of the Northern Commercial Co.

/
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THE FUTURE OF ALASEA MINING.

S

By Avrrep H. Brooxs.

OUTLINE.

The Alaska mining industry, which has turned out products having
a tatal value of $438,160,000, began in 1880 with the recovery of some
$20,000 worth of gold from placers near Juneau. Of this total value
96 per cent is to be credited to the gold and copper deposits, but
Alaska mines have also produced silver, platinum, palladium, tin,
lead, antimony, tungsten, chromite, coal, petroleum, marble, gypsum,
graphite, and barite, and development work has been done on
deposits carrying nickel, iron, molybdenite, and sulphur.

The exploitation of Alaska’s mineral wealth before the war showed
a rather steady growth, with some fluctuations from year to year,
such as are more or less inherent to mining in remote regions,
This advance was made in spite of the handicaps imposed by isola-
tion, the inadequacy of means of communication, and the long exist-
ing interdict on the development of the coal and oil fields. Then
came the change of industrial conditions wrought by the war. Its
first effect was to increase Alaska’s output of copper enormously,
owing to the high price of that metal, and this increase in 1916
brought the value of the total mineral output of Alaska up to over
343, 32,000, a larger amount than that for any other year since
mining bagan (See P1.1.) The decline in price and market demand
for copper since 1916 has greatly reduced Alaska’s output of copper.
Meanwhile the world-wide depression of the gold-mining industry has
also greatly affected Alaska. As a consequence the value of the total
mineral output of the Territory in 1919 was only $19,621,000, as com-
pared with $28,254,000 in 1918, and was the lowest annual value since

1914

. This very marked decline of Alaska’s mu:u.ng industry has been
noted with alarm by many who are interested in the Territory and
hes been especially disconcerting to the general public, because it
came at a time when large Government funds were being expended
on & railroad intended primarily to open up the mineral resources of
the interior. This decline is not due primarily to local causes, how-
ever, but is largely the result of world-wide industrial conditions -
brought on both by the war and by the readjustments that have
b

e e
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followed it. Itis partinent to inquire what the future holds forth for
Alasks mining. If it is true that the decline in output is due to the
general instability of industrial conditions recovery must await the
improvement of these conditions. It would lead us too far afield to

. attempt here to discuss any of the broad problems connected with

the present economic situation and its betterment. The purpose of
this paper will be met by assuming that these conditions will improve.

Although many local factors affect the future of the Alaska mining
industry, the most important consists of the mineral reserves. Unless
the accessible reserves are large enough to support a future growth the
mining industry, no matter how favorable may be the. conditions of
exploitation, will languish. Those who have inquired about the
quantity of mineral reserves have usually received the stereohypad
answer that Alaska has vast stores of mineral wealth awaiting develop-
ment., However true this may be, the public has a right to know
on what facts such statements are based. An attempt will be made
here to summarize briefly these facts, which are scattered through
scores of publications of the United States Geological Survey,' and
to forecast, so far as may be, the future of Alaska as a producer of
minerals.

Before considering the future of the mining industry, it will be
desirable to examine briefly the record of the past as expressed by the
value of the mineral output. The statistics of mineral production are
given in a later section of this report (see pp. 59-76) and are expressed
graphically by the accompanying diagram (PL I). On this diagram
the value of the total mineral output and of the copper and gold is
shown by curves, which give a measure of the mining industry for
the last 40 years. The curves, though recording fluctuations from
year to year, show on the average a.rather uniform growth of output
until the outbreak of the war in 1914, since when Alaska’s mining
industry has been unstable. If the pre-war curve showing the value
of Alaska’s total mineral output is projected over the last five years,
it will indicate that-under normal conditions the value would have
been about $22,000,000 in 1919. It is significant that the actual
value of the output in 1919 ($19,621,000) was only about 10 per cent

below this normal value indicated by the curve. This in itself is very .

encouraging, for it indicates that the Alaska mines are on an averagé
nearly holding their own, in spite of the present abnormally adverse
conditions.

The pre-war curves might, of course, be projected also into the
future, with a view of thus obtaining a rough estimate of the probable
developments of the Alaska mines. Such an estimate would have
little value, however, because the mineral output of the past does not

1 Alistof the prlmlﬁal publications of the Geological Survey relating to the geology and mineral resonrees
of Alaska is appended to this volume.
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THE FUTURE OF ALASEKA MINING. v 4

indicate the changes that will be brought about by the construction
of the railroad and wagon roads, the reduction in freight charges, and
the opening of the oil and coal fields. Moreover, such an estimate
would assume, without proof, that Alaska’s mineral reserves are
xa.mple to support & growth of the mining industry in the future at the
‘ same rate as that of the past. The quantity of the several minerals
occurring in Alaska is evidently the significant element in the problem.
In discussing these reserves it will be desirable to limit the estimate
to those which are now or can soon be made available.

An estimate of Alaska's mineral reserves would be difficult enough
even with complete geologic maps of the entire Territory. Only
about 20 per cent of Alaska has been covered by even reconnaissance
geologic surveys, and less than 1 per cent by detailed surveys. This
meagerness of geologic data is in a measure offset by the fact that
the areas surveyed cover much of the immediately accessible parts
of the Territory, where the most extensive mining developments of
the near future are to be expected. The information at hand, how-
ever, at best does not permit quantitative estimates of reserves.
Nevertheless, it indicates the areal distribution of the mineral deposits
(Pl. II), and a study of their geologic occurrence gives a basis of
forecasting their availability to the miner. These data, consid-
ered in connection with the accessibility of the deposits and the
probable market for their output, will afford a rough measure of
their availability in the near future.

GOLD MINING IN THE PAST.

During 40 years of mining Alaska has produced gold to the value
of $311,665,000, of which $218,000,000 is to be credited to the placer
mines. The first notable impetus given to gold mining in the Terri-
tory was the discovery of the Nome placers in 1898 and their rapid
development, which reached its maximum in 1906. Meanwhile the
placer gold from the Fairbanks district, first developed in 1803,
helped to swell the gold output, into a maximum production in
1909. Much the larger part of the placer gold recovered in these
two fields, as well as in most other placer districts, such as Iditarod,
Hot Springs, and Koyukuk, has been taken from relatively small and

. very rich or so-called bonanza deposits rather than from larger bodies ‘

of gravel having a lower gold content. The production of placer
gold in the past has therefore been maintained by the exploitation
of new bonanzas rather than by larger installations in the developed
districts. Since 1911, however, there has been a gradual improve-
ment in mining methods, notably in the use of gold dredges, by
which over $20,000,000 worth of gold has been recovered.

Auriferous lodes in Alaska have yielded $02,000,000 worth of
gold, of which more than 80 per cent has come from the six large
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low-grade mines of the Juneau district. Lode mining in the Juneau
district rather steadily increased from the first large instellation in
1887 to the depression that followed the outbresk of the war, which
occurred at almost the same time as the wrecking of three of the
Treadwell mines by an inflow of sea water. Successful lode mining

at Juneau, in complete contrast to most of the placer operations, has-

been based on the exploitation of low-grade deposits on a very large
scale. The mines have, indeed, been operated at a lower unit cost
than any others in the world. The average value per ton of the gold
and silver recovered from the ore produced in these mines since 1882
is $1.95. The small margin of profit was offset by the very large
tormage of ore handled. Because of the small margin these opera-
tions were naturally among the first to react to the economic con-
ditions that have affected gold mining so adversely.

Most of the lode mines outside of the Juneau district have been
small ventures that could practice none of the economies introduced
at Juneau. Therefore, with the decline of mining at Juneau Alaska’s
auriferous lode-mining industry has received a serious setback.

To sum up, the production of placer gold has been founded prin-

cipally on bonanza mining, while lode mining has been supported '

chiefly by the large-scale exploitation of low-grade ores. The
tendency of bonanza mining has been to cause considerable fluctua-
tions in the annual gold output, but these fluctuations have in a
measure been offset by the steady production of the large Juneau
mines, A

The minor fluctuations in the annual gold output of Alaska are
caused by the local mining conditions referred to above. There is,
however, also & larger pulsation of this output, which is'responsive to
the general economic conditions, industrial, financial, and political,
that affect the gold output of the entire world. The close parallelism
between the gold output of Alaska and that of the world is shown
in Plate ITI. This diagram shows that the larger oscillations of
the world’s gold production are clearly recognizable in the Alaska
output, though Alaska at best has produced less than 5 per cent of
the world’s gold. This diagram also shows a tendency of the
Alaskan gold output to lag a year or two in its adjustment to the

general industrial conditions of the world. This delay is no doubt"
due to the isolation of many of the Alaska placer districts, which

necessitates that preparations for mining be made a year or more
in advance. The facts stated above show clearly that whatever
local conditions may affect Alaska gold mining and however these
may be improved by the construction of railways and roads anda
betterment of the steamboat service, the progress of the industry
is to a large extent controlled by factors that are world-wide in their
effect.  The gold miner now finds that, while his product commands
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THE FUTURE OF ALASKA MINING. 9

the same price as in the past, yet his costs, like those in all other
industries, have enormously increased. For the purpose of this
paper it will be assumed that these conditions will change, without

discussing when or how this change will be brought about.

GOLD PLACERS.!

Auriferous gravels are very widely distributed over Alaska (see Pl.
11, in pocket), but it is only in comparatively small areas that their
gold content is high enough to permit profitable exploitation or, in
other words, to constitute a placer. The question whether a body
of auriferous gravels is a placer depends on the cost of its exploitation.
If it can be exploited at a profit it is & placer, no matter how small
its gold content. At one locality a body of gravel carrying less than
25 cents worth of gold to the cubic yard may be a placer, whereas
at another a body of gravel whose gold content has a value of several
dollars to the cubic yard may be worthless. Some of the conditions
that affect mining costs, such as physical character and thickness of
the deposit, grade of streams, and availability of water, are fixed.
Others, relating chiefly to accessibility, may be improved by better-
ment of means of communication. Thus a body of gravel whose gold
content is too low for profitable exploitation at one time may, with
improvements in transportation, become a valuable placer? In the
early days of mining at Nome gravels that carried less than $5 in
gold to the cubic yard could not be profitably exploited, but in 1918

" the 21 dredges operating on Seward Peninsula made an average gold

recovery per cubic yard of only 40 cents. Again, the average value of

. gold in all the gravel mined in Alaska in 1911 was $2.17 per cubic

yard; in 1918 it was $1.20. This change has been due to a cheapen-
ing of mining cost, both by larger installations and by better means of
communication. These facts of themselves make it impossible to
estimate closely the reserves of the Alaska placers, even if the quantity
and gold contents of the auriferous gravels were known, for it is im-
possible now to forecast what part of these gravels will in the future
prove to be workable placers. On the assumption, however, that
profitable mining will be possible in the future on the same grade of
placers as it has in the past, a rough measure of the placer reserves

“ean be arrived at.

A careful scrutiny of all the available geologic, statistical, and
mining data indicates that the original total length of creek gravels
that probably carry enough gold to be classed as placers is about
1,050 miles. Of this total, deposits aggregating about 200 miles are
on creeks whose alluvial floors are 15 yards or’less in width, and the

1 The geologic features of some Alasks placers are set forth by A. H. Brooks in U. B, Geol. Burvey Bull.

BI8, pp. 111-130, 1908,
% Brooks, A, H., The future of gold placer mining in Alasks: U. 8, Geol. Survey Bull, 622, pp. 60-79, 1015,
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rest on streams whose valley floors are chiefly from 50 to 100 yards
wide, with some that have a width of 300 yards or more. In this
total mileage have been included only those stream gravels which have
been mined or more or less prospected. The many large deposits of
gravels which are known to be auriferous but about whose gold con-
tent no information is available are not included in this estimate.
It is believed that of this 1,050 miles of original gold placer ground,
250 miles has been mined out. The value of the total placer-gold
output of Alaska is $218,000,000, of which about $18,000,000 is to
be credited to beach and high bench placers that are not included in

this estimate of stream gravels. Therefore, as nearly as can be deter- -

mined, the stream gravel placers thus far exploited have yielded gold
to the value of $800,000 to themile. Much of the placer gold has been
won from bonanze deposits, such as those of Nome, Fairbanks, and
Hot Springs. The Fairbanks placers have produced about $2,000,000
worth of gold to the mile for the ground actually mined, and the
recovery from the creek placers of the Seward Peninsula® has been
about $500,000 to the mile. On the other hand, the recovery has
been only $50,000 to the mile in some of the poorer districts.
Although it is quite possible that other very rich creek placers will
be found in Alaska, notably in the Yukon and Kuskokwim basins,
where there are many streams that have not yet been thoroughly
prospected, yet a forecast of the future can not take account of such
possible discoveries, and must include in the estimate of available
reserves only placers about whose gold content there is some infor-
mation based on actual development. If the gold-placer reserves
are measured by the least valuable creek placers that have thus far
been developed, namely, at $50,000 a mile, the total value will be
$40,000,000; if the estimate is based on the average gold recovery of
the past, the total value will be $640,000,000. The truth will lie some-
where between these two extremes. Tn the writer’s opinion it will
be conservative to estimate the value of the undeveloped creek placers
-at $200,000 a mile, a figure which will make the value of the total
creek placer reserves $160,000,000. To these must be added the
reserves of bench and ancient beach and gravel placers. Deposits
of these types have been developed and tested only on Seward Pe-
ninsula. It was estimated some years ago that the value of the
gold reserves in the gravel-plain, ancient-beach, and high-bench
placers of Seward Peninsula was about $215,000,000.* Subtracting
the amount of gold that has since been mined from these deposits
leaves the value of the reserve $200,000,000. This very large reserve
compared with those of other parts of Alaska is duelargely to the fact
that in Seward Peninsula the cost of mining has been much lower

* The richest ground in Beward Peninsula has been in the beach and high bench placers.
4 Brooks, A H., U, 8, Geol. Burvey Bull. 328, pp. 135-138, 1008
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than elsewhere in Alaska. Therefore deposits of a low gold tenor
are included in the reserve.

Though the above estimates of available placer gold reserves may
appear extravagant to some, a comparison will show that they are
moderate. Recently a committee of experienced Fairbanks mine
operators under the leadership of John A. Davis, of the Bureau of
Mines, collected all available information on the dredging ground of
the Fairbanks district. This information was carefully checked by
Mr. Davis, and as a result it was estimated that the dredging ground
on the creeks immediately tributary to Fairbanks includes a total
of 218,000,000 cubic yards, with an average gold content of about
46 cents to the cubic yard and a total reserve of gold of the value of
$100,200,000.* During the 17 years of mining at Fairbanks some
$70,000,000 worth of placer gold has been mined out, yet there still
remains in the ground, according to a conservative estimate, over
$100,000,000 worth of gold.

In view of the above facts it is believed that the available placer-
gold reserves in the developed districts of Alaska have a value of at
least $360,000,000 and perhaps of twice that amount. There is also
the possibility of discoveries of new deposits, of which not even a
rough estimate can be made.

GOLD LODES.

Few of the Alaska gold-lode mines have blocked out ore to supply
them for more than a few years in advance, and therefore there is
no basis for estimating their reserves, which are developed from year
to year. The large Juneau mines, where development work has
usually been kept well in advance of the stoping, can for the present
not be counted as a very definite source of gold. Most of the other
auriferous lode mines are equipped with only small plants. Many of
them are, indeed, only prospects with small mills, operated for only
a part of the year. Were the future of Alaska’s gold-lode mining
dependent on the developed mines, the outlook would not be hopeful.

In the absence of developed cre bodies the future of lode mining
must be gaged by considerations of the geologic occurrence and dis-
tribution of the ores. Such facts can not be interpreted in terms of
reserve tonnage, yet they will serve to indicate the probability of
discoveries.

The wide distribution of gold placers is in itself an indication of
widespread mineralization. Gold placers by no means give definite
evidence that the gold is sufficiently concentrated in its bedrock

source to be profitably mined. Yet the placers show that the bed-

rock is mineralized, and this fact alone augurs well for the discovery

% Construction of Alaska Railroed: 86th Cong., 1st sess,, Hearings before the House Committee on Terri-
torles on H. R, 7417, July 23, 24, 25, and 31, 1019, p. 142,
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of auriferous veins. Moreover, some auriferous quartz veins have
been found in nearly every placer district. (See Pl. II, in pockat.)
The geology shows that the Alaska auriferous quartz is genetically
related to intrusive granitic and kindred rocks.® Such intrusive rocks
are widespread in the territory south of the crest of the Arctic Moun-
tain system. The geologic conditions are therefore favorable to the
occurrence of auriferous quartz veins. This fact has been generally
recognized, and the question is often asked why more lode mines
have not been developed. A partial answer to this queetmn lies in
the fact that in much of Alaska lode prospecting is beset by the
difficulty that the bedrock is masked by a mat of moss and other
vegetation. Therefore the lode prospector has little to guide his
search except the distribution of placer gold. Moreover, there has
been little incentive to lode prospecting. The inaccessibility of so
much of Alaska has prohibited mining development except such as
could be carried on with the simple tools and methods of the placer
miner. Much of the placer mining has been done far from navigable .
rivers, where there were no roads and few, if any, trails. Under such
conditions lode mining can not thrive. _
On the other hand, where a region has been made even reasonably
accessible small lode-mining industries have sprung up, as, for ex-
ample, in the Willow Creek and Fairbanks districts. The evidence
in hand indicates that gold-lode mining in Alaska has only begun, for
there are many districts that contain evidence of the presence of
auriferous veins. Though no quantitative statement of reserves of
lode gold is possible, there can be little doubt that when normal‘eco-
nomic conditions become reestablished and transportation is pro-
vided, lode mining will be undertaken in many localities. It is quite
possible that the reserve of lode gold far exceeds that of the placers.

COPPER.
GENERAL FEATURES.

The total copper production of Alaska to the end of 1919 has been
545,007,336 pounds, recovered from 3,736,000 tons of ore. The first
copper-mine developments were in the Ketcl:uken district, but pro-
duction began in 1900 in both the Ketchikan and Prince William
Sound districts. The first large shipments of copper ore from the
great Kennecott mine, in the Chitina district, were made in 1911,
after the completion of the Copper River Railroad. At about the
same time the Beatson-Bopanza mine, on Latouche Island, in the
Prince William Sound region, was opened on a large scale. In 1913
the Jumbo and Mother Lode mines of the Kennecott group began
shipping ore. These two, together with the original Kennecott mine,

® Brooks, A. H., Geologio festures of Alaskan metalliferous Jodes: U, B, Geol. Burvey Bull. 480, pp»
48-74, 1911,
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are operated on very rich chalcocite ore, and it is their output which
has so greatly swelled the copper output of Alaska. It was a for-
tunate coincidence that these rich mines should have been prepared
to take advantage of the war prices of copper. The large output of
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copper ore from these three bonanza deposits has greatly benefited the
industries of Alaska and has stimulated other copper-mining ventures,
The Beatson-Bonanza, the only other large copper mine in Alaska, is
working a large body of copper ore of much lower grade than that of
the Kennecott group. This ore is concentrated by oil flotation before
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shipment. Most of the other copper mines are small, and many are
developing ore bodies which are not large and whose copper content
islow. As a consequence of this condition and of high freight rates,
many of the small mines have been operated only during the period
of high price for copper. This fact is illustrated by the accompanying
diagram (fig. 1). Even during the periods of high prices, especially
during the war, lack of shipping or refusal of smelters to take the ore
has prevented the operations of some small mines. As a consequence,
there is general discouragement among the small producers, and their
number is decreasing. B

The history of the Alaska copper-mining industry is well illus-
trated by figure 1. This diagram shows the annual Alaska copper
production, as well as the price of copper and the number of mines
operated. For the sake of comparison the curve of the annual copper
output of the United States is added. A comparison of the copper
production of Alaska and that of the United States shows that the
former represents an unstabilized industry. Although its larger
fluctuations harmonize with those of the output of the United States, .
yet its pulsations very closely accord with changes in the price of
copper. ‘The production of copper in Alaska has in general been
greatly on the ascendancy during the last decade, yet this rise must
be credited to the mining of the very rich ores of the Kennecott
group. No one can predict how long this bonanza copper mining
will continue, but it probably can not be counted upon to' support &
permanent 1nduat.ry For example, had there been no mining in the
Kennecott group during 1919, only one large and four small pro-
ducing copper mines would have been operating in all Alaska,
Though there is no reason to believe that for the present Alaska’s
copper production will decline, except in so far as it is affected by
world-wide industrial conditions, yet it is not to be expected that a
large and growing permanent industry can be based on the present
developments. In spite of these conditions the outlook for a larger
copper production from Alaska in the years to come is very favorable.
Though the tonnage of ore actually developed is small, the distribu-
tion or copper deposits is very wide. (See PL. II, in pocket.)

In view of the importance of the copper resources of Alaska and of
the considerable variety in their occurrence, they will here be con-
sidered in greater detail than those of the other valuable minerals.
The geologic aspect of the subject, notably the genesis of the deposits,
will receive only brief mention. This matter is more fully discussed
in the many publications cited, which also contain descriptions of
individual deposits.

That part of the geologic history bearing on possible enrichment
of the copper deposits, however, deserves special mention. Most of
the Alaska copper districts have been profoundly glaciated in recent
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times, and as a result the zone of surface oxidation and enrichment
hes bean removed. Postglacial time has been too short to permit the
formation of any deep zone of oxidation. Grant and Higgins have
suggested the possibility that some of the chalcopyrite deposits of
the Prince William Sound may have been enriched during preglacial
time.” Neither the facts revealed by mining operations of the
decade that has elapsed since the Grant and Higgins survey was made
nor the detailed geologic investigations by .B. L. Johnson in this
province have given any support to this suggestion, which was only
tentatively advanced by its authors. All the evidence points to the
conclusion that these sulphide minerals are primary. The same is
true of the copper sulphides of the Ketchikan district. Bateman and
McLaughlin, in an exhaustive study of the Kennecott ore bodies,
hold that although the evidence is not entirely conclusive, yet it
points to the conclusion that these chaleocite ores are primary.?

The sulphide copper deposits of the Susitna, Iliamna, and Nabesna-
White River districts all occur in glaciated regions. Little under-
- ground work has been done on these deposits, but their mineral
character and geologic occurrence indicate that their ores are also
primary. It may be added that this is in general also true of Alaska
ores other than copper. Exceptions are to be looked for in the un-
glaciated regions, however, notably in the Yukon and Kuskokwim
basins and on Seward Peninsula. In these regions there has been
a& yet no deep mining, so that positive evidence of a change in tenor
with increasing depth is lacking. In places, however, some evidence
of a deep zon,e.of surface oxidation has been found. As the surface
material is in general permanently frozen, this oxidation must have-
taken place before the formation of the permanent ground frost;
and as the permanent ground frost is a survivor of the glacial climate
of the past, this oxidation was preglacial.

The practical deduction from these facts is that no greater varia-
tion in the mineral composition and copper content of the Alaska
ores is to be expected at depths to be reached by future mining than
has already been noted within a few feet of the surface. This is
- true of all the important Alaska copper districts thus far discovered,
hut possibly it does not hold for ore deposits which may occur in
the unglaciated or only slightly glaciated regions, such as the Yukon
and Kuskokwlm basins and Seward Peninsula.

THE DEPOSITS, BY DISTRICTS.
BOUTHEASTERN ALASKA.

All the productive copper mines as well as the largest developed
cupriferous ore bodies of southeastern Alaska are in the Ketchikan

¥ Graat, U. 8., and Higgins, D. F. Reconnaissance of the geclogy and mineral resources of Prince William
Bound: U. 8. Geol. Burvey Bull. 443, pp. 58-60, 1910, .

® Bateman, A. M., and McLaughlin, D. H., Geology of the are deposits of Kennecott, Alaska: Econ.
Geology, vol. 15, pp. 66-80, 1820,
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size to form commercial ore bodies, as defined by the methods of
mining and recovery that have existed in the past.

Up to the present time mining of the copper ore in shear zones
has been confined to the lenses and tabular masses occurring either
as separate deposits or as a part of the lower grade disseminated
ore bodies. The larger bodies of low-grade disseminated ore have
received relatively little attention, and little is known of their copper
content. It will require much prospecting and careful sampling to
determine whether they are of commercial importance.

Examples of the shear-zone deposits, including both the con-
centrated and disseminated phases, are found at the Rush & Brown"
mines, on Karta Bay; at Niblack Anchorage and McLean Arm, on
the east side of Prince of Wales Island; at the Corwin and Red
Wing properties, near Hetta Inlet, and on Big Harbor (Trocadero
Inlet), on the west side of Prince of Wales Island; and on McLeod
Bay, Dall Island.

There are also in the Ketchikan district some copper-bearing quartz
veins and brecciated zomes. The deposits of this type thus far
developed are small and have been exploited chiefly because of their -
silica content. They are eéssentially chalcopyrite-bearing quartz
veins but contain also pyrite, sphalerite, tetrahedrite, and galena.
All carry gold and silver. In some the gangue includes calcite and
barite. These veins occupy true fissures with well-defined walls and
cut both sedimentary and igneous country rock. In some the sul- .
phides are well disseminated, but more commonly they occur in
massive shoots separated by more or less barren vein matter. Chal- -
copyrite-bearing quartz veins are found in many places in the Ketehi~
kan district, but most of them are too small to warrant development.
The largest developments on this type of deposit are at the Cimru
property, on the north arm of Moira Sound, and at the south end of
Gravina Island.

One other type of copper deposit in the Ketchikan district deserves
mention, even though as yet only one example of it has been devel~
oped. This occurs in pyroxenite with gabbroic phases and appears
to have been deposited in a very irregular zone of fracture. It carries
bornite, chalcopyrite, and metals of the platinum group, chiefly
palladium. The gangue is practically ‘all country rock. This
deposit, on which the Salt Chuck mine is located, was first opened as
a low-grade copper deposit but its present importance is due to its
content of palladium and platinum. (See p. 38.)

It has been shown that the best developed of the Ketchikan cop-
per deposits are those composed essentially of chalcopyrite, magnet-~
ite, apd pyrite. Some of these have a considerable percentage of
lime. Much of the successful mining of the past has been done
because of the smelter demand for base ores and the premium paid



THE FUTURE OF ALASKA MINING. 19

for a high iron content. The change in metallurgic practice has

decreased this demand, producing an adverse effect on copper mining

in the district. Limestone is abundant in southeastern Alaska.’®
The Ketchikan copper deposits are not far from tidewater and are

~ on good harbors open to navigation throughout the year. They

are connected by sheltered waterways with the smelters at Anyox,
Tyee, and Tacoma. This condition should give cheap freight rates.
The strong topographic relief, excellent timber, and good water
powers of the district all favor low mining costs.™

A total of 543,498 tons of copper ofe has been produced in the
Ketchikan district ‘since mining began in 1901. This ore yielded
34,056,376 pounds of copper, gold to the value of $545,000, and
255,440 ounces of silver. The average copper content of this ore is
62.66 pounds to the ton, equal to 3.13 per cent. The average value
of the gold and silver content is $1.31 a ton. The average value of
the total metallic contents of the ore is $12.71 a ton. No attempt
has been made to concentrate the Ketchikan ore except by hand

sorting.* The small mines have normally maintained their ship-
ping grade of ore at 5 per cent or more.

The facts above set forth clearly indicate that the Ketchikan dis-
trict contains copper deposits which are well worth investigating
by those who have the capital to develop and reduce ores on a large

+ scale. The physical conditions seem almost ideal for cheap opera-

tions. Special attention should be directed to devising methods by
which the iron content of the chalcopyrite-magnetite ores, as well

~ 'as the copper, can be utilized.

Some work has been done on copper deposits on Kupreanof and
Woewodski islands, in the Wrangell district, adjoining the Ketchi-
kan district on the north. These deposits are chiefly chalcopyrite-
bearing quartz veins.'? Copper has also been found in a shear-zone
deposit on William Henry Bay, an indentation on the west side of
Lynn Canal. (See p. 108.) There are also some copper deposits
associated with greenstones on Glacier Bay. The occurrence of a
nickel-bearing copper ore in the Sitka district is noted below. (See

p. 40.)

e

10 Burchard, E. ¥., Marble resources of southeastern Alaska: U, 8. Geol, Survey Bull, 682, 1620,

U The Granby Consolidated Mining, Smelting & Power Co. reports that in 1916-17 the cost per ton of

ore produced, ““including development and waste,” at the Mamie mine was $3.733 (production 20,115
tons) and at the It mine 85.54 (production 14,881 tons). Thisincluded the cost of much diamonad drilling
on both properties. (Bee report of pany for year ending June 30, 1917, p. 20.)

ti= The palladium-copper ores of the Salt Chuck mine are concentrated by il flotation,

12Wright, F. E. and C. W., The Ketchikan and Wrangell mining districts, Alaska: U. 8, Geol. Survey
Bull. 347, pp. 140-142, 1908,

Chapin, Theodore, Mining developments in the Ketchikan and Wrangell mining districts: U. 3,
Geol. Burvey Bull. 662, pp, 73-74, 1918,
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PRINCE WILLIAM SOUND.

Copper in the form of sulphides is very widely distributed on Prince
William Sound, but as yet commercial ore bodies of this metal have

been developed at relatively few localities. Though some shipments

of copper ore have been made from a dozen different properties; only
three large mines have been opened. Most of the mining has been
done by those who had little capital and hence were forced to con-

centrate their efforts on the search for rich ore shoots that would
promise immediate returns rather than on the prospecting of the
larger ore bodies of lesser copper tenor, on which a more permanent
industry could be established. As a consequence the present devel-
opments have not aided much in determining the potential value
of the copper deposits of the region as a whole.

The following brief summary is based chiefly on the published
reports dealing with the mineral resources of the region, especially
those by B. L. Johnson, supplemented by some personal observa-
tions of the writer. Information regarding the copper deposits of
Prince William Sound is contained in the following pubhcatlona of
the Geological Survey:

Grant, U. 8., and Higgins, D. F., Reconnaissance of the geology and mineral
resources of Phnce William Sound, Alaaka Bull. 443, 1910.

Capps, 8. R., and Jobnson, B. L., The Ellamar district, Alaska: Bull. 605, 1915.

Johnson, B. L., The Port Wells gold-lode district: Bull. 592, pp. 195-236, 1914,
Johnson, B. L., Mining on Prince William Sound: Bull. 592, pp. 237-244, 1914;

Bull. 622, pp. 131-139, 1915; Bull. 642, pp. 137-145, 1916; Bull. 662, pp. 183-182, .

1917; Bull. 692, pp. 143151, 1919.

Johnson, B. L., Copper deposits of the Latouche and Knight Island districts, Prince
William Sound: Bull. 662, pp. 1?3—220, 1917.

Johneon, B. L:, Mineral resources of Jack Bay district and vicinity, Prince William
Sound: Bull. 692, pp. 153-173, 1919,

Copper has two essentially different modes of occurrence in this
region. Chalcopyriteis foundin many of the auriferous quartz veins
but principally as an accessory mineral. It may occur in sufficient
quantity in some of these veins to form a low-grade siliceous copper
‘ore. These auriferous quartz veins are widely distributed on the
sound, but the most valuable thus far developed are in the Valdez and
Port Wells distriects. Many occur in close association with intrusive
granites, and a genetic relation of these veins to granites is fairly well
established. The chalcopyrite-bearing quartz veins have not been
mined for their copper content.

The only copper daposuts that are as yet of commerecial i importance
on the sound are those in shear zones. These deposits are confined
to the regions where greenstones are present, and their genetic relation
to the greenstones is therefore probable. The greenstones are chiefly
ancient lavas, principally diabase. In places the greenstones include
tuffs, and locally they are altered by shearing into greenstone schists,

'
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Some of the greenstones are intrusive sills, stocks, and dikes. Green-
stones are rather widely distributed on the sound but are especially
abundant near Cordova, in the Ellamar district, on Knight Island,
and in the Columbia Glacier region. Though the copper lodes appear
to be limited to the districts where greenstones are found, the largest
deposits thus far developed are in the sediments and not in the

greenstones.
The commercial bodies of copper ore on the sound as now known

‘are essentially cavity fillings in zones of shearing and brecciation.

There has also been some replacement of the country rock by mineral-
bearing solutions, especially in the deposits occurring in some of the
aslates, which are more or less calcareous.

So far as now determined two conditions appear to be essential for
the occurrence of copper ores in this region. One is the presence of
greenstones, either as the country rock or in the vicinity of the deposit,
and the other is the occurrence of shear zones of considerable magni,
tude. Sulphide mineralization is very common along planes of move-
ment in the rocks of the sound, especially in the greenstone. It is
only in the exceptional localities where the zone of shearing and

" brecciation has sufficient width that ore bodies can be expected.

Evidently the minimum width of a shear zone that can be profitably
mined depends on the grade of the ore it contains. Thus rich ore
bodies only 4 to 10 feet wide have been profitably exploited. The
future of the district, however, depends on the development of low-
grade disseminated deposits. Such an ore body is being worked at
the Besatson-Bonanza mine, on Latouche Island, where the zone of
crushing and shearing is several hundred feet wide.

The shear zones in which the ore bodies occur were formed during a
period of crustal disturbance that affected the entire province. These
rock movements were intensified in certain localities that presented
favorable conditions to the formation of ore bodies. It appears that
the loci of intense movements were largely controlled by the physical
character of the country rock. Among the diversified formations of
the sound there were certain zones that were less resistant to move-
ment than others, and here the largest shear zones were formed. The
greenstones, for example, presented few lines of weakness, and in
those rocks the movement was taken up by many fractires more or
less generally distributed through the whole rock mass. Thus in the
great greenstone masses of Knight Island there are innumerable frac-
tures, many of which contain sulphides.

Many of the narrow shear zones, in which the mineralization is
practically confined to a single fault plane, and may be traceable only a
very short distance, have been accepted by the prospector as evidence
of the presence of ore bodies. As & result many valueless claims have
been staked and much useless development work has been done.
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Much of this futile expenditure of time could have been avoided by
obtaining a reliable sample by means of a short open cut.

In general it is true that the massive greenstone is not favorable
for the development of wide shear zones, but exceptionally shear

zones may be developed along a line of weakness presented by the"

contact of two ancient lava flows, as ‘appears to have occurred at
Rhea Cove, Knight Island. Tuffaceous beds within the greenstone,
as on Orca Bay, may afford favorable conditions for the formation
of shear zones. In other localities, as at Landlocked Bay, the
presence of beds of slate within the greenstone may afford loci of
weakness where shear zones are likely to be developed.

Among the sediments of Prince William Sound, which are chiefly
graywacke and slates, the largest shear zones are within the weakest
rocks. The slates are particularly favorable to shearing movements
and hence to the formation of mineralized shear zones. Examples
of this type of deposit are found at Ellamar, at the Midas mine,
near Valdez, and at Horseshoe Bay, on Knight Island. Some of
the deposits in the slates have a strikingly lenticular form, probably
because they have replaced calcareous lenses in the slate. The
Ellamar and Horseshoe Bay ore bodies are examples of this type.

In other localities the shear zones are developed along inter-
bedded slates and graywackes.. In these zones the slates are more
intensely crushed and mineralized than the graywackes. The
Beatson-Bonanza ore body, the largest thus far developed, is an
example of this form of deposit. A similar deposit, adjacent to it
on the north, is that of the Girdwood mine. Other examples of
this mode of occurrence are at the Shlosser, the MeIntosh, and the
Mason & Gleason mines, near Fidalgo Bay.

One other fact in regard to the localization of considerable shear
zones deserves mention. The shearing seems especially pronounced
where weaker strata have been crushed against a hard, resistant
rock mass. Thus, at the Beatson-Bonanza and Girdwood mines the
slates and thin-bedded graywackes have been crushed against the
massive footwall graywacke. The Midas ore body is in slate, folded
against hard graywacke. At Fidalgo Bay massive graywackes arein

juxtaposition to the mineralized shear zones developed along weaker

rocks. At Ellamar and Landlocked Bay the mineralized shear zones
lie along the margin of a mass of resistant greenstone. It appears,
therefore, that where weaker rocks were buttressed against resistant
masses the shearing was intense and probably deep-reaching open-
ings were formed along which mineralizing agents could find passage,
and the crushed rock was favorable to replacement.
" The ore bodies are all of the same general form, with the excep-
tion of the lenticular deposits in the calcareous slates, already noted.

Within the shear zones the most intense crushing or brecciation -

RE]
"
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follows certain beds, usually the softest rock. Thus, in the deposits
occurring in graywacke and slates, the slates are the most intensely
crushed and mineralized. Thin-bedded graywackes may also be
crushed and impregnated with sulphides, but heavier beds will be but
' little altered and may form herses in the deposit. The factors that
control the distribution of mineralization in the greenstone are less
evident, Here, too, the most intense mineralization is concentrated
along certain zones. In addition the more massive parts of the
shear zone may be impregnated by the sulphides, but each ore body
includes horses of unaltered country rock. It appears that the ore
bodies in the slate show less variation in their sulphide content.
Practically all the deposits contain rich ore shoots, of which many
are made up of solid sulphides, irregularly distributed through the
larger deposit of lower-grade ore. It is these rich shoots which have
been sought for and mined by the smaller operators. The ore bodies
upon which large-scale mining must be based are disseminated
deposits of low copper tenor.””® Many deposits, notably those in the
greenstone, have no well-defined walls, and their limits will be set
by the minimum copper content that can be profitably recovered.
' The shear-zone deposits do not differ greatly in their mineral
composition, the variations being chiefly in the relative proportion
' of a few sulphides. Chalcopyrite is in most places the dominating
copper mineral, though some deposits carry a large percentage of
the less valuable chalmersite. Pyrite is present in all the deposits
in large quantities, but the percentage of pyrrhotite varies consider-
ably. Some of the deposits are essentially bodies of pyrite carrying
more or less chalcopyrite (Horseshoe Bay). Another type is one in
which pyrrhotite carrying disseminated chalcopyrite is the domi-
nating mineral (Rhea Cove). Most of the ores contain sphalerite
and galena as accessory minerals and some arsenopyrite. There is
- a little gold and silver in most of the deposits, and in some the gold
amounts to several dollars a ton.
As the country rock in these shear-zone deposits is ground up and
_intimately mixed with the sulphides, it constitutes the principal part
of the gangue. KExceptions to this fule were found in some of the
deposits occurring in slate, where the zone of fracture is cleaner and
there is less country rock included in the ore. This is notably true
of some of the lenticular deposits. Both quartz and calcite occur
as gangue minerals, as do also in less abundance chlorite and epidote.
In many of the rich ore shoots there is but little gangue.
As a rule the ores are base, with a high percentage of iron. The
copper-bearing auriferous quartz veins have not been developed
except for their gold content, but form a possible source of siliceous

i The ore mined at the Beatsun'-Bomnm mine in 1919 had an average copper content of 1.95 per cent
(Kenpecott Copper Corp. Fifth Ann, Rept., 1019, p. 5, New York, 1020).
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ores, There is practically no limestone on Prince William Sound,
but limestone is abundant in the tributary Copper River valley and
also occurs at tidewater near Seldovia, on Cook Inlet.'s

A little work has been done on the copper deposits near Cordova,
which are in some respects different from the normal type. These
occur along shear zones in & greenstone bedrock, which is in part an
amygdaloidal basalt. They differ from the deposits described in
containing considerable bornite as well as some native copper, with

a gangue of quartz, calcite, and epidote. The native copper is -

probably secondary.

The geology of the deposits above described shows that the condi-
tions which lead to the formation of ore bodies are not complex.
There is good reason to believe that they have occurred also in locali-
ties not yet thoroughly explored underground. Therefore the out-
look is favorable for finding other ore bodies of equal value to those
already opened.

The first mining on Prince William Sound was done in 1900, and
since then a total of 1,819,578 tons of ore has been produced, from
which 94,185,716 pounds of copper, $1,099,176 worth of gold,* and
772,749 ounces of silver have been recovered. The average copper
content of the ore mined was 51.76 pounds to the ton, or 2.58 per
cent. On an average 60 cents’ worth of gold and 0.43 ounce of silver
were obtained from each ton of copper ore. This average gold value
is somewhat misleading, because much the larger part of the ore
contains only an insignificant amount of gold. The average has
been greatly increased by the high gold content found in part of the
Ellamar ore body. The average value of the total metallic contents
of the copper ores produced on Prince William Sound during 20
years of mining is $11.32 a ton.

Much the larger part of the above-stated tonnage is the output of
the Beatson-Bonanza mine, where the ores are concentrated by oil
flotation. No other attempts have been made to concentrate the
Prince William Sound ores, but a mill is in course of erection at the
Girdwood mine. Only high-grade ores have been shipped by the
small mines, where the attempt has been made to keep the grade up
to 8 or 10 per cent. This is done by mining only the richer ore
shoots and by hand sorting the shipping ore.

Nearly all the copper deposits of this region are readily accessible
from tidewater, and the ore can usually be delivered at the beach by
aerial trams. It is transported to the smelters of Washington and
British Columbia by ocean routes open to navigation throughout
the year. Given tonnage enough to justify the employment of

12 Martin, G. C., Johnson, B, L., and Grant, U. 8., Geology and minersal resourees of Kenal Peninsula,

Alaska: U, B, Geol. Burvey Bull. 587, pp. 111-112, 1915,
14 This of course does not include the gold recovered from the suriferous quartz veins of t he Sound,

i
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‘suitable carriers, freight rates should not be high. On the other
hand, should a sufficient tonnage be developed and local smelting
of the ores prove to be economical, the necessary fuel should be made
available from the high-grade coking and steaming coals of the
Bering River and Matanuska fields or from the Cook Inlet lignites.
(See pp. 48-49.) It has been shown that some siliceous ores could
be obtained locally and that limestone is not far distant.

The climate of Prince William Sound is no deterrent to operations
throughout the year. Many of the ore bodies are topographically so
located that they could be undercut. Timber, though not abundant,
is ample for the purposes of mining. Small water powers are fairly
abundant, and there are also some larger ones.!® During the era of
high prices there has been a shortage of labor in all Alaska mining
camps. As a consequence miners’ wages on the Sound have of late

.been about 10 per cent higher than in the lode-mining districts of the

States. Should copper mining ever develop on a large scale, there
is no reason to believe that this difference would continue. On the
whole, the controlling physical conditions on Prince William Sound
are favorable to fairly low operating costs, though probably higher
than in southeastern Alaska.

COPPER RIVER REGION.

" The richest copper lodes of Alaska are those developed by the
Kennecott group of mines and are tributary to the Copper River &
Northwestern Railroad. (See Pl II, in pocket.) These deposits are
near the east end of a copper-bearing belt, which has been traced
some 50 miles westward along the southern foothills of the Wrangell
Mountains and as measured by present discoveries is from 5 to 15
miles in width. The belt takes its name, the Kotsina-Chitina dis-
trict, from the two principal rivers which carry its drainage into
Copper River. There is evidence that this zone of mineralization
extends eastward into the upper Chitina basin. Some cupriferous
lodes have also been found southwest of the main belt, near the
valley of Copper River. All these deposits may be regarded as a
part of the same copper-bearing province, which finds outlet to
tidewater over the railroad terminating at Cordova.

The enormous copper production of the Kennecott mines has
focused public attention on the types of lodes which have yielded
these rich ores almost to the exclusion of all other types. There are,
however, within the district a number of other forms of copper
occurrence that are not without promise, though as yet unprodue-
tive. To arrive at some measure of the potential value of the dis-
trict as a future source of copper it will be desirable to sketch the

* Ellsworth, C. E., and Davenport, R. W., A water-power recobnaissance lnr south-central Alaska:
U. B. Geat Burvey Water-Supply Paper 872, pp. 72-110, 1915,
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salient geologic features of several types of copper lodes which it
includes. It will not be necessary to present details, for these are
contained in many publications, notably in the reports of F. H.
Moffit, who has devoted many years to a study of the Copper River
region. Most of the facts here to be presented will be taken from
Moffit’s reports. The following list of publications relating to the
distriet includes those of most importance to the present discussion.
They are all Geological Survey publications except the last.

Moffit, F. H., and Maddren, A. G., Mineral resources of the Kotsina-Chitina region,
Alasks: Bull. 374 1809.

Moffit, F. H., Mining in the Kotsina-Chitina district: Bull. 879, pp. 153160, 190,

Moffit, F. H., Mining in the Chitina district: Bull. 442, pp. 1568-163, 1910.

Moffit, F. H.., and Capps, 8. R,, Geology and mineral resources of the Nizina dis-
trict, Alaska: Bull. 448, 1011,

Moffit, F. H., The Chitina district: Bull. 520, pp. 105-107, 1912,

Moffit, F, H., Mining in Chitina Valley: Bull. 542, pp. 81-85, 1913, .

Moffit, F. H., Geology of the Hanagita-Bremner region, Alaska: Bull, 576, 1914,

Moffit, F. H., Mineral deposits of the Kotsina-Kuskulana district: Bull, 622, pp.
108-117, 1916.

Moffit, F'. H., Mining in the lower Copper River bagin: Bull. 662, pp. 155-182, 1917,

Moffit, ¥, H., The upper Chitina Valley, Alaska: Bull. 675, 1918,

Moffit, F, H., and Mertie, J. B., The Kotsina-Kuskulana district, Alaska:-Bull, —
(in preparation).

Bateman, A. M., and McLaughlin, D. H., Geology and ore deposits of Kennecott,
Alaska: Econ. Geology, vol. 15, pp. 1-80, 1920. _

The copper lodes here to be considered are of five more or less
distinet types and geologic association—(1) replacement deposits
in limestones, (2) veins and disseminated deposits in greenstones,
(3) contact deposits between limestone and intrusive diorite, (4)
disseminated deposits in fractured diorite, and (5) fissure veins in
various types of rock, in many of which copper occurs only as an
accessory mineral.

The dominating feature in the economic geology of the district is
the contact between the heavy Chitina limestone and a great series
of the underlying ancient lavas called the Nikolai greenstone. Along
the general zone of this contact, which is a very conspicuous feature
in the landscape, occur the most valuable ore bodies yet found in
the district. A little copper mineralization has occurred at many
places along the actual line of demarcation, but the copper has not
proved to, be concentrated enough to form ore bodies. All the ore
bodies as yet productive lie in the limestone above the contact, but
the greenstones below also contain copper deposits, and some 00pper—
bearing lodes cross the contact.

Up to the present time interest has largely centered on ore bodies
lying entirely above the contact and within the limestone, for it is
here that the very rich bonanza deposits occur, the source of all the
copper as yet produced. These deposits are due to the replace-
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ment of limestone by copper sulphides along fractures produced by
faulting. They consist mostly of chalcocite, with locally some
covellite, bornite, enargite, and chalcopyrite. These deposits have
several forms—well-defined veins, stockworks made up of sulphide-
bearing veinlets in shattered limestone, and masses, some of which
are very large, of solid sulphides having irregular outline. It is .
the last type that has yielded the very rich copper ores for which
the district is so famous. Most of these replacement deposits in-
clude all the above-described phases. The massive sulphides as mined
contain but little gangue, and this is chiefly lime. The stockwork
deposits are of lower grade, and in these much calcite gangue is mixed
with the ore. Ores of this class produced at the Kennecott mines
are concentrated by oil flotation before shipment. The ores of the
replacement veins in the limestone of some localities are made up of
chalcocite and bornite in varying proportions and also carry but
little gangue. The Kennecott ores carry no gold but an appreciable
amount of silver. In 1919 the avérage copper content of the shipping
ore from the Kennecott mines was 45.51 per cent and of the concen-
trating ore 10.24 per cent.'™

The limestone-greenstone contact, with which copper deposits
of the type above described are associated, has been traced in the
district for a linear distance of more than 60 miles.  Sufficient
evidence of mineralization in-the limestone has been found in at
least a score of localities to lead to the staking of claims, and on
some of them considerable development work has been done. As
yet, however, no large ore bodies have been proved except those of
the Kennecott mines. This is perhaps not an encouraging result
of 20 years of prospecting. It should be noted, however, that, as
will be shown, copper-bearing minerals are much more widely dis-
tributed in the greenstone than in the limestone, and that much of
the prospecting has been in the former.

The rather complete geologic informajion available about the
district is interpreted by the writer as indicating that there is no
reason why other workable deposits of the Kennecott type should
not be uncovered. There are no special geologic conditions at the
developed mines which are not found at other places.

One fact regarding the outerops of such ore bodies should be
noted. The outcrop that led to the discovery of the Bonanza lode, the
first of the Kennecott group to be opened, was a very large one.
Here by chance of erosion the outcrop was on one of the enormous ore
shoots and stood up as a great mass of copper carbonate on a sharp
crest. Had only one of the leaner parts of the lode appeared at the
surface it would have been very inconspicuous and might not have
received much attention. As it was, very little development work

s Konnecott Copper Carp, Fifth Ann. Rept., 1818, p. §, New York, 1020,
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on the Bonanza lode revealed a sufficient tonnage to justify the con-
struction of nearly 200 miles of railroad.

In contrast to the conditions above set forth are those which
brought about the development of the Jumbo lode. The outerop
of this lode consisted of a zone of fracturing along which fine seams
of chalcocite occurred. Though it was a very promising' place for
prospecting, there was nothing on the surface to justify a belief
that an enormous ore body lay underneath, as proved to be the
case.- Had the development of the district depended on the surface
showings of the Jumbo instead of those of the Bonanza, it would
doubtless have been long delayed. '

It is therefore reasonable to suppose that there may bg other
large ore bodies in the limestone at localities where there is little
evidence of their presence on the surface, but these statements are
not presented as an argument for haphazard underground explora-
tion of the limestone for ore bodies that do not erop out. - Such work
is justified only at localities that show surface evidence of faulting
and fracturing, as well as of some copper mineralization. The facts
presented justify the belief that other workable depoalt.a of the
Kennecott type will be found.

Traces of copper are present in much of the unaltered greenstone
in the district, and local mineralization of the ancient lava flows is
also common. Bateman and McLeughlin ® state that the exami-
nation of many :greenstone localities shows ‘‘that hardly a green-
stone specimen could be found which did not show appreciable
copper, and numerous assays of greenstones from unmineralized
areas yielded 0.11 to 0.60 per cent copper.” Such occurrences are
of course of no present commercial importance, but copper in ‘more
concentrated form occurs in many localities in the greenstone.
Mineralization in the greenstone has produced both well-defined
fissure veins and usually less well-defined and more disseminated
deposits, which in general follow zones of fracturing and shearing.
These deposits are in part cavity fillings and in part replace the
country rock. With them may also be classéd the ill-defined de-
posits of sulphides and native copper occurring along joint planes
and as amygdaloidal ﬁlhnga of lavas.

. The cupriferous veins that cut the greenstone and in part cross the
contact. into the limestone have furnished the best-defined ore bodies
of the greenstone. Of such a type is the Nikolai lode, in-the eastern
part of the field, the first copper deposit found in the district. Veins
of this type are essentially sulphide deposits containing one or more
of the minerals bormts, chalcopyrite, chalcocite, and pyrite, with
very rarely tetrahedrite. The gangue minerals are quartz and calcite
with some epidote, but some veins consist almost entirely of sul-

16 Op, eit., p. 19.
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phides. Many deposits of this type have been found and some have
been opened, but as yet none have shown any large tonnage of ore
by the underground work dome. The best hope for veins of this
type lies in those that carry a high content of copper, and such veins,
if accessible to the railroad, might be profitably exploited.

The larger deposits of the disseminated type in the greenstone
have the same mineral character as the veins but are found in zones
of shearing rather than in fissures. They carry bornite, chalcopy-
" rite, chalcocite, and some native copper. Many of those developed
are narrow groups of fissures which do not include any considerable
mass of bedrock. In others the shear zones are much wider, and
such deposits give promise of being commercial ore bodies. Within
the shear zones there may be one or more veins forming ore shoots,
or the deposlt may consist only of mineralized fractured rc-ck.

Though no mines have been dev&luped on deposits of this type, the

indications are sufficiently encouraging to justify the belief that some
of them may prove to be commercial ore bodies. It will be imprac-
ticable to list here the very many copper deposits of this type that
have been more or less prospected in the district.

Many of these deposits carry more or less native copper in slabs
and slugs and as amygdaloidal fillings. The evidence thus far ob-
tained indicates that this native copper is all secondary and has
resulted from the oxidation of sulphides. Therefore the native
copper will probably not be found to any considerable depth. It
should be noted, however, that the evidence of the alluvial deposits
indicates that some very large masses of native copper occur in the
greenstone. On Nugget Creek, near the west end of the district, a
mass of native copper, estimated to weigh two or three tons, has
been found, and smaller nuggets are very common. Thousands of
pounds of native copper have been won from the Nizina placers, in
the eastern part of the district, incidentally to the mining of gold.

Some copper deposits of contact-metamorphic origin have been
found in the Kuskulana River basin, in the western part of the dis-
trict.”” These lie in the contact zone between limestone and intru-
sive diorite, and they are made up of irregularly distributed masses
" and veins of magnetite carrying pyrite and chalcopyrite. These
contact deposits are essentially low-grade concentrating ores with
some richer shoots of sulphide ores. Their mode of occurrence, so
far as determined, is similar to that of the contact deposits of the
Ketchikan district. (See pp. 15-16.)

Another type of copper lode has been found on Clear Creek, in the
Kuskulana River basin.®® At this locality a dioritic rock is intruded

U Moffit, F. H., Mining in Jower Copper River basin: U. 8. Geol. Burvey Bull. 662, p. 160, 1017.

= Moffit, F. H., Mineral deposits of the Kotsina-Kuskulana district: U, 8. Gool, Burvey Bull. 822, p.
113, 1015,
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‘into the greenstone. The diorite and adjacent parts of the green-
stone have been fractured along a shear zone and are more or less
mineralized by pyrite and chalcopyrite. These sulphides are dis-
tributed in small gash veins and in larger veins along the planes of
movement. -In general this is a low-grade disseminated deposit’
with some richer ore shoots. A deposit of somewhat similar char-
acter occurs in the Taral region. Here there is a shear zone in
greenstone near an intrusive diorite contact. The ore consists of a
series of parallel veins of pyrite and chalcopyrite, which lie in the
zone of shearing.

Fissure veins, valuable chiefly for their gold and silver content,
have been found at several localities in the district, and some of
them carry more or less chalcopyrite. Such a vein has been opened
at the Midas gold mine, where it cuts dioritic rocks. No large
ore bodies of this type have yet been revealed, and it remains to be
determined whether any such deposits could be counted upon as
possible sources of siliceous ore.

The Kotsina-Chitina copper district is easily accessible by _the
Copper River & Northwestern Railroad, which extends inland for
192 miles from Cordova, a good harbor and ice-free port on Prince
William Sound. Outgoing shipments are on a down grade, and if a
large tonnage were available reasonable freight rates should be
expected. This railroad passes within 38 miles of the Bering River
coal field (see pp. 47-48), and a short distance beyond this is the
Katalla oil field (see pp. 52). These geographic facts would seem
to favor the use of the copper deposits here described for the upbuild-
ing of & local industry. The high-grade ores, with calcareous gangue,
would meet ores of lower grade from Prince William Sound at Cor-
dova, while near by there are sources of excellent fuel.

There is no great amount of timber in the Kotsina-Chitina district,
but it is sufficient to meet the immediate needs of & mining industry.
The district is one of strong relief, and most of the ore bodies now
knownt could be developed by adits. There are some large water
powers in this general region, but most of them are not near the ore
bodies. There are no climatic conditions in the district which pre-
vent mining throughout the year, though some difficulties are caused
by snowslides.

Although the conditions above described are in general favorable
to the developments of the copper deposits, the present situation
presents many drawbacks. The railroad traverses the southern mar-
gin of the copper belt, making the district accessible as a“whole, but
many of the prospects are 5 to 25 miles from the track. No spurs
have been built, and there are few wagon roads. This condition
makes development work expensive. In the event of the opening

1 Moffit, F. H., Geology of the Hanagita-Bremner region, Alaska: U. 8. Geol. Survey Bull. 576, pp,
51-62, 1014,
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up of large ore bodies this situation would of course be met by pro-
viding connection with the railroad by spurs or aerial trams.

The' present freight rates on the railroad are high. The rates on
ore and concentrates from this district to the Tacoma smelter in 1920
ranged from $11.20 a ton on ore worth 825 a ton to $40.90 on ore
-WDrth $500. The railroad company contends that as it is not mak-

ing expenses it ¢can not afford to lower the rates.”®® On the other
hand, prospective operators hold that under the present rates no
mining is possible except that of very high grade ore. Consequently
but little development work is now under way. It would appear to
be the part of wisdom to lower the rates with a view of encouraging
a development that would produce enough ore to make the railroad
a profitable venture in the future. As it is, no ore is shipped except
the high-grade product of the Kennecott Mines Co., which controls
the railroad. It should also be noted that there has not yet been p
sufficient assured quantity of coal disclosed in the Bering River field
to justify the extension of a branch line into the coal field, also that
the Katalla oil field is as yet only a small producer. Aside from the
question of freight rates, mining costs in the interior will certainly
for a long time to come be higher than on the coast.

In view of these conditions an ore body of a given size and copper
content which might if located on the coast be valuable if in the
interior would at present be worthless. Nevertheless the situation
of the Kotsina-Chitina copper deposits with reference to sources of
fuel and to the ores of a different character on the Sound presents
possibilities which should not be underestimated.

Productive mining in the Kotsina-Chitina district began in 1911.
Up to the end of 1919 about 1,360,000 tons of copper ore had been
mined, from which about 417,700,000 pounds of copper had been
recovered. In 1919 the district produced 195,631 tons of ore, carry-
ing 36,291,390 pounds of copper and 408,726 ounces of silver. (See
p- 68.) No gold has been recovered from the copper of this district.

SUSITNA VALLEY REGION.

Evidences of copper mineralization have long been known at many
widely separated localities in the basin of Susitna River, which flows
into the head of Cook Inlet. Until the project of opening this prov-
ince by a Government railroad was definitely entered upon in 1915
these deposits received but little attention. During the last five
years there has been a good deal of prospecting for copper in this
field, but as yet the amount of underground work is small and
nowhere has any considerable quantity of ore been blocked out.
Many of the prospects are far from the completed part of the rail-
road, and the cost of developing some of them has been prohibitive.
As the railroad.is pushed forward conditions improve, and the sit-
uation is also being helped by the construction of wagon roads and

1% The Copper River & Northwestern Rallroad reported an operating loss for the year 1919 of $177,395.78
(Kennecott Copper Corp. Fifth Ann, Rept., 1010, p. 14, New York, 1020).
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trails. Information about the geology and mineral resources of this
region is to be found in the following Geological Survey publications:

Martin, G. C., and Katz, F. J., Geology and coal fields of the lower Matanuska Valley,
Alaska: Bull. 500, 1912.

Capps, 8. R., The Yentna district, Alaska: Bull. 534, 1913,

Martin, G. (J and Mertie, J. B., Mineral resources of the upper Mn.tanush and
Nelch.lna valleys: Bull..592, pp. "'?3-4100 1912.

Capps, 8. R., The Willow Creek district, Alaska: Bull. 607, 1915,

Moffit, F. H., The Broad Pass region, Alasks: Bull. 608, 1915.

Capps, 8. R., The Turnagain-Knik region: Bull. 642, pp. 147-194, 1916.

Chapin, Theodore, The NelchinaSusitna region, Alaska: Bull. 668, 1918.

Capps, 8. R., Mineral resources of the upper Chulitna region: Bull. 692, pp. 177-
186, 1919,

Lapps, 8. R., Mineral resources of the western Talkeetna Mountains: Bull. 692,
pp. 187-205, 1919,

Chapin, Theodore, Mining developments in the Matanuska coal field: Bull, 712,
pp! 181-167, 1920,

Chapin, Theodore, Lode developments in the Willow Creek district: Bull. 712,
pp. 169-176, 1920,

The best known of the copper deposits of this region were formed
by replacement along shear zones that traverse mainly limestone
and ancient voleanic rocks. A number of prospects have been found
in the western part of the Talkeetna Mountains, notably in the drain-
age basins of Talkeetna and Kashwitna rivers. The geology of this
area is relatively simple; a series of andesitic lavas, with which some
limestone is associated, are intruded by great stocks of granitic and
dioritic rocks which form the main mass of the mountains. 1t ap-
pears that the copper mineralization is genetically related to the
intrusion, as is the auriferous lode of the Willow Creek district, lying
along the southern margin of the same intrusive mass. This infer-
ence is supported by the fact that some chalcopyrite-bearing aurif-
erous lodes have been found in the Willow Creek district.

The copper-bearing lodes of the Talkeetna region occur as replace-
ment deposits along shear zones cutting the greenstones. Their
metallic minerals include chalcopyrite, pyrite, bornite, and arseno-
pyrite, and assays show that they carry gold and silver. The gangue
is mostly quartz and some calcite.

There has been but little underground work in this region, but the
surface exposures indicate that these deposits are essentially of a
disseminated type, though they include some rich shoots of sulphide
ores, chiefly chalcopyrite. There are in this region extensive areas
in which the geologic conditions above described prevail; hence there
is good reason to believe that other copper deposits may be found.

Evidence of some copper mineralization has also been reported to
occur on the west side of the Susitna Valley, but these occurrences
are not verified at this writing. In this region granitic and dioritic
rocks invade sedimentary rock. Gold placers in this part of the
province are direct evidence of mineralization,
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In the uppal‘/ Chulitna Valley, sometimes called the Broad Pass
- district, considerable work has been done on.some ore bodies of
rather complex composition. These are disseminated replacement -
deposits along-fracture zones, and have been found chiefly in a lime-
stone country rock but also in tuffs and cherts. . The walls of these
* deposits are not everywhere well defined, and the ore bodies are
rather irregular. They contain arsenopyrite, pyrite, sphalerite,
chalcopyrite, pyrrhotite, stibnite, and galena, and assays show the
presence of gold. The gangue is country rock and includes much
calcite and some quartz. So far as yet determined these occurrences
are of a disseminated type and of rather low grade. They include,
however, some rich ore shoots.

It is evident from the above summary that as yet there is no assur-
ance that valuable copper-bearing lodes occur in the Susitna region.
It is fair to infer, however, from the geologic information at hand that
the region is not to be ignored as a possible source of copper.

The elose proximity of the high-grade coals of the Matanuska field
(see pp. 47-48) favors the development of copper. The railroad will
give an outlet to the ¢oast at Anchorage certainly for at least half
the year and to a good harbor at Seward throughout the year. (See
PL 11, in pocket.) After the railroad is completed there will still be
need o{ spurs and branches to reach the known deposits of copper.

The timber of the province is not of a high grade but will meet
the immediate needs of the mining industry. There are no climatic
obstacles to operations throughout the year. Little is known about
the water-power resources, but no doubt some are available. On
account of distance to the railroad, isolation, and scarcity of labor,
the cost of preliminary developments will be high. Should a large
mining industry be developed and a permanent population be at-
tracted thereby, the cost of labor will be less. It is certain, however,
that mining costs will always be greater in the Susitna basin than on

the coast.
) ILIAMNA REGION,

Tiamna Bay, on the west side of Cook Inlet, is a fair harbor and
usually open to navigation at all times, though in winter difficulties
with float ice are occasionally encountered.® Work has been done
on some copper prospects about 10 miles inland from Iliamna
Bay® on contact deposits occurring in the zone of metamorphism
between limestones and dioritic intrusives. The metallic contents

~of the ores are chalcopyrite, pyrite, and magnetite, and the gangue

® The conditions alfecting transportation in this reglon are presented in Rallway routes in Alasks:
Alsska Railroad Comm. Rept., 624 Cong., 3d sess.. H. Doc. 1346, pp, 90-01, 105-106, 1013,
2 Martin, G. C., and Katz, F. J,, A reconnaissance of the Ilinmmna region: U, 8, Geol. Survey Bull. 485,
\ pp. 113-126, 1912,

7230°—21—Bull. 714——3
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consists of lime silicates, calcite, and some quartz. Information at
hand indicates that the ores are chiefly caleareous. These occurrences
are of the same general character as the contact deposits of the
Ketchikan district (p. 15), but as yet no large ore bodies have
been opened. The same region contains some sauriferous quartz
veins. Another occurrence of copper is reported about 30 miles
southwest of those above described, near Kamishak Bay,® appar-
ently in a contact zone between volcamc and intrusive rocks. The
copper occurs as chalcopyrite, and the ore is said to be of low grade.
There are some large water powers in this general province, and
some local timber. Present knowledge does not warrant any predic-
tions as to the value of the copper deposits of the Iliamna region. '

NABESNA-WHITE RIVER REGION.

The occurrence of copper has long been known in the headwater
regions of White River, a tributary to the Yukon, and on Nabesna
River, a tributary to the Tanana. This province can now be reached
from the established routes of transportation only by long overland
journeys. Its development as a copper province will be possible
only by large expenditures for railroad construction.®

e copper occurs in formations which stretch from the inter-
national boundary westward along the northern hase of the Wrangell
Mountains to Nabesna River, a distance of some 200 miles, Evidence
of mineralization has been found at several places along this entire
belt, but most of the important prospects are near ite two ends.

In the Nabesna region deposits of bornite and chalcopyrite,
associated with garnet, calcite, epidote, hematite, and a little
molybdenite, have been found. These minerals occur in irregular
ore bodies that lie in the contact zone of limestone and diorite and
carry some gold. ' In the basin of Chisana River, a tributary to the
Tanana, some small chalcopyrite-bearing quartz veins cut ancient
lava flows. In the White River basin native copper has been found.
as a primary mineral in the cavities of ancient amygdaloidal, basaltic
lavas, - This is ‘the only region in Alaska in which primary native
copper has been found. It should be noted that native copper
which is clearly secondary also occurs in this region as slabs and
nuggets in ancient lavas. These are of the same general type as
those in the Chitina-Kuskulana distriet described above.

This belt contains some promising ore bodies, and evidence of
copper mineralization is widely distributed. Its deposit of native

# Brooks, A. H., The Alasks mining industry in 1013: U. 8. Geol. Survey Bull. 502, p. 64, 1014

B A deseription of the various possible railroad routes into this region is contaihed in the report of the
Alaskn Railroad Commisslon (62d Cong., 3d sess.), H. Doc. 1348, pp. 44-53, 87-60, 70-71, 1913,

#Mofft, F. H., snd Kuopf, Adolph, Miners] resources of the Nabesna-White River district, Alaska:

U. 8. Geal. Surveynull.n?,laa. &pp.ﬂ.&,ThChiﬂm—WMhRimMﬂ,M U. B. Geal.
Burvey Bull. 830, 1918.
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copper especially gives promise of being valuable. Were the region

. not 8o inaccessible it would long ago have been thoroughly prospected.

Asit is, the developments have been confined to only a few claims.
MISCELLANEOUS LOCALITIES,

The districts above described are those that give the most promise
of having important potential copper resources. There are also

scattered occurrences of copper mineralization which for the sake

of completeness will here be briefly recorded.

Some copper-bearing deposits have been found on the Alaska
Peninsula, near Prospe¢t and Balboa bays.® These deposits occur
along shear zones in volcanic rocks and carry pyrite, galena, sphal-
erite, chalcopyrite, and quartz. There is no evidence at hand that
any commercial ore bodies have been found. It has long been
reported that copper has been found on some of the Aleutian Islands,
but nothing is known of its form of occurrence or of the locality of
the alleged discovery. A little auriferous mineralization has
occurred on Unalaska Island along the margin of an intrusive granite.
It is worthy of note that native copper was long ago found on Midni
Island, of the Commander group, off the east coast of Siberia.
These islands lie in an extension of the axis of the Aleutian chain and
presumably belong to the same geologic ‘province.

A little copper mineralization is reported by prospectors in the

- Alaska Range near the head of McLaren River, and they have brought

back specimens of chalcocite. This fact would harl:l,l}r be worthy of
note except that the occurrence is reported to be in limestone near
a greenstone contact, a position which suggests a similarity to some
of the deposits of the Chitina-Kuskulana district. What is known
of the geology of this region? confirms the description furnished by
the prospectors who made the discovery. A little copper has also
been found in association with greenstones and diorites in the Paxon

-region, traversed by the.Valdez-Fairbanks wagon road. This

general province is therefore a possible field for copper lodes.

A copper-bearing quartz lode has been prospected in the Russian
Mountains, 12 miles from Kolmakoff, on Kuskokwim River.” Itis
composed chiefly of chalcopyrite and arsenopyrite and contains gold
and silver. The newly discovered gold-bearing lodes of the Nixon
Fork district, in the upper Kuskokwim Valley, carry a little copper.

Copper-bearing deposits have been found on Seward Peninsula,
and some of these have been developed in a small way, and a few

® Atwood, W. W., Geology and mineral resources of parts of the Alaska Peninsula: U, 8. Geol. Burvey
Bull. 467, pp. 120, 131, 1911.

# Moffit, F, H., Headwater regions of Gulkana and Busitna rivers, Alaska: U, 8. Geol. Burvey Bull 488,
1812, .
31 Maddren, A, G., Gold placers of the lower Kuskokwim: U. 8. Geol. Burvey Bull. 622, pp. 304-305,1915.
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test shipments of ore have been made. The best known of these
deposits occur as impregnated zones along or near limestone-schist
contacts. The ore minerals are chalcopyrite and bornite, with con-
siderable copper carbonate near the surface.*®

Copper-bearing lodes have been found in several places in the
Noatak-Kobuk ragion of northern Alaska.®® Considerable prospect-
ing has been done on some of these lodes near Shungnak, in the
middle Kobuk Valley. (See map, Pl II, in pocket.) * These lodes
occur in limestone along zones of brecciation. They carry bornite,
chalcopyrite, galena, and pyrite, and assays show the presence of
gold and silver. Were these deposits not so isolated they would
undoubtedly have attracted more attention.

In 1919 11 copper mines were operated in Alaska, producing

492,644 tons of ore, from which 47,220,771 pounds of copper was re-
covered. (See p. 68.) Of this total 451,445 tons of ore was con-
centrated by flotation at the mines, yielding 52,944 tons of concen-
trates. Nearly all this ore was treated at the Tacoma smelter. One
small mine in the Ketchikan district shipped its ore to the Anyox
smelter, in British Columbia.

The reserve tonnage of the present Alaskan copper developments is
small. On the other hand, the evidence of strong copper mineralization
in several of the accessible mining districts of Alaska and the wide-
spread distribution of copper ores give every assurance for the
future. It can therefore be .confidently predlct,ed that Alaska’s
copper industry will grow when transportation is improved and
general industrial conditions are revived. ;

SILVER AND LEAD.

Alsska has produced about 9,000,000 ounces of silver and 4,184
tons of lead, practically all won incidentally to the mining of other
metals. The silver has come from the gold placers and the gold and
copper lodes. Its annual output has therefore fluctuated with the
production of gold and copper. With an increased output of these
metals more silver will be produced. Most of the lead has been ob-
tained from the gold mines of the Juneau district.

Silver-lead ores in the form of galena have a wide distribution in
Alaska. Such ores are found in the Ketchikan district, in Seward
Peninsula, in the Koyukuk region, in the Fairbanks district, in the
Mentasta Pass region (upper Tanana), and in the Kantishna, Ruby,
and other districts. Little attention was paid to these ores until the
recent great advance in the price of silver. Since then galena de-

# Mertie, J. B., Lode mining and prospecting on S8eward Peninsula: U. 8. Geol. Burvey Bull, 662, pp.
440441, 1918. Smith, P. B., Investigations of mineral deposits of Bewnrd Peninsula: U, 8. Geol. Barvey
Bull. 345, pp. 241-244, 1908,

o Smith, P. 8., The Noatak-Kobuk regidn, Alaska: U. 8. Geol. Burvey Bull. 536, pp. 147-151, 1913,

L1
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posits have been sought for and prospected, “especially those that
carry a high percentage of silver. The most promising recent dis-
covery is a lode in the Kantishna district. The evidence in hand
does not indicate that any considerable bodies of galena ore have.

. been found. With the improvement in mining conditions such ores

will be developed, but there is as yet nothing to indicate that they.
form an important part of the potential mineral reserves of Alaska.

TIN.®

Alaska has produced about 972 tons of metallic tin, which has
nearly all come from the placers of the York district at the west end
of Seward Peninsula. Tin deposits, both placers and lodes, were
discovered by the United States Geological Survey in 1900 and 1902.
Developments began in a small way on placer tin in 1902 and the
first dredge was installed in 1911. Since then two or three dredges
have been employed in tin mining. A number of discoveries of lode
tin have been made in the York district. Practically no tin has
been produced from lodes, but lode developments have been under-
way since 1903. The only considerable underground exploration has
been at the Lost River mine, where a mill is now under construction.

Some placer tin has also been produced incidentally to gold mining
in the Hot Springs district of the Tanana Valley and in smaller
amounts in other Yukon districts. Placer tin has also been found in
the gravels of Yentna River, which is tributary to the Susitna.

Though there has been some systematic search for tin in Alaska
during the last two decades, promising deposits have been found
only in the York and Hot Springs districts. No new deposits of
placer tin have been discovered in the York district in recent years,
and there is no certainty that this form of tin mining will be continued
there when the deposits now being exploited are worked out. No
tin placers which, under present economic conditions, will warrant

-exploitation for their tin alone have yet been found in the Yukon

districts. When costs of operation are reduced placer-tin mining
may be developed in the Hot Springs and other districts, The
distribution of the alluvial tin in this district also justifies the
hope that tin-bearing lodes may yet be discovered. Meanwhile, the
best hope of the continuation of Alaska tin mining is based on the
lode tin of the York district. The Lost River mine, in this district,

# Knopf, Adolph, Geology of the Seward Peninsula tin deposits, Alaska: T, 8. Geol, Survey Bull. 358,
1008,

Eakin, H. M., A geologic reconnaissance of the Rampart quadrangle, Alaska: U. S, Geol. Survey Bull.
535, pp. 37-38, 1913; Tin mining in Alaska: U, 8. Geol, Survey Bull. 622, pp. 81-84, 1915,

Chapin, Theodore, Tin deposits of the Ruby district; U, 8, Geol. Survey Ball. 892, p. 337, 1919,

Harrington, G, L., Tin mining in Seward Peninsula: U. 8. Geol. Survey Ball. 692, pp. 353-361, 1919,

Steldtmann, Edward, and Catheart, 8. H., The York tin deposits: U. 8 (Geol. Survey Bull— (in prepa-
ration).
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is the only property sufficiently developed to justify the belief that
it will soon become a producer, yet there are other dﬁposltﬂ in the
region which deserve prospecting.

The above-stated facts do not show any large potential tin reserves
in Alaska, but the rather wide distribution of the tin deposits gives
hope of future discoveries, There is no evidence that the tin output
will decrease in the near future, yet a large increase in production
must depend on the development of deposits not yet discovered.

PLATINUM.

Small quantities of platinum and allied metals have been found at
widely separated localities in Alaska. The only considerable deposit
of these metals thus far developed is in the Ketchikan district, where
the ores of the Salt Chuck copper mine (see p. 18) carry a sufficient
percentage of palladium to be worked for that metal alone.

Small quantities of platinum have been recovered incidentally to
gold placer mining in several districts.

Localities where placer platinum and minerals of allied groups have been found.

District. Creek, Notes.

Yentna (Busitna Basin) ¢

a Mortle, J, B., Platinum-bearing gold placers of Kahiltna Valley: U. 8. Geol Burvey Bull. 602,
23-263 1917, v e

Wmmumwmamm Tdem, p. 318,
° Iailnmm gravels of Chistochins Rlvu' Idszn 13‘."—101

The gold placers of the
;m'o B“M"ﬁ:é&‘&?%&m 13‘1'7”15"!'1.‘%% Bal m 7, mbw

The total output of platinum, palladium, and other metals of the
platinum group is about 915 ounces. Except at the Salt Chuck mine
the recovery of these rare metals was only incidental to mining of
placer gold. The record does not indicate that Alaska will become
an important source of platinum minerals unless new discoveries are
made,
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ANTIMONY.

Antimony ore, in the form of stibnite, is one of the most widely
distributed minerals in Alaska,** but most of the larger desposits are
in the interior. The high price and ready market for antimony during
the war led to the development of stibnite ores at several localities,
especially in the Fairbanks and Nome districts. This temporary
demand subsided at the end of the war and antimony mining ceased.
A total of 2,492 tons of stibnite was produced between 1916 and 1918.

The facts in hand indicate that there are large reserves of antimony
ore in Alaska and that they are mostly in the less accessible parts of
the Territory. Their future development is dependent on market
and on cost of transportation.

TUNGSTEN.

Tungsten-bearing lodes were developed at Fairbanks and Nome
when the war needs led to an abnormal demand for this metal. Con-
siderable tungsten ore* was shipped from these properties between
1916 and 1918, and some scheelite was also recovered from the con-
centrates of gold dredges at Nome and Iditarod. With the break in
the tungsten market after the war all these operations ceased. In
all about 864 tons of Alaska scheélite concentrates have been mined

" and marketed.

Wolframite and scheelite occur in some of the tin ores of the York
district, Seward Peninsula, but these deposits have been only slightly
developed. Wolframite has also been found in association with some
of the gold placers of the Yukon-Tanana region. In 1916 a little
wolframite, won from the placers, was shipped from the Birch Creek
district. A scheelite-bearing vein has been found on Baranof Island
near Sitka. ‘

These facts indicate that tungsten ores are rather widely distrib-
uted in Alaska. Should a market arise for this ore on the west coast,
some of the deposits would no doubt be developed.

QUICKSILVER.

Quicksilver deposits, in the form of cinnabar-bearing veins, have
long been known on Kuskokwim River.* Cinnabar is also not an
uncommon accessory mineral of some of the gold placers, notably on
Daniels Creek, in the Bluff region of Seward Peninsula, on some
of the creeks of the Iditarod district, and on Candle Creek, in the
Kuskokwim basin near McGrath. The only developed quicksilver
mine in Alaska is the Parks property, on the north bank of the Kusko-

" Brooks, A. H., Antimony deposits of Alaska: U. 8, Geol. Survey Bull. 649, 1916.

= Mertie, J. B., Lode mining in the Fairbanks district: U. B. Geol. Survey Bull. 852, pp. 418424, 1017,
Lode mining and prospecting on Seward Pentnsula: Idem, pp. 436-437.

# Bmith, F. 8., and Maddren, A. G., Quicksilver deposits of the Kuskokwim region: U. 8. Geol. Burvey
Bull. 823, pp. 274-250, 1915.
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kwim, about 330 miles from its mouth. Here some cinnabar ore
has been retorted, and the quicksilver thus produced was sold to
the placer miners of Alaska. There has been some prospecting of
other quicksilver deposits in this general region, but none of the
properties have been sufficiently developed to give assurance of a
definite output. '

There is reason to believe that the lower Kuskokwim will continue
to be a producer of quicksilver, but no facts are at hand which indi-
cate that quicksilver mining will become a large industry in Alaska.

CHROMITE.

Considerable bodies of chromite ore have been found at the south-
west end of Kenai Peninsula,* and during the war the large demand
for chromite led to the productive development of one of them, which
lies directly on tidewater. The large tonnage of ore in sight and the
accessibility of the deposit make it certain that this deposit will be
mined when a market can be found for the product. What seems to
be a large deposit of chromite has also been found at Red Mountain,
which is about 7 miles from the one above described. Some chro-
mite has been found in other parts of Alaska, but as yet no other com-
mercial ore bodies are known. .

NICKEL.

A nickel-bearing copper deposit has been developed in & small way
on the west side of Chichagof Island, about 70 miles north of Sitka.
Some nickel has been found in other deposits of similar geologic
charactér in this general region® These deposits are found .in
association with norite or diorite, which has a rather wide distribu-~
tion in the district. Their geologic association is the same as that of
the nickel ores of Sudbury, Canada. There is a possibility that
commercially valuable nickel ores may be developed in this district.

Another nickel-bearing copper lode occurs on Canyon Creek, in the
lower Copper River valley.*” Traces of nickel have been found in .
gold ores sent to the Geological Survey from the McGrath district, in
the Kuskokwim Valley. Some of the copper ores of the Ketchikan
district contain traces of mickel (p. 15), and it is reported that the
same is true of some_of the copper ores of the Prince William Sound
region. ‘It will be evident from the above statements that informa-
tion about the nickel deposits of Alaska is not complete enough to
justify an estimate of their future value.

# Gill, A. C., Preliminary report on the chromite of Kenai Peninsula: T, 8. Geol. Burvey Bull. 712, pp.
99-129, 1019; Chromite of Kenai Peninsula, Alaska: U, 8. Geol. Survey Bull. — (in preparation), .

# Overbeck, R. M., Geology and mineral resources of the west coast of Chichagof Island: U. 8. Geol.
Survey Bull. 892, pp. 125133, 1919.

¥ Overbeck, R. M., Nickel deposits in the lower Copper River valley: U. 8, Geol, Burvey Bull, 712, pp.
91-98, 1419,
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MOLYBDENITE.

Molybdenite is not an uncommon accessory mineral in some of
the Alaska gold and copper ores and has also been found at several
localities in more concentrated form. The best-developed Alaska
molybdenite lode is near Shakan, on Prince of Wales Island.” A
molybdenite lode has been found at Lemesier Island, in Icy Strait.*®
Some development work is reported on a molybdenite-bearing lode
on the railroad near Skagway. Molybdenite has also been found
on Canyon Creek, a tributary to upper Chitina River and about 50
miles from McCarty,” and on Dry Delta River a tributary to the
Tanana.” Except for that at Shakan, none of these deposits have
been sufficiently developed to prove their commercial importance.
There has been no molybdenite protduced in Alaska,

BISMUTH. ez

A small bismuth-bearing vein has been found on Charley Creek, in
the Nome district, but is undeveloped.® Bismuth has been found in
gold prospects at two localities in the Tanana Valley—on Eva Creek,*
a tributary to Totatlanika Creek, and on Melba Creek,* in the Fair-

" banks district—but little is known of the extent of these deposits.

There has been no production of bismuth in Alaska.
' TRON.

In the absence of any considerable iron industry on the Pacific
coast there has been no incentive to search for iron ores in Alaska.
The largest deposits known consist of magnetite associated with
copper ores—the contact-metamorphic deposits of the Ketchikan
district (p. 15). J. B. Mertie, who has made a rough estimate
of the quantity available from these deposits, places the minimum
reserve at 10,000,000 tons, with possibly an average copper content
of 0.5 per cent. This estimate is based on an appraisal of the prob-
able depth of the known depomts and on the assumption that all
the ore would be available for mining. There are no accurate data
at hand on the mean iron content of these ores, nor is it known
whether the phosphorus contents are everywhere below the Bessembr
limit. Some analyses of the-Mount Andrew magnetite ore made
many years ago gave a phosphorus content of 0.02 per cent.® The

# Chapin, Theodore, Mining developments [n the Ketchikan district: U, 8. Geol. Survey Bull. 682,
P. 89, 1919,

L Kno‘pf Adolph, The Bitka mining district, Alaska: U, B. Geol. Burvey Bult 504, p. 17, 1912,

© Brooks, A, H., The Alaska mining industry In 1916: U, 8. Geol. Survey Bull. 662, p. 25, 1918,

@ Brooks, A, H‘, The Alaska mining industryin 1916: U, 8. Geol. Survey Bull. 642, p. 54, 1916,

@ Martin, G, C., The Alaska mining industry in 1918: U, 8. Geol. Survey Bull. 712, pp. 23-24, 1920,

© Moffit, ¥. H., Geology of the Nome and Grand Central quadrangles, Alaska: U. 8. Geol, Burvey
Bull. 533, p. 133, 1013,

# Overbock, R. M., Lode deposits near the Nenana cnn]ﬂeld T, 8. Geol. Burvey Bull. 662, pp. 351-362,
1017,

® Chapin, Theodore, Lode mining pear Falrbanks: U. 8, Geol. SBurvey Bull, 502, pp. 330-331, 1914,

@ Brooks, A, H., The Ketchikan mining district, Alaska: U. 8, Geol, Survey Prof, Paper 1, p. 102, 1002,
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possibility that these ores contain titanium should also be con-
sidered. On account of the presence of sulphides the sulphur content
of the ores will be high. Similar deposits have been mined on
Tuxedo Island, in British Columbia, and these contain an average
of 55 to 60 per cent of metallic iron,*” and the phosphorus content
of most of them is low enough to make them fall within the Bessemer
limit, but the sulphur content is high.

Deposits of iron ore of the segregated type oceur near Haines, in
southeastern Alaska, and have been developed in a small way, but
their commercial value remains to be established. According to
Knopf,*® they consist of primary magnetite disseminated in &
basic rock composed of pyroxene and hornblende. The best speci-
mens seen carried a maximum of 30 per cent of magnetite. A
microscopic examination showed the presence of apatite, and the
analysis of one sample showed 3.91 per cent of titanium oxide.

A deposit of magnetite ore has heen discovered on the north shore
of Tuxedni Bay (Snug Harbor), an indentation of the west shore of
Cook Inlet. The deposit has been described by prospectors to be of
considerable magnitude and to occur near the contact of a granitic

intrusive in volcanic rocks. The ore body has been staked but is .

undeveloped.

Schrader® described a magnetite ore body which appears to be a
vein in the Nabesna region. This vein is well defined and ocours at a
contact between limestone and diabase. Grant and Higgins * report
the occurrence of hematite and magnetite bearing veins in the Prince
William Sound region. Some magnetite also occurs in the contact
copper deposits of the Iliamna region (pp. 33-34). i

A little work has been done on some iron deposits on Seward
Peninsula about 25 miles northwest of Nome. As exposed the iron-
ore bodies consist principally of limonite veins and stockworks and
their residual products,” occurring in‘limestone. Other minerals
found in the deposits are hematite, galena, pyrolusite, and small
quantities of .gold. An analysis of the samples from one deposit
showed 54 per cent of iron, no titanium, and 0.13 per cent of P,0O;.

The surface evidences indicated that the mineralizing agents had

affected considerable areas,
The above brief review indicates that Alaska contains a number of
iron-ore deposits, of which the most promising are those of the

# Lindeman, Eimar, Iron-ore deposits of Vancouver and Texedo {slands, British Columbia: Canads
Dept. Mines, Mines Branch, No. 47, Ottaws, 1910,

4 Knopf, Adolph, The oorurrence of iron ore near Haines: U. 8. Geol. Survey Bull. 442, pp. 144-146, 1910.
Eakin, H. M., The Porcupine gold-placer district: U. 8. Geal. Survey Bull. 608, pp. 27-29, 1916.

# Mendenhall, W. C,, and Schrader, F. C., Mineral resources of the Mount Wrangell district, Alasks:
U. 8. Geal. Burvey Prof. Paper 15, pp. 65-58, 1003,

® Grant, U. 8., and Higgins, D. F., Reconnaissance of the geology and mineral resources of Prince William
Bound, Alaskas U, B, Geol. Burvey Bull. 443, pp. 78-79, 1910,

o Eakin, H. M., Iron-ore deposits near Nome:, U. 8. Geol. Burvey Bull. 822, pp. 361-365, 1915.
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Ketchikan district. It would appear that the value of the Ketchikan
deposits will depend on finding a commercial method of recovering
the low copper contents, as well as utilizing the iron.

COAL.
GENERAL OCCURRENCE.

Formations that are known to be locally coal bearing are widely
distributed in Alaska ahd occupy an aggregate area of more than
12,000 square miles. (See PL II, in pocket.) About 80 per cent of
Alaska is unsurveyed, and some of the unexplored regions may con-
tain coal. It is therefore not impossible that the total area of the
coal-bearing formations may far exceed 12,000 square miles. Any
additions that may be made to the known coal reserves as a result of
future explorations will probably not greatly increase the immediately
available stores of fuel, which alone are here under discussion.
Most of the regions tributary to the existing lines of transportation or
those under construction are sufficiently explored to indicate whether
or not they contain coal. Outcrops of coal are not easily overlooked,
either during hasty exploration or by the prospector, and, therefore,
the coal-bearing areas already outlined in a rough way, though many
bave not been surveyed, probably include much the larger part of
those. that will be available for use in the immediate future. In any
event, it is with reference to these known coal fields, and not to pos-
sible discoveries in unsurveyed tracts, that the future of the coal-
mining industry must here be discussed. The Alaska reserves in
general may be said to include enormous quantities of lignite, con-
siderable low-grade bituminous coal, much smaller quantities of
high-grade bituminous coal, and some anthracite. The bituminous
coals are the highest-grade coals found on the west coast of the
American continent and are comparable in composition to the best
Appalachian fuels. It is on these high-grade coals that the present
development of the coal-mining industry in Alaska depends, for they
are the only fuels suitable for export.

PUBLICATIONS RELATING TO ALASKA COAL FIELDS.
Surveys and investigations of the Alaska coal fields were begun

by the Geological Survey in 1902 and have been continued as funds

were available up to the present time. Many geologists have taken
part in this work, but nearly all the detailed surveys have been made
by George C. Martin. The following is a list of the principal Survey
and other official publications relating to Alaska coal. Some of these
reports deal specifically with individual coal fields; in others the
reference to coal is only incidental to the discussions of mineral
resources.
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I U. 8. GE\OLOGICAL BURVEY,
. GENERAL.®
Martin, G. C., Markets for Alaska coal: Bull. 284, pp. 18-29, 1906.
Brooks, A, H., Alaska coal and utilization: Bull. 442, pp. 47-100, 1911.
' MATANUSEA COAL FIELD.
Martin, G. C., and Katz, F. J., Geology and coal fields of the lower Matanuska
Valley, Alaska: Bull. 5(!) 1912

Martin, G. C., and Mertie, J. B., Mineral resources of the upper Matanusks and .-

Nelchina valleys: Bull. 592, pp. 273-300, 1914.

Martin, G. C., Geologic problems at the Matanuska coal mines: Bull 682, pp.
269-282, 1919.

Chapin, Theodore, Mining developments in the Matanuska coal field: Bull. 712,
pp. 131-167, 1920.
- Chapin, Theodore, Mining develpoments in the Matanuska coal fields: Bull 714,
pp- 197-199, 1921.

BERING RIVER COAL FIELD.

Martin, G. C., Geology and mineral resources of Controller Bay region, Alaska:

Bull. 335, 1908, (This publication contains a detailed description of the Bering River

coal field.)
SOUTHEASTERN ALASEA.
Wright, C. W., A reconnaissance of Admiralty Tsland: Bull. 287, pp. 151154, 1906.
Wright, F. E. and C. W., The Ketchikan and Wrangell mining districts, Alaska:
Bull. 347, pp. 59-60, 1908. (Coal on Kupreanof Island.)
YAEUTAT AND YAEATAGA.
Tarr, R. 8., and Butler. B. 8., The Yakutat Bay region, Alaska: Prof. Paper 64,
pp. 168-169, 1909.
Maddren, A. G., Mineral deposits of the Yakataga district: Bull. 592, pp. 147-148,

1914,
OOO0OK INLET AND EENAI PENINSULA

Atwood, W, W., Mineral resources of southwestern Alaska: Bull. 379, pp. 116-121,
19008. (Tyonek coal field,)

Martin, G. C., Western part of Kensi Peninsula: Bull. 587, pp. 104-110, 1915.
(Kachemak Bay coal field.) )
.  SOUTHWESTERN ALASEA.

Atwood, W. W., Geology and mineral resources of parts of the Alaska Peninsula:

Bull. 467, 1911. (Herendeen Bay, Chignik, and Unga coal fields.)
Martin, G. C., Mineral deposits of Kodiak and neighboring islands: Bull. 542, p.

136, 1913,
SUSITNA REGION.

Brooks, A. H., The Mount McKinley region, Alaska: Prof. Paper 70, p. 188, 1811,

Capps, S. R., The Yentna district, Alaska: Bull, 534, p. 72, 1913.

Capps, 8. R., Mineral resoiirces of the upper Chulitna Valley: Bull. 692, pp. 281~
232, 1919.

Mertie, J. B., Platinum-bearing gold, placers of Kahiltna Valley: Bull. 692, pp.
263-264, 1919. (Coal of Cache Creek.)

Moffit, F. H., The Broad Pass region, Alaska: Bull. 608, pp. 76-77, 1915,

NENANA COAL FIELD. ,

Capps, S. R., The Bonnifield region, Alaska: Bull. 501, 1912.

Martin, G. C., The Nenana coal field, Alaska: Bull. 664, 1919,

Capps, 8. R., The Kantishna district, Alaska: Bull. 687, pp. 109-113, 1919.

&2 Information n.npmd,\laakaomlmlnjngnnd of coal production and consumption are contained
in the annnal reports on the mineral resources of Alaska, published as Bulletins 250, 284, 314, 345, 379, 442,
480, 520, 542, 592, 622, 642, 062, 692, 712, and 714,

ak
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UPPER YUEKON BASIN.

Schrader, F. C., Reconnaissance on Chandalar and Koyukuk rivers, Alaska, in
1899: Twenty-first Ann. Rept., pt. 1, p. 485, 1900. (Coal at Tramway Bar, Koyukuk
River.)

Prindle, L. M., A geologic reconnaissance of the Circle quadrangle, Alagka: Bull.
538, pp. 76-77,1913. (Coal on Washington Creek.)

Maddren, A. G., The Koyukuk-Chandalar region, Alaska: Bull. 532, p. 56, 1913.
(Coal on Dall River.)

Cappe, 8. R., The Chismna-White River district, Alaska: Bull. 630, pp. 126-126,
M LOWER YUEON AND SEWARD PENINSULA. .

Collier, A. J., Coal resources of the Yukon, Alaska: Bull. 218, 1903.

Smith, P. 8,, and Eakin, H. M., Geologic reconnaissance of southeastern Seward
Peninsula and the Norton Bay-Nulato region, Alaska: Bull. 449, pp. 136-141, 1911,

Harrington, G. L., The Anvik-Andreafski region, Alaska: Bull. 683, pp. 65-66, 1918.

Harrington, G, L., Gold and platinum placers of the Kiwalik- Koyuk region: Bull.
092, pp. 383-385, 399, 1917.

Moffit, F. H., "The Fairhaven gold placers, Seward Peninsula, Alaska: Bull. 247.
Pp. 256-26, 67, 1905. (Chicago Creek coal.)

Henshaw, F. F., Mining in Fairhaven precinct: Bull. 879, pp. 862-363, 1909.
(Chicago Creek coal mine.)

Collier, A. J., and Hess, F. L., Gold placers of parts of the Seward Peninsula:
Bull. 328, pp. 83-85, 908. (Coal of Sinuk River basin and St. Lawrence Island.)

Cathcart, 8. H., Mining in northwestern Alaska: Bull, 712, p. 196, 1920, (Coal
at Unalaklik, Norton Sound.)

EUSEOEWIM BASIN.

Brooks, A. H., The Mount McKinley region, Alaska: Prof. Paper 70, p. 188, 1908.
(Coal on Big River, a southerly tributary of the upper Kuskokwim.)

Maddren, A. G., Gold placers of the lower Kuskokwim: Bull. 622, p. 305, 1914,
(Reported occurrence of coal on Eek and Kanektok rivers,)

Mertie, J. B., and Harrington, G. L., Mineral resources of the Ruby-Kuskokwim
region: Bull. 642 pp. 260-261, 1916.

Smith, P. 8., The Lake Clark-centml Kuskokwim region, Alaska: Bull. 655, Pp-
154166, 1917. (Coal near Iditarod.)

NORTHERN ALASEA.

Schrader, F. C., A reconnaissance in northern Alaska: Prof. Paper 20, pp. 106-114,
1%4

Collier, A. J., Geology and coal resources of the Cape Lisburne region, Alaska:
Bull. 278, 1906.

Bmith, P. 8., The Noatak-Kobuk region, Alaska: Bull. 536, pp. 151-153, 1918.

MISUELLANEOUS OFFICIAL PUBLICATIONS.

Report on coal in Alaska for use in United States Navy: 63d Cong., 2d sess., H. Doc.
876, 1914, (Contains results of naval test of Bering River coal.)

Experimental tests of Matanuska coal for naval ships: 64th Cong., lst sees., 8. Doc.
26, 1915.

Reports of Alaskan Engineering COD:I.I:I:[I.EBJO.II for the period from March 12, 1914,
to December 31, 1915: 64th Cong., 1st sess., 8. Doc. 610, pt, 2, p. 144, 1916. (Con~
tains statements on cost of mining and t.ranaporti.ng Mnta.nuska and Bering River
coal.)

Regulations governing coal-land leases in the Territory of Alaska, approved May
18, 1916, Dept. Interior, 1916.
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Matanuska coal field, showing leasing units, Government reservation sud topo-
graphic township plats, Alasks, Dept. Interior, 1916. (Mape.)

Bering River coal field, showing leasing units, Government reservation and topo-
graphic township plats, Alaska, Dept. Interior, 1016. (Mape.)

General information regarding lands offered for leasing in the Nenana coal field,
Dept. Interior, 1918,

AVAILABILITY OF THE DEPOSITS. "
The value of a coal deposit depends primarily on quality, quantity,

cost of mining, cost of transportation, and markets. It is evident
that the last three factors will vary with changing industrial condi-
tions. The quality of a coal is fixed, but its value may also vary
with changing conditions. A lignite that has no value for export
may find a market with the development of metal mining or someé
other local industry. Measured by these considerations much of the
Alaska coal has no present value, though it must be included in the
ultimate coal reserves of the world. The coal without present im-
portance comprises that which is inaccessible, that which is of too
low grade to be exported and has no local market, and some of the
high-grade coals in the accessible fields which are so folded .and
broken as to prohibit profitable exploitation under present conditions
of cost and market.

The largest areas of inaccessible coals are those on the Arctic slope,
where there are believed to be extensive coal fields. The coals are
chiefly of low grade but include some excellent bituminous coals.
Most of these ¢oals are not now available, but some of them near
~ Cape Lisburne might possibly be developed in a small way for use at
Nome and in other parts of Seward Peninsula. On account of the
shortness of the shipping season, however, this would be a doubtful
venture. With these unavailable reserves should also be included
much of the widely distributed lignite of Alaska, which if mined can
supply only small local markets.

The enormous reserves of lignitic coal found in the Nenana and
Cook Inlet fields, which are accessible, can not contribute much to
the building up of a coal-mining industry, for under present methods
of utilization they are not ol good enough quality to find an export
market and may not even compete in the local markets with the
higher-grade Alaska coals.

The third group of unavailable coals includes those portions of the
high-grade fuels of the Bering River and Matanuska fields which are
so folded and broken as to make profitable exploitation-under the
present conditions of the coal market impossible. Though the surface
outerops in both these fields have been examined in great detail, yet
definite determination of the quantity of coal now available for
mining can be made only by underground explorations.

There are some fair bituminous coals at Chignik and Herendeen
Bay, on Alaska Peninsula, which might find a small local market.

ey,
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Alaska’s annusl coal consumption is now only about 165,000 tons,
of which 60,000 tons is produced in the Territory. (Seep.74.) Even
with & great expansion of territorial industries the local coal market
will not be large enough to support more than a small coal-mining
industry. Therefore the only hope of extensive mining is to furnish
an export trade, and for this only the coals of the Bering River and
Matanuska fields are of good enough quality. In both these fields
high-grade bituminous steaming and coking coals have been found, as
well as some anthracite. The bituminous coal is the best on the
Pacific border of North America, and as much of it as can be mined
at anything near a reasonable cost will find a ready export market.
The possibility of using this coal for trans-Pacific shipping by & coaling
station located on the great circle sailing route in the Aleutian
Islands deserves consideration.

The Alaska coal-bearing areas that are accessible or can be early
made accessible are listed in the following table. In the first figure
column are given the areas of land which are pretty definitely known
to contain coal beds, though it remains to be determined by under-
ground exploration what part of them can now be profitably exploited.
This table also contains estimates of the areas of the formations that
are locally coal bearing in each of the more or less accessible fields.

. Available coal fields of Alaska.
High-grade bituminous coal and anthracite.

Areaof |, Areaof
probable formations

Field or locality. coallands |10¢ally coal Notes.
9 (Gquare” | Pearing
es). Lﬂleu).
- A part of this 8 coal, suitable for ex-
T g o & anggt;?mhﬁtﬁﬁﬂ;ﬂﬁﬁmwwt
Cape Lisburne (Arctic coast). .. 14 ) ‘Adcessible less than 3 months 19 the year.

Biteminous and subbituminous coals,

| — Valuahle for use in Alaska.
86 500 | Present local market very small,
162 800 | Local market very small.
200 Large. | Accessible less than 3 months in the year.
450 1,100
Lignite,
Cook Inlet......u.ceeunnnnnn... 460 000 | Includes an enormous tonnage of lignite, but
& of no present vs!::.lsm Bx) . i,
Busitna Basin.................0 30 1,000 | Coal found at many ties under gravel
cover. Valuable for local use only.
_ Nenans......coovegunnrnnnn... 120 600 %umm:? ?unr{ncm tonnage of lignite,
Seward Peninsula and Norton 50 170 | Available only for | e L g
v 880 | 6,770
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The above table shows that the accessible reserves of Alaska
lignite are ample for all demands that can now be foreseen. Also
that the lignitic and low-grade bituminous coals are widely distributed
and can be exploited for local use at many localities. The quantity
of lignitic coal that will be mined will be determined by the local
demand, which in the immediate future will probably not exceed
50,000 to 100,000 tons a year, and this quantity will probably be dis-
tributed among several small mines.

The Nenana coal field will supply Fairbanks and other inland gold
districts. Some lignitic coal will continue to be mined in the Cook
Inlet region to supply local industries, but it may now find a strong
competitor in the better coals from the Matanuska and Alaska Penin-
sula fields. Small quantities of lignitic coal will also be mined for
local use in the Susitna basin, on Yukon River, in Seward Peninsula,
and in the Norton Bay region. It is possible that the higher-grade
coals of the Cape Lisburne region might be profitably mined for use
on Seward Peninsula when gold placer mining revives on a large scale.
The shortness of the shipping season, less than two months, has thus
far discouraged such development and may prové an insurmountable
obstacle. :

The only exportable coal in Alaska is that of the Matanuska and
Bering River fields. In both these fields very high grade coals, bpth
bituminous and anthracite, have been found. Unfortunately the
quality of the coal seems to be more or less directly proportional to
the amount of deformation that the coal beds have undergone—that
is, the best coal occurs in the most highly folded and broken beds
and is the most difficult to mine.

* One mine has been opened on a considerable scale near the west
end of the Bering River field. This mine is at present difficult of
access, but it could be connected with the Copper River Railroad by a
branch line about 38 miles long. Such a branch would give connec-
tion over very easy grades with a good harbor at Cordova. Some
work has also been done at a coal mine in the eastern part of the
Bering River field, where the coal is semianthracite. This mine is
connected by a railroad, now partly out of repair, with tidewater on
the lower reaches of Bering River. Some small test shipments of
semianthracite have been made from this mine.

The Alaskan Engineering Commission has opened two mines in
the Matanuska field, both on the railroad. A little development
work has also been done on some other properties in this field. The
largest, of the two mines is at Eska, where the coal is a low-grade
bituminous coal, and from this mine the Engineering Commission
and the towns of Anchorage and Seward are supplipd with fuel.
These operations show that the Eska coal can be mined on & commer-
cial scale. At the other mine, at Chickaloon, some coal of very high
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grade has been produced, but the operations are still in a more or
leas experimental stage, because the irregularities in the coal beds
make mining very expensive.

In the opinion of the writer coal tracts that can be mined under
present industrial conditions will be found in both the Matanuska
and the Bering River fields. To select such tracts, however, will
require more underground testing than has thus far been done.
There can be no question that high-grade coal will be produced in
both fields, yet the localities where the most favorable underground
conditions exist still remain to be determined. The present develop-
ments give assurance that there is sufficient tonnage for all locel
needs, but it is not yet definitely established that there are coal
reserves from which a large tonnage can be mined for export. The
quality of the high-grade coals from these fields leaves little to be
desired, though here, as in many other coal fields, washing of the
product will be necessary.

There has been a little mining of lignitic coal at various places in
Alagka since 1888. It was not, however, until the high quality of
the Bering River and Matanuska coal was established by both public
and private surveys and examinations, made between 1898 and 1905,
that these northern coal fields excited any special interest. An
Alagka coal-land law was enacted in 1904, but it proved, as inter-
preted, ineffective in encouraging mining development, nor did the
supplementary legislation of 1908 serve to improve the situation.’
Meanwhile, all Alaske coal lands were withdrawn from entry by Ex-
ecutive order dated November 12, 1906. Many coal claims were
staked previous to this withdrawal, but patent was refused to all
except & few that were isolated and too small in area to permit eco-
nomic exploitation.,

The Alaska coal situation was further embarrassed by the rapid
increase in the petroleum output of California. As a result, the short-
age of fuel on the Pacific seaboard that was threatening at the time of
the first a.tt.empted development of Alaska bituminous coal was
changed to an excess of production. The net result of these condi-
tions was to prevent all coal-mining development in Alaska and to
force Alaskan industries to draw on foreign sources for fuel.* Fur-
thermore, the projects for private railroad construction to the coal
fields were necessarily abandoned. The logic of the situation forced
the Government to enter the field of railroad construction and also
to undertake the underground exploration of the coal fields at public

expense.

8 Brooks, A. H., Alaska coal and its utilization: U. 8. Geol. Survey Bull, 442, pp. 62-66, 1911.
Mmmmhndsmwhhdnmmlﬂm (See p. 53.)
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The long and bitter controversy regarding an Alaska coal-land
policy ended in 1914 with the enactment of a leasing law. As a con-
sequence of the relative decrease in the market for coal, because of
the large use of petroleum and the unsettled financial conditions
brought about by the war, no great eagerness has been shown by capi-
talists to enter upon the development of the Alaska coal fields. Fur-
thermore, the little underground work thus far done has more than
confirmed the incomplete evidence obtained from surface exposures
as to the greatly folded and broken condition of the coal beds in both
the important fields. Most American coal mining has been done on
beds that are but little disturbed. Hence those engaged in the indus-
try have had little experience in the exploitation of greatly disturbed
coal beds such as those of Alaska, which are, however, comparable
to some of those mined in France and Belgium. Many have also con-
tended that the terms of the coal leases are not sufficiently liberal, in
view of the isolation and unprospected condition of the Alaska field.
As a result of these conditions only one considerable coal-mining
operation under leasehold is under way, and this has not yet reached
a productive stage.

Between 1899 and 1919 Alaska mines produced a total of 243,677
tons of coal, of which 190,000 tons is the output of the last three years
and is chiefly from the Government mines. During the same two
decades the Territory has consumed a total of 2,411,947 tons of coal.
Of this amount 1,276,600 tons has been imported from the Vancouver
fields in British Columbia. (See p. 74.)

The market for these high-grade bituminous fuels is ample to
absorb all the coal that can be produced for a number of years to
come. The coal consumption of the Pacific Coast States and Alaska,
exclusive of that used on railroads and steamers, is now about
3,200,000 tons annually, of which 200,000 to 300,000 tons is imported
from British Columbia. Railroads in the Pacific Coast States con-
sume about 2,000,000 tons, practically all used in Washington. The
bunker coal supplied to steamers at American Pacific. ports amounted
to 343,000 tons in 1915 and 474,000 tons in 1918, This bunker
trade is one for which the Alaska coals are especially well suited.
Some of the Alaska coals are also well adapted for coking. About
200,000 tons of coking coal is used in the Pacific Coast States. Of
the Pacific coast coals only those from Alaska are of sufficiently high
grade to be suitable for Navy use. An estimate of the needs of the
Navy at 200,000 tons, of Alaska at 100,000 tons, and of coking coal
at 200,000 tons would give a certain market for 500,000 tons. In
addition to this the Alaska fuel should be a strong competitor in the
bunker trade. Furthermore, the increased cost of petroleum will

& Brooks, A, I, U. 8, Geol. Snrvey Bull, 662, pp. 25-30, 1017,
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soon enlarge the market for coal on the Pacific seaboard. One
adverse factor that should be considered is the competition of the
high-grade Alaska coals with those from the East brought through
the Panama Canal. Owing to the physical conditions under which
the eastern bituminous coals occur they are cheaper to mine than
those in Alaska, and another advantage lies in the more favorable

* industrial conditions. It is probably safe to assume, however, that

even under this competition Alaska coal should have a market for
at least 1,000,000 tons. Whether any such production can be
reached in the immediate future can be determined only by further
i PEAT. »

Peat is found in nearly every part of Alaska except in the high
ranges. The humidity of the Pacific coastal zone and the consequent
luxuriant vegetation favor the accumulation of peat. Southeastern
Alaska is heavily forested, and much of it has a dense growth of
underbrush with a flooring of moss. In southwestern Alaska timber
is entirely absent, but all the lowland and much of the upland area
are covered with moss, grass, and small shrubbery. The prevailing
humidity in both these regions favors the accumulation of vegetable
refuse. Though there has been no prospecting for peat in this part
of the Territory, deposits at least 15 to 20 feet thick are known and
are believed to be of good quality.

Central and northern Alaska have a much smaller precipitation.
Here, however, the soil is nearly everywhere mantled by a dense
blanket of moss and other vegetation. This is especially striking
in the extensive timberless areas of tundra which lie along Bering
Sea and the Aretic Ocean. In these two provinces the subsoil is
usually frozen, so that the waters are retained at the surface. The
moss, except in excessively dry weather, is usually saturated with
water. All these conditions, which promote vegetable growth and
retard evaporation and oxidation, are favorable to the formation of
peat. As a matter of fact, there is nearly everywhere a layer of
peaty material utderneath the soil. In some natural exposures in
these provinces peat deposits having a depth of 30 to 40 feet have
been observed. Although the widespread surface layer of peat iss
of an inferior quality, some of the deeper-lying beds. are probably
of high grade. There are no data whatever at hand to estimate the
available supply of peat, but as it is found in every part of Alaska and
on the great tundras of the north, occupying at least a quarter of the
Territory and comprising layers of greater or less thickness, the supply
must be enormeus and possibly exceeds that of the entire United
States.

“ Brooks, A. H., Mineral resources of Alaska: U. 8. Geol, Burvey Bull. 304, pp. 185-189, 1000. Davis, C, A.,
The possible use ol‘ peat fuel In Alaska: U, 8, Geol. Survey Bull, 379, pp. 53-66, 1009; Theprspaml.lmm

use of peat as fuel: U, 8. Geol. Burvey Bull. 442, pp. 101-132, 1010,
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In the presence of more easily available fuel there has been no
occasion to utilize any of the peat beds, so practically nothing is
known of their fuel value, extent, or thickness, except what has been
stated. One of the few deposits of this mineral fuel in Alaska that
" has been exploited is a peat bed saturated with petroleum residue
near Cold Bay, on the Alaska Peninsula, where some years ago the
material was used for fuel at the neighboring oil wells. Here, how-
ever, it is the petroleum residue rather than the peat which gives the
deposit its chief value.

The peat deposits have at present no value, for lignitic and better-
grade coals are too widely distributed to encourage the use of a less
available fuel. Moreover, the time appears very remote when these
peat deposits will be utilized, except at localities where coal is absent.
Certainly recourse to the peat will take place only when the more
valuable mineral fuels are not obtainable. '

PETROLEUM.

As all the available data relating to the occurrences of oil in Alaska
have been recently compiled and discussed by Martin,* the petroleum
resources need only brief mention here. Petroleum seepages are
known in five widely separated districts in Alaska and have been
reported from a number of others. As drilling has been confined to
one field, there are no data upon which to estimate petroleum reserves
or possible output. The quality of Alaska petroleum leaves little to
be desired. It is a high-grade refining oil similar in composition to
that from Pennsylvania,

Oil seepages (see map, Pl. II, in pocket) are known at Katalla,
near Controller Bay, 60 miles east of Cordova, and at Yakataga, 60
miles east of Katalla; near Iniskin Bay, on the west shore of Cook
Inlet; and on the Alaska Peninsula, notably near Cold Bay. There
is also a seepage near Douglas River, near the southwest shore of
Cook Inlet, at the base of the Alaska Peninsula. More or less defi-
nite reports have been received as to the presence of seepages at
other places in the Alaska Peninsula. If these reports are confirmed,
they indicate a possible wide distribution of seepages in the Alaska
Peninsula and consequently a rather large area in which wildeat
drilling might be justified. The structure of the Katalla field is very
complex, but the incomplete information at hand indicates that the
folding is simpler at Yakataga, on Cook Inlet, and on the Alaska
Peninsula, There has, however, been no detailed geologic mapping
in the latter fields. All these districts are fairly accessible to ports
on the Pacific, open to navigation throughout the year.

There are also indications of the presence of petroleum in the ex-
treme northern part of Alaska, near Smith Bay, about 100 miles

& Martin,A G. C., Preliminary report on the oil resources of Alaska: T, 8. Geol. Burvey Bull. T10in press).
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southeast of Point Barrow. This area is entirely unknown geolog-
ically. To judge by the results of Schrader’s exploration of the Col-
ville River Basin,*® 100 miles to the east, the structure is likely to be
favorable for the presence of oil pools. The region is so inaccessible
that capital is not likely to undertake its prospecting except under
very liberal terms, both as regards size of leaseholds and royalties.

Martin has also listed a number of other isolated localities in Alaska
where oil or gas seepages are known or reported and has presented
the geologic evidence bearing on the possible presence of oil pools.
His conclusions are largely adverse. The localities where oil or gas
are reported include as widely separated localities as Admiralty
Island and Cape Spencer, in southeastern Alaska; Seward, on Kenai
Peninsula; Tyonek, on Cook Inlet; Nushagak, on Bristol Bay; and
Healy Creek, in the Tanana Valley.

Alaska petroleum first attracted attention about 1898, when the
Klondike excitement carried so many people North, Between 1901
and 1904 there was some drilling in the Iniskin and Cold Bay

. districts, and rather extensive operations were undertaken in the

more accessible Katalla field. By 1906 most of the excitement had
died down, owing largely to the rapid development of the California
oil fields, which drew the speculative oil operators out of Alaska.
In 1910 all the oil lands of Alaska were withdrawn from entry, so that
no one could get title to any claims. Only in the Katalla field was
any work continued, and there chiefly on one claim to which title
had been earned previous to the withdrawal. It was the withdrawal
of the oil lands that has checked nearly all prospecting durmg a
decade and not any lack of promise in the Alaska fields.

The enactment of the oil leasing law in 1920, combined with the
worldwide search for petroleum, has again attracted public atten-
tion to Alaska oil. Many claims have been staked, and preparations
are being made to start drilling at several places in 1921. There is
good reason to believe that productive oil fields will be developed,
though there are no facts at hand to prove that startling discoveries
will be made. It is certain, however, in view of the present relative
scarcity of high-grade refining oil, that drilling is fully justified at a
number of localities in Alaska. It is believed that petroleum is one
of the resources that will help swell the value of the total mineral
production of the Territory. In fact, it is the development of this re-
source which promises most for the relief of the present stagnation
in Alaska mining. The search for oil will stimulate migration north-
ward and will lead to the improvement of conditions of transporta-

tion, especially to some of the more isolated districts. Should drill-

ing reveal commercial pools of petroleum a very early revival of
the Alaska mining industry as a whole can be confidently predicted.

8 Behrader, F. C., A reconnaissance in northern Alasks: U, 8. Geol. Burvey Prof. Paper 20, 1004.
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STRUCTURAL MATERIAL, ETC.

Nearly $2,000,000 worth of marble has been produced in Alaska
since quarrying began in 1904, but all of this has come from the
Ketchikan distriet of southeastern Alaska. Marble is widely dis-
tributed in southeastern Alaska,® and there are many undeveloped
deposits that apparently carry commercial stone. The broken shore
line, with its many harbors, and the water powers favor the marble
industry in this field. It is to be expected that with the increased
demand for marble in the States of the west coast the Alaska output
will be greater. .

Granite and granitio rocks, in part suitable for building stone, are
also widely distributed in southeastern Alaska, but are undeveloped.

Gypsum has been mined for many years at Iyoukeen Cove, Chi-
chagof Island, in the Sitka district.*® Though no other gypsum de-
posits have been found there is no reason to believe that the geologic
conditions by-which the gypsum deposit was formed may not have
been duplicated in other localities. .

A promising deposit of barite was discovered by E. F. Burchard
on Castle Island in Duncan Canal, near Wrangell, in 1913.% A
rough estimate indicates that about 50,000 tons of barite is in sight
above the level of tidewater. This deposit is not yet developed.

5 A barite deposit at Lime Point, on the west side of Prince of Wales

Z Island, near Sulzer, in the Ketchikan district, has been opened for a
distance of 100 feet and is about 30 feet wide.”” Some shipments
of barite were made from this deposit in 1915 and 19186,

Clay is found in many parts of Alaska, but little is known of its
quality. Some clay has been used for brickmaking at Anchorage.
Limestones of varied composition are widely distributed in Alaska,
notably in southeastern Alaska, in the Copper and Susitna River
basins, in the Yukon Valley, and on Seward Peninsula. Lime for
many purposes could be produced, should there be a local demand.

There are some deposits of pumice in the Alaska Peninsula and
adjacent islands, the ejecta of Mount Katmai. The largest accessible
deposits known are on the shores of Amalik Bay, on the east side of
the peninsula, and these are 20 feet or more in thickness. Finer
pumice or tuff is widely distributed over the north end of Kodiak
Island, and a few shipments of this material for use as an abrasive
have been made from this region. Graphite in considerable quan-
tities has been found in the Kiwalik Mountains, 40 miles north of
Nome but more accessible to the sea from Imuruk Basin, which is
connected by tidal estuary with Port Clarence. The graphite in

8 Barchard, E. F., Marble resources of southeastern Alaska: U, B. Geol. Burvey Bull. 682, 1920,

% Hroeks, A. H., U. B. Geol. Burvey Bull. 542, pp. 50-51, 1913.

o Burchard, E, F,, A barito deposit near Wrangell: U, 8, Geol. Burvey Bull. 502, pp. 108-117, 1014.

© Chapin, Theodore, Mining developments of southeastern Alaska: U, 8. Geol. Burvey Bull. 642, p. 104,
1916,
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this district occurs as lenses in quartz-biotite schists, which are
themselves graphitic.”” These deposits are of sufficient size to justify
the hope that they can be profitably exploited, provided they can
meet the competition with that from more accessible regions.

Sulphur deposits have been found in association with some of the
voleanic rocks in southwestern Alaska.®* A commercial deposit of
sulphur is being opened on Akun Island, near the east end of the
Aleutian chain. The reduction plant was to be installed in 1920,
and the mine was then to be placed on a productive basis.

A little potash has been found in some of the shallow lakes on the
flats of Yukon and Porcupine rivers, near Fort Yukon. Little is
known about this occurrence, and there is no evidence that the
quantity is sufficient to justify development, even for local use.

A few garnets have been mined near Wrangell, in southeastern
Alaska, where, according to E. F. Burchard,* they occur in a mica
schist. These garnets are not suitable for gems but may have value
as abrasives.

Jade implements and ornaments have long been in wide circula-
tion among the Alaska Eskimo. For many years it was believed
that this jade all came from Asia, but it is now known that it came
in part from the so-called Jade Mountains of the Kobuk River
region.*® Some of the so-called jade from this source has proved to
be serpentine, some green quartzite, and some is nephrite, which
commercially is classed as jade. Attempts to exploit these deposits
have thus far been unsuccessful.

WATER.

Though water is to be counted among mineral resources its value
to the mining industry is chiefly indirect by affording a source of
power, and the largest use of water under hydrostatic head has been
in placer mining. The richest of the Alaska placers lie in the interior
and on Seward Peninsula, where water for mining is not abundant.’
This scarcity is due to the small precipitation and the character of
the topography, which gives low stream gradients. Hydraulic mining
has therefore played no great part in the production of gold in Alaska,
The chief operations have been in the Nizina district, of the Copper
River basin. There are other localities in the Pacific slope region
of Alaska where hydraulic mining will be undertaken.

@ Harrington, G. L., Graphite mining in Seward Peninsula: U. S. Geol. Survey Bull, 602, pp.363-367,
1919,

# Maddren, A. G., Sulphur on Unalaska and Akun islands and near Stepovak Bay: U, 8. Geol. Survey

+ Bull, 602, pp. 283-298, 1019, i

% Brooks, A, H., The mining industry in 1912: U. 8. Geol. Survey Bull. 542, p. 51, 1913.

®8mith, P, 8., The Noatak-Kobuk region, Alaska: U. 8. Geol. Burvey Bull. 536, pp. 154-155, 1913,

# Henshaw, F. F., and Parker, G. L., Burface water supply of S8ewsrd Peninsula, Alaska: U, 8. Geol.
Burvey Water-Supply Paper 314, 1913. Ellsworth, C. E,, and Davenport, R. W., Surface water supply
of the Yukon-Tansna region, Alaska: U. B. Geol. Burvey Water-Supply Paper 342, 1015,
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The largest water-power developments are in southeastern Alaska,
including notably those for the mineg of the Juneau district. Smaller
projects for other industries have also been installed- at several
places along the Pacific seaboard. Other large undeveloped water
powers occur in the panhandle of Alaska and in time will be utilized
for wood-pulp and other industries.

There are but few power developments in the Copper River,
Prince William Sound, and Cook Inlet and Susitna basins. Little is
known about the water powers of this provinee, but a reconnaissance *
madesome years ago shows that they are worthy of further investiga-
tion, There are also some water powers in the Iliamna Lake region,
in the Alaska Range, and in other parts of the Territory about which
little is known.

Mineral and hot springs are widely distributed in Alaska.*® Some
years ago an attempt was made to develop a mineral spring in south-
eastern Alaska, and bottled water from it was put on the market but
met with failure. It is not known whether the water in any of the
Alaska mineral springs is of a sufficiently distinctive composition to
justify its development as a potable water. The hot spririgs have,
however, played a somewhat important part in the hygienic life of
the people.

SUMMARY AND CONCLUSIONS.

It has been shown that the value of Alaska’s gold placer reserves is
greater than that of the placer gold that has been produced during 40
years of mining; also that the future of the gold-mining industry
depends as much on the improvement of the general industrial con-
ditions as on the construction of railroads and wagon roads and im-
provements in steamship service. Lode gold mining in Alaska is at
present on the wane, because the largest auriferous lode mines, those
in the Juneau district, have been working on so low a margin of profit
that they can not all hope to continue under present industrial con-
ditions. On the other hand, auriferous lodes are known to be widely
distributed in Alaska and it is certain that they will be developed
when means 6f ecommunication are bettered and industrial conditions
improve.

Alaska's copper production of the past has been based chiefly on
the output of a few mines operating on very rich ores. Smaller mines
on the coast have been hampered by lack of shipping and smelter
capaclty Copper ore is widely distributed in the Territory. The
mining of copper will continue to increase if transportation ratesare
lowered, and the Territory will long be an important source of copper.

Silver-lead ores are widely distributed, but no large deposits have
been found. Tin deposits have been found in several localities, but

@ Ellsworth, C W, and Davenport, R. W.,A water-power reconnaissance in South-central Alaska:
U. 8. Geol. Burvey Water-SBupply I"aper 872, 1015,
® Waring, G. A., Mineral springs of Alasks: U. 8. Geol. Burvey Water-Supply Paper 418, 1017,
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the outlook for any large increase of the tin output on the basis of the
deposits now known is not hopeful. Only one deposit of the metals
of the platinum group has been found that gives promise of making
any considerable output. Quicksilver, in the form of cinnabar, has
been developed in only one district and that only on a small scale.
Nickel-bearing ores have been found at three localities, but the evi-
dence in hand does not justify an opinion on the future of the nickel-
mining industry. The known deposits of chromite, tungsten, anti-
mony, and molybdenite seem to justify the hope of an output of these
metals, provided there is a market for them. Little is known of
Alaska iron ores, but there is reason to believe that some of the
deposits of this metal will be utilized when an iron and steel making
industry develops on the Pacific coast.

The deposits of lignitic coal in Alaska are much more than sufficient
to supply all future local needs. Alaska also contains the best high-
grade bituminous coal on the Pacific seaboard. It seems probable
that an export trade in these fuels will be developed, though the cost
of mining will be high on account of their mode of occurrence. The
evidence of petroleum in Alaska justifies the opinion that an oil-
producing industry will be developed.

Alaska also contains a great variety of other mineral deposits,
many of which have been more or less developed. Although the
output from such deposits will probably be small compared with that
of the gold, copper, coal, and petroleum, yet it will help to swell the
total value of Alaska’s mineral products.

The foregoing summary indicates that the Alaska mining industry
has a most promising outlook and that the mineral output of the
past is but a small fraction of that which will be produced in the
future. It is not to be denied, however, that the immediate prospect
for a large expansion of Alaska mining is not so hopeful. Alaska’s
great gold reserves must to a large degree lie dormant until the
changes in economic conditions give better assurance than now
exists of profitable ventures. Nor will the present price of copper
encourage an expansion of the copper-mining industry.

Coal mining has only begun, and much underground exploration
must be done before a large expansion is assured. The testing of
the oil fields awaits the driller but will probably be undertaken at
once.

Aside from the improvement in general and worldwide economic
conditions, what the Alaska mining industry most needs is a lower-
ing of costs of transportation, including not only reduction of the
rates on existing lines but the expansion of land and water rontes,
including the construction of roads and trails.






THE ALASKAN MINING INDUSTRY IN 1919,

By Avrrep H, Brooks and Grorge C. MArTIN.

GENERAL STATEMENT.

Gold and copper mining have always been the principal mineral
industries of Alaska, and in 1919 both were subject to great depres-
sion throughout the world. Hence the value of Alaska's mineral
output decreased from $28,253,961 in 1918 to $19,620,913 in 1919,
when it was the lowest for any one year since 1914. Stimulated
by the high price of copper during the war, Alaska made an enor-
mous output of copper, which was chiefly the product of three large
mines. With the fall in the price of copper (see fig. 1) the Alaska
copper industry reverted to more normal pre-war conditions, Mean- °
while the world-wide depression in gold mining consequent upon
high operatmg costs brought on by the war has seriously crlppled
gold mining in Alaska. As a consequence of the increase in costs
the value of the annual output of gold from Alaska declined from
$16,700,000 in 1916 to $9,426,000 in 1919. The Alaska gold-mining
industry is particularly sensitive to present conditions because many
of the enterprises were not on a very sound economic basis. Gold
production has been kept up for many years by the exploitation of
bonanza placers rather than by the systematic development of
large deposits of lower grade. The mining of placer gold has been
carried on as a gamble rather than as a business venture. As the
purchasing power of their product was reduced many gold-mining
operators have been attracted to other fields, such as oil drilling in
the States, in which the chances of large speculative profits were
greater than in placer mining. It is especially unfortunate that all
but one of the large quartz gold-mining ventures in Alaska are the
lode mines near Juneau, where the margin of profit is so small that
the increased cost of operation due to the war has imperiled the
success of the undertakings.

The outlook for gold mining in Alaska under present economic
conditions is not hopeful, yet the continued success of certain larger
operations, like dredging, shows that it is by no means hopeless, and
such operations and the mining of bonanza deposits will no doubt
be continued. Alaska still contains large reserves of gold-bearing
gravels (see pp. 9-11) that can be mined profitably when trans-
portation and industrial conditions are improved. No one can fore-
tell whether any more bonanza camps will be found, and therefore
the only certain future success lies in the development of deposits of

lower grade.
o b9
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The large demand for tungsten, antimony, and chromite during
the war greatly stimulated the search for and mining of ores carry-
ing these metals. Valuable deposits of these ores were found and
mined, and mining of them will in time be renewed, though it is not
Justlﬁed by the present demand because of the high cost of operation
and transportation,

Alaska has not yet recovered from the interdict placed on the de-
velopment of mineral fuels by the withdrawal from entry of the coal
lands in 1906 and of the oil lands in 1910, The leasing law of 1913
opened up the coal fields, but some of its provisions appear toBe not
liberal enough to encourage large developments. In 1920 an oil-
land leasing act was passed, and this will no doubt lead to develop-
ment and eventually to oil production.

The greatest need of the Alaska mining industry is cheaper and
better land and water transportation. This need calls for the com-
pletion of the railroad, the building of wagon roads, and the lower-
ing of ocean and river freight and passenger rates. Yet, except for
the work done on the railroad and on the construction of
wagon roads and trails, practically no advance was made in
1919, and, indeed, the transportation conditions have been the
worst in many years. Ocean freight and passenger rates have been
increased and the service has been decreased. The Yukon River
steamer service in 1919 was very inadequate. The most important
event of the year for the future of mining in the Territory was the
continuation of the work on the Government railroad and the as-
surance by congressional action of the money needed to complete
the line. It is now certain that in three years there will be a stand-
ard-gage railway connecting tidewater on the Pacific with Fairbanks
and navigable waters on the Yukon. To give its full benefit to the
mining industry, however, the Alaska Railroad must be connected
with mining centérs by good wagon roads.

Mineral output of Alaska, 1918 and 1919.

1018 1919 Decrease or increase in
{ 1919,
Quantity, | Value. | Quantity. | Value. Quantity. Value.
..| 458,641 | 39,480,052 455,084 | $9,426,082 | — 2,657 | — $54,020
unds..| 60,224 951 | 17,008,563 | 47,220,771 | 8,754,063 | —22,004,180 | —8,315, 500
847,789 847,780 | * 629,708 705,273 | — 218,081 | — 142,516
75, 606 411, 850 60, 674 33547 | — 14,92 | — 68,30
68 118, 000 56 3 - 12 | — 44,800
564 80,088 687 72,822 | 4+ 128 (- 7,266
EPBA00 Lvasnanvivess B73,068 | -oocoannre..| — 22,487
%Jroclium. mmlfihgal:d
roleum, marbie
gypsum. . ’ sveiitieaed) mAB0AI0 s snaa 148,13 eenenaene |+ 22,404
............ 28,258,061 |............| 16,620,018 |....cceue.....| ~B,633,048
o a Tncluded chrome ore nbnnttmmy, platinum, nnd palladium in 1918
bPa.Ilad.tnmandp]stmtlm only

¢ Included lme in 191
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Regular mining in Alaska may be said to have begun in 1880, when
the Juneau gold placers were first exploited. It is estimated that
simce that time Alaska has produced mineral wealth to the value of
more than $438,000,000. .

Value of total mineral production of Alaska, 1880-1919.

By years. By substances.

2,548,079
.. 4R 632,212 438, 161,066

438, 171,032

DISCOVERIES AND NEW DEVELOPMENTS.

The most notable mining advances during the year were those made
near McGrath, in the Georgetown district of the middle Kuskokwim
region. Here a gold dredge, installed in 1918, was operated during
the entire season, but more significant was the discovery of numerous
gold-bearing ledges which give promise of being of commercial im-
portance. The discovery of a valuable silver-bearing galena lode in
the Kantishna district drew many prospectors to this little-known
part of Alaska. Still greater excitement was caused by the develop-
ment of rich deposits of gold and silver in the Canadian part of the
Portland Canal district. (See pp. 129-142.) Some of these deposits
are readily accessible only through Alaska. The town of Hyder, on
Portland Canal, was established on the Alaska side of the boundary
to serve this district, and from Hyder a road has been built to the
Canadian mines. Prospecting has been done in the Alaska part of
the Portland Canal district, but so far as known no ore bodies of
proved commercial value have been developed.

Many oil claims are now being staked under the oil-leasing law of
1920. Coal was mined in 1919 in the Matanuska field for the use of
the Alaskan Engineering Commission and for the town of Anchorage.
Systematic prospecting of a group of claims held under lease in the
Bering River coal field was underway in 1919. The railroad con-
nection of the Nenana lignite field with the town of Fairbanks, estab-
lished in 1919 (except for a bridge at Tanana River), has stimulated

systematic prospecting.
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GOLD AND SILVER.

TOTAL PRODUCTION.
The following table gives an estimate of the total production of
gold and silver since the beginning of mining in 1880. For the earlier

years the figures, especially those for silver, are probably far from
correct, but they are based on the best information now available.

Gold and silver produced in Alaska, 1880-1919.

Gold, Bilver,
Year Quantit
3 4 Quantity
(fine Value (fine
ounces) ounces), | ¢lslvalue
96 $20,000
1,935 40,000
105l |- 30000
) »
9724 | 201000 10,320 $11,148
14,512 | 300,000
21,575 | 448,000
32,653 | 675,000
4,119 | 850,000 2,820 2,181
43,538 ( 900,000 8,000 7,490
36,862 | 762,000 |° 7,500 8,071
43,538 [ 900,000 8,000 7,920
52,245 | 1,080,000 8,000 7,000
50,213 | 1,038,000 1400 8,570
62,017 | 1,282,000 22,261 14,257
2,842 | 2,328,500 67,200 44,222
138,401 | 2/861,000 | 145,300 99,087
18,011 | 2,439,500 | 116,400 70,741
121,780 | 2,517,000 92, 400 b4, 575
270,997 [ 5,602,000 | 140,100 84,270
305,080 | 8,166,000 73,300 45,
335,360 | 6,932, 700 47,900 28,
400,700 | 8,283, 400 92,000 48, 500
420,069 | 8,683,600 | 143,800 77,843
443,115 | 9,160,000 | 198,700 114,084
756,101 | 15,630,000 | 132,174 80, 166
1,066,030 | 22,036,704 | 203,500 136,
936,043 | 19,340,743 | 149,784 98,
933,200 | 10,292,818 | 135,672 71,906
987,417 | 20,411,716 | 147,060 76,94
750,131 | 16,126,740 | 157, 739
815,276 | 16,853,256 | 460, 331 243,973
§20,436 | 17,145,051 | 515,186 316,839
755,047 | 15,626,813 | 363,563 218, 938
15,764,250 | 394,805 218,327
807,966 | 18,702,144 | 1,071,782 543,308
; 17,241,713 | 1,379, 171 907,485
700,049 | 14,857,353 | 1,230,150 | 1,021,080
458,641 9,480,952 | 847,789 847,789
455,084 | 9,426,032 706,273
15,076, 793 lsu.m,ﬂs 9,019,016 | 6,803,528

The subjoined table gives an estimate, based on the best avail-
able data, of the gold and silver produced in Alaska from different
sources since mining began in 1880. About $65,100,000 worth of
gold, or about one-fifth of the total estimated output, was produced
before 1905, and there is but scant information about its source. For
the period since that time fairly complete statistical returns are
available, and it is probable that the figures presented in the follow-
ing table are sufficiently accurate to be valuable. The figures given
for the silver recovered from placer gold and from siliceous ores
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are probably less accurate than those for the gold. Copper mining
did not begin in Alaska until 1901, and the figures for gold and sil-
ver derived from this industry, as now presented, are t.herefore a
close approximation to the actual output.

Gold and silver produced in Alaska from different sources, 1880-1919,

Gold. Bilver.
Quantity Quanti
(fine Value. {li.naty Valuoe.
ounces), " ounces).
SlllCeOTB OTE8 O . .. o.voeeeenanrnannensneenaenanea| 4,446,528 | $01,917,907 | 1,428,580 | $1,063,130
CODPOT OTOE . - . o ooomienasennninansneanrnnnnns 83,886 | 1,734,004 | 5 815,836 4,213,418
l’hﬂn.... 10,546,379 | 218,012,002 | 1,774,550 1, 036, 980
15,076,793 | 311,664,993 | 9,019,016 | 6,303,528

a Including small amounts of lead ore.

The above table shows that about 29.5 per cent of the total gold
produced in Alasks has been obtained from siliceous ores mined
from auriferous lodes. In 1919 the lode-gold production was 46.6
per cent; in 1918, 36.6 per cent; in 1917, 31 per cent; in 1916, 38
per cent; in 1915, 37 per cent; in 1914, 32 per cent; in 1913, 31.6
per cent; and in 1912, 29 per cent. In the following table the pro-
duction of precious metals in 1919 has been distributed as to sources:

Gold and stlver produced in Alaska, 1919, by sources.

Gold. Bilver.
Bouroce. Ore (tons). Quantit
¥ Quantit;
(fine Value. (fine g Value.

ounces). ounces).
Biliceons ores.. . ... ...cooooociinnno... 3,262, 573 212,474 | 84,202,237 108, 601 $121,734
COpperores.. ... . .ccccvceeecemmcinncannnnnn 492, 644 3, 086 63,705 488, 034 546, 598
1 o U] [P— 40,424 | 4, WO, 000 32,083 36,941
3,755,217 456,964 | 0,426,082 6209, 708 705,273

LODE MINING.

Twenty-three gold-lode mines and two prospects were operated in
Alaska in 1919 and produced gold worth about $4,392,237. Twenty-
five mines were operated in 1918 and produced gold worth $3,473,317.
The increase in 1919 came from the four large mines in the Juneau
and Sitka districts. The increased production at Juneau does not
assure the continued prosperity of the lode-mining industry, for
these mines are working on too small a margin between the value of
gold recovered and the cost of operation to make it certain that they
will be able to pay the continually increasing expense of mining.
The only other large gold-lode mine in Alaska is in the Sitka district,
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where operations in 1919 were on a somewhat larger scale than in
1918, .

Of the producing mines, seven were in southeastern Alaska, one
in the Copper River district, three on Kenai Peninsula, five in the
Willow Creek district, six in the Fairbanks district, and one on
Seward Peninsula. In 1919 the average value of the gold and
silver contents for all siliceous ores mined was $1.38 a ton; the
average for 1918 was $1.70 a ton. These averages reflect the domi-
nance in the total lode production of the large tonnage produced
from the low-grade ores of the Juneau district. -

The production, by districts, of gold and silver in 1918 from gold-lode
mines is given in the following table:

Gold and silver produced from gold-lode mines in Alaska, 1919, by districts.

Gold. Bllver. A

mined value

Distriot o Oahor Quantit, Quantit g
ol 0 o an
v )- {fine g Value. (fine ‘Y Value, and
ounces). odunces). " | silver,

Boutheastern Alaska .. ..... w7 | 3,253,848 | 201,037 | 84,174,407 | 107,359 | $120,242 $1.32
Kenai Peninsuls 3 ' 99 ' 435 8,987 284 "318 9. 93
5 6,730 | 7,882 162, 944 508 24,30
o 1,08 | 2,027 41,893 378 424 30.58
2 515 103 4,008 162 181 8.13
23| 3,202,673 | 212,474 | 4,392,237 | 108,601 | 121,734 1.38

a Also shipment from one &‘oa‘paet. ) A
b Includes 1 mine in the Copper River district and 1 in SBeward Py la; also 1 prospect on Prince
Willlam Sound.

The prospecting and development of gold lodes in 1919 was most
active in the Willow Creek district, which lies adjacent to the railroad,
but where no property has yet been opened up and equipped on a
large scale. There is good reason to, believe that lode mining in
the Willow Creek district will make substantial gains in 1920. At
Fairbanks lode mining and prospecting have almost ceased, the only
operations being those of a few owners who continue a little develop-
ment, with the plan of blocking out ore to be mined when the railroad
is completed. Incidental to this work a little ore is recovered and
milled, and there are many small auriferous lodes in the Fairbanks
district which can be profitably exploited when the economic con-
ditions improve. Comparatively little work was done on the lodes
of Seward Peninsula in 1919. A gold-lode mine near Bluff was
operated and made a small output, and some ore was mined but not
shipped from the silver-lead prospect on Kugruk River.

PLACER MINING,

During 39 years of mining Alaska has produced gold to the value
of more than $311,000,000, and $218,000,000 of this amount is to be
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credited to her placer mines. For reasons already discussed there
was less placer mining in 1919 than in 1918, and the outlook for a
revival.of the industry as a whole under present economic con-
ditions is not hopeful. In the following table a comparison is made
between the placer-mining industry in 1919 and in 1918:

Alaska placer mining in 1918 and 1919.

Bummer. Winter.
Value of
output.
L SR 674 8,000 153 813 | $5,900,000
IR s vucncicasnnnniisiotiisnniomradn Hanabmas salin 466 2,177 88 318 4,970,000
DecTeade. ....ccooveeminnsrmcacnisiasiinaannas 108 823 85 295 | - €30,000

A most unfortunate effect of the decline in the production of gold,
especially by placer mining, is the discouragement of the prospector.
Though many prospectors devote their attention to the search for
copper and other minerals, prospectors as a class are held to their
vocation by the hope of finding rich placers which they can develop
by individual effort. The loss of over 1,100 men in the placer-
mining industry, as shown by the above table, means the loss of an
equal number of at least potential prospectors. Many prospectors
have been drawn away from Alaska by the high wages and good
business opportunities which war conditiong have created in the
States. It is, indeed, no longer necessary to go to Alaska to obtain
high wages. As a consequence probably half, possibly three-quarters,
of the prewar Alaska prospectors have sought other fields.

The value of the placer-gold output of Alaska decreased from
$5,900,000 in 1918 to $4,970,000 in 1919, and the output will be less
in 1920. The decrease was general for sll Alaska districts except for
some in the Seward Peninsula and the Kuskokwim regions. It is
largely due to conditions that affect gold mining adversely throughout
Alaska. Shortage of labor, lack of transportation, and unfavorable
seasonal climatic conditions have also operated to curtail the placer-
gold output of certain districts. The depletion of bonanza placers
also helped to decrease placer mining. No important discoveries of |
placer gold were made during the year, and there was a marked
decrease in~prospecting for placer gold.

About 466 placer mines were operated in the summer of 1919 and
88 during the previous winter, but many for only a part of the season.
About 2,177 men were engaged in productive placer mining in the
summer and 318 in the,winter. In addition several hundred men

were engaged in prospecting or other nonproductive work relating to

7230°—21—DBull. 714—=5
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placer mining. - No important new placer-bearing areas were dis-
covered in 1919. The output and operations of placer mines in 1919,
by regions, are shown in the following table: .

Gold ‘and silver produced from placer mines in Alaska, 1919, by regiona.

) Number of | Number of
Gold. Bilvar. S
. Gnn.!l ‘f:, i .
T

N T I O Yy

u}&). Value, (ﬂm) alue. yord. | Srer. | ter. | mer. | ter.
Alaska.| 1,200.37 25 204 20,000 §1.20 o.......! 20......
Copper Riverr 8,940, 185, 1,021) 340,000 . 1 N N 17 M

Inlet Su-

sitna region. ... 5,321 110, 827 191,000 Al sif ..
South Alsska’| 241 220 250 8 1 ; 1000000
‘ukon basin...._._. 140, 771 3,910 19,461) 21,796| 1,616,000 1 7 1, 255
Kuskokwim region. ..| 16,831, 4,431( 4, "205.000( 1 w01 3
Beward Peninsuja....| 65,790.00| 1, m tm 6,940 7,773, 2,165,000 1 60
Kobulk region........| 1,200. 186 ‘208 ' 8,000, 3 " e [ SR
3 ,423. 75| g,m.um| 52,083 30,041 4,548,000 1.10] 460 88 2,177 318

The following table shows approximately the total bulk of gravel
mined annually since 1907 and the value of the gold recovered per
cubic yard. This table is based in part on returns made by placer-
mine operators and in part on known facts or assumptions concerning
the richness of the gravels in the several districts. Although the
table is thus in part an estimate it is probably nearly correct.

Gravel sluiced in Alaskan placer mines and value of gold recovered, 1908-1919,

Value of Value of
x re-
covered

S¥ELR

| preee

The table shows that from 1908 to 1914 there was & decline in the
average gold content of the gravels mined. This decline reflects the
improved methods of placer mining that have been introduced, more
especially the increase in the use of dredges, which is brought. out in
the following table:

Relation of recovery of placer gold per cubic yard to proportion produced by dredges.

H &wﬂ“ﬁt‘ Recovery e_u cuble yard.
m Dredges. | Mines All
- dredges ' " | placers.
12 $0.60 $3.36 .17
18 .85 2.68 1.70
¢ 2 .54 3.11 1.57
22 .53 2.07 126
bl L8l 2.3 1L
e .69 284 L57
26 .08 21 1L.40 -
24 .57 L84 L20
n .67 131 110
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Gold dredging continues to hold an important place in Alaska
placer mining. In 1919 there were 28 dredges in operation for the
whole or part of the season and they produced gold to the value of
about $1,360,000, compared with $1,425,000 worth of gold produced

by 28 dredges in 1918. Two of these dredges were  operated in 1919
in the Fairbanks district, 2 in the Iditarod district, 1 in the Birch
Creek district of the Yukon basin, 1 in the Mount McKinley (Me-
Grath) district of the Kuskokwim basin, and 22 on Seward Peninsula.
These dredges handled about 1,760,000 cubic yards of gravel, com-
pared with about 2,490,000 cubic yards of gravel handled in 1918.
The average recovery of gold per cubic yard was about 67 cents in

. 1919 and 57 cents in 1918. The gold dredges of Seward Peninsula
produced gold worth $450,000 from about 865,000 cubic yards of
gravel, making an average recovery of 52 cents a cubic yard in 1919
compared with 40 cents a cubic yard in 1918. The dredges of the
Yukon and Kuskokwim districts produced gold worth $910,000 from
895,000 cubic yards of gravel, and the value of gold recovered per
cubic yard was therefore about $1.02. In 1918 the dredges of the
Alaska Yukon districts produced gold worth $881,000 from 1,125,000
‘cubic yards of gravel, the value of gold recovered per: cublc yard
being about 78 cents.

Though dredges were built for use in the Alaska Yukon as early as
1898 and at Nome in 1900, this method of placer mining did not
reach a profitable stage until 1903, when two small dredges were suc-
cessfully operated in Seward Peninsula. Dredging began in the
Fortymile district in 1907; in the Iditarod, Birch Creek, and Fair-
banks districts in 1912; in the Yentna district in 1916; and in the
Kuskokwim region in 1918. The new dredge on Candle Creek, in
the Kuskokwim region, which was completed and operated for a short
period in 1918, did not begin regular operations till 1919. The fact
that this dredge and also one of the Fairbanks dredges, which like-
wise was first operated in 1919, had successful seasons shows that
dredging can be profitable even under present adverse conditions.
This fact and the successful gold dredging in Seward Peninsula dur-
ing the last 15 years proves that this type of mining has an important
future in Alaska. In nearly every placer-mining district of Alaska
there are large areas underlain by auriferous gravels which justify
exhaustive prospecting for the purpose of finding dredging ground.
The successful use of cold-water thawing in connection with dredg-
ing should give a further stimulus to this form of mining. Up to the
end of 1919 gold to the value of $20,395,000 had been mined by
dredges. The distribution of this output by years is ahown in the
following table:

0
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Gold produced by dredge mining in Alaska, 1903-1919.

. Number of o\;m
‘ear, f

m wﬁ
2| 320,000
3 25,000

3 40,000 |..0: .

3| 120000 |

4| 250,000 [....

4| 171,000 |o230

14| 425,000 |00

18| 800,000 |01010 TN

27 | 1,500,000 | 3,500,000 0. 60

38 | 2,200,000 | 3,400,000 -85

35 | 32,200,000 | 4,100,000 B4

42 | 2,350,000 | 4,450,000 153

35 | 2,330,000 4.&,»: 61

34 | 2,67,000 | 3,000,000 .

86 | 2,500,000 | 3,700,000 ;

28 | 1,425,000 | 2,490,000 .57

28+ 1,360,000 | 1,780,000 67

............ 20,306,000 |....

COPPER.

The copper' output of Alaska in 1919 was 47,220,771 pounds,
valued at $8,783,063. This is less than the output in 1918, which
was 69,224,951 pounds, valued at $17,098,563. During the year, 11
‘copper mines were operated, compared with 17 in 1918. Of these
mines, 3 are in the Ketchikan district, 5 in the Prince William Sound
district, and 3 in the Chitina district. The curtailment of copper
mining was due to the fall in the price of copper, the uncertainty of
the market, and high freight rates. Throughout the war the small
operator has been hampered by lack of shipping to transport his ore
and of smelters to reduce it, conditions that have blocked the devel-
opment of a number of properties and discouraged the copper-mining
industry. Largely for these reasons there has been relatively little
prospecting for copper during the last few years. Should freight
rates decrease or the price of copper go up, many small mines would
resume operations and the larger low-grade ore bodies would be
opened up. Under present industrial conditions there is no likeli-
hood of any improvement during 1920.

Output of Alaska copper mines in 1919, by districts.

Copper. Gold. A

Quantt? | Value. ty Value. F,,;; Value,
ounces). ounoees).

Ketobiuan distrot. ... a| 86| o2,00| suz,ms| ee11 lms,ees | 5,21 s
Chitina districta.........| 83| 106,631 | 36,200300 | &,760,108 |........ [0 " 408,726 | 457,773
Prince Willlam Sound. . . 5| 288,077 | 10,300,281 | 1,015,852 | 3,4i2.00'| 4,880'| 74,047 | 52,583

11 | 409,044 | 42,220,771 | 8,783,063 | 3,080.11 | 63,705 (488,084 | 546,508

@ Also a small amount of placer copper. » Kennecott Corp. Ann, Rept. for 1019,
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The average copper content of the ores mined in 1919 was 4.8 per
cent, The ores also yielded an average of $0.129 in gold and $1.11
in gilver to the ton. The average yield for 1918 was 4.8 per cent of
copper, $0.149 to the ton in gold, and $0.996 to the ton in silver.

Copper produced in Alaska, 1830-1919.

Copper produced.
Year.
(tons) Quant|

oariisy, | Velue.
3,083 $328
A
1,200, 000 156, 000
2,043, 536 275, 676
4,805, 208 749,817
5,871,811 | 1,133,260
s i
4,124,705 536, 211
4,241, 689 538, 095
97,267,878 | 3,408,485
20,230,401 | 4,823,081
21,660,058 | 3,357,203
21,450,628 | 2,852,094
86,500,312 | 15,139,120
110,854,830 | 20,484,201
88,793,400 | 24,240, 508
60,224,051 | 17,098, 563
47,220,771 | 8,788,003

546,007,336 | 114,526,008 |

o Estimated.

The copper industry in the three developed copper fields of Alaska
is described in the account of mining in those districts given on
subsequent pages. In southeastern Alaska the Rush & Brown
‘mine was the largest copper producer. Copper was also produced
at the Salt.Chuck mine, better known for its output of palladium,
and some ore was shipped from the Jumbo mine, at Sulzer. The
three large mines, the Bonanza, Jumbo, and Mother Lode, of the
Kennecott group, were the only producing mines of the Chitina -
district in 1919, though some development work was done on other
properties. Some placer copper was also recovered incidental to
gold-placer mining in the Nizina district.

On Prince William Sound the Beatson-Bonanza and Ellamar
copper mines were the only properties worked systematically through-
out the year. Some ore was, however, also produced incidental to
development work at the Fidalgo or Schlosser mine of the Alaska
Mines Corporation, at the Fidalgo or Mackintosh mine of the
Fidalgo Mining Co., and at the mine of the Ladysmith Smelting
Corporation, on Latouche Island.

Most of the prospecting for copper in 1919 was done in the Susitna
basin, tributary to the Alaska Railroad. A number of copper lodes

" of some promise have been found in this region, but they have not
been sufficiently developed to prove their value,
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LEAD.

The lead produced in Alaska in ‘1919 is estimated at 687 tons,
valued at $72,822, compared with 564 tons, valued at $80,088, in
1918. The output of lead in 1919 was denved‘ wholly from the
concentrates of the gold mines at Juneau.

During 1919 development work was done on galena ores in south-
.eastern Alaska, in the Seward Peninsula, in the Yukon Basin, and
probably in other regions. In the course of this work some ore was
produced, but so far as known no ore was shipped. The information
at hand indicates that the most promising discovery of silver-bearing
galena was that made in the Kantishna district. The following table
shows the production of lead in Alaska, 8o far as it can be determined
 from available data: .

Lead produced in Alaska, 1892-1919,

Quantity Quantity
Year. {tans). Value. Year, tons). Vahue.

1802. . 30 $2,400 30 $3,180
1803. . 40 3,040 40 3,360
1804. .. 35 2,310 69 5,984
1895. .. 20 1,320 75 6,600
1806. . . 80 1,800 BY 4,600
1897, .. 30 2,160 45 4,050
1898. . 30 2,240 [} bag
1809. . 35 3,150 28 | 1,344
1900, .. 40 3,440 437 41,118
1901. .. 40 3,440 820 113,160
1902. .. 30 2,460 . B52 , 584
1003. . 30 2,520 564 088
1904, .. 30 2,580 687 72,822
1005. .. 30 2,620 -

1806. .. 30 8,420 4,184 522,258

TIN.

The fin mines of Alaska produced 86 tons of ore containing 112,000
pounds of tin, valued at $73,400 in 1919, compared with 1043 tohs
of ore containing 136,000 pounds of tin, valued at $118,000, in 1918.
The following table shows the production of tin in Alaska since mining

began, in 1902:
Tin produced in Alaska, 1902-1919.

Quantity (tons). Quantity (tons).
Year. g - Value. ‘ear. - Value.
Ore. Metal. Ore. Metal.

25 16 104 130 | $119,600
41 25 08 50 44,103
n 14 157.5 104 66, 560
10 ] 1687 102 78,846
57 M 232 139 121,000
37.5 n 171 100 123, 300
42.5 25 1M.5 68 118,000
19 1 ] 58 73,400
18.5 10
2.5 61 1,574.0 o7z 918,152
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The York district, of Seward Peninsula, continues to be the center
of the tin-mining industry of Alaska. Two dredges and one small
open-cut mine were operated in 1919. The dredge of the American
Tin Mining Co., on Buck Creek, and of the York Tin Dredging Co., on
Grouse Creek, were both in operation. Three men were engaged in
shoveling into sluice boxes on Buck Creek above the dredge. A total
of 25 men were engaged in tin mining and produced about 56 tons
of concentrates, estimated to contain about 76,000 pounds of metallic
tin, valued at $49,810. In addition to the tin recovered in the York

‘region a few hundred pounds of tin concentrates were saved in con-

nection with gold mining on Humboldt Creek, a tributary of Goodhope
River. These concentrates were not shipped in 1919.

Developments were also continued at the Lost River tin-lode mine,
in the York district, where about 12 men worked during the winter
of 1918-19 and about 25 men during the summer of 1919.. The
winter worRconsisted mainly of retimbering, enlargement of drifts and
shafts, and deepening of shafts. A number of buildings were erected,
and & compressor plant was installed to furnish air for drills and for
ventilation. A large warehouse was also built on the beach at the
mouth of the river. A shipment of mining machinery and supplies for
this property was landed at the mouth of Lost River in October, 1919,

In the Hot Springs district tin ore was produced from the gold
placers in about the same quanmty as in recent years. The tin output
of the Hot Springs district in 1919 is estimated about 30 tons of con-
centrates containing about 36,000 pounds of metallic tin, valued at
S PLATINUM METALS.

The output of platinum, palladium, and other metals of the plati-
num group in Alaska in 1919 is estimated at 569.52 fine ounces,
valued at $73,663, compared with 284 fine ounces, valued at $36,600,
in 1918. The larger part of the output in 1919, as in 1918, was
derived from the copper-palladium ore of the Salt Chuck mine, in
the Ketchikan district, which was operated on a larger scale than
before.

Platinum was recovered from the gold placers of Dime, Bear, and
Sweepstakes creeks, in the Koyuk or Dime Creek district, Seward
Peninsula. The production reported from these creeks in 1919 is
only about half as large as in 1918, but the returns for 1919 may not
be complete. Platinum was recovered from the gold placers of
Slate Creek, in the Chistochina (Copper River) district, in about the
same quantity as in 1918. Some platinum may have been saved on
Boob Creek, in the Tolstoi (Yukon) district, in 1919, as in previous
years, but no returns have been received. The total production of
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platinum metals in Alaska since they were first saved in 1916 is
shown below. '

Platinum metals produced in Alaska, 1916-1919,

Quantity.
Year. Valte.
ounces. OUDCes.
at| 3l o
30L.0 984,00 a%',nm
7.3 560.52° 73,063
m.s-] 91825 | 116,463

COAL.

The output of coal in Alaska in 1919 was 60,674 tons, valued at
$343,547, compared with 75,606 tons, valued at $411,850, in 1918.
This output was about 20 per cent less than that in 1918 but was
greater than that in any previous year. The mostimportant features
of the Alaska coal-mining industry in 1919 are the continuation of
systematic mining in the Matanuska field by the Alaska Engineering
Commission, the systematic prospecting of a lease held in the Bering
River field, and the beginning of the mining of the Nenana lignitic
coal. The larger part of the output in 1918 came from the Matanuska
field, which yielded 44,553 tons. The remainder came from eight
. small mines in different parts of the Territory. All these. mines,
except those in the Matanuska and Bering River fields, produced
coal for local mse under free-use permits. About 10 mines were
operated, employing about 166 men for an average period of 280 days.

In the Matanuska field mining and underground exploration were
carried on throughout the year at the Eska and Chickaloon mines
by the Alaska Engineering Commission and 44,553 tons of coal was
mined, compared with 63,092 tons in 1918. The production of coal
from these mines was advisedly limited to the needs of the commission
and near-by localities. At the Eska mine, where the coal is low-
grade bituminous, about 150,000 tons of coal have been blocked out
and some evidence has been obtained that there is an additional
reserve of about 1,000,000 tons. The coal beds at this mine are not
greatly folded, but some large faults have complicated the extraction
of the coal. At Chickaloon, where the coal is high-grade bituminous,
the beds are much folded and faulted, and the conditions increase
greatly the cost of mining. The work of the commission has resulted
in blocking out about 100,000 tons of coal at the Chickaloon mine, A
more completé account of mining in the Matanuska field is given
elsewhere in this volume.

i
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No details are yet available about the developments made on the

lease held in the western part of Bering River field, but extensive
and systematic underground work has been done, and the results
appear to have encouraged the lessees to continue. The coal at this
locality is high-grade bituminous. Some developments were also
continued in 1919 on a patented claim in the northeastern part of
the field, where the coal is semianthracite. A little coal has been
mined at this locality and marketed at Cordova. The mine is con-
nected by a railroad with barge navigation on Bering River.
* The connecting link of the Alaska Railroad between Fairbanks and
the Nenana coal field was completed in 1919, except for a bridge over
Tanana River,! and the Nenana lignite is therefore now available for
use in the Fairbanks district and should stimulate the gold-mining
industry. Several thousand tons of lignite were produced at ‘‘Mile
363 mine’’ and at ‘“Mile 387 mine’’ and other developments in the
field are under way.

Small lignitic coal mines were operated in 1919 at a number of
widely separated localities in Alaska and their product was consumed
locally.

The following table gives the estimated production of coal in
Alaska since 1888. The figures for 1888 to 1896 are estimated from
the best data available but are only approximate. The figures for
1897 to 1919 are based for the most part on data supplied by operators.
Most of the coal mined before 1916 was lignite. A small quantity of
bituminous eoal was produced from the west end of the Bering River
field in 1906. The table does not include 855 tons of coal mined in
the Bering River field in 1912 and 1,100 tons mined in the Matanuska
field in 1913 for test by the United States Navy.

Coal produced in Alaska, 1888 to 1919,

uanti! nanti
Year ng‘ty Value. Year. Q{simlﬂ.tr Value.
ons ) . tons).

6,000  $84,000 2,800 $12,300
2,000 28,000 1,000 15,000
20| 180 3| 2

. 1,200 16, 800 2,300 ﬁ:m
212 | 19,008 T a0
1,47 9,782 ﬁjm 52,317
1, 604 7,22 53) 955 265,317
3,714 13, 260 75, 606 411, 850
5, 541 17,074 60,674 343, 547
10,139 54, 600
3,107 14,810 252,677 | 1,440,480

1TheumponrybrldaowNmm River has been carried out by a flood.
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The following table shows the coal consumption of Alaska, includ-
ing both loeal production and imports, since 1899. Most of the coal
shipped to Alaska was bituminous, but a little was anthracite:

Coal consumed in Alaska, 1899-1919, in short tona.

#

Produced in | Imported
Alssios, | from States, [ T4
Year. chiefly sub- | chiefly | Pt ORO | Total coal
J bituminous | bituminous | oo "Rrgiey | consumed.
¢ and. from Waah- Columbia.
' lignite

1,200 10, 000 4 50,120 61,320

1,200, 18,048 a 66,023 72,
1,300 24,000 a 77,674 102,074
2,212 40, 000 88, 363 - 110,575

1,447 64, 626 afl), 128,
1,604 26,880 e 5 115,198
3,774 67,713 a72,612 144, 009
5, 541 88, 483 @47, 500 122, g‘
10,139 46,246 093, 202 149, 647
3,100 23,803 o84, 404 113, 404
2, 800 33,112 60, 046 104, 058
1,000 32,008 58, 420 91,518
900 32,255 61,845 95, 000
355 27,767 08,316 96, 438
2,500 69,066 56, 430 127,798
41,500 48,153 87,662
1,400 46, 320 29, 457 77,186
13,073 g, 934 63,672 111,679
53, 985 1116 56, 559 168, 660
76, 806 B1, 520 37,088 165,112

60,674 57,166 48, 708 164,
243,677 891,580 | 1,276,600 2,411,047

a By fiseal year ending June 30.
PETROLEUM.

The petroleum produced in Alaska in 1919, as in previous years,
was derived wholly from the single patented claim in the Katalla
field. The old wells on this claim and the refinery were operated as
usual, and two new productive wells were drilled. The total produc-
tion in 1919 was considerably larger than in 1918.

The new leasing law, which applies to the oil lands in Alaska, has
caused a renewal of interest in those lands which have been with-
drawn from entry for nearly 10 years. Indications of petroleum have
been found in five districts in Alaska, four of which, the Katalla or
Controller Bay district, the Yakataga district, the Iniskin Bay dis-
trict, and the Cold Bay district, are on the Pacific seaboard; and the
. fifth, which includes areas near Smith Bay, is on the Arctic coast.

The oil fields in Alaska began to attract considerable attention in
1896, when claims were staked under the placer law in the Katalla,
Yakataga, and Cook Inlet districts. The first well at Katalla was
drilled in 1901, and a well was drilled on Cook Inlet at about the
same time. There was much activity in the supposed oil fields of
- Alaska from 1902 to 1904, when many claims were staked in all the
fields on the Pacific coast of Alaska and when most of the wells in
the Katalla, Iniskin, and Cold Bay districts were drilled. All oil
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lands in Alaska were withdrawn from entry November 3, 1910, but
in the meanwhile patent had been granted to one claim of 151 acres
in the Katalla field and other claims were pending. Assessment work
has been continued on some of the claims staked before the with-
drawal, especially'in the Katalla field, and applications for patents
have been made. Drilling for oil has been done only in the Katalla,
Iniskin, and Cold Bay fields. About 40 wells, aggregating about
35,000 feet of drilling, have been sunk in Alaska, of which 31 wells,
aggregating 28,431 feet of drilling, are in the Katalla field. Oil has
been produced commercially only in the Katalla field, which has
yielded since 1904 about 56,000 barrels of crude oil for use locally as
fuel and for distillation in a small refinery that has been operated
since 1912.

Petroleum products shipped to Alaska frmn other parts of the United States, 19056-1919,
w gallons.a

Heavy olls, | Gasoline, in-

Year. arude aff, | lighter prod- Mumating | Lajwicating
gos ofl, re- | wcts of dis- .
siduum ete, | tillation.
2,715, 974 713, 406 627,301 83,319
2,688, 040 580, 978 - 508, 033 83,002
0,104, 300 636, 881 510, 145 100,145
11, 891, 375 930, 424 566, 508 o4, 542
14,119, 102 746, 130 531,727 85, 687
10,143, 091 788, 154 620, 072 104, 512
, 18, 843 1,238, 865 423, 750 100, 141
15, 523, 555 2,738, 730 672,176 154,565
15,682, 412 1,735, 858 661, 656 150,918
18, 601, 384 4,878, 723 731,148 191,876
16,910, 012 2,413, 062 513,075 271,081
23, 555, 811 2,844, 501 732,309 373, 48
2,971,114 | 3,256, 870 750,238 465,603
,870,566 |© 1,086, 852 382, 186 362,413
18,784,003 1,007,073 3,515, 746 077,703

237,040,492 | 23,605,406 | 11,807,208 3,600, 533

a Compiled from Mon Summary of Forelgn Commerce of the United States, 1905 to 1918, Burean
of Foreign and Domestic ) )

STRUCTURAL MATERIAL, ETC.

Marble was produced from one quarry in southeastern Alaska, but
in about the same amount as in recent years. The production of
gypsum continued at the mine on Chichagof Island. There was no
report in 1919 of the production of bricks, quicklime, graphite, or
barite, all of which have been produced in previous years. Some
developments were made on a sulphur deposit on Akun Island in the
Aleutian chain in 1919, and plans were made for the product.lon of
sulphur in 1920.

‘REVIEW BY DISTRICTS.
The following review summarizes briefly the principal develop-
ments in all the districts. Many of the districts were not visited
by members of the Geological Survey in 1919 and some operators.
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failed to make. reports, so that the information at hand about
mining in some of the districts is incomplete. Therefore the space
here devoted to any district is not necessarily a measure of its
relative importance. The arrangement of the discussion is geo-
graphic, from south to north.

SBOUTHEASTERN ALASKA.

The mineral output of southeastern Alaska in 1919 was derived
from 7 gold-lode mines, 3 copper mines, several small placer mines,
1 gypsum mine, and 1 marble quarry. The value of the minerals
produced increased from $3,825,495 in 1918 to $4,679,632 in 1919.
The largest mining operations in 1919, as in previous years, were
at the gold mines in the Juneau district and at the Chichagof mine,
in the Sitka district. Several discoveries of auriferous lodes in
the Sitka district are reported. All the copper produced was mined
in the Ketchikan district, the largest operations being at the Rush
and Brown mine. Placer mining was limited to the Porcupine
district and to small beach operations at Lituya Bay and at Yakataga.
A more detailed :statement of mining developments in southeastern
Alaska is presented in a later section of this report.(pp. 105-128).

 Mineral production of southeastern Alaska, 1919.

Gold. Bﬂvar

O?tm) Quantity Quantit;
] (fine Value, (fne ~ | Value.
ounces). ounoes).
Gold-Jode mines 8,258,848 | 201,987 | 84,174,407 | 107,35 242
T et el bl "8 638 o | %,m 5, 261 mg,m
IR0 TR . o ¢ cvvsnonnatbbiasnssssswrsssfssiss e sum 1,200 25, 000 204 ;
............ 203,820 | 4,218,342 | 113,82 128, 363
Copper. Lead. Palladium,
marble,
Quanti o TR
(ounas), | Veime | FOCR | Vame. | (vale).
GOld-1046 TNINES. ..« eeveeeeeeersnsennans i e b 1,373,827 | smE:|............
Copper mines..... 620,100 | $117,013 {....cceeuuen

COPPER RIVER REGION.

The productive mines of the Copper River region in 1919 included
three copper mines and one gold-lode mine in the Chitina Valley
and about 21 gold-placer mines in the Nizina, Chistochina, and
Nelchina districts. The mineral output of the region included
copper, silver, gold, and platinum having a total value of $7,395,669.



e

THE ALASKAN MINING INDUSTRY IN 1019, ™

The mining developments in the Chitina district are summarized in
a later chapter of this volume.

The hydraulic placer mines of Nizina district were worked on a
large scale. Gold worth about $120,000 was recovered by seven
mines operating in the summer. About 77 men were employed.
Some placer copper was also recovered.

The Chistochina placer mines are said to have had a very success-
ful season and to have produced gold worth $60,000 from the summer
operations of about 10 mines, employing about 30 men. A small
amount of platinum was recovered. ot

PRINCE WILLIAM SOUND.

The value of the minerals produced on Prince William Sound in
1919 was $2,048,802, compared with $3,990,914 in 1918. This
amount is.the value of the product at five copper mines and one
gold-lode prospect.

By far the larger part of the copper output of Prince William
Sound in 1919, as in previous years, came from the Beatson-Bonanza
mine. Work was continued at the Ellamar copper mine in 1919 on

- about the same scale as in the past.

Work was continued during the year at the Girdwood mine, which
adjoins the Beatson-Bonanza on the north, and incidentally some
copper ore was produced and shipped. This property, now controlled
by the Ladysmith Smelting Corporation, is being developed in a
large way. Developments were also continued at the Schlosser and
MclIntosh (Fidalgo) mines, on Fidalgo Bay. Assessment work
was also done on a number of other copper properties in Prince
William Sound. During 1919 gold mining, except for assessment
work, was almost at a standstill in the district.

WILLOW CREEK DISTRICT.

The gold-lode mines of the Willow Creek district report a very
successful season. The Gold Bullion, Alaska Free Gold, Mabel,
Talkeetna, and War Baby mines were operated, producing an
aggregate amount of gold worth $162,944 and silver worth $569
from 6,730 tons of ore. A more complete account of mining in
the Willow Creek district is given by Mr. Chapin elsewhere in this

volume. '
YENTNA DISTRICT.

The Cache Creek placers, in the Yentna district, produced in

'1919 gold worth about $95,000 from the operation of 15 mines.

About 60 men were employed in productive mining and a few were
doing dead work. Mining was curtailed during part of the season
by shortage of water, but on the whole the season was favorable.
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The dredge on Cache Creek did not operate in 1919 but will resume
work in 1920.
UPPER 'SUSITNA REGION.

A little placer mining was done at several localities in the upper
Susitna basin, the largest operations being at Valdez Creek. Pros-
pecting for copper has been continued at several localities with
encouraging results, but no large developments have yet been made.
In general property owners are awaiting the completion of the rail-
road before attempting systematic developments. To make the
copper deposits of this district accessible wagon roads and trails
must also be built.

KENAI PENINSULA.

The value of the mineral output of Kenai Peninsula in 1919, in-
cluding placer gold, lode gold, a small amount of silver obtained
incidentally to the mining of the gold, and some lignite mined at
Bluff Point, was about $37,500. Of this:amount $22,000 is the value
of the gold.

There was very little activity in lode-gold mining, and no extensive
developments are reported. Three small gold mines weré operated
during the summer of 1919, and placer mining was continued on a
small scale at several localities in Kenai Peninsula.

MATANUSKA, COOK INLET, AND BUSITNA COAL FIELDS.

The coal mines of the Matanuska field supplied the larger part of
the Alaskan coal output in 1918, yielding about 44,553 tons of coal,
valued at $267,318. A more complete account of mining in the
Matanuska field is given by Mr. Chapin in another part of this volume.

The Bluff Point lignite coal mine, at Kachemak Bay, was operated
during the summer of 1919 and supplied a local market on Cook
Inlet. Some of this lignite was also sold at Anchorage for domestic
use. Some lignitic coal was also produced near Snug Harbor for the
use of a near-by cannery. Small lignitic coal mines were also operated

"at Little Susitna and at Hobbs, on the Alaska Railroad.

SBOUTHWESTERN ALASKA.

Some development work was continued in 1919 on the McNeil
copper property, near Kamishak Bay. A little beach mining was
done in 1919, as in the past, at the north end of Kodiak Island.
The most important mining event of the year in southwestern Alaska
was the installation of a plant to develop a sulphur depoalt on Akun
Island in the Aleutian chain.

YUEKON BASIN.
GENERAL FEATURES.

. In spite of the adverse conditions affecting gold mining the value
of the mineral product of the Alaska Yukon in 1919 was $3,049,061,

.
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as compared with $4,390,237 in 1918. The sources of the product
in 1919 and the total mineral product since mining bega.n In 1886
are shown in the following tables:

Mineral production of Yukon basin, Alaska, tn 1919.

Placer mines. Lode mines, Total.
Quantity. | Value. | Quantity.| Value, Quantity. | Valoe.
o7 . (R fine ounces..| 140,771 | $2,010,000 2,027 | $41,308 142,708 | $2,051,308
%l;?’... U . . T slg,!ﬁl %,% 378 424 ;&% - %
Coal i 51 [ Al eeeeliraesnirvnnianiininanl 10680 51,878
2,955,386 41,817 3,049, 081
Total mineral production of the Yukon basin, Alaska, 1886-1919.
Placer mines. Lode mines. All mines.
Quantity. Value, Quantity, | Value. Quantity. | Value.
old--..........(N0 OUNces..| 6,209,350 |8128,357,000 50,779 | $1,235,230 | 6,209,120 (8129, 502,230
Bllver......neeerinne...dO 1,070, 542 642,322 18,764 8,022 | 1,080,296 651,244
Tin (metal)......... e 316,410 158,740 |.oeeencnesun]oasucasnsnas 318,410 158,740
4 ntmlmy(mdenre P 11 R 2,251 218, 500 2,251 218, 500
' HETe e piase ey IS v e W00 i 107, 000
P! (erude)... .ounces. , 45 8,000 |.cconerrnnsa]ennncnnnasas 45 , 100
o uce UM o g smynn s ebnn] s imaane snmnie 10 1,672 10 1,672
Coal . Y s Sl I 21,509 146, 203
120, 161, 162 1,571,324 130, 878, 639

In 1919 the Alaska-Yukon placers produced about $2,910,000
worth of gold; in 1918, $4,261,000. The decrease of output is rather
evenly distributed among all the districts, but the Iditarod showed
the greatest percentage of loss as compared with the previous year.
About 274 placer mines, giving employment to 1,246 men, were op-

erated in the Yukon districts during the summer of 1919, and 76,
employing about 255 men, were operated during the previous winter.
In 1918, 355 placer m.mes, employing 1,965 men, were worked in the

summer, and 121 mmes, employing 490 men, in the winter.

Estimalted value of gold produced from principal placers of Yukon basin, 1919.

Fairbanks. . .. ......... . $730,000 | Koyukuk.........coovieann.n. $110, 000
1621170, IR e v---- 725,000 | Hot Springs........cccvvueuren 100, 000
Tolovana. . .. .ovoveueueeenn... 525,000 | Marshall...................... 100, 000
1251, R R g 165,000 | All others......ocvvvevurncnnn. 170, 000
Innoko and Tolstoi. . -........ 150,000 -

Civele:vivivivsacasiisvenss 135,000 | 2, 910, 000

FAIRBANES DISTRIOT.

The value of the total mineral production of the Fairbanks dis-
trict in 1919 was $778,087, the value in 1918 was $848,989. - In 1919,
as in the past, the mmeral production of the district was ch:eﬂy
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placer gold. The value of the placer gold produced in 1919 was
$730,000 as compared with $800,000 in 1918. About 53 placer
mines, employing 350 men, were operated in the district during the
summer of 1919, and 24 mines, employing 86 men, during the previous
winter. Of the total mines operated in the summer about half were °
small, employing only 2 to 4 men each. FEighteen of the summer
mines are on Goldstream Creek and its tributaries, and the value of
their total output of gold was about $275,000. The largest single
operations were those of the dredging company, which employed
two gold dredges on Fairbanks Creek. Seven relatively large plants
were operated on Cleary Creek, and a few on Dome, Vault, and other
streams. About 28 deep placer mines were worked in 1919 by
shafts and drifts, and by the use of steam for thawing. Many of
these, however, were small, employing only 2 to 4 men. This type
of mining is on the wane, owing principally to the high cost of fuel.
With the use of Nenana coal, which has now been made available to
Fairbanks by the completion of the railroad, it should be revived.
The most economical form of mining, however, is mining by dredges
and steam scrapers. It is shown elsewhere in this volume (p. 11)
that the Fairbanks district contains large reserves of gold placers.
It should be noted, however, that it will take some time for the
placer miners to ada.pt their pla.nts now equipped to burn wood, to
the use of the Nenana lignitic coal

, The aggregate value of the mmeral output. of the Falrbanka dis-
trict.to the close of 1919 was $72,044,767. Much the larger part of
this amount represents’ the value of the placer gold, the production
of which is shown by years in the subjoined table. In addition to
the actual production of the district, about $1,000,000 worth of gold
mined in tributary areas passes through Fairbanks each year.

Placer gold and silver produced in the Fairbanks district, 1908-1919.

Gold, Bliver.
Year, t
Vi | vane, | TR | Voo
ounces). - oumnoces).

1,985.00 | 340,000 348 8188
29,025.00 | 600,000 5,225 2,821
200,250.00 | 6,000,000 52, 245 28,212
435,375.00 | 9,000,000 78,367 42,318
'387,000.00 | 8,000,000 00, 660 37,616
445,050.00 | 9,200,000 79, 900 43,151
468,818.75 | 9,850,000 84,027 45,375
295,087, 50 | 6,100,000 53,116 28, 683
217,887.50 | 4,500,000 52,245 27,600
200,756.25 | 4,150,000 48,182 29,632
150,637.50 | 3,300,000 20,274 12,245
120,937.50 | 2,500,000 20,024 16,060
118,518.75 | 2,450,000 28, 444 14,471
87,075.00 | 1,800,000 11,058 7,218
€3,371.25 |* 1,310, 000 8,879 6,804
%mm 800, 000 5, 708 708

,813.75 | ‘780,000 55,197 820

8,392,538, 751 70,130,000 | 631,408 354,111
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The information available as to the source of the gold by creeks is
not very accurate. An attempt has been made in the following
table, however, to distribute the total placer—gold production of the
Fairbanks district by the creeks on which the mines are located:

Approzimate distribution of gold produced in Fairbanks district, 1905-1919.

Cleary Creek and tributaries. . ..........cccvviiiiinenn.n. $23, 060, 000
Goldstream Creek and tributaries. . ...................... 14, 355, 000
Ester Creek and tributaries.......c.co.vivviieininnraaacns 11, 330, 000
Dome Creek and tributaries......................ceninaa. 8, 080, 000
Fairbanks Creek and tributaries. . . ...............coooll 7, 700, 000
Vault Creek and tributaries...........cccviiinuciiannnns 2, 665, 000
Little Eldorado Creek. .. .. .. c.cvniiiiniiiiiiiiiiniians 2, 255, 000
All other croaks, . o osvisnvanssidpewdiiyiirabiasvaeiiie 685, 000

70, 130, 000

The first lode mining was done at Fairbanks in 1910 and, as shown
in the subjoined table, the industry reached its maximum output in
1915. Since then the relative decline in the value of gold and the
high cost of fuel have discouraged this type of mining. Many small
lodes in the Fairbanks district will be developed when industrial
conditions improve. The records show that the value of the average
recovery per ton from the gold ore that has been milled has been
about $35. This shows that only the highest grades of ore could be
profitably exploited under existing costs of mining and milling.
During 1919 lode mining and prospecting have almost ceased, the
only operations being those of a few owners who continued a little
development with the plan of blocking out ore to be mined when
costs are decreased. Incidental to this, a little ore is recovered and
milled. Developments of this type were made at half a dozen
quartz properties, including the Smith & McGlone, Bondholder,
Saint Paul, Gilmore, and Crites & Feldman. The mining of tungsten
and antimony ores has been discontinued, owing to the decrease in
the price of those metals after the war.

Lode gold and silver produced in the Fairbanks disirict, 1910-1919.

Gold. Bllver.
Y ( hel?u
ear. » Quantity |’
y ty
tons). | VST | vaie. | Yiline” | Value.

ounces) ounces).
148 841.19 $17,380 108 $57
875 3,103.02 84,1 582 308
4,708 9,416. 54 104, 657 1,578 o7l
12,237 | 16,904.88 | 340,457 4,124 2,401
8, 10,904.75 | 225,421 2,200 1,222
5,845 | 10,534.91 | 217,778 1,796 010
1,111 1,904, 81 39,376 140 2
1, 2,311, 38 47,781 2,217 1,828
1,035 1,204. 04 26, 750 616 616
1,384 2,028, 57 41,803 a7 44
35,060 | 59,242.19 | 1,224,845 13,748 8,017

7230°—21—Bull, 714—86



3 7/’*/ Tn 119
82 MINERAL RESOURCES OF ALASKA, 1919,

HOT SBPRINGS DISTRICT.

There were no important mining advances in the Hot Springs *

district in 1919. Only 12 mines were operated in the summer and 3
during the winter. The mines on Patterson Creek made the largest
gold output; those of American Creek made the second largest output.
Incidental to gold mining about 30 tons of concentrates containing
about 36,000 pounds of metallic tin, worth $23,590, were recovered
from the Hot Springs placers. Since 1910 these mines have pro-
duced about 262 tons of stream tin, containing about. 312,260 pounds
of metallic tin, valued at $155,490.

Placer gold and silver produced in the Hot Springs district, 1902-1919.

Gold. Silver.
Year. Quantity Quanti
ty
(fine Value. (fine Value.
ounces). ouneces)
$262,000 1,818 $964
145, 500 1,007 584
120, 000 831 507
180, 000 1,245 843
175, 000 1,310 708
1% 000 1,038 550
000 2,248 1,160
325, 000 %m 1,160
785, 000 4430 2,932
400, 000 3,267 2,000
400, 000 3,267 1,973
750, 000 6,125 3,387
610, 000 4,982 2,526
800, 000 6,534 4,20
450, 000 3,675 3,028
150, 000 1,225 1,225
.50 100, 000 817 915
206,461.36 | 6,128,400 46,967 28,878

TOLOVANA DISTRICT.

About 18 placer mines were operated in the Tolovana district
during the summer of 1919 and 7 during the previous winter. Most
of the gold recovered in 1919, as in previous years, was taken
from the deep mines of Livengood Creek. The immediately avail-
able water supply of the Tolovana district is scant, and except in
seasons of unusual rainfall the water is likely to be insufficient to

sluice up the dumps on Livengood Creek. Such were the conditions

in 1918 and 1919.

Though deep mining has dominated in the Tolovana district in
the past, the miners there are giving increasing attention to the
shallow placers. During the summer of 1919 the miners of the
Tolovana district showed considerable interest in the report that
placer gold had been found in the Mike Hess and Beaver Creek basins.
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Placer gold and silver produced in the Tolovana district, 1915-1919.

Gold. Bilver.
Year. LA
nanti Quantity
N (ﬂ.l:mtIr Value. {fine Value.
ounces). ounces).
321 $163
2,813 1,851
8,430 6, 946
4,060 4,060
2,141 2,454
17,815 15,474

RAMPART DISTRICT.

' In the Rampart district 7 mines, employing 21 men in the summer
of 1919, and 2 mines, employing 5 men in the previous winter, were

- operated. The largest mines were on Hunter Creek, where two small
hydraulicking plants were operated. With the rest of Alaska, the
Rampart district suffered from the scarcity of labor. Cassiterite is
found in the concentrates of ores taken from some of the mines, but
none of it is beihz saved.

Placer gold and silver produced in the Rampart district, 1896-1919.

Gold. Bilver.
Year. Quantity Quantity
(fine Valoe. (fine Value.
ounees). onnees).

29,799.00 | 3616, 000 4,440 52,064
4,353.75 90, 000 649 376
3,870.00 80, 000 576 351
5,805. 00 120, 000 865 588
6,046.87 | 125,000 201 595
3,628.12 75,000 540 286
4,837.50 100, 000 T2 375
2,080.12 | 43,000 a1 167
1,548.00 32,000 =1 125
1,548.00 32,000 4 169
1,548.00 32, 000 774 165
1,451.25 30,000 257 142
1,693.13 35,000 300 152
1,935.00 40, 000 343 226
1,596.37 33,000 280 1
1,161.00 24, 000 206 2006
1,451.25 30, 000 %0 101

74,352.36 | 1,537, 11,257 6,919

RICHARDSON DISTRICT.®

Though the region tributary to the town of Richardson, which
is on the Fairbanks-Valdez road, has no large mines, it contains
much auriferous gravel, and in the aggregate a considerable number
of prospectors there support themselves by placer mining.
the last two years some systematic prospecting, part of it done with
the use of a churn drill, has been carried on in this district under the
leadership of Frank Lawson. The results have encouraged the con-

2 Called the 8alchaket-Tenderfoot district in previous reports.
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tinuation of the work. It is estimated that during 1919 some gold
was mined on 11 different claims in this district, employing about
20 men.

Placer gold and silver produced in Richardson district, 1905-1919.

Gald. Bilver.
Year.
. Quantity Quantity
(fine Valus. (fine Value.
oumnces). onnoes)
L) a a
4.(8321-50 l.s’,ﬂ ¢ )wm ¢ )m
18,140, 62 375,000 8,707 2,447
18,140.62 | 375,000 3,707 1,965
7,256.25 150, 000 1,483, T
4,837.50 100, 000 989 534 .
4 §37.50 100, 000 989 5
4,837.50 100, 000 89 608
4,837.50 100, 000 839 07
4, 437.60 100, 000 080 547
4, 506, 62 95, 000 939 478
3, 870.00 =,m ™ b
1,280, 37 , 000 M6 am
200, 25 6, 000 9 [
483.75 10,000 U] m
83,001.48 | 1,716,000 16,963 10,084
o Prospects.

CHISANA DISTRIOT.

The Chisana district, which lies in the headwater region of the

Tanana River, is one of the most inaccessible in Alaska. Mining

here has been on the wane since 1915, though the gold output in 1919

was somewhat greater than that in 1918. The largest part of the

gold produced in 1919 was won by rewashing the old tailings of
Bonanza Creek,

Placer gold and silver produced in the Chisana district, 1913-1919.

Gald. Bilver.
Year. 3
Quantity
. (fine Value. (fine Value.

ounees), ounces).
$40,000 465 $a80
250, 000 2,910 1,600
160, 000 1,862 [
40,000 465 306
40,000 420 348
725. 63 15,000 160 . 160
1,300.12 27,000 a4 352
2,670.60 | 572,000 6,596 3,907

EANTISHNA DISTRICT.

Placer mining- was continued in & small way in the Kantishna
distriet during 1919, about 12 mines having been operated. The
most important advances reported were those made in lode mining.
In 1918 a galena-bearing vein was discovered on the Alice claim,

on the ridge between Friday and Eureka creeks. This was opened
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up in 1919 by a shaft about 70 feet deep. The vein was followed
by a drift, whose length was not reported. The owmer reports
that the vein ranges in width from 1 to 2 feet and averages about
18 inches. The galena ore contains a high percentage of silver
and some gold and copper. The vein traverses schist bedrock
and has a calcite gangue. A number of galena and gold prospects
in this district have been described by Capps,’ and development
work appears to have been done on some of them in 1919.

The Kantishna district is now difficult of access and is in need of
wagon-road connection with the Alaska Railroad. At present
supplies for the district are taken up Kantishna and Bearpaw rivers
in small launches to the settlement of Diamond. Thence they are
sledded to the mines in winter. Several hundred tons of silver ore
is said to have been sledded to Bearpaw River from the Alice claim
during the winter of 1919, at a cost, including sacking, of $35 a ton.
On top of this comes an additional cost of $60 a ton for freight te
‘the States. To meet these high freight charges the ore shipped was
carefully picked with the hope that its average value would exceed
$150 a ton.

Placer gold and silver produced in the Kantishna district, 1903-1919.

Gold. Bilver.
Year.
Quantity Quantity
(fine Value. (fine Valuae.
ounces). ounces).

19051906, §, 465. 82 §175, 000 1,325 $705
T725. 62 15, 000 114 75
725.62 15,000 114 680
241. 87 5, 000 38 20
483.75 10, 000 76 41
1,451. 25 30, 000 227 120
1,451.25 a0, 000 227 140
1, 451. 25 30, 000 b 137
067. 50 20,000 152 B84
067. 50 20, 000 152 7
1, 451. 25 30, 000 7 140
725. 63 15, 000 120 99
1,451, 25 30,000 2 27
725. 63 15, 000 114 128
21, 284.09 440, 000 3,340 2,152

: BONNIFIELD DISTRICT.

In the Bonnifield placer district mining was continued in a small
way by six operators. The district contains great bodies of auriferous
gravel that carry too low a content of gold to warrant their develop-
ment except in a large way. When the industrial conditions improve
an increase in placer mining may be expected.

"Capps, B. R., The Klnﬂlhmnshn, Alaska: U. 8. Geol. Survey Bull, 687, pp. 85-106, 1919,
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Placer gold and silver produced in the Bonnifield district, 1903-1919.

Gold. Silver.
Year. Quantity Quantity
i [{ Value. (fine Vahie,
1,450.25 | 30,000 227 $136
24187 5,000 38 25
241.87| | 5000 38 20
2,41875 | ' 50,000 379 197
483,75 10, 000 76 4
o67.50 | 20,000 152 81
067.50| 20,000 162 93
,o67.50| 20,000 152 ]
1,450.25 | 30,000 227 126
967.50 | 20,000 152 7
483,75 10,000 76 50
580, 50 " 000 8 81
58050 | 12,000 o1 ol
.75 10, 000 75 8
12,287.24 | 254,000 1,033 1,194

NENANA COAL FIELD.!

The completion of the Alaska Railroad from Fairbanks to the
Nenana coal field, except for a bridge at Tanana River, stimulated
ing. The Lynn mine was first opened up at Mile 387 on a bed
of lignite 4 to 43 feet thick. This coal proved to be of inferior
quality, and work was abandoned after 2,000 tons had been mined.
A lignite of much better grade was found at the Burns mine,
Mile 362, where three beds have been developed by entries aggregat-
ing 1,000 feet in length. These beds have been traced on the surface
for about 2,000 feet. They are somewhat faulted but not enough
to affect seriously the cost of mining. About 7,300 tons of coal
were taken from this mine in 1919. This coal was used by the
Alaska Engineering Commission and by the town of Nenana.- The
Bureau of Mines has issued the following statement ® on the steam-
ing value of the Nenana coal:

The Fairbanks station of the Bureau of Mines has recently completed two series
of tests designed to determine, first, the comparative steaming value of Alaska lignite
and spruce wood, and, second, the resistance of 'lignite to weathering when stored
in piles in the open. The tests were made under the direction of John A. Davis,
superintendent of the station, who was assisted by Paul Hopkins and John Gross.
These investigations are of special interest to Alaska, since much has been written
about the large lignite fields of the Nenana district and their possible value as a fuel
supply.

The steaming tests were run to determine the relative value of lignite and spruce
wood in the small boilers commonly used in the mining camps of Alaska. Spruce
wood has been used for steaming purposes almost exclusively in the past, but the
price has risen from $7 to $20 per cord in the last 15 years and other sources of fuel
are sought. The lignite used in the tests was not of the highest quality, since it was
obtained near the surface. Both the wood and the lignite were earefully weighed,
sampled, and analyzed, so that the results of the tests could be accurately compared.

¢ The Nenana coal fleld lles within the Bonnifield placer distriot.
¢ Bur, Mines Monthly Rept. nvestigations, February, 1920,
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The boiler used was one of a battery of two horizontal water-tube boilers, each rated
at 125 brake-horsepower, Two grades of lignite, one from the Lynn mine and one
from the Burns mine, and one grade of wood were tested. ,

The results showed that, under the conditions of these tests, when compared pound
for pound the value of spruce wood lay between the values of the two samples of
lignite. The relative water evaporations per pound of fuel were: Lynn lignite, 3.06;
Burns lignite, 3.99; epruce wood, 3.68 per pound. However, in comparing a cord
of wood with a ton of lignite, it was shown that a cord of wood is equivalent o more
than a ton of lignite from either mine.

In the weathering tests several hundred pounds of Nenans lignite were used. It
was first carefully sampled for analysis and then sized through & series of rings from
three-eighths to 2 inches in diameter; 80 per cent of the sample was retained on a
l-inch ring. The lignite was then spread in shallow trays and placed on the roof
of the station, where it was allowed to remain, fully exposed to the weather, for 14
mohths. At the end of a week it was noticeably weathered on the surface, and at
the end of & month it had broken up into small pieces.

At the end of the test period it was found that the surface portion, immediately
exposed to the atmosphere, was entirely disintegrated, while that farthest from the
surface was only partly disintegrated, although very fragile. Over 50 per cent would
then pass through a three-eighth inch ring and 85 per cent passed a three-fourth inch
ring. The average loss in weight thhough weathering was 6.08 per cent (mostly
moisture). The weathering at the end of 14 months, however, seemed only slightly
more than that at the end of 1 month. In large piles only the surface, to a depth
of 4 to 6 inches, would weather badly, and the material beneath would be so protected
as to suffer little change. These tests show that the behavior of these lignites is
substantially the same as that of North Dakota lignite,

Early in 1920 permits were granted to mine coal at two other
places in the Nenana field. One is on the west side of Nenana

River, on Lignite Creek; the other on the east side, close to the
canyon. Development work on these claimas is under way.

CIRCLE DISTRICT.

The output of the gold placers of the Circle district in 1919 was the
smallest since 1894. About 18 mines, employing about 30 men,
were operated in the winter of 1918-19, and 26 mines and one dredge,
employing 77 men, in the summer of 1919. The largest operations
included the dredge on Mastodon Creek and hydraulic mines on
Mastodon and Eagle creeks. The smallness of the output was due
to shortage of water and late thawing, to curtailment of operations
because of high costs, and to the deaths of several large operators
of the district in the wreck of the Sophia. No new discoveries were
reported and no new projects were undertaken.
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Placer gold and silver produced in the Circle disirict, 1894-1919.

Gold, Bilver,

Year,
* Quanti
(i’il'm';y Vahué. (fine Value.
ounces) ounces)

=
L

483.75 000 123 s
o 7,266.26 | 150,000 1,888 1,22
.| 83,862.50 | 700,000 8,794 6,080
-] 24,187.50 | 500,000 6,250 8,773
.| 19,350.00 000 5,01 968
. g:m.n 250, 000 8144 2%
o 12,003.75 | 250,000 3144 1,885
-\ ‘e,67500 | 200,000 2,512 1,507
2| e675.00 | 200,000 2,512 1,331
2 e675.00 | 200,000 3,144 1,808
o 67500 200,000 3144 1,83
| 967500 200,000 2144 1,918
14,612.50 ( 300,000 8,773 2’%
0,875.00 | 200,000, 3144 2,
£,465.63 | 175,000 213 1,166
10,8%4.57 | 235,000 830 1,472
10,8%4.37 | 225,000 830 1,628
16,931.25 | 350,000 4,402 7,333
15,721.87 | 335,000 2,439 1, 500
8,485.63 | 175,000 1,314 704
10,884.37 | 225,000 1,889 |, 94
tde 28 iz .8
l&mw 200, 000 1, 561 1,285
§,485.63 | 175,000 1,798 1,798
6,530.63 | 135,000 1,280 1,411
314,437.50 | 6,500,000 76,008 47,30

FORTYMILE DISTRICT.

Placer mining in the Fortymile district, as in all the other isolated
districts of Alaska, declined in 1919, when the gold output was
smaller than in any previous year. Some productive work was done
at about 20 mines, but most of these were small. The largest out-
put was made from Jack Wade Creek and Walkers Fork. A hy-
draulic plant on Dome Creek that had been in process of installation
since 1917 was completed but was operated only a short time. This
plant is intended to exploit bench gravels. Another company has -
been exploring the placers of Dennison Fork and the adjacent region
with a view of installing large plants. The Fortymile district
contains much auriferous gravel whose gold content is great enough
to justify mining when costs are reduced. A good wagon road into
the district from Yukon River is very much needed.
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Placer gold and silver produced in the Forlymile district, 1886-1919.

Gold, Bilver,
Year. Q
uantity Quantity
- (fine Value. (fine Value,
ouneces). ounces)

193,500.00 | 4,000,000 30,583 $22,915
.| 14,851.12 | 807,000 2,345 1,360
12,384.00 | 256,000 1,955 1,183
9,868.50 | 904;000 1,558 1,050
8,772.50 | 140,000 1,080 708
8, 772. 50 140, 000 1,089 567
10,884.37 | 225,000 1,719 804
9,675.00 | 200,000 1,528 825
9,675.00 | 200,000 1,628 810
10,303.87 | 218,000 1,627 1,000
4,87.50 [ 100,000 T84 461
2,418.75 50, 000 382 211
2,418.75 50, 000 382 194
2,418.76 50, 000 382 251
3,870, 00 80, 000 624 513
3,828.12 75, 000 513 573
1,083. 37 41,000 313 350
308,202.10 | 6,381,000 48,371 33,883

EAGLE DISTRICT.

The output of placer gold in the Eagle district in 1919 was about
the same as in 1918, Most of it was mined on tributaries of Seventy-
mile River and American Creek, where 14 mines were operated,
employing 30 men. No new developments or discoveries were
reported.

Placer gold and silver produced in the Eagle and Seventymile districts, 1908-1919.

Gald, Bilver.
Year. @
uantity Quantity
(fine Value. (fine Value,
OUnees ounoces).
483.75 | $10,000 7% $40
1,200.37 000 91 0
483.75 10,000 K] 41
580. 50 12,000 .92 40
947. 60 20, 000 164 100
2,418.75 50, 000 382 231
2,418.75 50,000 a1
1,935. 00 40, 000 306 166
822.37 17,000 130 86
628, 88 13, 000 o 7%
1,200.37 26, 000 19 W1
969, 50 20, 000 162 170
14,127.49 202,000 2,287 1,448

CHANDALAR DISTRICT.

Little information has been received concerning mining in the
Chandalar district. The placers were apparently worked on about
the customary scale, two summer mines and one winter mine em-
ploying eight and five men, respectively.
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Placer geld and silver produced in the Chandalar disirict, 1906-1919.

Gold, i Bllver.
Year.

Quanti uantit v

(ﬁmty Value. Q(ﬁne . Value,

ounces). Jounees).
802. 50 000 418 1
% 206,08 | - “g’,sw 38 %
241.87 5,000 6 19
241,87 5,000 36 18
435.37 9,000 62 1
725. 63 15, 000 104 86
628, 88 , 000 96 90
453,75 10, 000 k(] 8
“ 5,896.93 | 122,500 886 012
EOYUEUEK DISTRICT.

In the Koyukuk district, in spite of its extreme isolation, con-
siderable placer mining was done in 1919. It is estimated that 15
mines, employing 60 men, were operated during the summer of
1919, and 3 mines, employing 10 men, during the previous winter.
The largest operations were those on Nolan Creek. Gold placers
were discovered on Hogatza River, in the Koyukuk district, in
1919, but the developments are not yet sufficient to determine their
value. Placers are also reported to have been discovered in the
basin of Birch Creek, a tributary of Wild River, and also in the
Koyukuk district, though the reports have not been verified. These
placers are in inpccessible regions and would have to be very rich to
justify their development under present conditions. The reports,
however, indicate that not all the Alaska prospectors have become
discouraged.

Placer gold and silver produced in the Koyukuk district, 1900-1919.

Gold, Bilver.
Year :
Quantity Quantity
fine Valuoe. (Bne Value.
ounces), ounces),
15,242 8,003
1,108 598
970 514
1,385 852
2,770 1,673
1,800 085
1,802 964
2,147 1,413
1,700 1,401
860 860
- 760 851
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INDIAN RIVER AND GOLD HILL DISTRICTS.

Mmmg was continued in a very small way in the Indian River and

* Gold Hill distriets of the Middle Yukon Valley during 1919. It is

estimated that only five placer mines were operated.
Placer gold and silver produced in the Indian River and Gold Hill districts, 1911-1919.

LY

Gold. Bliver,
Year.
nantit; Quanti
e | vame. {fno | | Value.
ounces). ounoed).
483,75 $10, 000 69 $37
1,185.19 24,500 170 105
1,548. 00 , 000 133
1,200.37 26, 000 173 o]
725,63 15, 000 104 53
483,75 10, 000 45
241. 88 B, 000 27 22
198. 50 4,000 20 29
338. 62 7,000 52 58
6,400, 69 132, 500 914 578
RUBY DISTRICT.

Placer mining in the Ruby district declined greatly in 1919 as
compared with previous years. About 22 mines, employing 80 men,
were operated during the summer of- 1919, and only 2 during the
previous winter. A new gold-bearing channel was discovered on
Flat Creek and was profitably developed. Some new gold dis-
coveries were also made on Poorman Creek. There were also large
mining operations on Greenstone Creek.

Placer gold and’ silver produced in the Ruby district, 1907-1919.

Gold Silver,
Year, Quantity Quantity
(fine Value. (fine Value.
OUnCEs). ounces).
7 3
"""" 1,187° T 2
5,188 3,134
6,800 3,655
4,628 2,346
5,618 3,607
6,073 5,048
3,000 3,000
1,255 1,406
239,088.30 | 4,961,000 33,583 | 22,000

INNOEO AND TOLSTOI DISTRICTS.

Placer mining was continued in the Innoko and Tolstoi districts .
on about the same scale as during previous years. A total of 17 .
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mines, employing 68 men, were operated in the summer of 1919, and
12, eniploying 15 men, in the previous winter. The largest plants
were on Ophir ‘and Gaines creeks. Considerable prospecting of
auriferous lodes was done during the year. Some ore was recovered
with the view of making shipments for mill tests.

Placer gold and silver proguced in the Innoko and Tolstoi districts, 1907-1919.

Gold, Silver.
Year, Quan Quan
{Ilntou’ Value. {ﬂust’ Valoe.
ounces). ounces).
1007, 1 aaeeesanseeaeansrasanananecananassaeannsaraanes 628.87 | $13,000 67 844
00 000 870 106
] 50 000 1,748 008
87 000 1,809 901
75 000 1,284 81
7 000 1,284 681
00 000 1,43& 869
00 a':g,m 1,027 563
25 100, 000 976 405
50 | 220,000 1,130 744
a3 175, 000 L3 817
00 120, 000 608 808
50| 140,000 7 80
62 3,m,mu| 13,420 8,415

g IDITAROD DISTRICT.

The Operation of two gold dredges in the Iditarod district was
continued in 1919, but as compared with 1918 other forms of placer
mining decreased. It is estimated that a total of 12 mines, employ—
ing 70 men, were operated in the summer of 1919, and 3 mines,
employing 20 men, in the previous winter.

Placer gold and silver produced in the Iditarod district, 1910-1919,

Goi-l. Bllver.
Year. Quen Quan

(ﬁngn Value. (Il.rsty Value.
ounces). ounces).
b | nwe| aam|  1nan
.| 160,312.50 | 3,500,000 778 18,813
.| 89,977.50 | 1,860,000 551 5, 760
| 99,852.50 | 2,060,000 10,578 5,840
.| 99,168.75 &EM 1&% 5,337
.| 94,331.25 | 1,950,000 1 6,580
.| 72,562.50 | 1,500,000 , 050 9,105
.| 50,085.00 | 1,240,000 9,000 9,000
.| 3s,071.88 725, 000 5,300 5,87
805, 186. 88 | 17,885, 000 ,320 79,469

MARSHALL DIETRICT.

Productive mining in the Marshall district was nearly all confined
to Willow Creek. About eight mines were operated in the district
" during the summer of 1919, employing some 56 men.



THE ALASKAN MINING INDUSTRY IN 1819, 93

Placer gold and silver produced in the Marshall district, 1914~1919.

Year. it Quaatit
¢ (fine Value. {fine Value,
ounces). punces).
$15, 000 o §52
25, 000 156 79
270, 000 1,888 1,100
425,000 3,300 2,79
150, 000 040 ™o
100, 000 624 609
985, 000 8,800 5,508

EKUSEKOEWIM REGION.

interest in the Kuskokwim Vealley during 1919 centered in
the McGrath (Mount McKinley) district. Here the principal events
were the successful operation during the entire season of the gold
dredge installed on Candle Creek in 1918, and the discovery and
development of a number of lodes carrying gold, silver, and some
copper. The most promising of the lodes discovered are on Nixon
Fork, 10 to 20 miles from Kuskokwim River. These lodes appear to
lie in & zone of mineralization along a contact of limestone and intru-
sive granite. The most important developments are on the Crystal
lode, said to be 3 to 5 feet in width and to carry considerable gold and
some silver and copper. In the fall of 1919 preparations were made
to open up this lode and make a shipment in the summer of 1920 of
a thousand tons of ore for a smelter test. Other promising suriferous
lodes have been found and prospected. A specimen sent to the
Geological Survey by Dr. W. F. Green from the Whelen claim,
contained copper and & little nickel. Another specimen, from Round-
about Mountain, also sent by Dr. Green, contained pyrite and chal- .
copyrite and a trace of nickel. The evidence in hand indicates that
a part of this district is well mineralized, and this augurs well for the
finding of commercial ore bodies.

Mining was continued in the Aniak-Tuluksak district, mcludmg
Georgetown, in the Kuskokwim district during 1919, but on & reduced
scale as compared with previous years. Some d.redgmg ground on
Marvel Creek, in this district, was prospected. Placer mining in the
Goodnews Bay district, which is described elsewhere in this volume,
was also continued on a reduced scale.

The value of the total gold produced in the Kuskokwim Valley
in 1919 was about $350,000. The value in 1918 was $100,000.
The substantial increase in 1919 is to be credited to the McGrath dis-
trict. In 1919 about 20 placer mines, employing about 100 men,

- were inoperationin all the Kuskokwim districts. Work was continued

at the Parks quicksilver mine on the lower Kuskokwim. A retorting
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plant was shipped in during the summer of 1919 and installed about
the end of the year. About 30 men were employed at this mine. -
The Kuskokwim Valley, because of lack of steamers, is rather dif-
ficult of access. Small ocean vessels can ascend the Kuskokwim as
far as Bethel, and the river is navigable by smaller craft for some 600
miles above that place. As mining increases better service will no
doubt be established, but the only communication with Seattle in
1919 was afforded by small gas boats and schooners. Some five boats
were used on this run, the largest of which had a capacity of about
1,000 tons. The passage from Seattle takes about 30 days. Pas-
senger rates from Seattle to Bethel in 1920 were $125 and freight
rates were about $30 a ton. Freight is carried from Bethel up the
Kuskokwim to MeGrath and other places by a river steamer. This
boat makes two or three trips a season and can carry about 300 tons
of freight. The up-river journey from Bethel to McGrath takes about
10 days. In 1919 about 3,000 tons of freight was carried to Bethel
from Seattle, of which about 800 tons was sent up the river as far as
McGrath. McGrath can be reached by overland horse trail from
Iditarod and Ruby. The lower Kuskokwim Valley can be reached
by way of the mail route that crosses the Portage trail from lower

Yukon River.
SEWARD PENINSULA.

The value of the mineral output of Seward Péninsula in 1919 was
about $1,423,449, compared with $1,195,172 in 1918. Of the output
in 1919, $1,360,000 represents the value of the placer gold and
$63,449 the value of the miscellaneous products, including tin, lode
gold, silver, and platinum. The value of the placer gold produced in
1918 was $1,108,000, so that there was a substantial increase.

In all 24 gold dredges were operated in Seward Peninsula during
+1919, distributed as follows: Nine in the Nome district, eight in the
Council district, four in the Solomon district, and one each in the
Kougarok, Fairhaven, and Port Clarence districts. Three
used the so-called cold-water method of thawing the gravels. In
addition to the dredges, about 75 open-cut mines and 13 deep placer
mines were operated on Seward Peninsula in 1919. About 555 men
were employed in placer mining and about 60 of these were employed
in deep mining during the winter. Some 32 ounces of platinum was
won from the gold placers of the Dime Creek region, in the south-
eastern part of Seward Peninsula. There were some small develop-
ments on auriferous quartz and galena deposits of Seward Peninsula
in 1919.

The York district, of Seward Peninsula, continues to be the center
of the tin-mining industry of Alaska. Here two dredges and one
small open-cut mine were operated in 1919 on placer tin, employing
some 25 men, and about 56 tons of stream tin was recovered by these
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operations. (See p. 229.) Developments were also continued at the
Lost River tin-lode mine, in the same district, where about 25 men
were employed. A more detailed statement of the mining develop-
ments in the Seward Peninsula is given in another part of this report.

EKOBUK RIVER,

About $25,000 worth of gold was taken from the gold placers of
the Kobuk district in 1919, as compared with $15,000 in 1918,
Seventeen mines were operated, employing about 40 men. Most of
the gold was taken from Klery and Dahl creeks. It is reported
that James Cross and Harry Brown discovered gold in the Ambler
Valley of the Kobuk region. The gold is said to be bright and rather
coarse and to include flat nuggets. It is reported that at least
$1,000 was taken out during the summer of 1919, :






ADMINISTRATIVE REPORT.

By Aurrep H. Brooks and Geores C. MarTiN.

INTRODUCTION.

During 1919 twelve parties were engaged in surveys and investiga-
tions in Alaska. The length of the field season ranged from 1 to 12
- months, being determined by the character of the work and by the cli-

matic conditions prevailing in different parts of the Territory. The
parties included 8 geologists, 3 topographers, 1 engineer, and 12 pack-
ers, cooks, and other auxiliaries. Eight of the parties were engaged in
geoiog:c surveys, threein t.opographlc surveys, and one in stream gag-
ing. The areas covered by reconnaissance geologic surveys on ascale
‘0f 1:250,000,(4 miles to an inch) amount to 3,300 square miles. Much
of the time of the geologists was devoted to tﬁe investigation of special
problems relating to the occurrence of minerals, the results of which
can not be expressed in terms of area. About 2,300 square miles
was covered by reconnaissance topographic surveys on a scale of
1:250,000 (4 miles to an inch). Stream gaging was continued in
southeastern Alaska, in cooperation with the Forest Service.

~Of the parties whose work may be classified geographically, two
parties worked in southeastern Alaska, three in the Cook Inlet-Susitna
region, and one each in the Yukon, Copper River, and Kuskokwim
regions and in Seward Peninsula.

The funds available for field and office work relating to the field
season of 1919 included an appropriation of $75,000 for the fiscal
year ending June 30, 1920, and the unexpended balance of the appro-
priation for the year ending June 30, 1919, of which about $16,700
‘was used in equipping parties for the season’s field work. The fol-
lowing tables show the allotments, for both field and office work, of
the total funds classified by regions, by kinds of surveys, and by
kinds of expenditures. In the first table the general office expenses
are apportioned to the several allotments, account being taken of
variations in character of work. The results are expressed in round
numbers. Salaries of the permanent staff, other fixed charges, and
the total allotments for the work of the office at Anchorage are in-
cluded up to the end of the fiscal year 1920, but expenses other than
these include only the cost of field and office work during 1919. The
‘‘general investigations” comprise among other things the cost of col-
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lecting mineral statistics, and of office work relating to the field inves-
tigations of previous seasons. A balance of about $10,400 from the
appropriation for the year ending June 30, 1920, is available for
equipping the field parties in 1920.

Approzimate geml distribution of appropriations _,for 1nmhgu¢1mu in Alaska, field
season of 1919,

1918-19 1920

VESEIERLIONS. .. . oo iriecie i ta et rne e aaaaaan csne]evrnaprinnas y
T be allotted to field work, 1930, 10,400

Approzimate allotments to different kinds of surveys and mmhgahmu JSield season of

1919.
1918-19 1920 .
mmcii'na:[u?%i‘w........ . 9,000
tnpmusurveya. 9, 800
lgatinnufmterralwm 4,200
Collwtlun nmﬁmlsmﬂsﬁu " 1,800
Ww istration, in: clerical salaries, office sup-
uipmant nndmn'p L AR S P IR, 21,200
Tnbaall to fleld work, 1920. ... ..ccirnnnniiiie i et 10,400
: 16,700 75,000
Allotmenta for salaries and field expenses, field season of 1919.
1918-19 1820
%:(algﬁﬂomdtecbnlurnhﬂes ﬁ-ﬂl
Clerica) and sdministrative sajaries and miseell < o) Bl
To be allotted to fleld Wwork, 1920......cvveiieraccnserassssssrancnssssmmmensmsealrsnanssasnas Iﬂm
' 75,000

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 that yield results which can not
be expressed in terms of area.
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Progress of surveys in Alaska, 1898-1919.

" ‘Water
:mmveg mnlvja;ut?l inveéstiga-
tions,
5 g ¥ 3 4 £
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3 3158484 |2|85¢8
E o k-] ") 8
2 ® § 88 | &
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g ] et o 1 ) B Mkt
8,000 |.......feeeueeee 8,600 |........
3,300 | 6,700 |........| 630 |11,150
6,200 | 5,800 |...... .| 10,200 | 5,450
6,850 | 10,050 |- 7 ...[ 8,330 | 11,070
5,000 | 8,000 9 |........| 15,000
4,060 | 3,500 |........| 800 | 6,480
4,000 | 4,100 | 7586 |........| 4,880
5,000 | 4,000 | 4321 | 13, 500
2,600 | 1,400 | 442 | ... 6,120
2,000 | 2,80 604 (.-.o.... , 980
6,100 | 5,500 450| 6,19 5,170
321 13,815
496 | 14, 460
2,535
10, 300
400
—.ee| 9,700
|| 1,080
1,200
2,300 |.
151,530
12.48| 18.33| o0.84| 8.5 | 2588

s The Coast and Geodetic and Internations] Boundary surveys and the General Land Office have also
mmdn surveys in Alaska. The areas by these surveys are ol course not included in
3.

George C. Martin directed the work of the division of Alaskan
mineral resources until May 4, when Alfred H. Brooks, having
received his discharge from the Army, resumed his former duties.
Much of Mr. Brooks’s time between May 4 and his departure for
Alaska in August was devoted to duties other than those relating
to Alaska. Mr. Brooks, in company with Mr. John Hallowell,
Assistant to the Secretary of the Interior, sailed from Seattle for
Alaska on August 15, and devoted the following six weeks to a
study of the region adjacent to the Government railroad, making
also brief visits to the Matanuska coal field and the Fairbanks dis-
trict. He returned from the interior by wagon road to Chitina and
thence by railway to Cordova. During this part of the journey a
side trip was made to the Kennecott-Bonanza mine. '
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Of the total of 88 days given to Alaska office work between May 4
and December 31, Mr. Brooks devoted 12 days to critical reading of
manuseript, 9 to preparation of the annual press bulletin, 3 to field
plans, and 18 days to geologic studies. The rest of the time was de-’
voted to routine and administrative duties. Mr. Martin, in addition
to doing a large amount of administrative work, spent much time in-
preparing this volume and in compiling and coordinating the mineral
statistics. He also prepared a summary report on the Alaska oil
fields and continued his studies on the Mesozoic geology of Alaska.
His field work is referred to below.

Miss Lucy Graves, chief clerk of the division, has assisted the
geologist in charge in various phases of administrative duties. She
has charge of clerical work and the files and makes administrative
examination of all accounts and vouchers. Much of the work of
compiling the statistics of the mineral production of Alaska has been
done by Mr. T. R. Burch.

GEOGRAPHIC SUMMARY.
SOUTHEASTERN ALASKA.

The investigation .of the water resources of southeastern Alaska,
begun in 1915 under a cooperative a.greement with the Forest Service,
was continued throughout 1919. G. H. Canfield, who had charge
of this work, maintained automatic gages thmughout the year. In
addition to ‘these gages; others were installed in cooperation with
individuals and corporations. The results are briefly summarized
in another part of this report. This work could not have been car-
ried on without the cordial cooperation of the Forest Service, many
members of which have given substantial aid. Particular acknowl-
edgment should be made to C. H. Florey, forest supermo: ab
Ketchikan.

A reconnaissance of the geology and mineral deposits of parts of
the Glacier Bay and Liynn Canal regions was made by J. B. Mertie, jr.
Field work was begun on July 23 and continued until September 18.
An area of about 200 square miles was mapped in reconnaissance.
Mr. Mertie also visited the productive mines of the Junea.u and
Ketchikan districts.

COPPER RIVER REGION.

The completion of the report on the Kotsina-Kuskulans district,
which was suspended by the assignment of Mr. Moffit to work for
the War Department during the war, required the gathering of a
small amount of additional field data in order to bring it up to date.
Mr. Moffit spent September in this work.
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COOK INLET AND SUSITNA REGIONS.

Because of the importance of the region tributary to the Govern-
. ment railroad and the growing demand for information concerning it,
a special effort is being made to complete the mapping of that region.
. The surveys and investigations in the Cook Inlet and Susitna regions
in 1919 included a topographic and geologic reconnaissance survey of
areas between Talkeetna River and Broad Pass and in the upper
Kantishna region, as well as detailed investigations at the coal mines
in the Matanuska Valley.

A party in charge of 8. R. Capps, assisted by S. H. Cathcart, made
reconnaissance surveys on the scale of 1:180,000 of an area of about
300 square miles in the high mountains on the headwaters of the
Kantishna and of the upper tributaries of the Susitna. T. P, Pendle-
ton, attached to this party, made topographic surveys of the same
area. The party began field work on the north side of the Alaska
Range June 28 and finished August 27, crossing the Alaska Range
and returning to the coast by way of Sualtna. River.

A topographic reconnaissance survey of an area adjacent to the
Government railroad between Talkeetna River and Broad Pass was
made by J. R. Eakin from June 22 to September 12. An area of
about 600 square miles was mapped on a scale of 1:180,000. R.M.
Overbeck completed geologic surveys of the same area.

YUKON REGION.

The placer mines of the Eagle and Circle districts were visited .
by G. C. Martin from August 16 to September 13 for the purpose
of obtaining information concerning recent mining conditions and

developments.
GOODNEWS BAY.

T0pogrnph.tc and geologic reconnaissance surveys of an area in the
vm:mt.y of Goodnews Bay and the lower Kuskokwim were made by a
party in charge of R. H. Sargent. Mr. Sargent mapped topograph-

_ically an area of 1,400 square miles on the scale of 1:180,000. G. L.
Harrington, who a.ccompamed Mr. Sargent’s party, made & recon-
naissance geologic map of an area of about 2,000 square miles. Field
work began July 4 and ended August 17.

SEWARD PENINSULA.

After the end of his field work in the Kuskokwim region, G. L.
Harrington made investigations of general mining developments in
Seward Peninsula. He was engaged in this work till October.

ALASKA OFFICE.

_ The branch office of the Geological Survey at Anchorage, in charge
of Theodore Chapin, was maintained throughout the year. The main



102 MINERAL RESOURCES OF ALASKA, 1919,

purpose in opening this office is to provide the means of close coopera-
tion between the Geological Survey and those in charge'of the opera-
tion of the Government coal mines in the Matanuska Valley. Itis
also the purpose of the resident geologist to do everything possible to
aid the mining industry in the region tributary to the Government
railroad, to keep in close touch with all local developments in mining
and prospecting, and to furnish whatever aid may be possible by
giving information, advice, and publications to all who are engaged in
mining and prospecting.
COLLECTION OF STATISTICS.

The collection of statistics of production of metals in Alaska, begun
by the Alaska division in 1905, was continued as usual. Preliminary
estimates of mineral production for the previous year were published

on January 1.
PUBLICATIONS.

During 1919 the Survey published six bulletins and one professional
paper relating to Alaska. In addition, two bulletins were in press
and 13 reports, including this volume, were in preparation at the end
of the year. Eight topographic maps were published, and nine
were in preparation at the end of the year.

REPORTS ISSUED.

Professional Paper 109. The Canning River region, northern Alaska, by E. deK.
Leffingwell.

Bulletin 668. The Nelchina-Susitna region, Alaska, by Theodore Chapin.

Bulletin 664. The Nenana coal field, Alaska, by G. C. Martin.

Bulletin 683. The Anvik-Andreafski region, Alaska, by G. L. Harrington.

Bulletin 687. The Katishna region, Alaska, by 8. R. Cappe.

Bulletin 692. Mineral resources of Alaska, 1917, by G. C. Martin and others.

Bulletin 699. The Porcupine district, Alaska, by H. M. Eakin,

REPORTS IN PRESS.

Bulletin 682. The marble resources of southeastern Alaska, by E. F. Burchard.
(Published in November, 1920.)

Bulletin 712. Mineral resources of Alaska, 1918, by G. C. Martin and others.
(Published in October, 1920.)

Bulletin 719. Preliminary report on petroleum in Alaska, by G. C. Martin.

REPORTS IN PREPARATION.

Chromite of Kenai Peninsula, Alaska, by A. C. Gill.

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

The Mesozoic stratigraphy of Alaska, by G. C. Martin.

The Kotsina-Kuskulana district, Alaska, by F. H. Moffit.

The lower Kuskokwim reglon. Alaska, by A. G. Maddren.

The Ruby-Kuskokwim region, Alaska, by J. B. Mertie, jr., and G. L. Harrington.
The Cretaceous and Tertiary floras of Alaska, by Arthur Hollick.

The Juneau district, Alaska, by A. C. Spencer and H. M. Eakin.

The Ketchikan district, Alaska, by Theodore Chapin.
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York tin deposits, Alaska, by Edward Steidtmann and S. H. Catheart.
Geology and mineral resources of region tributary to Alaska Railroad, by 8. R.

: TOPOGRAPHIC MAPE ISSUED.

, Canning River region, by E. deK. Leffingwell; scale, 1:250,000; sketch contours.
(Plate I, Professional Paper 109.)

North Arctic coast, by E. deK. Leffingwell; scale, 1:500,000; no contours. (Plate
III, Professional Paper 109.)

Coast line between Challenge Entrancé and Thetis Island, by E. deK. Leffingwell;
scale, 1:125,000; no fixed contour interval. (Plate IV, Professional Paper 109.)

Coast line between Martin Point and Challenge Entrance, by E. deK. Leffingwell;
scale, 1:125,000; no fixed contour interval. (Plate V, Professional Paper 109.)

Nelchina-Susitna region, by J. W. Bagley; scale, 1:250,000; contour interval, 200
feet. (Plate I, Bulletin 668.)

Anvik-Andreafski region, by R. H. Sargent; scale, 1:150,000; contour interval,
100 feet. (Plate I, Bulletin 683.)

Marshall mining district, by R. H. Sargent; scale, 1:125,000; contour interval, 100
feet. (Plate II, Bulletin 683.) :

Kantishna region, by C. E. Giffin; scale, 1:250,000; contour interval, 200 feet.
(Plate I, Bulletin 687.)

3 TOPOGRAPHIC MAPS READY FOR ENGRAVING.

Kotaina-Kuskulana district, by D. C. Witherspoon; scale, 1:62,600; contour inter-
val, 100 feet.

Lower Kuskokwim region, by A. G. Maddren; scale, 1:500,000; contour interval,

" 400 feet.

Ruby district, by C. E. Giffin and R. H. Sargent; scale, 1:250,000; contour interval,

200 feet.
TOPOGRAPHIC MAPS IN PREPARATION.

Innoko-Iditarod region, by R. H. Sargent and C. E. Giffin; scale, 1:250,000; con-
tour interval, 200 feet.

Port Wells region, by J. W. Bagley; scale, 1:250,000; contour interval, 200 feet.

Jack Bay district, by J. W. Bagley; scale, 1:62,600; contour interval, 50 feet.

Fidalgo-Gravina district, by D. C. Witherspoon; scale, 1:250,000; contour interva)
200 feet.

Susitna-Chulitna district, by D. (. Witherspoon; scale, 1:250,000; contour interval,
200 feet.

Seward-Fairbanks route; compiled; ecale, 1:250,000; contour interval, 200 feet.






LODE MINING IN THE JUNEAU AND KETCHIKAN DISTRICTS,
By J. B. MErTIE, JI.

INTRODUCTION.

During the last few years gold mining has been increasingly difficult
to conduct as a profitable enterprise. The advances in cost of labor
and commodities of all kinds have worked a special hardship upon
the gold-mining industry, for the standard and unchanging value of
gold has rendered it impossible to offset the high prices by increasing
the market value of the product, as in other industries. Low-grade
gold properties that were formerly worked on a small margin of profit
by means of large-scale operations are now either scarcely earning
their operating expenses, or are being worked at an actual loss for
the sake of enabling the operators to hold their organizations together.
 Properties of somewhat higher grade are likewise adversely affected,
for even for them gold mining has become much less profitable. This
condition is reflected in southeastern Alaska by a -general policy of
" retrenchment in mining operations on the part of owners and opera-
tors of gold mines. Moreover, present economic conditions have had
a very hurtful influence, both economic and psychologic, upon the
development of new gold mines.

In-the Juneau gold belt the Alaska-Gastineau, Alaska~Juneau, and
Treadwell properties were operated in 1919, and prospecting and de-
velopment- work were carried on at the Jualin mine, Berners Bay;
at the property of the Admiralty-Alaska Gold Mining Co., at Funter
Bay; at the Red Wing group of claims, at the head of Windham Bay;
and at the copper property of the Endicott-Alaska Mining & Milling
Co., at William Henry Bay. The Peterson mine, at Pearl Harbor,
was also worked on a small scale during the summer. Elsewhere in
this district mining and prospecting were practically at a standstill.
. In the Ketchikan district mining was confined largely to Prince of

Wales Island. The Rush & Brown copper mine and the Salt Chuck
copper-palladium mine, on Kasaan Peninsula, were operated through-
out the year, and the Dunton gold mine, near Hollis, was worked
intermittently. Prospecting and development work were continued
at the molybdenite property of the Treadwell Co., near Shakan.

105
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JUNEAU DISTRICT.
MAINLAND.

PERSEVERANCE MINE.

The Perseverance mine of the Alaska Gastineau Mining Co., about
4 miles east of Juneau, was operated in 1919 on a basis ranging from
150,000 to 200,000 tons of ore a month, whereas the rated capacity
of the mill is 10,000 tons a day. About 460 men were employed.
The ore is being taken chiefly from levels 8, 9, 10, and 11. New con-
struction and mine-development work have been greatly restricted,
partly because of large increases in operating expenses and scarcity
of labor, but also because development work is already considerably
ahead of mining operations.

This project is a striking example of the hardship wrought upon
the gold-mining industry by the increased cost of labor and supplies.
According to data published in a paper by the manager of the Alaska-
Gastineau Mining Co.,! the cost of supplies of all kinds advanced 35
per cent over the prewar cost in 1917 and 70 per cent in 1918, and
it is believed by the writer that the advance reached 100 per cent in
1919. Wages increased 7 per cent in 1917 over the 1916 standard,
25 per cent in 1918, and, it is believed, at least 40 per cent in 1919,
The cost of operation has therefore increased steadily during the last
three years. The average cost of ore delivered to the mill over a
period of four years is shown in the same paper to be about 48 cents
a ton, and in view of the increasing costs in the last three years it -
is fair to judge that the present cost is considerably above this figure.
To this must be added milling, shipping, smelting, and administra-
tive charges, which will probably amount to 80 per cent of the cost
- of ore production. Data on the production of the Perseverance
mine, published in monthly statements in the Engineering and Min-
ing Journal, show that the net value per ton during 1919 ranged from
60 to 75 cents and averaged perhaps 70 cents.

ALASKA-JUNEAU MINE,

The Alaska-Juneau mine was operated continuously during 1919,
employing about 225 men in the mine and mill. The new 8,000-ton
mill, which was completed in 1917 and tried out in 1917 and 1918,
was found to be less than 50 per cent efficient, and in 1919 much
attention was given to improvements in milling practice. The flow
sheet of the mill has been changed materially, and alterations have
been made in the milling machinery. The chief improvements have
been the introduction of hand picking of the ore as it comes from the

1 Jackson, G. ., Mining methods of Alasks Gastinesu Mining Co.: Am. Inst, Min, and Met. Eng. Trans.,
1019, pp. 16471670, )
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12-inch grizzlies, the introductign of the old stamp mill into the
flow sheet, and the rebuilding of the tube mills. The first change
was necessary to prevent the handling of an excessive amount of
waste; the second to avoid overloading the ball mills; and the third
to correct poor construction in the tube mills, Milling difficulties
are gradually being overcome by these changes.

The lode system at the Alaska~Juneau mine is cut by the Silver
Bow fault, which strikes about east and offsets the ore body hori-
zontally 1,000 feet, dividing it into a north and a south ore body.
The ore between these two ore bodies lying along the fault is in the
nature of fault-plane drag and is irregular in distribution. Present
~ operations are being devoted mainly to cleaning up the old 400 stope,
between the two main ore bodies, and to active development of the
north ore body. - The main haulage tunnel on the north ore body has
been extended within, 250 feet of the boundaries of the Alaska-Ebner
property, and the 420 stope is being actively opened. It is planned
to open a 430 stope and successive stopes to the northwest along the
north ore body to the limits of the property. In addition, a main
haulage way and three level tunnels have been driven in the south
ore body, which will ultimately be developed as extensively as the
north ore body. The ore mined in 1919 was taken in about equal
amounts from the 400 and 410 stopes.

ALASKA—EBNER MINE.

After a period of inactivity of about a year, development work
was resumed at the Alaska—Ebner mine of the United States Smelt-
ing & Refining Co., near Juneau, in the summer of 1919. A main
tunnel running 3,200 feet in a northeasterly direction, thence east-
ward 1,400 feet, had previously been driven, intersecting the ore
body. The present development work consists in the continuation
of the main tunnel northeastward from the 3,200-foot point, with
the intention of intersecting the ore body farther northwest.

JUALIN MINE.

Development work was continued at the Jualin mine, in the
Berners Bay district, owned by the Jualin-Alaska Mines Co., but no
ore was produced. Fifty-five men were employed—40 at the lower
camp and 15 at the upper camp. At the lower camp work was con-
tinued on the 7,000-foot tunnel, which when completed will inter-
sect the ore body at depth and will afford natural drainage for the
mine. This tunnel is now heing driven by three shifts operating two
drills, advancing about 15 feet a day, and in September, 1919, had
been driven 2,500 feet. If conditions are favorable, the tunnel
should be completed by 1921.
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The mine, at the upper camp, was pumped dry in 1919, after
being flooded for & year and a half, and devélopment and exploration
work was continued. A short drift was driven on the 310-foot level,
and several other drifts and crosscuts were expected to be completed
before 1920. Exploration was carried on chiefly by means of two

“long drill holes, The first of these started from the southwest side

of the property, on the 310-foot level, and was driven horizontally
1,000 feet to the southwest; the second, beginning at the east side
of the mine, likewise from the 310-foot level, had been driven hori-
zontally a little north of east about 1,250 feet in September and was
to be continued to 1,500 feet. A third drill hole is planned, which
will start from the northwest side of the mine and be driven west
with a dip of 18° a minimum distance of 1,000 feet. In the lower
tunnel drill holes will be driven every 500 feet at right angles to the
tunnel on both sides to the limits of the property.

The mine is now well equipped for development and mining opera-
tions. A horse tram connects the wharf at Berners Bay with the
lower and upper camps, and all three are connected by telephone. ' A
wireless plant also affords communication with Juneau from the
upper camp. Power at the upper camp is developed from Johnson
Creek, which with an 80-foot head yields 100 horsepower. The
water is turned back into the creek, and at the lower camp, under
& head of 576 feet, 500 horsepower is developed. ¥or use in winter,
four 150-horsepower Petters semi-Diesel engines have been installed,
and these are so adjusted that water may be used in conjunction
with the engines when available. A 2,750 cubic foot compressor
that uses 350 horsepower and will run 26 drills has also been added
to the equipment. The stamp mill, which has a capacity of about
30 tons a day, with two amalgamators and two concentrating tables,
at the upper camp, suffices for present mining operations, but plans
for future operations include the erection of a new mill of greater
capacity and the treatment on a large scale of low-grade-dissemi-
nated ore, as well as the richer ore from the quartz veins.

The character of the mineralization at the Jualin mine and the
number and character of the gold-quartz veins, so far as they were
known in 1909, have been fully described by Knopf.? In addition
to the three quartz veins known at that time, two others lying to the
northeast, known as Nos. 4 and 5, have been discovered. The
exact significance of these veins is not definitely known, but at
present No. 4 is believed to be a different vein from Nos. 1,2, and 3,
Mill practice to date has demonstrated that about 80 per cent of the
gold in the quartz veins is free. The remaining 20 per cent is con-
tained with the concentrates, which are chiefly pyrite, with some chal-
copyrite and galena.

* Knopt, Adolph, Geology of the Barners Bay region, Alasks: U. 8. Geol. Survey Bull, 48, pp. 447,
m' .
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PETERSON MINE.

Gold-lode mining. on a small scale was continued on the Prairie
claim, at the Peterson property, near Pearl Harbor, in 1919, and
fresulted in a small production. Recent work has consisted in mining
two quartz veins from an open cut, practically at the surface, one

.about 4 feet and the other about 6 feet thick. The vein material is

much weathered, disintegrated, and iron stained. A number of
other croppings of vein quartz show on the property, but little explora-
tion or development work has been done. It is certain, however,
that a number of quartz veins are present.

The ore is carried by horse tram to a small 3-stamp mill which has
a capacity of 1} tons in 16 hours and is operated by water power.
Here the ore is reduced and plated, and the concentrates are col-
lected on a concentrating table. About 80 per cent of the gold is free
and is recovered on the plates. The concentrates are shipped to
Tacoma for treatment.

MINE OF ENDICOTT-ALASKA MINING & MILLING CO.

A low-grade copper mine is being developed by the Endicott~
Alaska Mining & Milling Co. at William Henry Bay, on the south-
west side of Lynn Canal, about 8 miles due west of Point St, Mary,
at the entrance to Berners Bay. The bay is three-fourths of a mile
long and 800 yards wide, is easy to enter, and is considered to be a
good anchorage. Beardslee River enters at its head.

The mining property is about a mile west of the head of the bay,
160 feet above sea level. Development work has been in progress for
about three years, and it will soon be possible to determine the
amount and grade of available ore. Sixteen claims are held, of
which 11 have been surveyed for patents.

The geology of the west side of Lynn Canal is complex and has so
far been little studied. The strike of the rocks is roughly parallel
to Lynn Canal, which is considered to lie along an extended fault

. zone. Hence correlation between the rocks on the east and west

gides of the canal, as no paleontologic data are at hand and the litho-
logic sequence is imperfect, is hardly warranted. Along the shores
of William Henry Bay the bedrock consists of a highly contorted
limestone, in'part thin bedded and in part more massive, with which
some slaty argillite is interbedded, considerable chert, both massive
and banded, greenstone flows, and clastic derivatives of the green-
stone, classifiable under the general designations greenstone tuffs and

~ graywackes. One of the greenstone derivatives consists of a conglom-

eratic tock, composed of rounded pebbles of limestone and other
rocks embedded in and cemented by the tuffaceous material. Large
dikes of diabase cut the stratified series of rocks. North of William
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Henry Bay the greenstone tuffs and related rocks are the dominant
rocks along Lynn Canal, continuing northwestward to the entrance
of Chilkat Inlet, but limestones and other sedimentary rocks are
present a short distance inland. South of William Henry Bay the
rocks along the coast line are chiefly sedimentary, including argillite,
slate, and limestone. It appears, therefore, that the boundary line
between the greenstone series and the limestone-argillite rocks may
run inland in a general northwesterly direction from Wi]lla.m Henry
Bay.

The country rock at the mine is in general greenstone tuff with
interbedded lava flows, cut here and there by dikes. The tuffs and

flows appear to be quite different in petrographic character. The .

tuffs, which in reality grade into graywacke, are greenish to greenish-
gray rocks, of fine-grained texture and very difficult to classify in
the hand specimen. Under the microscope they are seen to be clastic
rocks composed mainly of angular to subangular grains of acidic
plagioclase, chiefly albite and oligoclase-albite, in an indefinite ground-
mass or cement of sericitic and kaolinic material. They also contain
grains of an igneous rock, which on account of the character of the
plagioclase feldspar would be classed as sodic trachyte or albite an-
desite. Commonly these rocks are altered and show more or less
calcite, quartz, epidote, and chloritic and sericitic material. In
much of the rock the feldspars and other detrital constituents are
bent, fractured, and veined by secondary minerals. =The interbedded
flows, which form a minor part of the sequence at this locality, are
difficult to distinguish in the hand specimen from the clastic rocks,
for they are likewise greenish and a.pha.uitic. They are somewhat
darker in color, however, and under the microscope are found to be
basaltic. They are holocrystalline to somewhat glassy; are composed
essentially of labradonte, augite (sometimes basaltic hornblende),
and iron oxides; and are in places much altered, particularly in the

feldspar, which has been changed to sericite. The only dike seen in

the mine was a fine-grained holocrystalline rock ,composed of biotite
and augite, with iron oxides and apatite, joined by interstitial albite.
This rock is a sodic augite minette.

Along the mountain side southwest and west of the mine rocks of
the same general character were seen. At an elevation of 1,200 feet,
about S. 40° W. from the head of William Henry Bay, is a steep face
of rock known as the Palisades. This rock is a fine-grained greenish-
gray graywacke, which under magnification is seen ‘to be composed
of subangular to rounded grains of quartz, oligoclase-albite, and felsic
rock, in a cement composed of epidotic, kaolinic, and sericitic material.
Somewhat higher up, at an elevation of 1,900 feet, is a tuffacedus rock
of the same general composition but of coarser grain and approaching
more closely a true igneous rock in appearance, which continues up-

i o
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ward to a high flat on top of the spur. To the northwest along this
ridge the country rock changes to a series of mterbedded argillite and
limestone. .

A short distance northwest of the mine, in a little creek, tuffaceous
graywacke of the samegeneral character as that at the mine is exposed.
Some of this rock shows considerable dynamic metamorphism, being

‘sheared and rendered-more or less schistose. One specimen was

found to be essentially a fine-grained quartz-mica schist, although
under the microscope the original fragmental character could still

- be observed.

The copper lode that is being developed is a vein composed chiefly
of calcite, with considerable silica in the form of tiny veinlets of quartz
and chalcedony. The copper ore is exclusively chalcopyrite and
occurs with the quartz. The vein pinches and swells but probably
averages 10 feet in thickness. The general strike is about N. 75° E.
and the dip 80° S., but there are many local irregularities in attitude,
due mainly to faulting. The ore carries only small quantities of
gold or silver and is classed as a low-grade copper ore. The mine is
being developed on the assumption that a 2 per cent copper ore can
be produced.

- The tunnel starts on the Bonanza No. 3 claim, cuts diagonally

- across the Endicott No. 2 claim, and enters the Endicott No. 3 claim.

It is driven in a general southwesterly direction and intersects the
vein 700 feet from the portal, at a point where the vein shows a
displacement of 100 feet to the south, due to a fault. The tunnel
follows the vein for 400 feet.. Numerous small faults met in the
tunnel show displacements of the vein ranging from practically
nothing up to 10 feet and suggest step faults to take up the movement
caused by larger displacements some distance away. At a distance
of 1,100 feet from the portal a crosscut prospect tunnel has been
started which will be driven northwestward, in the hope of cutting
other veins.

The vein that is being explored in the tunnel crops out on the
hillside west of the mine at an elevation of 500 feet. At this point
the vein strikes about due east, stands vertical, and has a thickness
of about 12 feet, with an 18-inch horse of country rock in the center. .
The veih material here also is practically all calcite with quartz
veinlets and chalcopyrite. A little pyrite was seen, and this has
oxidized and caused brown staining of the vein matter, particularly
along fractures caused by later movements in the vein. The foot-
wall side of the vein is slickensided and grooved, showing that con-
siderable movement has occurred. The country rock is the same as
in the mine. It is apparent that faulting is very prevalent and is
likely to present some troublesome difficulties in mining.
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No_ other surface outerops of this or any other veins of mining
importance have been found. '‘On the ridge west of the mine, at an
elevation of 2,300 feet, is a small calcite vein about I foot thick,
which carries some quartz, chalcedony, and a little chalcopynte
with secondary malachite. This vein, which strikes N. 78° E. and
stands vertical, is now in part an open fissure, owing to decomposition
and solution of the calcite.

Water power is utilized under a head of 300 feet to run a eom-

~pressor for two drills. No reduction plant has yet been used, and

therefore no ore has been milled or shipped. A 30-stamp No. 3-

Austin gyratory mill, which was formerly used at the Sea Level mine,
on Thorne Arm.near Ketchikan, has been purchagsed and will be
installed in 1920, A combination of Wilfley tables and oil flotation
will be used.. During the summer of 1919 a dock was in process of

' ‘construction on the southeast side of William Henry Bay, with a

depth of 4 fathoms at its outer end at low tide. Substantial buildings
have been erected at the head of the bay, on the west side, and a
wagon road connecting the bay with the mine has been built. .

At the lower end of William Hanry Bay, along the northwest
shore, mineralization has occurred in the rocks at some places. The

" ore minerals consist for the most part of disseminated pyrites, but at

one locality a deposit of sulphides, including arsenopyrite, chal-
copyrite, and pyrite was seen in the cherty rocks.

DOUGLAS ISLAND.

The Ready Bullion mine, the one remaining mine of the Treadwell
group that was not flooded by the cave-in of 1917, was operated
during 1919 at a rate of output of about 24,000 tons a month. About

" 30 men were employed at the mine, and about 25 at the mill and

cyanide plant. The mine now has levels at 2,000, 2,200, 2,400, 2,600,
and 2,800 feet, and the main shaft has been extended nearly to 2,900
feet. Most of the ore being mined at present is being taken from the

four stopes of the 2,200-foot level, but some is being drawn from the

2,400-foot level. The latest work is the cutting out of three stopes

on the 2,600-foot level, preparatory to drawing ore.

The ore is treated at the Ready Bullion 150-stamp mill and cyanide

- plant. The ore, after being crushed to 40 mesh by the stamps, is

conveyed to a small ball mill which reduces the first product to 200
mesh, The oversize is separated by classifiers and returned to the

‘ball mill. The 200-mesh product is conveyed to the cyanide plant,

where it is cyanided, washed, filtered, dried, and retorted.
The Treadwell Co. is now operatmg a 2-ton electric furnace for
making steel for its own use in steel castings. Scrap iron collected

around the plant has so far been utilized as the raw product,. but

considerable hemahte purchased in Seattle has also been used as a
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decarbonizer. The carbon content of the steel is reduced to 0.3 to
0.5 per cent. The other necessary ingredients, including ferrosilicon,
chrome, manganese, and aluminum (used as deoxidizer), are also
purchased. Local magnetites from Haines and Port Snettisham
have been tried in place of hematite, but they require too high tem-
perature and too much coke. Both these magnetites have been
found to contain considerable TiO,, and that from Port Snettisham
carries some P,0,. A few iron and brass castings have a.lso been

made.
ADMIRALTY ISLAND (FUNTER BAY),

GENERAL FEATURES.

Funter Bay, on Admiralty Island, is a well-known harbor on the
east side of Lynn Canal, practically at the junction of Lynn Canal,
Chatham Strait, and Icy Strait. It is a safe and convenient anchor-
age, and on account of the frequency of stormy weather on Lynn
Canal and Chatham Strait it is much visited by small boats. The
bay has a general northeasterly trend and is about 2 miles long and
three-fourths of a mile wide at tHe entrance. A cannery and a post
office (Funter) have been established on a point on the north side
of the bay. Funter Bay is but 18 miles from Junesu in &n air line,
but 50 miles or more by water.

. The shore line of Funter Bay is in general a cliff that rises 20 feet

or more above sea level and is bordered by a low-terraced platform
which rises gradually to the hills behind. On the northeast side of
the bay this platform connects with low hills, but on the southeast
side the lowland area gives way to high mountains that rise abruptly
to an elevation of nearly 4,000 feet. Both lowlands and mountains
are timbered, the mountains up to an elevation of about 2,500 feet.

The Jode properties lie chiefly along the southeast side of the bay,

inning at the shore line and extending up into the high hills.
- Gold-quartz veins were discovered at this locality in 1887, and a num-
ber of properties have been held since that time. Many quartz veins
have been discovered and a good deal of prospecting has been done,
but as yet there has been little mining. At the present time develop-
ment work is being done on the claims of the Admiralty-Alaska Gold
Mining Co. and prospecting is being continued on the Nowell-Otter-
son group of claims. The former embrace two groups of claims, a
lower and.an upper group, about midway of the bay on the southeast
side; the latter adjoin these claims on the southwest. A good-sized
stream, Mountain Creek, lies between the two properties. The gen-
eral paslt.lon of these two groups of claims is shown on the accom-
panying map (Pl IV),

The claims, particularly those of the Admiralty-Alaska Gold Min-
ing Co., have been examined a number of times by different members

7230‘-—2’1—31:11. 714—8
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of the Geological Survey, and two reports * have been prepared and
published. No extensive study of the regional geology has so far
been attempted, but the different quartz veins have been fairly well
.described. The present. notes are only supplementary to the earkier
reports.

The general geology has been briefly described by Eakin * as fol-
lows: .

The rocks of the Funter Bay district include a highly altered bedded series, domi-
nantly greenstone schist and subordinately limestone or marblg, and a few small dikes
of diabase, andesité, and diorite, which cut the bedded rocks at wide intervals, The
schistose cleavage of the metamorphic rocks is generally parallel with the bedding
planes. Locally intense crumpling and close folding on a small scale are apparent,
but in general the bedded rocks lie in broad and gentle folds. Over considerable
areas both schistosity and bedding are near the horizontal. Joint systems on both
large and emall scales cut the bedded rocks at high angles with the schistosity and
bedding or near the vertical. The major joint planes in places persist for hundreds
and even for a thoueand feet or more with great regularity in strike and dip. Such
large fractures were probably accompanied by some differential movement between
the blocks which they separate, but there is no definite indication of the maximum
displacement. These planes are generally marked by quartz veins, which range in
thickness, in the different individuals observed, from mere films to nearly 60 feet.
At one locality four approximately parallel veins were measured in a section 330 feet
across, whose thickness aggregated 90 feet. Obviously the introduction of this amount
of quartz in a narrow section involved displacement of masses of the rock. T-shaped
and L-shaped bends in some of the veins indicate differential movements amounting
at least to the thickness of the veins. Other veins, which gradually thin out to their
ends, do not bave this significance. Faults later than the veins and offsetfing them
occur only here and there, according to present evidence.

The metamorphism of the bedded rocks is for the most part of regional character and
of earlier age than the igneous dikes or the quartz veins, which are unshegred. ILater
metamorphic agencies have affected the bedded rocks locally, adjacent to the quartz
veins, resulting in sHlicification and bleaching of the greenstone schists, accompanied
by the introduction of sulphide minerals and in places of gold. Such minerals also

occur in bands of greenstone schist without associated quartz veins at two localities,

‘but they are not believed to represent a distinct period of mineralization.

The schists of the Funter Bay area, grouped by Eakin under the’

general designation of greenstone schist, consist of a variety of rock
types, including chlorite schist, mica schist, quartz-chlorite schist,
quartz-chlorite-mica schist, zoisite-chlorite schist, albite-zoisite schist,
albite-chlorite schist, and albite-mica schist, as well as nonschistose

blocky rocks of thesame general character, usually carryinglittle mica. -

Among the metamorphic rocks are also to be found gneisgoid rocks,
including albite granite gneiss and albite syenite gneiss. Normal
dioritic or andesitic rocks were not observed by the writer, but a
variety of other dike rocks containing plagioclase high in soda were
recognized. These are chiefly albite granite, albite syenite (or albite
diorite), and albite trachyte. Oné dike of olivine diabase was noted.
_ * Wright, C.'W., A recounaissance of Admirslty Island: U.8. Geol. Burvey Bull. 287, pp. 147-160, 1908,

Eakin, H. M., mommm:mmwt.u B. Geol. Burvey Bull. 862, pp. 84-03, 1018,
¢ Eakin, H. M., op. cit., pp. 84-85.
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The above is by no means an exhaustive list of the different varie-
ties of rocks found at Funter Bay but is given chiefly to illustrate a
feature of these rocks that has been generally overlooked, namely,
their sodic character. All the acidic and intermediate types of intru-
give rocks examined by the writer contain albite or oligoclase-albite
plagioclase feldspar, and albite is also of common occurrence among
the schists and gneisses. This feature is of more than passing interest
when considered in relation to the sodic character of the intrusive
rock at the Treadwell mines, on Douglas Island, about 15 miles to
the east. It is not unlikely that mineralization at these two locali-
ties took place at the same general period and had a similar origin.

CLAIMS OF ADMIRALTY-ALASKA GOLD MINING 0O,

The Admiralty-Alaska Gold Mining Co. holds 52 claims, of which
the principal ones are shown on the accompanying sketch map (Pl
IV). These claims lie in two groups, a lower group on the low terrace
leading back from the beach, and an upper group on the mountain

-slope to the southeast. In the lower group the principal lodes are
the Tellunum, King Bee, Uncle Sam, and Lone Star; & number of
smaller veins also occur. The upper group includes a large number
of veins, among the most valuable of which are the Blanket lode, the
veins on the several Heckler claims, including the Big lode and the
Washington lode, the Devil Club lode, and the Patterson lode. Both

the lower and the upper veins have been described adequately by

Eakin, and no new work has been done on their surface outcrops in
the meanwhile,

A tunnel is now being driven from the end of the tram line to pros-
pect the quartz veins of the upper group. This tunnel starts about
a mile from the beach, at an elevation of about 250 feet, and is being

driven S. 65° E. with the intention of crosscutting at dept.h the veins .

on the Lowhee No. 2, Mountain Kink, Pungle Up, Washington, and
Heckler claims. Work was begun on t.]:ue tunnel in the fall of 1918,
and by midsummer of 1919 it had been driven about 800 feet. 0ne
drill is being used.

A compressor plant, with a capacity of 12 drills, has recently been

installed. Water power under a head of 500 feet, delivered to the

compressor in a 6-inch stream, is utilized. A sawmill has also been

built. From 5 to 15 men were employed during the summer of 1919.
" The tunnel is driven in a greenstone schist, which differs in char-
acter in different parts of the tunnel. At the face in 1919, about
800 feet from the portal, it consists of a recrystallized rock, some-
what schistose in appearance, composed essentially of a mixture of
zoisite and chloritic material, chiefly pennine, together with con-
siderable quartz and some pistacite and titanite, and would be des-
ighated a zoisite-chlorite schist.. The dip of the schist in the tunnel

™y
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is in general away from the beach. About 400 feet from the portal
a small ore body consisting of a sheared mixture of quartz and schist,
with about 8 inehes of milky quartz on the hanging wall, was inter-
sected. This vein and its accompanying zone of shearing is parallel
with the cleavage of the schist. The sulphide minerals include
pyrite, pyrrhotite, and a little chalcopyrite. The hanging wall was
found to be a fine-grained igneous rock, with a pronounced flow
structure, composed essentially of unaltered oligoclase-albite in tiny
laths, forming a felty trachytic groundmess, and an interstitial
filling of chloritic material, derived probably in part from rock glass.
Some larger laths or phenocrysts of oligoclase-albite are partly
altered to epidote and calcite. Secondary quartz, epidote, and cal-
cite are present. This hanging-wall rock is a sodic trachyte.

No other quartz veins of any importance have so far been crosscut,
but it is planned to continuethe tunnel until the Heckler Blanket:
lode, the Big lode, and other veins that crop out on the Heckler
group of claims are intersected. No accurate base map of the prop-
erty has been made, but it is estimated roughly by the writer that
a 2,000-foot tunnel will be required to reach the Heckler Blanket
vein, if the strike and dip shown at the outcrop continue below the
surface to the level of the tunnel. The strike and dip of the Big
lode are not sufficiently well known, owing to the lack of stripping
at the outcrop, to justify a guess as to how far the tunnel will have
to-go to cut this large body of quartz. The vein crops out farther
southeast than the Heckler Blanket vein, but the dip may be lower,
thus partly or wholly compensating for the greater surface distance.

NOWELL-OTTERSON CLAIMS.

The Nowell-Otterson group of claims lies southeast of the prop-
. erty of the Admiralty-Alaska Gold Mining Co. and includes 19 claims
stretching from Funter Bay to the top of the mountain to the south-
east. The general position of these claims is indicated en the accom-
panying sketch map (Pl. IV). A good trail has been built from the
bay to the top of the mountain, making these claims easy of access.

On the Winona claim, at an elevation of 675 feet, a tunnel 64 feet
long has been driven on two quartz seams, which strike about N.
55° K., conformably with the country rock, and dip southeast. The
upper of these seams is fairly persistent and ranges from 6 to 24
inchesin thickness; the lower seam is lenticular and discontinuous.
The footwall is graphitic chlorite schist, and the hanging wall a
quartz-mica schist. The quartz is iron stained and carries stringers
of country rock. Some pyrite and pyrrhotite were seen in the quartz.

On the Chatham claim, at an elevation of 1,050 feet, a tunnel has
been driven 200 feet and crosscuts four thin quartz seams, from 2 to
4 inches wido, which strike N. 456° E. and dip 45° NW., thus cutting
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almost directly across the structure of the country rock, a quartz-
mica schist. The quartz carries pyrite, pyrrhotite, and geld.

To the east of the tunnel, on a small creek, several small quartz
veins of similar character are exposed. A small shipment of ore
(about 5 tons) from one of these veins, which ranges in thickness
‘from 8 inches to 2 feet, was valued at $120 a ton, and & second sample
at a later date ran $80 to the ton. At least 10 such small veins, most
of them measurable in inches, are exposed in the creek. The quartz
carries pyrite, pyrrhotite, and in places a little galena, in addition to
the gold.

The vein of most interest on the Nowell-Otterson group is the Big
Thing lode, which crops out on the line between the Francis and O. K.
claims at an elevation of 3,100 feet and has been traced 800 feet to
the north and over 1,500 feet to the south. The vein, which strikes
about N. 20° W. and dips steeply to the east, lies parallel with the
schistosity of the country rock. The hanging wall is a chlorite schist
composed of chloritic material, quartz, calcite, and epidote. The
footwall is a graphitic schist. On the line between the O. K. and
Francis claims about 20 feet of quartz is exposed, with a horse of
schist in the center of the vein. The quartz is heavily iron stained
and is mineralized by iron sulphides (pyrite and pyrrhotite), galena,
and hematite. It is characteristic of these sulphides to be concen-
trated in pockety masses in the quartz. The owners aver that the
average of assays so far made is about $5 to the ton in gold.

On the Two Shaft claim, about 1,800 feet north of the outerop
just described, at an elevation of about 3,050 feet, a vein of quartz
from 15 to 25 feet thick crops out and is believed to be the continua-
tion of the Big Thing lode. The country rock here is a quartz-mica
schist, and the vein strikes about N. 15° W. and dips steeply to the
east, as at the other locality. The quartz is of the same general
character as the quartz above described, but more galena is present,
and some chalcopyrite was also seen. A good deal of free gold may
be seen with the naked eye, and it is apparent that some of this mate-
rial is high-grade ore.

Another vein, distinct from the Big Thing lode, also crops out on
- the Two Shaft claim, some distance west of the one ]ust described,
at an elevation of about 2,750 feet. This is a smaller vein of quartz,
about 30 inches thick, st.nkmg N. 20° W. and dipping ateeply to the
east, which lies comfortably with the schist and is heavily impreg-
nated with sulphides. The quartz where unaffected by the mineral-
izing solutions is white and milky, but elsewhere it is heavily iron
stained. Pyrite, galena, chalcopyrite, and specular hematite are
found with the quartz. Green malachite staining and to a lesser
extent blue azurite discoloration are apparent. An irregular body of
calcite cuts transversely through the vein and appears to represent
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a later phase in the sequence of mineral deposition. This vein
' carries very little gold but is reported by the owners to give high
assay results in silver and lead.

A number of other quartz veins crop out on this mountain in the
vicinity of the O. K., Two Shaft, and Summit claims, but little
prospecting had been done on them, and therefore little is known of
their character and extent. '

KETCHIKAN DISTRICT.
PRINCE OF WALES ISLAND.

SHAKAN MOLYBDENITE LODE.,

A molybdenite lode was opened in 1917 by the Alaska Treadwell
Mining Co., and development work has continued to the present time,
although no ore has yet been shipped. This lode is about three-
fourths of a milesouth of Shakan, at an elevation of 600 feet, at the
north end of Prince of Wales Isla.nd on the east mde of a small

stream that enters Shakan Bay.

'~ The country rock consists of tuffaceous sedxmeqta intruded by
diorite. The lode is in diorite, which varies somewhat in character
and composition but in general is composed of zonally grown plagio-
clase feldspar, ranging from albite on the rims to bytownite in the
centers of the crystals, and with an average composition perhaps. of
andesine; a small amount of orthoclase; considerable hornblende;
and biotite, augite, iron oxides, and apatite. Being composed
essentially of plagioclase feldspar and hornblende, this rock is classed
as a hornblende diorite. Pegmatite is present in dikes and veins
cufting the diorite and is in fact related genetically to the molyb-
denite in the lode. The pegmatite is composed essentially of
orthoclase feldspar and quartz, with accessory sphene and small
amounts of secondary sericite, chlorite, and epidote.

The vein at its maximum is 6 feet thick, with a strong, clean-
breaking hanging wall and an indistinct footwall. It varies consider-
ably in strike and dip, as is shown by the crookednese of the main
tunnel which follows the vein. The average strike is about N. 70°
- W. and the dip ranges from 10° to 25° S. Considerable faulting is
apparent, particularly along the hanging wall, where in places the
vein matter for 6 inches or more has been reduced to a fault gouge.
Some of the best of the ore has been taken from this zone along the
hanging wall.- The gangue of the vein is partly quartz and partly
pegmatitic material, and these two appear to grade into one another,
indicating that at least a part of the quartz is of primary origin.
The sulphide minerals in the gangue include molybdenite, pyrite,
pyrrhotite, and chalcopyrite. The molybdenite is in some places
scattered through the quartz and pegmatite and in others more or

s
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less concentrated, particularly in the gouge zonme. Pyrite and
chajoopyrite are distributed throughout the gangue, but pyrrhotite
is most often found in pockets or kidneys. The paragenesis of the
sulphide minerals has not been deciphered.

A tunnel, now driven 360 feet, is the main underground develop-
ment work. At 250 and 300 feet from the portal cross faults were
met, the first striking N. 10° E. and the second N. 10° W., with
offsets at both places. The molybdenite content of the vein becomes
very low beyond the 3( )-foot point in the tunnel, and at this point
the direction of the tur nel was changed to one somewhat south of-
the strike on the workil g hypothesis that the true vein at the 300-
foot point has been rejlaced through faulting by a barren quartz
vein. It is equally possible, however, that a molybdenite ore shoot
in the vein has been terminated by the fault, and that the vein
exposed beyond the fault is a barren zone of the same vein. In this
event, further drifting on the vein or sinking an inclined shaft down
the dip will afford the greater chance of discovering ore.

- A tramway has been constructed from the portal of the tunnel
across the small stream above mentioned and down the opposite
side of the valley to tidewater. A small dock has also been built.
All the mining has so far been done by hand, but in September, 1919,
a compressor plant was at the dock awaiting installation. Six men,
working in two shifts, were at work at the time of the writer’s visit.

RUSH & BROWN MINE.

The Rush & Brown mine, about half a mile west of Lake Ellen,
- at the head of Kasaan Bay, was the only copper mine in southeastern
Alaska that was operated in 1919. The property includes two ore
bodies that have been developed to a productive basis and a number
of others that have not been explored. The larger of the two pro-
ductive ore bodies is a contact-metamorphic deposit of copper-
bearing magnetite, and the smaller a fault-zone deposit, with chal-
copyrite as the chief sulphide. Theformer is of too low a grade to be
worked at the present price of copper; but the latter carries a higher
grade of copper ore and also considerable gold and silver, and in
recent years mining has been confined to this deposit. Eight men
were employed in the mine in 1919, and several others at the surface.

The contact-metamorphic deposit lies in contact rock between
diorite and graywacke, trends about due east, and stands practically
vertical, plunging perhaps at a high angle to the nerth. The ore
has been exposed in a glory hole and numerous drifts from it to a
depth of 140 feet, for a distance of about 200 feet, and shows a width
ranging from 50 feet at the west end to 125 feet at the east end. The
deposit, however, is irregular in outline and variable in ore content,
owing to the inclusions of numerous horses of country rock. Both
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the ore and the country rock are much faulted, but in general the
throw of the faults seems to be small. A series of lamprophyric dikes,
chiefly sodic vogesites, cut directly across the magnetite and country
rock, striking in general about north. These dikes appear to repre-
sent the latest phase of the igneous activity. The chief sulphides
contained in the magnetite are chalecopyrite and pyrite, but they
are so scattered that it is difficult to find copper ore of & commereial
grade. The whole deposit of cupriferous magnetite, if mined com-
pletely, should yield not less than 0.5 per cent and possibly 1 per
cent of copper. Such ore should sometime become of value, if
worked for both its copper and its iron content.

About 160 feet north of the contact ore at the surface lies the
shear-zone deposit, observations upon which show that the vein is
irregular in attitude, ranging in strike from N. 65° E. to east and
in dip from 45° to 60° 8. If the strike is taken at N. 80° E. and the
dip at 60° S.,.it appears that the shear zone should intersect the
contact deposit at a vertical depth of about 280 feet from the
surface, or about 325 feet measured down' the slope. The inclined
shaft down the vein on the shear zone has now been sunk 430 feet
but without yet encountering the contact depoalt-. This may be
due to faulting.

The deposit now being worked is a body of sheared graywacke
and tuff, ranging in thickness from a few inches to 8 feet, lying
between well-defined foot and hanging walls. The sulphide ore,
chiefly chalcopyrite with some pyrite and pyrrhotite, occurs in lenses
and reticulating veins and veinlets within the sheared material,
more commonly nearer to the hanging wall than to the footwall.
Some solid veins of chaleopyrite have been found, of which the
largest so far mined hes not exceeded 4 feet in thickness. The
gangue material consists of crushed country rock, rather than gangue
minerals such as quartz or calcite. The two walls evidently repre-
sent the outer limits of movement, for they are slickensided, and the
sheared and crushed vein material ends abruptly against them.
Moreover, the ground outside the vein is firm, as indicated by the
fact that no timbering is required in the drifts. As would be ex-
pected, ore is found in soft ground, where shearing and granulation
have reached a maximum. There appears to have been little if any
movement,along the vein subsequent to ore deposition, but cross
faulting is not uncommon. On the 200-foot level a well-marked
fault, known as Murphy’s slip, intersects the vein, offsetting it 25
feet om this level. This fault strikes approximately north and dips
50°-80° K., and has been traced 400 feet by tunnel. Faults similar
in strike and dip may be seen on other levels, particularly west of the
shaft, and appear to constitute a system of parallel faults formed

R |
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subsequent to ore deposition. It seems likely that the dikes of
vogesite previously mentioned were intruded along such fracture
es.

At several localities in the mine small deposits of cupriferous
magnetite lead off from the vein, existing apparently as isolated
outliers of the contact deposit near by and relating the two types of
deposits genetically to the same agency—the intrusive diorite.
Small ore shoots of commercial copper ore were found in some of these
deposits and mined.

The mine is developed by levels at depths of 100, 200, 250, 300,
350, and 400 feet. A vertical shaft connects the 200-foot level with
the surface, and a hoist operates a lift which handles either men or
an ore car. The lower levels are reached by ladder down an inclined
shaft that follows the vein; and ore from the lower levels is raised up
this shaft on a skip. A moderate flow of water, about 50 gallons &
minute, is raised by a pump from the lower levels to the 200-foot
level, whence it goes into & sump and is picked up by another pump
and hoisted to the surface.

All mining and development work so far has been done by hand
mining, but a new Ingersoll-Rand compressor, with a capacity of
four drills, has been partly installed and should soon be ready for use.
A small boiler of about 50 horsepower, operated on wood, now sup-
plies all the power that is needed; but a larger hoiler is being installed
to run the compressor. The output of the mine should be materially
Jincreased by the use of power drills. The ore is transported by a
small locomotive and cars over a narrow-gage railroad to tidewater,
a distance of about 2 miles.

BALT CHUCK MINE.

The Salt Chuck mine, formerly known as the Goodro mine, is about
half a mile northeast of Lake Ellen and at an equal distance from the
head of the Salt Chuck, at the head of Kasaan Bay. Mining was
begun originally on what was considered to be a low-grade copper
deposit, but subsequently it was discovered that the ore was of more
value for its content of platinum metals than for its copper, so that
now this mine is more properly described as a palladium-copper mine.
It has been operated continuously since 1917, and in 1919 it employed
about 16 men.

The lode crops out at an elevation of 400 feet, upon a little knoll
rising from one of the rounded ridges characteristic of this glaciated
area. A few other surface outcrops have been found near by, but
the general surficial configuration of the mineralized zone has not been
determined, owing in part to the timber and dense vegetation of the
. surrounding area, but particularly to the irregular distribution of the
mineralization, which gives no clue as a guide in prospecting. The
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ore zone, however, or the zone within which the discevery of ore
shoots may be expe.cted is believed to be at least 250 feet wide and
is thought to extend in a direction about N. 75° W.

This deposit, unlike most of the other commercial ore deposits of
‘Kasaan Peninsula, occurs in an area of coarse-grained intrusive rock,
which has been mapped by Wright ® under the general designation
granitic intrusives. "Such intrusive rocks invade the Paleozoic
sedimentary rocks of Kasaan Peninsula at many localities, occurring
as small and large bodies of varying petrographic character. The
normel type of these rocks is a diorite, low in quartz and orthoclase,

but numerous other facies have been evolved by magnetic differenti--

ation. In the acidic differentiates low potassium and high soda
content expresses itself through the formation of sodic granite and
syenite, the chief feldspar of which is albite, in place of orthoclase, the
normal type in such rocks. Much dwerslﬁcataon is apparent among
the basic types of differentiated rocks, although few of these have
been described in any detail. This differentiation is well illystrated
at the Salt Chuck mine, where the country rock is in general a pyrox-
enite, with gabbroic and gabbro-pegmatitic phases. Wright referred
to the country rock at the Salt Chuck mine as a gabbro, but in his
petrographic description he showed clearly that the plagioclase feld-
spar constitutes only from 5 to 10 per cent of the Tock. It seems
better, therefore, to designate the intrusive rock at the mine pyroxe-
nite, - remembering, however, the gradual transition to the true
gabbroic intrusives in this vicinity. The chief rock-forming mineral
is augite, and the subordinate constituents are biotite, iron oxides,
plagioclase, apatite, and titanite, though not all of these are invariably
present in any one specimen. Biotite in partieular is variable in
distribution, and much of it occurs as large splendent crystals. The
pyroxene and plagioclase are in places much altered, the alternation
resulting in the development of rocks rich in apldol;a and in chloritic
and sericitic material.
. ' The ore minerals consist of copper sulphides, distributed in gmms
and small patches as ore shoots in the pyroxenite. Bornite is the
chief copper mineral, but a small proportion of chalcopyrite also
occurs locally. Chalcocite and covellite are both present, as alteration
products of the bornite and also of the chalcopyrite. Finely dis-
seminated chalcocite and native copper have been reported by Knopf®
as ocourring in some drifts about halfway between the upper and
lower tunnels, leading from a connecting winze. Practically no
gangue minerals are found with the ore. In addition to copper,
gold, silver, palladium, and platinum are recovered.

 Wright, C. W., Geology and ore deposits of Copper Mountain and Kassan Peninsuls, Alaska: U. 8, Geol
Burvey Prof. Paper 87, p. 73, 1915.
¢ Knopl, Adolph, Mining in southeastern Alaska, 1010: U. B. Geol. Burvey Bull. 480, p. 101, 1911.
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The metallic content of the Salt Chuck ores was shown in a table
of analyses by Campbell,” and this table, with the addition of three

determinations of concentrates, is given below.

Metallic content of Salt Chuck ores. -y
[Copper in per cent; other metals in ounces to the ton.]

Copper. | Gold, Bilver, m 5‘:3:’
BIPTBOIR .o viveissoncnnsinesisbinpassodansaivmnas .92 0.07 0.17 0.41
150-100t 18Vl v.scnuremsienncenrncnasscennnssnnaanns 1.08 .07 .24 .18
Bottom ol winse. . ... ..c.cocevrcmmanncmnnaraanannasn 1.28 .05 .24 AT
- Average of ore anAlYBes. ... -.oveacianiiinnatas 1. 427 . 063 217 . 253
1 1) R R B e R Pt U .08 .01 .10 .01
ChAODYTILA . « o vrenmenesancaiasranssanenssansasansns 27.68 .11 2.08 10
WM(mmm:smwlm %% rar | 8l 0, m&'ﬂ 2.03
ncen 3 our., Sept. 1. : g ;
O Y o WBcoie o) WO 0 W .04 2.56
COUDBDETREI, . v o a e drnn sy smkngnme b mdm b g g s s 30.41 1.20 518 .04 3.38
————
Average of concentrates. .. .........coooaiananns 40.08 1.213 5,208 3.147

From these data it is possible to estimate the percentage recovery
of the precious metals in the concentrates. If the concentrates
average 40.06 per cent of copper each ton of concentrate will contain
801.2 pounds of copper. Then, as the average copper content of the
ore is 1.427 per cent, each ton of ore contains 28.54 pounds of copper;
and the number of tons 6f ore used to produce 1 ton of concentrates,
on the assumptionof a copper recovery of 100 per cent, would be
801.2+28.564=28.07 tons. The recovery of gold, silver, and platinum
metals in ounces per ton is obtained by dividing their respective fig-
ures in the “aviern.go of concentrates” by 28.07; and the ratio of the
rasult.mg quantities to the corresponding qua.nt.lt.ms given in the

‘“‘average of ore analyses” yields the percentage of recovery for the
precious metals in terms of the assumed 100 per cent recovery of
copper—that is, gold 68 per cent, silver 87 per cent, and platinum
metals 44 per cent. The exact percentages of precious metals re-
covered are obtained by multiplying these computed percentages by
the true recovery of copper.

On reducmg the copper percentage to troy ‘ounces per ton and
comparing the result with the figures for the precious metals, it ap-
pears that the ratio of the copper to the gold, silver, and pls.tmum
metals is 6,607,1,918,and 1,645 to 1 respectively,and that the ratio of
the gold to the silver and platinum metals is roughly 1 to 3 and 4
respectively. Of course, an average of three assays affords no basis
for any exact deductions, but nevertheless these figures are useful
in giving & general idea of the occurrence of these metals.

: 'Oampboll, D. Q., Palladium in Alaska lode deposiis: Min. and Sei. Press, vol. 118, pp. 520-622, 1919,

¥
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A little free gold may be seen in some of the'ore, but the disparity
between the recovery of gold and the recovery of platmum metals
leads to the belief that a considerable part of the gold is chemically
combined or mechanically held with sulphides. The high content
of silver relative to gold indicates an additional source of silver
besides that alloyed with gold, and the high silver recovery indicates
* that the silver is present as some silver or copper-silver mineral,
probably a sulphide or sulpho-salt, which is highly adapted to the
flotation process. Possibly it occurs in both these forms. The
lngh content but low recovery of platinum metals, when considered
in the light of the known relationship between copper and platinum
metals in these ores, indicates that the larger part.of the platinum
metals are held mechamcally by the copper minerals and are liberated
i in the ball mill. The ratio of palladium to platinum appears to vary

The analysis of the chalcopyrite is also of some mtmmt Gold
gilver, and platinum metals are found in the chalcopyrite, and al-
t.hough this fact does not permit any inferences as to the state of
existence of the precious metals, it serves partly to corroborate the
nfluences above drawn. The ratio of gold to silver to platinum
metals in the chalcopyrite is about 1 to 19 to 9, whereas in the average
of ore analyses it is 1 to 3 to 4. The higher ratio of silver to gold in
the chalcopyrite analysis is probably due in part to the lower con-
tent of gold in the chalcopyrite than in average ores, owing to the
presence of a certain percentage of free gold in the country rock;
but probably it is due more largely to the higher content of silver in
the chalcopyrite, as a result of the presence of intergrown silver or
copper-silver sulphides. The higher ratio of platinum metals to
gold in the chaleopyrite analysis is interpreted as evidence that
more of the platinum metals are associated with the copper minerals
than occur free in the country rock, thus corroborating the relation-
ship that appears to exist between the copper and platinum metals
in the mine. The analyses above given show from 0.13 to 0.21
ounce of platinum metals to the ton for each 1 per cent of copper;
the lower figure is more probably representative of the average.

The mode of formation of this deposit and the distribution of the
ore present some puzzling features. The country rock, though
mainly pyroxenite, shows gabbroic and gabbro-pegm&ut.lc phases,
and at the west end of the glory hole a basic dike 4 feet thick cuts the
pyroxenite. Considerable epidote also occurs, in part replacing the

-minerals of the country rock and in part as traversing veinlets. The
ore is evidently later than the dike, for a bornite-chalcopyrite ore
_shoot cuts directly across the dike. The country rock is much frac-
tured, but there is no particular system to the fractures, and no
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large displacements. The general trend of the zone of the fractured
and faulted rock, however, is believed to be about N. 75° W.

At first sight the bornite and chalcopyrite may be regarded as ores
segregated from the gabbro mass. The copper minerals do not ap-
pear to follow the larger fracture planes to the extent that might be
expected in 'an ore deposited from circulating waters. The ore occurs
in shoots, which appear more or less independent of the rock frac-
tures, and the bornite is found as disseminated particles within these
shoots, some of it in massive country rock at some distance from any
apparent openings. Also, free gold was observed which had been
drawn out and elongated by faulting subsequent to its deposition,
showing that at least some of the fracturing movements occurred
after the deposition of the ore. On the other hand, some of the copper
ore, particularly the chalcopyrite, lies along the fractures in such a -
manner as to show clear]ly that it entered the rocks and was deposited
subsequent to the fracturing. Moreover, where the bornite occurs
in massive, unfractured pyroxenite, the rock-forming minerals of the
pyroxenite are noticeably altered, chiefly to epidote, with less chlo-
ritic material; and the degree of this alteration appears to be a func-
tion of the amount of ore present. Finally, the texture of the ore as
seen under the microscope belies the appearance of primary character
which is seen in hand specimens. The country rock contains many
minute cracks, adequate for circulating ore solutions, and the ore
~ itself shows that it has entered the rock in this manner and replaced
the rock minerals. Hence, though all the details of the ore deposition
can not be explained, it seems certain that this is at least an epigenetic
deposit—that is, it was formed later than the containing country
rock.

The presence of chalcocite, covellite, and native copper point
unmistakably to enrichment, due to the action of meteoric waters
working downward from the surface. The chalcocite and native
copper observed by Knopf ® were at a depth of about 200 feet below
the surface and shows that enrichment has occurred at least to this
depth. This is rather remarkable for southeastern Alaska, for it has
generally been believed that in that region the recent glaciation had
removed the zone of oxidation and practically all of the secondary
sulphide zone. It would be of interest to know whether this super-
gene enrichment is a remnant representing a preglacial secondary
sulphide zone, or whether it has occurred in postglacial time. In
either case the theoretical conclusion is that the ore will be found to
bécome leaner with depth, but it is doubtful if this feature will prove
of much economic importance, as the percentage of secondary sul-
phides appears to be relatively small.

* Kaop', Adolph, Mining fa scutheastern Alasks, 1910: U. B. Geol. Survey Bull. 480, p. 101, 1011.
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The Salt.Chuck ore deposit has been developed at the surface by a
small glory hole and an open cut almost adjoining it on the east, ‘and
underground by & tunnel 300 feet long which at its face opéns upward
through a stope into the glory hole. Near the face of this tunnel a
winze has been sunk 200 feet, connecting with a new lower tunnel,
and the winze has been continued upward as a raise for 90 feet. A
tram 2,200 feet long has heretofore been used to transport ore from
the mine to the mill. The new lower tunnel, 1,225 feet long, has now
been completed and will be used as the main oreway.

Ore is now being taken from the stope that connects the upper
tunnel with the glory hole. One of the difficulties of mining opera-
tions at this property is the irregular distribution of ore stopes.
There are practically no data on which to base prospecting, for there
" is no vein or well-defined shear zone, and the stopes occur seemingly
at random. There is a limit to the mineralized zone, which probably
coincides with the limit of the faulted and fractured area of peridotite,
but this is neither sufficiently definite nor sufficiently circumseribed
to be of value in laying out the mine. That such a limit exists is
shown in the new lower tunnel, which is 1,225 feet long and in which
no ore was seen until the tunnel had been driven 990 feet. The
horizontal sequence in this tunnel from the portal inward is as follows:

Sequence in lower tunnel of Salt Chuck mine.

Feet.

Barren country u i T LR Fvsdsasssansissnsmeononseeisnsnes 990
Zone of disseminated bormt.e ..... —— prmverieiddeciiayasndpuans 15
"Barren COUmtTY POCK . -..ennnneennnnnaiaaqeannns eSS S P '
“Zone of disseminated bornite....................... e samabans EFEN 30
SBearren COMTHY YOCK. .o ocoooconiicsccnssccrcassesnnnsssssnnanae 170

Zone of disseminated ore, chiefly chalcopyrite, subordinately bornite 5

It is not known in what manner the ore zones shown are cut by the

tunnel, and the thicknesses given, therefore, may or may not repre-
sent true cross sections of the shoots,
_The ore is reduced in a concentration and flotation plant on the
property. Power for the mill and mine is generated partly by water
and part.ly by means of a 75-horsepower Fairbanks-Morse semi-
Diesel engine. Water is taken from a 31-acre lake and delivered to
the wheels in a 10-inch stream, under a head of 179 feet; and when
the supply is adequate, 220 horsepower is generated by this means.
The supply of water, however, is usually inadequate, and the engine
has to be run much of the time. This constitutes one serious handi-
cap to economical mining.

Ore is delivered at the mill into a 175-ton storage bin, from which it
goes through two sets of jaw crushers and is reduced to about 2-inch
size. This material is then dumped into a 75-ton bin, whence it is
fed automatically to a Worthington ball mill, with a rated capacity
of 60 tons in 24 hours, Fma.l grmdmg is at pment. accomplished by
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this operation, but the ball mill is overtaxed, and it is planned to in-
© troduce rolls between the crushers and the ball mill, reducing the
praduct to 1}-inch size before delivery to the mill. Thl.B will be a
great improvement. The pulp from the ball mill goés to a classifier,
from which the oversize is conveyed back by a scraper belt to a
trommel, while the fines flow off and are raised by a bucket elevator
belt to the flotation cells. The oversize from the trommel goes back
to the ball mill, and the undersize to a Biester-Overstrong concentrat-
ing table. The flotation pla.nt consists of five cells, in which are used
mixtures of oil of pine, pine tar, creosote, and coal tar. About 90
per cent of the ore is caught in the first two cells. From these the
concentrate goes to Callow cones, where it is largely dewatered. Final
‘drying is accomplished in filter presses, where the moisture is drawn
off by compressed-air suction. A shipping product containing only
10 per cent of moisture is said to be produced.

DUNTON MINE.

The Dunton mine, the property of the Dunton Gold Mining Co.,
is on Harris Creek about 2 miles from the post office-of Hollis, at the
upper limit of high tide. Harris Creek is navigable for small boats
at high tide up to the mine. This property lies at the south end of a
~ zone of mineralization, which extends somewhat east of north for
4 or 5 miles, reaching some distance north of May-beso Creek. The
Dunton property includes two claims along this mineralized zone.

The country rock in this vicinity, according to Chapin,® consists
of “‘a complex assemblage of igneous and sedimentary rocks. The
bedded rocks include tuff, breccia, schist, limestone, black slate,
argillite, and graywacke and are cut by a large boss of quartz diorite
and associated porphyritic dikes.” The country rock at the mine
is a graphitic slate, which ranges in strike from east to N. 30° W,,
averaging perhaps N. 30° E., and dips 12°-35° SE. The slate is
much faulted and slickensided, but the displacements are for the
most pary parallel with the rock structure. The highly graphitic
character of the slate is partioularly evident along the slickensided
surfaces. Fine-grained dike rocks, in places porphyritic, also intrude
the country rock more commonly parallel with the structure of the
slate than otherwise.

The mineralized zone on which the Dunton mine is located extends
about 2 miles to the northeast and then changes in trend or joins
another zone which extends northward to May-be-so Creek. The
northeastward-trending zone ends at the Hollis group: of claims,
and the northward-frending zone, which begins at that point, includes
the Crackerjack and Ready Bullion lodes, to the north, although these

-M,Tm«',mammmummnwmmdm.m? U. B, Geol, Burvey Bull. m
P 1010, =
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two lodes appear to be separate veins. According to Chapin!® three

veins, known as the lower, middle, and ypper veins, are recognized at -

the surface in this mineralized zone. ‘‘These are approximsately
parallel and form a lode system following intrusive porphyry dikes.”
The vein that is mined at the Dunton mine is the upper vein. A
10-inch quartz seam lies 15 feet below this, and a barren quartz vein
lies 150 feet lower.

The Dunton lode consists of a number of quartz stringers which
form a mineralized zone in and conformable with the slate. The
thickness averages about 7 feet, though increasing locally to 12 feet.
The individual quartz stringers range in thickness from a few inches
up to 1 or 2 feet. Much faulting has taken place parallel with the
vein, crushing and slickensiding the ore and country rock but causing
no apparent displacement. Dikes run parallel with the vein, more
commonly on the hanging than on the footwall side, but here and
there cutting across the fode. Many of these dikes are mineralized
with pyrite, but they do not constitute minable ore. They have
been greatly altered to secondary products, and the original petro-
graphic character could not be inferred. The vein pitches on the
average about 28° SE. -

The quartz is mineralized by auriferous pyrite, gold, and a little
galena. Good ore occurs in shoots, which appear to be localized in
parts of the vein where the dip is lowest. The ore is best where
pyrite is most abundant. Incauy the slaty country rock carries
some gold, particularly where it is pyritized. About 75 per cent of
the gold is free, and the concentrates consist almost wholly of pyrite.
Taken as a whole, the quartz and mineralized country rock, which
together form the ore, would be classed as a low-grade gold ore, but
only ore from the richer shoots is mined. This gives a h.lgher—gra.de
ore but limits the available tonnage.

The mine is developed by an adit 364 feet long, which follows
down the dip of the vein. Four drifts—a short one at 70 feet,
another at 100 feet, a third at 180 feet, and the fourth at 250 feet—
constitute the chief development work. The ore is reduced by a
5-stamp Chalmers & Williams mill, with plates and concentrating
table, operated by three vertical turbines generating- together 90
horsepower. The mill has a capacity of 12 tons a day. Water is
brought from Harris Creek through a 250-foot flume and delivered
with a head of 13 feet.

10 Chapin, Theodore, op. cit., p. 88.




NOTES ON THE SALMON-UNUK RIVER REGION.

' Compiled by J. B. Megiz, Jr.

INTRODUCTION.

The Salmon-Unuk River region, in southeastern Alaska, is a trapezi-
form area of about 1,800 square miles, lying between parallels 55° 50
and 56° 30’ north latitude and meridians 129° 50’ and 131° 10’ west
longitude. The international boundary between Alaska and British
Columbia, extending in a general northwesterly direction along the
crest of the Coast Range, delimits the area on the northeast. This
district is adjacent to tidewater, reaching Behm Canal on the south-
west side and Portland Canal on the southeast side. On account
of mining activity in the vicinity of Portland Canal, the southeastern
part is referred to by Americans as the Portland Cahal district and
by Canadians as the Portland Canal mining division.

This portion of southeastern Alaska, along the international
boundary and adjacent to the intrusive rocks on the Coast Range,
has been recognized for years as favorable for the occurrence of
mineral deposits, and in the last 22 years numerous more or less
promising deposits have been discovered and located. The present
renewal of public interest in this part of Alaska and British Columbia
is due mainly to the recent successful development of some of these
deposits at the head of Portland Canal, on the Canadian side of the
boundary, and the promise which such development holds forth for
the subsequent exploitation of similar deposits that lie along this
same zone of mineralization.

A considerable amount of topographic and geologic work, both
American and Canadian, has been done in this district and in the
area adjoining it. The first and most essential preliminary require-
ment—that is, a topographic map—was prepared by the Canadian
Boundary Commission in 1902, in connection with the accurate
location of the international boundary, and in 1910 a topographic
map of the Portland Canal mining area (map 50 A) was prepared
by the Geological Survey of Canada. The later map covers mainly
the area drained by Bear River, one of the headwater tributaries

.. of Portland Canal. The accompanying base map (Pl. V) is com-

piled mainly from these two sources. A new map of this area is soon
to be issued by the International Boundary Commaalon
7230°—21—Bull. 714——29 129
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The principal publications by workers in the United States Geo-
logical Survey that have a bearing on the geology and mineralization
of the Salmon-Unuk River district are as follows, named in chrono-
logic order. '

Brooks, A. H., Preliminary report on the Ketchikan mining district, Alaska: T, 8.
Geol. Survey Prof. Paper 1, 1902. :

Wright, F. E., The Unuk River mining region of British Columbia: Canada Geol.
Survey Summary Rept. for 1905, Ottawa, 1906.

Wright, F. E., and C. W., The Ketchikan and Wrangell mining districts, Alaska:
U. 8. Geol. Survey Bull. 347, 1008,

Chapin, Theodore, Mining developments in southeastern Alaska in 1915: U. B.
Geol. Burvey Bull. 642, pp. 94-98, 1916, _

The Skeena and Portland Canal mining divisions include that part
of the Salmon-Unuk River region that lies in British Columbia.
Notes on the progress of mining in these divisions have been published
annually for a number of years by the British Columbia Bureau ot
Mines, The latest of these reports dealing with the valley of Salmon
River are as follows: .

Clothier, G. A., Portland Canal mining division: British Columbia Bur. Mines
Ann. Rept. for 1917, pp. ¥68-r73, 1918,

Jack, P. 8., Portland Canal mining division: Idem, p. »84.
Clothier, G. A., Portland Canal mining division: Idem for 1018, pp. x80-x83, 1919,

Investigations have also been carried on by the Geological Survey
of Canada in these mining divisions, and this work is still in progress.
Four reports have so far been published, and a fifth is in.course of
publication. The published reports are as follows:

McCOonnell, B. G., Portland Cenal district, British Columbia: Canada Geol. Survey
Summary Rept. for 1909, pp. 59-89, 1910,

McConnell, R. G., S8almon River district, British Columbia: Idem for 1911, pp.
5056, 1812. '

McConnell, R. G., Portland Canal district, British Columbia: Idem, pp. 56-71.

McOonnell, R. G., Portions of Portland Canal and Skeena mining divisions, Skeena
districts, British Columbia: Canada Geol. Survey Mem. 32, 1913.

The last named of these four publications is essentially a compila-
tion from the three earlier summary reports.

The present report represents no original work whatever on the part
of the writer. It is essentially a brief compilation of the work of
earlier American and Canadian workers, prepared to meet the de-
mand for a statement of the available information on the area be-
ginning at Portland Canal and extending northwestward. The only
qualification of the writer for the preparation of such a statement is
a general familiarity with the country gained by geologic field work
in southeastern Alaska. The latest work by the United States Geo-
logical Survey was done in the Portland Canal district by Theodore
Chapin in 1915, and his report is cited above.
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PHYSICAL AND ECONOMIC GEOGRAFPHY.
RELIEF.

* The Salmon-Unuk River region belongs in large part to the Coast
Range province of southeastern Alaska and is therefore an area of
considerable relief. The area included in this report extends from
tidewater at Behm and Portland canals to the crest of the Coast
Range and therefore lies mainly in the western half of the Coast
Range. The range in this area is about 100 miles wide and has
rather poorly defined crest line. Many of the peaks of the range
attain elevations of 6,000 to 9,000 feet, but within this area none
exceed 8,000 feet. The mountain summits are more uniform in
elevation in this western portion of the range, within the area of
granitic rocks, than on the east side, where argillites and greenstones
occur.

Some of the larger streams in this vicinity, such as Stikine, Nass,
and Skeena rivers, cut completely through the Coast Range, and the
smaller streams are in general deeply incised, resulting in the devel-
opment of a marked relief. Thus Unuk River at the international
boundary flows at an elevation of 600 feet above sea level, and a peak
a short distance northwest rises to 6,200 feet. Similarly, Salmon
and Bear rivers have their upper basins adjacent to mountains of
7,000 to 8,000 feet in elevation and reach tidewater within a distance
of about 15 miles.

In addition to marked relief, this area is further characterized by
very precipitous slopes, caused mainly by intense glaciation. The
higher peaks are sharp and serrated, owing to crest-line sapping by
the glaciers. Below 5,500 feet the hills were overridden by flowing
ice and the crests are smooth and rounded, but the valley walls have
been oversteepened by glacial scouring and are everywhere very'pre-
cipitous and in places sheer, unscalable cliffs.

DRAINAGE.

The principal streams that drain this area, named in order from
northwest to southeast, are Blue, Unuk, Leduc, Chickamin, Salmon,
and Bear rivers. Of these, Blue River is tributary to the Unuk and
Leduc River to the Chickamin. Unuk River enters Burroughs Bay,
an inlet from Behm Canal, and Chickamin River enters Behm Canal.
Salmon and Bear rivers enter Portland Canal at its head. Both
Unuk and Chickamin rivers rise within the Coast Range and flow
through more or less canyon-like valleys in their upper courses. In
their lower courses, however, the valleys of these two streams broaden

‘out and are cheracterized by wide, gravel-covered bottoms. At the
', head of Unuk River, about 60 miles from Burroughs Bay, & narrow

diwide leads over to a branch of Iskoot River, through the valley of
which it is possible to enter the inland plateau of British Columbia.
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 addition to trees, a thick mantle of other vegetation, including moss
and brush of several varieties, covers the bedrock exposures, except
~ at high altitudes and on unscalable cliffs. This mantle makes pros-
pecting difficult and accounts in part for the slow development of
the mining resources.

WATER POWER.

Water powers should be available at many localities in this region,
owing to the large size and steep gradients of the streams. Insummer,
as is the general rule in an area of high precipitation, with streams
_fed by melting snow and ice, water is usually plentiful. In winter,
however, the supply is much less, for the precipitation is in the form
of snow, and glacial melting is at a minimum, Careful measurements
of the minimum run-off in winter should precede the establishment
of power plants. Two power plants have already been established
in Canadian territory, on Glacier and Lydden creeks, tributaries of
Bear River. ‘

SETTLEMENTS.

The two important settlements are Stewart and Hyder, the former
in Canadian and the latter in American territory. Stewart, the
distributing point for the Canadian part of the mining district, is
at the head of Portland Canal, at the mouth of and on the west side
of Bear River. It had a population of about 250 people in the fall
of 1919. Hyder, the American distributing point, is about 2 miles
from Stewart, at the mouth of and on the east side of Salmon River.
In the fall of 1919 it was said to consist of 30 to 40 houses and was
supplied with a wharf.

MEANS OF COMMUNICATION,

Hyder and Stewart, being on tidewater, are connected by steam-
ship and gas-boat service with Prince Rupert and Ketchikan. A
railroad starting from Stewart has been built up Bear River for a
distance of about 12 miles, and a wagon road has also been con-
structed up the Bear River valley. Another wagon road has been
built up the east side of Salmon River from Hyder for 11 miles, and a
trail continues up onto the ridge between Salmon Glacier and Cascade
Creek as far as the Big Missouri mine, a distance from Hyder of about
20 miles. A good wagon road has been built from Elevenmile up
to the Premier mine, a distance of 5 miles. Another good road con-
necting Stewart and Hyder is nearing completion. During the
summer of 1920 a road will probably be built from Elevenmile up
Big Missouri Ridge. The Salmon River road is the only feasible
means of egress from the Canadian mining properties along the west
side of Bear River and on Big Missouri Ridge.

Another means of entrance to this region is by way of Unuk
River. In 1905 a wagon road was built up Unuk River for a dis-
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tance of 42 miles to a mining prospect, but portions of the road
are now washed out.

GEOLOGY.
SALIENT FEATURES,

Little geologic work has been done in the American part of the
Salmon-Unuk River region, chiefly because the rocks are mainly
intrusive and afford little information regarding the geologic history
of the region. On the Canadian side, however, a considerable
amount of geologic study and mapping hes been accomplished)
chiefly by R. G. McConnell, of the Geological Survey of Canada,
whose reports are listed on page 130. Subsequent work has been
done by J. J. O'Neill, of the same organization, but the results of
his investigations have not yet been published. The writer has
merely compiled a condensed summary of the geology, so far as
known at present.

The Coast Range batholith of granitic rocks is bordered on the
east in the vicinity of Portland Canal by two series of sedimentary
rocks, mainly of argillaceous character, between which lies a vol-
canic complex of massive and fragmental igneous rocks, usually of
greenstone habit. All three of these formations are cut by intru-
sive rocks. At some localities Tertiary lavas are also present.
Overlying the hard rocks are surficial deposits of alluvial, estuarine,
and glacial origin. These six rock units, named in order from oldest
to youngest, are the Bitter Creek formation, the Bear River formation,
the Nass formation, the granitic rocks of the Coast Range, the Tertiary
lavas, and the surficial deposits. - The Bear River formation is a
complex of volcanic rocks, in which has occurred the mineralization
on Bear River and Big Missouri ridges, where mining developments
are now progressing so rapidly.

BITTER CREEK FORMATION.

In the vicinity of Portland Canal the Bitter Creek formation is not
known to occur west of Bear River, and therefore it will probably not
be seen along the international boundary, where present mining in-
terest centers. The formation consists mainly of argillite, which in
places has developed a slaty cleavage, usually parallel with the
original bedding planes. Some beds of much altered greenstone of
tuffaceous origin and small nonpersistent beds of crystalline lime-
stone are interstratified with the argillite at certain localities. This
series of rocks as exposed east of Bear River dipssouthwestward under
the other formations and is considered older. These rocks are either
Paleozoic or Mesozoic; their exact age is not known. In the valleys
of Glacier and Bitter creeks, eastern tributaries of Bear River,
quartz veins and other mineralized zones are present in the Bltter
Creek formation.
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The upper 25 or 30 miles of Unuk River drains a schist-argillite
belt, which begins about 4 miles upstream from the international
boundary and is probably, at least in part, the equivalent of the Bit-
ter Creek formation as known east of Bear River. It is likely that
the schistose members in this belt have been developed by dynamic
metamorphism caused by the intrusion of the Coast Range batho-
lith. This belt of argillite appears to parallel the granite of the east
from British Columbia to Skagway, and is characterized along its
whole extent by the occurrence here and there of silver and gold

* bearing veins in the vicinity of the granitic rocks. Placer gold and
lode deposits of silver, gold, and lead have been found in the upper
valley of Unuk River, on the Canadian side of the boundary.

At least two narrow bands of schist cross Unuk River below the
international boundary, and a somewhat wider band follows along
the east side of Behm Canal. These schistose rocks are believed
to represent metamorphosed phases of the sedimentary series of
rocks east of the Coast Range batholith.

BEAR RIVER FORMATION.

Overlying the Bitter Creek formation is the Bear River formation,
which crops out along the east side of Salmon River in Alaska and
continues northeastward into British Columbia. This formation is
the main country rock of the Salmon River valley, where a number
of promising mining properties are situated. It is a complex made
up chiefly of massive and tuffaceous voleanic rocks. The massive
rocks are in general of andesitic nature and are called porphyrites.
In general they are porphyritic, though this feature is not noticeable -
in all hand specimens, and they show a flow structure in many thin
sections. Plagioclase feldspar in two generations is the chief con-
stituent and is accompanied by subordinate amounts of augite or
hornblende, iron oxides, and apatite. Secondary minerals, includ-
ing chlorite, calcite, epidote, leucoxene, and hematite, are suffi-
ciently common to impart to the rocks as a whole a greenstone habit.
-The fragmental rocks consist of tuff, voleanic breccias, and agglom-
erates and evidently indicate that sedimentation played a consid-
erable part in the formation of this complex. This inference is
further borne out by the presence of some thin intercalated beds of
argillite.

Along the east side of Salmon Creek, in American territory, where
this series of rocks abuts against the granite of the Coast Range, the
greenstones are intensely sheared and metamorphosed and have
developed into coarse greenish and grayish schists, in which the
schistosity roughly parallels the greenstone-granite contact. The
rocks dip steeply toward the granite, and in general the metamor-
phism increases in intensity in that direction,
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NASS FORMATION.

" Little need be said of the group of rocks that constitute the Nass
formation, for they are not known to occur jn Alaska and have not
been found to be mineralized. Like the Bitter Creek formation, the
Nass consists of a thick series of argillite, with some coarse clastic
beds. In the upper Salmon River valley, within British Columbia,
isolated bodies of such rocks overlie the Bear River formation.

GRANITIC ROCKS OF THE COAST RANGE.

The intrusive rocks that compose the Coast Range batholith range
from granite to diorite and even to gabbro. Quartz-hornblende
diorite, however, is the predominating type. The major part of the
Salmon-Unuk River region is occupied by granitic rocks.

Within the central part of the granitic batholith the granite is of
rather uniform texture, but at the edges, particularly along the west
flank, variations are seen. Thus along the shores of Behm Canal
pegmatite and aplite dikes form an intricate network of white strands

at the edge of the granodiorite, and in the adjacent schist several

generations of such dikes may be observed. At a distance this com-
plex of granodiorite, schist, and dikes resembles a breccia. The
granodiorite is also commonly gneissoid, and the included fragments
of schist merge into rocks resembling basic differentiation products.
As a result of this condition, brought about by intrusion at great
depth, the contact between the granite and other country rock is
indistinct in many places along the western flank of the batholith.

. This condition is less apparent along the eastern flank, although dike

rocks are also present there.

The typical quartz-hornblende diorite of the Coast Range is com-
posed essentially of plagioclase, feldspar, quartz, biotite, hornblende,
and orthoclase, named in the order of abundance. 'I‘itanite, magnet-
ite, and apatite are accessory minerals, and small amounts of sec-
ondary products such as epidote, sericite, calcite, and chlorite also
occur in the central part of the batholith, .

These granitic rocks are the source of the mineralizing solutions
that have produced the ore deposits in this district, but the methods
of formation of the deposits have been devious, and the resulting ores
show wide differences in location, character, extent, and mineral
content. It is noticeable, however, that important mineralization
does not appear to have occurred within the main batholith but was
confined to the edges of the granitic rocks and the adjacent sedimen-
tary rocks. This is due to the fact that the mineralizing solutions
found their easiest upward course along the fractured zones near the
contact. The practical importance of this generalization is that the
best hope of finding ore deposits on the American side of the Unuk-
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Salmon River district is along the east side of Salmon River, where
the Bear River formation occurs.

TERTIARY BASALT.

The Tertiary basalts of this region are gray-green to black por-
phyritic rocks ranging in composition from basio andesite to normal
basalt, composed essentially of plagioclase, pyroxene, and magnetite,
with a little olivine or quartz. Some alteration has taken place, but
as a rule these rocks are very fresh in appearance. These beds of
lava have been little disturbed since their formation and in most
places lie almost horizontal. Some tuffaceous layers are interbedded
with the lavas. Postglacial basaltic lavas are found in the lower
valley of Blue River, just above its junction with the Unuk.

SURFICIAL DEPOSITS.

The surficial deposits.are chiefly of three types, glacial, estuarine,
and alluvial, The glacial deposits consist of till, glaciofluviatile
material, and boulder clay, collected in deposits of many types.
Estuarine deposits similar to those now being formed in the heads
of the fiords are found on the hillsides at a height of 350 to 500 feet
above the present sea level and point unmistakably to a postglacial
uplift. Alluvial deposits composed of silt, sand, and gravel occur in
the valleys and are due to aggradation by the present streams.
Lacustrine deposits are also.present in small areas.

MINERAL RESOURCES.
GENERAL LOCATION.

The mineralized zone of the Salmon-Unuk River region lies mainly
along the east flank of the Coast Range granite batholith and is
therefore largely in Canadian territory, except in the valley of Salmon
River, at the head of Portland Canal. Prospecting.and mining have
been done at two general localities, one around the headwaters of
Unuk River and the other at the head of Portland Canal, in the
valleys of Salmon and Bear rivers. A zone of mineralization, how-
ever, lies along the east side of the granite batholith in British
Columbia, and it is very likely that other mineral deposits will be
found along this zone. It is significant that mineral deposits have
been found at both the localities mentioned, which, as before pointed
out, are the two natural passages through the range from the west
in this particular district. The Portland Canal area is the more
advuantageously situated, for Portland Canal cuts completely through
the granite and brings tidewater almost to the mines. The renewal
of interest in mining in this district'is due to the successful develop-
ment of the Premier mine, and other properties of similar character
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- in the wpper valley of Salmon Creek. Most of these properties are

on the Canadian side of the boundary, but it is not unlikely that
others worth while will ultimately be located on the American side.

UNUK RIVER.

Placer gold was reported in the Canadian part of the Unuk Valley
during the Cassiar excitement in the early seventies but received
little attention. In the early eighties gold-bearing gravels were
discovered on Sulphide Creek, and some placer gold was mined.
Subsequent to the rush of 1898 lode deposits were located on Sul-
phide, Canon, and Bowlder creeks, tributaries of Unuk River, and
on the North and South forks of the Unuk. On Sulphide Creek
two quartz veins in particular were prospected—one a 2 to 8 inch
vein of high-grade ore and the other a 20 to 30 foot vein of lower-
grade ore. The high-grade ore from the narrow vein consisted
chiefly of tetrahedrite (gray copper), pyrite, sphalerite, galena, and
native silver. About 100 tons of ore from this vein was milled in a
small stamp mill in 1901 and is reported to have given high assay
returns, particularly in silver. The ore minerals of the other vein
consisted of pyrité, galena, sphalerite, and chalcopyrite, with a little
native gold in the oxidized parts of the vein. The remoteness of
these lodes from the coast and the difficulties of access, even after a
road was built up Unuk River, have caused a loss of interest in this
mineralized area, and of late years no work has been done in this
vicinity, It is admitted that a low-grade property would be of
little value at that distance from the coast, but further prospecting
along the east side of the granite ba.tholit.h, north and south from
Unuk River, with the purpose of locating lodes of high-grade ore,
might be well worth while.

SALMON RIVER.
GEOGRAPHY.

Salmon and Bear rivers, at the head of Portland Canal, particu-
larly the former, are the centers of the present mining interest in
this district. Bear River flows entirely in British Columbia, but
Salmon River lies partly in British Columbia and partly in Alaska.
On this account, and because interest centers in this locality, only
the conditions in the valley of Salmon River will be discussed here.

Salmon River rises in Salmon Glacier and flows sbout 13 miles

to Portland Canal about 2 miles below Stewart. All of Salmon
River proper lies in Alaska. Cascade and Texas creeks are the two
important headwater tributaries. Cascade Creek rises in British
Columbia and flows about 6 miles southward to join Salmon River
about 2 miles below the glacier. Texes Creek lies entirely in Alaska,

pm— L
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is about 10 miles in length, and flows in a general easterly direction
to Salmon River about 4 miles below the glacier. The main ridge
between Salmon and Bear rivers is known as Bear River Ridge,
" wnd the smaller ridge lying between Salmon Glacier and Cascade
Creek is called Big Missouri Ridge. (See Pl. V.) The properties
now under intensive development lie in the valley of Selmon River
along the west side of Bear River Ridge and on Big Missouri Ridge.

AREAL GEOLOGY.

The country rock along the east side of Salmon River and Salmon
River Glacier is mainly the andesitic greenstone of the Bear River
formation. To the west lies the granite of the Coast Range. The
contact between these two formations, however, is irregular and is
marked by Salmon River only in the most general way. Isolated
areas of granodiorite are present in the Bear River formation east
of Salmon River and in fact are the immediate sites of a number of
the ore deposits, -

The greenstone near the granitic rocks is sheared and at places
rendered schistose, the schistosity trending north and dipping toward
the granite. The shearing and fissuring that are related to the ore
deposition, however, cut transversely across the earlier structure, as
may be seen at the Premier mine. Dike rocks of a variety of types,
ranging from granite to more basic rocks, together with other intru-
sives of similar composition but of a fine-grained porphyritic char-
acter, are found in the Bear River formation. Some of these dikes
are connected with the intrusion of the Coast Range batholith;
others are no, doubt more closely related to the andesitic greenstone
sequence. It is presumed that the mineralization is connected w:th
the intrusive igneous rocks of the Coast Range.

TYPES OF DEPOSITS.

Two general types of lode deposits may be found along the east
side of the Coast Range batholith, within the Salmon-Unuk River
region. ' These may be designated vein deposits and replacement
deposits. The vein deposifs consist of metallic minerals, usually
with quarts, which have been laid down in open fractures, with a
minimum of replacement of - the country rocks. Where such de-
posits fill openings of regular form, such as openings along fault or
joint planes, true veins are developed. Where the infiltration and
deposition have occurred in irregularly fractured areas, something
akin to a brecciated ore zone results, The replacement deposits are
those which have been formed in zones of shearing and fissuring, with
or without gangue minerals but accompanied by much replacement
of the country rock. Naturally these two types are not mutually
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exclusive, and both types may be found in close association at some
localities. It appears that the lodes along the east side of the Coast
Range have been ‘deposited at shallower depth than those along the
west side, as at Juneau, and in contradistinction to the lodes of
Kasaan Peninsula they show little or no evidence of contact-meta-
morphic origin.

Deposits of both the types mentioned are found in the Salmon
River valley. The low-grade ores are chiefly impregnation and Te-
placement deposits of considerable size lying along zones of
and shearing. They are characterized by indistinet rather than
sharp boundaries. The ore minerals are usually pyrite, sphalerite,
galena, and chalcopyrite, and the valuable constituents are gold,
silver, zinc, and to a smaller extent copper. Pyrrhotite is present at
some localities, but it carries little gold, as the gold is apparently
associated for the most part with pyrite. At and in the vicinity of
these impregnated zones the country rock is much silicified and altered
_to calcite, chlorite, and sericite. In places the gangue material con-
sists solely of such altered country rock. Considerable oxidation has
taken place, as is indicated by the discoloration at the surface out~

crops, and there is reason for the belief that downward enrichment
may have played some part in the formation of some of the lodes.

The high-grade deposits are essentially rich silver and gold ores,
occurring both as veins and as replacement deposits, many of them
within zones of lower-grade ores. These higher-grade ores have not
been studied in detail, and their exact relation to the lower-grade
ores is not definitely understood, though the evidence available points
to their formation at a-somewhat later period. The silver minerals
present in the high-grade ores include argentite (silver glance), ar-
gentiferous tetrahedrite, native silver, pyrargyrite, and proustite,
and possibly stephanite and other silver minerals. Little native
gold is seen, and ores with high gold content are characterized by
much pyrite.

LODE PROPERTIES.

The properties at present being prospected or developed include
the Premier, Mineral Hill, Big Missouri, Bush mines, Forty-Nine,
Indian mines, International, Payroll, Yellowstone, Boundary, North-
ern Light, Cascade Forks, Spider, Hercules, Silver. Tip, Bunting,
Unicorn, Lake & O’Leary, New Alaska, Knobhill, and other groups of
claims, = All these are in British Columbia. The International,
Premier, Bunting, and Bush mines properties lie along the west
flank of Bear River Ridge, but the Indian, Boundary, Payroll, Mineral
Hill, Big Missouri, Hercules, Forty-Nine, and Yellowstone groups of
claims stretch northward up Big Missouri Ridge.

The Premier mine is at present considered the most promising of
these properties. A descriptien of the history and development of
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this mine is given by Charles Bunting.! This property, which origi-
nally consisted of two claims, lies along the west side of Bear River
Ridge and was discovered and staked in June, 1910. These and
adjoining claims later passed into the hands of O. B. Bush, who
organized the Salmon-Bear River Mining Co. This company and
others to which the property was successively bonded carried on
development work until the spring of 1919, when the potentialities
of the property were finally recognized and demonstrated by R. K.
Neill, of Spekane, Partial ownership and financial control have now
passed into, the hands of the American Smelting & Refining Co.

The lode is reported to -consist of three low-grade ore bodies and
one of high grade, which appear to be of the replacement type above
described. The country'rock is the Bear River formation, or ande-
gitic greenstone, greatly sheared, fissured, and fractured. The high-
grade deposit, on which the most work has been done, is an ore zone
in the fractured porphyry and follows a shear zone of fissuring and
fracturing which strikes N. 80° E. and dips 60° S. The gangue is
- chiefly the silicified country rock. The ore minerals are reported to
be argentite (silver glance), argentiferous tetrahedrite, stephanite
(brittle silver), pyrargyrite, proustite, native silver, and pyrite carry-
ing much gold. A little pyrrhotite is present, but it carries only a
small percentage of gold. Small stringers in the larger ore body are
reported to carry wonderful specimens of the silver minerals. Though
classed as a rich silver mine, the ore is valuable for both gold and sil-
ver, the latter predominating. A sampling of all the present work-
ings and openings is reported by Bunting to have given an average
value well over $30 a ton in silver and gold. The 512 tons that has
go far been shipped gave smelter returns of $168,000.

Less is known as yet of the possibilities of the low-grade deposits |
on the Premier property, but it is assumed that like other low-grade
‘deposits near by, they consist of silicified zones in the andesitic green-
stone, impregnated with sulphides, chiefly pyrite, galena, sphalerite,
and chalcopyrite, carrying both gold and silver.

The big Missouri, Mineral Hill, and Bush properties are also being
developed.

With regard to mining properties in the Alaska portion of the Sal-
mon River valley the following notes by Chapin ? give some idea
of what had been accomplished up to 1915:

A group of claims extending from Sevenmile, on Salmon River, to Fish Creek, has
been located, but only two of them have been developed. On the Riverside claim a
tunnel 100 feet above the river flat has been driven for 140 feet along a strong fissure

vein. The vein averages about 4 feet in width but pinches to 18 inches and in
places widens to 6 feet. Both walls are well defined. The wall rock is somewhat

! Bunting, Charles, The Pramier gold mine, Portland Canal, British Columbis: Min. and Seci. Press,
Nov. 8, 1918, pp. 670-872.

* Chapin, Theodore, Mining developments in southeastern Alasks, 1015: U. 8. Geol, Burvey Bull, 842,
pp. 97-98, 1918
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altered but contains ligtle gotige. 'The vein filling is quartz with sbandant sulphides.
Pyrite is the most abupdant along the hanging wall and eccursin solid bunehes and in
disseminated particles associated with chalcopyrite. On the footwall galens ia the
most plentiful sulphide. The country rock is crystalline echist. On a parallet lode
of much the same character the Riverview claim is being developed. The vein strikes
N. 60° W. and dipe about 60° NE. An adit has been driven for 17 feet, expesing a
vein that varies from & foot to 4 feet in width. At tha mouth of the epesing it ia 2 feet
wids ou the roof and widens to 4 feet on the floar of the adit. At the face it iafrem 12
to 18 inches in width. , Although the vein dwells and narrows from"place to place; the
walls are well defined.

At Elevenmile & little prospecting has been done, and several claims have been
located. On the Elevenmile and Iron clanmsnumberotopmpuhhwaexpmdm
iron-stained lode thas follows a brecciated zene filled with veins of quarta camrying

chaleopyrite, sphalerite, and galena. Stringers of sulphide form shoota of very rich
ore with high silver content. On the Iron claim a ton of this high-grade ore has heen
eacked ready for shipment. The lode strikes northeast and dips steeply northwest.
On the hillside above Elevenmile, at an altitude of 1,500 feet, the Bertha and Western
claims are being developed on a northeastward-trending lode. One surface eut shows
thelodete beatleast 15feetin width. It consists of silicified achistose green tuff of the
“BearRiver formation,”” with disseminated pyrite, chalcopyrite, galena, and sphalerite,
A number of claims have been staked on a zone of disseminated deposits exposed along
Salmon River at Eightmile and Ninemile, but only a little work has been done. '

Some promising fissure lodes have been located by Murphy & Stevenson en Fish
Creek and its tributary, Skookum Creek, where more than the necessary amount of
assessment work has heen done. Near the mouth of Skookum Creek am adit was
driven for 25 feet along a fissure that had been traced by surface trenches for 2,000 feet
The vein is 43 feet wide, strikes N. 40° E., and dips about 55° SE. The quartz gangue
carries galena, chalcopyrite, tetrhhedrite, sphalerite, and pyrite in veinlets and
irregular patches. Tt is being exploited mainly for its gold and silver content. ‘

Near the head of Skookum Creek, at an altitude of 1,600 feet, a fissure vein has been
opened by s adit 330 feet in length and several crosscuts and inclines. ' The gangue
isquartz. Metalliesulphides present ave tetrahedrite, chalcopyrite, galens, sphalavite,
and pyrite in blebs and veinlets penetrating the quartz, and the richest ore occurs in
veinlets of tetrahedrite and galena. The country rock is porphyry and echistose tuff
of the “Bear River formation.” The lode strikes N. 55° W. and dips 45° SW. At
the portal it is about 18 inches wide. At 70 feet from the portal only a part of the vein
is exposed, as the ore has been removed to a wall within the vein. At this place the
vein is 3 feet wide plus an unknown width in the wall of the adit. At verious places
portions of the vein said to be very rich have been stoped out. At 300 feet from the
adit mouth the lode is abruptly cut by a vertical fault trending nearly perpendicular
to-the lode, and short drifts along the fault plane in both directions had not shown the
position of the faulted lode. Samples of ore said to come from & near-by prespect,
which was not visited, contain particles of free gold in siliceous gangue.

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



WATER-POWER INVESTIGATIONS IN SOUTHEASTERN
ALASEKA!

By Georce H. CANFIELD.

INTRODUCTION.

Systematic investigation of the water resources of Alaska was
begun by the United States Geological Survey in 1906 and has been
carried on in different parts of the Territory to the present time.
This investigation was undertaken in response to the need for definite
information in regard to water available for many uses, among which
the most important are hydraulicking, dredging, and supplying power
for mines, canneries, and sawmills,

The investigation of the water resources of southeastern Alaska
was begun by the Geological Survey in cooperation with the Forest
Service in 1915 and was designed to determine both the location and
the possibilities of water-power sites. The results of previous years’
work have already been published.? A table showing water-power

* possibilities in southeastern Alaska is given on page 184.

The Geological Survey maintained a number of gaging stations in
southeastern Alaska throughout the year, and other stations were
installed in cooperation with individuals and corporations. The
records obtained at these stations are contained in this paper. Ac-
knowledgment is made to those who have assisted in this work,
particularly to Mr. W. G. Weigle and Mr. Charles H. Flory, super-
visors of the Forest Service at Ketchikan, and to Mr. Philip H. Dater,
district engineer at Portland, Oreg.

The stations for which the records are presented are the following:

Myrtle Creek at Niblack,
Ketchikan Creek at Ketchikan.
Fish Creek near Sealevel,
Swan Leake outlet at Carroll Inlet.
Orchard Lake outlet at Shrimp Bay.
Shelockum Lake outlet at Bailey Bay.
Karta River at Karta Bay.
Caacade Creek at Thomas Bay.

~ Green Lake outlet at Silver Bay.

1 In cooperation with the United Btates Forest Service.
1 U. 8, Geol. Burvey Bull, 662, pp. 100-154, 1018; Bull, 802, pp. 43-83, 1919,
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Baranof Lake outlet at Baranof.

Sweetheart Falls Creek near Snettisham. .
Crater Lake outlet at Speel River, Port Snettisham,
Long River below Second Lake, at Port Snettisham. )
Grindstone Creek at Taku Inlet.

Carlson Creek at Sunny Cove.

Sheep Creek near Thane,

Gold Creek at Juneau.

Falls Creek at Nickel.

Parcupine Creek near Nickel.

: STATION RECORDS.
MYRTLE CREEK A.'I‘. NIBLACEK, PRINCE OF WALES ISLAND.

LocatioN.—Hallway between beach and Myrtle Lake outlet, which is one-third
mile from tidewater, 1 mile from Niblack, in north arm of Moira S8ound, Prince
of Wales Ieland, and 35 miles by water from Ketchiksn.

Dramvaae AreA.~Not measured.

Recorps AVAILABLE.—July 30, 1917, to December 31, 1919.

Gaae.—Stevens continuous water-stage recorder on right bank; reached by a trail
which leaves beach near the mouth of the creek. )

DISCHARGE MEASUREMENTS.—At medium and high stages made from a cable across
creek at outlet of lake; at low stages made by wading.

CHANNEL AND coNTROL.—The gage is in a pool 10 feet upstream from a contracted
portion of the channel, at a rocky riffle that forms a well-defined and permanent

" control. At the cable section the bed is smooth, the water deep, and the current
uniform and sluggish.

ExTrREMES OF DISCHARGE.—Maximum stage during year from water-stage recorder,
3.07 feet at 9 a. m. December 18 (discharge, 196 second-feet); minimum stage
1.08 feet, Beptember 8-9 (discharge, 28 second-feet).

1917-1919: Maximum stage recorded, 4.40 feet at 5 p. m. November 18, 1917;

discharge, estimated from extension of rating curve, 387 second-feet; minimum
stage, 1.08 feet September 8-9, 1919 (discharge, 28 second-feet).

Ice.—Stage-discharge relation not affected by ice.

Acouracy.—Stage-discharge relation permanent. Rating curve, determined by
five discharge measurements, is very well defined between 30 and 220 second-
feet. Operation of water-stage recorder edtisfactory except for periods shown in
footnote to daily-discharge table. Daily discharge ascertained for periods
recorder was operating by applying to rating table mean daily gage height; for
periods recorder was not operating by determining with a planimeter the monthly
means from an estimated hydrograph drawn by means of staff gage readings by
observer about once every 10 days, maximum and minimum stages indicated by
the recorder, and recorded hydrograph, and by comparison of the record for this
station with that for Karta River. Records good except for periods when the
recorder stopped, for which they are fair.

Myrtle Lake, the outlet of which is 800 feet from Niblack Anchorage, is 05 feet
sbove sea level and covers 122 acrea. Niblack Lake, the outlet of which is 5,700 feet
from Niblack Anchorage, is 450 feet above sea level and covers 383 acres. Mary Lake,
unsurveyed, i8 about 600 feet above sea level and is a mile long and one-fourth to
one-half mile wide. The large lake area in this emall drainage basin is the cause of
the well-maintained flow during the winter and periods of little rainfall.

The following discharge measurement was made by G. H. Canfield:

August 29, 1919; Gage height, 1.20 feet; discharge, 82 second-feet.

v
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Daily discharge, in second-feet, of Myrtle Creek at Niblack for 1919.
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EETOHIEAN OREEK AT EETCHIKAN,

LocaTioN.—One-fourth mile below power house of Citizens Light, Power & Water
Co. one-third mile northeast of Ketchikan post office, downstream 200 feet from
mouth of Schoenbar Creek (entering from right), 14 milea from mouth of Granite
Basin Creek (entering from left), and 1} miles from outlet of Ketchikan Lake.

DrAINAGE ArREA.—Not measured.

Recorpe avarnasrE.—November 1, 1908, to June 30, 1012; June 9, 1915, to December
17, 1918,

Gaae.—Vertical staff fastened to a telephone pole near board walk on left bank at
bend of creek 200 feet downstream from mouth of Schoenbar Creek; rcad by
employee of the Citizens Light, Power & Water Co. The gage used since June
9, 1815, consisted of the standard United States Geological Survey enameled gage

section graduated in hundredths, hali-tenths, and tenths from zero to 10 feet.

The original gage, established November, 1909, and read until June 30, 1912,
is at same location and same datum. 1t is a staff with graduations painted every
tenth. Gage not replaced when a new telephone pole was placed December 17,
1919, by the company.

DiscHARGE MEABUREMENTS.—At medium and high stages from footbridge about 500
feet upstream from gage; measuring section poor, as the bridge makes an angle of
20° with the current, and at high stages the flow is broken by large stumps near
left bank and at middle of bridge. Low-stage measurements made by wading
50 feet below bridge or at another section 100 feet above gage. The flow of
Schoenbar Creek has been added to obtain total flow past gage.

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

EXTREMES OF DISCHARGE.—1909-1912and 1915-1919: Maximum stage recorded, 8.3
feet November 18, 1917 (discharge estimated from extansion of rating curve, 4,400
sacond-feet); minimum discharge, 34 second-feet, September 24, 1915.

Ice.—Ice forms along banks but control remains open.

Diversions.—A small quantity of water is diverted above the station for the use of
the town of Ketchikan, the New England Fish Co., and the Standard Oil Co.

RecvuraTion.—Small timber dam and headgates are located at outlet of Ketchikan
Lake. Water diverted through power house is returned to creek above gage but
causes very little diurnal fluctuation. During low water the flow is increased by
water from the reservoir.

AceurAcy.—Stage-discharge relation changed during high water August 19, 1917.
Rating curve used August 19, 1917, to December 17, 1919, fairly well defined below
and poorly defined above 800 second-feet. Gage read to hundredths once daily.
Daily discharge ascertained by applying gage height to rating table.

The following discharge measurement was made by G. H. Canfield:
February 27, 1918: Gage height, 0.18 foot; discharge, 49 second-feet.
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Daily discharge, in second-feet, of Ketchikan Creek at Ketchikan for 1917-1919.

Day. Jan. | Peb, | Mar. | Aprs | May. | June. | July, | Aug. | Sept. | Oct. | Nov. | Dec.
42 125 228 720 180 110 180 | 2,370 ]
42| 93] 16| asa| 200 110] 450 1,778 B3

90 196 193 160 05 466 450 72

1 T4 196 T20 180 05 2005 2056 B

125 78 20 616 160 05 | 1,150 0 67

99 160 308 K7 160 ] 410 | 1,530 80

82| 160| 216| 382 160 B9 | 230 [ 8,080 160

623 436 285 160 80 160 | 1,200 570

76 285 262 180 142 R0 144 460 160

76 220 196 160 241 80 126 700 26

Tl 216 200 160 142 5 205 490 07

K] 220 204 142 126 1M 230 a7 55

76 212 204 142 108 110 180 | 2,850 B5

64 200 204 142 160 Ho 160 | 4, 55

180 204 142 285 206 180 | 1,350 56

64 180 196 139 211 225 180 490 56

66 180 204 139 332 | 1680 180 | 1,250 b5

285 563 142 | 1,290 180 180 | 4,400 55

142 220 493 142 | 31,60 140 160 | 2,310 53

176 | 200 332| 125|1,530| 110 205 950

142 180 382 125 530 110 330 530 51

139 172 357 125 | 1,890 110 750 230 45

142 160 220 125 450 1071 700 230 L]

142 176 220 285 260 107 200 450 45

142 180 180 155 205 205 230 490 45

142 178 180 125 |© 200 119 260 370 45

142 180 180 180 205 205 230 750 43

130 180 160 142 530 205 410 295 45

142 216 160 142 20 378 260 160 210

139 220 180 142 205 354 800 116 260

veeeee| 2O 280 195 ...... 2,490 |..ee-.. 280

Lo agaiaa 205 80 55 55 144 152 180 140 67 B0O 850

‘e 630 55 55 60| -316 125 184 134 5 95 370 700
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125 116 43 60 370 75 m 570 55 300 390 116

45 95 43 89 260 67 125 510 55 800 288 104
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55 1o 43 92 30 110 125 330 67 33| - 122 a7

86 10 3 110 20 160 a5 180 65 | 1,770 80 64

80 80 43 110 206 168 | - 119 160 55 490 | (134 52

8 67 45 19 205 180 95 80 55 30 288 53

65 60 45 125 172 205 80 72 53 316 25 263

80 55 45 134 160 2056 1 75 45 230 12 ﬂg

83 53 45 125 180 200 85 ] 53 248 134 230

230 53 45 119 205 200 80 92 260 610 92 281

300 51 45 260 205 172 80 80 205 206 67 205

144 45 45 402 215 160 80 122 87 370 a5 230

110 45 45 330 225 160 7 260 53 25 67 110

80 45 80 318 230 158 5 205 53 312 410 104
254 45 5 323 180 152 7 675 53 140 230

260 45 55 260 148 152 k. 510 95 119 248 160

2 45 75 160 125 152 295 65 370 134

131 43 7 152 122 160 92 205 260 02 410 610

110 43 a7, 148 110 172 104 180 125 900 370 | 1,000
119 45 75 131 110 160 530 650 62 300 288

101 67 80 131 330 125 530 288 55 370 750 125

i ok 89 140 205 125 200 295 55 281 | 1,950 101

[ 7] 172 200 152 148 137 53 330 | 1,200 67

85 loeuas 176 l......0 180 125 | ...... 825 l.... 55
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' Daily discharge in second-feet, of Ketchitan Creek at Ketchikan for 1917-1919.—Contd.
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Monthly ischarge of Ketchikan Creek at Ketchikan for 1917-1919—Continued.

- R
un-off in
Month. acre-feet.
Maximum. | Minimum, | Mean,
1919,

.................................................. 1,000 6| 247 15,200
e 2 f &
w.’ 950 8| 204 17,500

s 725 0| =8 14,600
o BB B 4w
August. .. 725 67| 135 8,300
ﬁn 1,850 60| 26 15,800
i I
December 1-i7. .. "700 55| 143 4,820

The year........... ROV R N T 18,000

FISH CREEK NEAR SEALEVEL, REVILLAGIGEDO ISLAND.

LocarroN.—In latitude 55° 24/ W., near outlet of Lower Lake on Fish Creek, 600 feet
from tidewater at head of Thorne Arm, 2 miles northwest of mine at Sealevel,
and 25 miles by water from Ketchikan.

DRrANAGE AREA.—Not measured.

REeocorps avarmasLe.—May 19, 1915, to December 31, 1919.

GAGE.—Stevens water-stage recorder on right shore of Lower Lake, 200 feet above
outlet. '

DiscHARGE MEASUREMENTS.—At medium and high stages made from cable across
creek, 1 mile upstream from gage and 500 feet above head of Lower Lake; at low
stages made by wading at cable. Only one small creek enters Lower Lake, at
point opposite gage, between the cable site and control.

CBANNEL AND cONTROL.—The lake is about 500 feet wide opposite the gage. Outlet
consista of two channels, each about 60 feet wide, separated by an island 40 feet
wide. From the lake to tidewater, 200 feet, the creek falls about 20 feet. Bed-
rock exposed at the outlet of the lake forms a well-defined and permanent control.

ExTREMES OF DISCHARGE.—Maximum stage during year from water-stage recorder
4.78 feet at 11 p. m., December 18 (discharge computed from an extension of
rating curve, 3,810 second-feet); minimum stage, 0.63 foot, March 19 (discharge,
40 pecond-feet).

1915-1919: Maximum stage recorded, 5.33 feet November 1, 1917 (discharge,
4,600 second-feet); minimum stage, 0.50 foot, February 11, 1916 (discharge, 22
second-feet). *

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

Accuracy.—Stage-discharge relation permanent. Rating curve well defined below
and extended above 1,500 second-feet. Operation of water-stage recorder gatis-
factory except for period indicated by break in record shown in footnote to daily-
discharge table. Daily discharge ascertained by applying to rating table mean
daily gage height determined by inspecting gage-height graph, or, for days of
considerable fluctuation, by averaging results obtained by applying to rating
table mean gage heights for regular intervals of day. Records good, except for
short period of break in record, for which they are fair.

. _'There are three large lakes in the upper drainage basin. Big Lake, 2 miles from
" beach atan elevation of 275 feet, covers 1,700 acres; Third Lake, 250 acres; and Mirror
Lake, at an elevation of 1,000 feet, 800 acres. Two-thirds of the drainage basin is
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covered with a thick growth of timber and brush interspersed with occasional patches

of beaver swamp and muskeg. Only the tops of the highest mountains are bare. This

large area of lake surface and vegetation, notwithstanding the steep slopes and shal-

low soil, affords a little ground storage and after a heavy precipitation maintains a

good run-off. During a dry, hot period in summer, however, after the Enow has

melted, the flow becomes very low beoause of lack of ice or glaciers in the dminage
No discharge measurements were made at this station during the year,

Daily discharge, in second-feet, of Fish Creek near Sealevel for 1919.

Day. Jan, | Mar. | Apr. | May. | June. | July. | Aug. | Bept. | Oet, | Nov. | Dec.
167 65| 1,880 539 351 312 172 118 132 228
153 62| 1,620 421 895 285 168 106 118 38 118
188 80 | 1,100 329 512 280 164 98 119 210 106
0 58 806 285 505 251 157 80 1 8 FENERES Rt
1,200 56 T26 259 512 468 157 84 B8 |.vinmrmi|aiasenan
065 58 595 254 428 480 188 7} 3% |.. 3
1,600 B85 473 285 368 408 168 B0 408 |.
1,980 53 a7 351 330 356 161 8 548 |.
1, 560 &5 334 408 345 329 149 T3 402 |.
1,060 56 285 402 395 302 142 69 408 104
T90 58 280 378 408 | © 296 132 9 4032 104 }........
560 51 285 368 384 285 123 60 400 94 ...
492 80 275 362 58 296 118 80 460 U e
368 48 243 378 351 340 132 13 356 307 50
206 50 233 492 345 384 285 129 275 525 51
240 48 [...oenns 610 351 (, 378 539 142 220 | - 766 123
197 F . 3 505 345 351 402 210 {‘fﬁ 1,070 470
172 42 ... 512 351 324 395 710 49 | 1,960 3,110
161 L 1 PO, 586 368 296 368 983 142 | 1,840 , 940
136 45 |. 920 402 215 206 938 312 | 1,460 | 1,460
80 |. 875 a10 254 808 855 460 | 1,200 808
o4 |. 632 560 243 539 848 508 875 558
128 508 567 8 378 505 460 710 \ 585
1 610 610 24 275 447 0 558 825
539 X 210 a5l 250 408 |........
00 440 220 . 168 307 208 Nl
686 434 21 149 259 168 o
610 3056 210 132 210 161 228 1,080
362 206 118 172 168 197 734
460 0 202 116 153 178 185
a8 |........ 188 123 |........ 24 e

402
346
Note.—Discharge for following periods estimated, because of unsatisfactory operation of waters
mmrdar',—-ﬁvm maximuwm and minimum stages indicated b recorder and by mm%arimn with t;ﬁg
of other statlons: Jan, , 140 second-feet; Feb, 1-28, 156 second-feet; Ag. 16-23, 320 ; June 8
mo, as shown in table; Nov, 49, 120 second-feet; Dec, 4-13, 70 second-feet; and Dec. 25~27, 1,100 second-

Monthly discharge of Fish Creek near Sealevel for 1919,

Discharge in second-feet.
Month, I:m!-unnéel
Maximum. | Minimum, | Mean.
473 29,100
155 8,810
157 9, 850
558 33, 200
5k 81, 000
428 , 500
208 18, 200
260 16, 000
| 1w
]

480 29,

573 35,

373 270, 000
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EWAN LAEKE OUTLET AT CARROLL INLET, BEVILLAGIGEDO ISLAND.

LocaTion.—Haliway between Swan Lake and tidewsater, on east shore of Carroll
Inlet 1 mile from its head, 30 miles by water from Ketchikan.

Dramvice AnEA.—Not measured.

REcorDS AVATLABLE.—August 24, 1916, to December 31, 1919.

Gage.—Stevens water-stage recorder on left bank, half & mile from tidewater; reached
by a trail which leaves beach back of old cabin one-fourth mile south of mouth
of creek. (Gage was washed out by extreme high water in November, 1917.
New gage installed 10 feet farther back in bank at old datum, but with a new
control, on May 5, 1918.

DISCHARGE MEASUREMENTS.—At medium and high stages, made from a cable across
stream 100 feet downstream from gage; at low stages, made by wading.

CHANNEL AND CONTROL.—The gage well is in a deep pool 25 feet upstream from a
contracted portion of the channel, where a fall of 1 foot over bedrock forms a’
permanent control. The effect of the violent fluctuation of the water surface
outside of the gage well is decreased in the inner float well, because the intake
holes at the bottom are very small, At the cable section the bed is rough, the
water shallow, and the current very swift. Point of zero flow is at gage height
—1.0 foot. L4 .

EXTREMES oF DISCHARGE.—Maximum stage during year, from water-stage recorder,
6.55 feet at 10 a. m., December 18 (discharge, computed from extension of rating
curve, 3,700 second-feet); minimum stage, —0.04 foot March 19-20 (discharge,
36 second-feet).

1915-1918: Maximum stage occurred probably on November 1, 1917 (discharge,
estimated by comparison with Fish Creek, 5,500 second-feet); minimum dis-
charge, 36 second-feet, March 19-20, 1919,

Ice.—Stage-discharge relation not affected by ice.

Accuracy.—Stage-discharge relation permanent. Rating curve, determined by five
discharge measurements and point of zero flow, is fairly well defined below 2,000
second-feet. Water-stage recorder operated satisfactorily except for periods
indicated in footnote to daily-discharge table. Daily discharge ascertained by
applying to rating table mean daily gage heights determined by inspecting gage-

" height graph, or, for days of considerable fluctuation, by averaging discharges
obtained by applying to rating table mean gage heights for regular intervals of
day. Results good except for periods of break in record, for which they are fair.

Swan Lake, whose area is about 350 acres, is 13 miles from tidewater, at an elevation

of 225 feet.

Discharge measurements of Swan Lake outlet at Carroll Inlet during 1919.
[Made by G. H. Canfield.]

N Dis-

Date, hﬁh charge
Feet.| Sec.-ft.

Aug.30....... e R R i e e B S Ve A e S i e o i ata e .95 a0
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Daily discharge, in second-feet, of Swan Lake outlet at Carroll Inlet for 1919,

Day. Jan, | Mar, | Apr. | May. | Jume. | July. | Aug. | Sept, | Nov. | Deo.
2,240 505 90 390 04 150
1,540 300 477 3T 132
1,020 328 684 307 n 118
710 308 711 821 n 107
bl 309 677 730 m 8
577 358 473 621 300 00
........ 45 437 a7 533 306 84
5 358 537 441 46856 04 ]
53 303 553 221 441 265 74
54 280 473 57 418 262 70
54 o 485 573 418 257 66
54 m 465 505 42 b7 %]
251 441 461 4T3 218 60
50 25 608 4490 545 254 50
50 213 930 433 545 384 78
47 193 902 433 481 708 100
44 203 70 437 445 590 1,410
44 a4 735 40 411 4685 3,470
43 414 | 1,320 585 384 425 2,400
43 425 | 1,20 48 384 | 1,110 1,200
92 400 875 848 358 960 746
107 343 621 745 340 621 (1]
103 343 497 795 31 425 |, 1,020
87 a7 728 735 37 32 1,020
8 433 | 1,170 04 343 411 1,230
72 848 902 537 337 218 |.. 1,320
68| 1,140 | 693| 6 334 103 |- 1,170
111 902 608 473 340 181 |.. 1,020
210 730 509 457 343 174 |.. 808
1,260 830 437 425 338 W Leieing WL
1,800 |. “eeeeal 307 |-.enen-. 303 108 |,

Nore,—Discharge for following periods estimated, becanse of unsaf m:su
recorder, by com| with records for Fish Creek: Jan. u-lﬂ,aushownin tal h.J'ln !'I’-Bl 140
it stasions aa foltowar Heb. 118120 ceond loste rar 11: mma-m{mmmmm
or 88 8: 1-28, et
. Discharge, Dec, gmmnmmm

.Iiw 1- T,Wﬂmd
bycoml:urgnwith for Fish Creek,

Monthly discharge of Swan Lake outlet at Carroll Inlet for 1919.

Discharge in second-feet,
Run-off (in
Month,
: acre-feet).
Mean,

437 26, 000
120 6, 660
166 10, 200
571 34,000
(] 38, 700
548 32, 500
424 26, 100
386 22, 500
400 23, 800
340 20, 000
534 91, 800
838 39, 200
433 413, 000

ORCHARD LAKE OUTLET AT SHRIMP BAY, REVILLAGIGEDO ISLAND.

Location.—In latitude 55° 50’ N., longitude 131° 277 W., at outlet of Orchard Lake,
one-third mile from tidewater at head of Shrimp Bay, an arm of Behm Canal,
46 miles by water from Ketchikan.

DRAINAGE AREA,—Not measured,

Recorps AvamasLe.—May 28, 1915, to December 31, 1919.
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Gace.—Stevens water-stage recorder on right bank 300 feet below Orchard Lake and
. 100 feet above site of timber-crib dam, which was built in 1914 for proposed pulp

mill and washed out by high water August 10, 1915. Datum of gage lowered

. 2'feet Beptember 15, 1915. Gage heights May 29 to August 10 referred fo first

datum; August 11, 1915, to August 17, 1916, to second datum. Datum of gage
lowered 1 foot August 17, 1916. Gage heights August 18 to December 31, 1916,
referred to thisdatum. Gage washed out probably during high water on Novem-
ber 1, 1917. New gage installed on April 28, 1918, at old site at the datum of
August 17, 1916,

DisCHARGE MEASUREMENTS,—At medium and high stages made from cable 5 feet

upstream from gage; at low stages by wading one-fourth mile below gage.

CHANNEL AND CONTROL—From Orchard Lake, at elevation 134 feet above high

tide, the stream descends in a series of rapids for 1,000 feet through a narrow
gorge, then divides into two channels and enters the bay in two cascades of 100-
foot vertical fall. Opposite the gage the water is deep and the current sluggish.
At thesite of the old dam bedrock is exposed, but for 30 feet upstream the channel
is filled in with loose rock and brush placed during construction of dam. This
material forms a riffle which acts as a control for water surface at gage at low and
medium stages and is scoured down when ice goes out of lake; the rock outcrop
at gite of old dam acts as a control at high stages and is permanent.

ExTREMES OF DISCHARGE—Maximum stage during year from wnter-et.agé recorder,

9.65 feet at 12 p. m. December 18 (discharge, 6,660 second-feet); minimum stage
recorded, —0.02 foot March 19 (discharge, 35 second-feet).

1915-1919: Maximum stage occurred, probably, on November 1, 1917 (discharge
estimated by multiplying maximum discharge at Fish Creek on that date by
1.55, which is the ratio between the maximum discharges of Orchard Lake outlet
and Fish Creek on October 16 and 15, 1915, 7,100 second-feet); minimum discharge,
estimated, 20 second-feet February 11, 1916.

Icx,—Stage-discharge relation not affected by ice. _
Accuracy.—Stage-discharge relation changes occasionally during high water. Rating

curve, determined by five discharge measurements made gince new gage was
installed, point of zero flow, and form of upper portion of old rating curve, is well
defined below 4,000 second-feet. Water-stage recorder operating eatisfactory
except for periods indicated in footnote to daily-discharge table Daily discharge
sscertained by applying to rating table mean daily gage height determined by
inspecting gage-height graph, or, for days of considerable fluctuation, by aver-

_aging results obtained by applying to rating table mean gage heights for regular

intervals of day. Records good, except for period of break in record, for which
they are fadr,

The highest mountains on this drainage basgin are only 3,500 feet above sea level

and

are covered to an elevation of 2,500 feet by a heavy stand of timber and a thick

undergrowth of brush, ferns, alders, and devil’s club, The topography is not so
rugged as that of the area surrounding Shelockum Lake, and the proportion of vege-
tation, soil cover, and lake area is greater, so that more water is stored and the flow
in the Orchard Lake drainage is better sustained.

Discharge measurements of Orchard Lake outlet at Shrimp Bay during 1919,

% [Made by (. H. Canfield.}
Dis-
Date. neight. | charge.
) . Feet, | Secft.
WG 4 |t s R e e e e e e e 0.21 59
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Daily discharge, in second-feet, of Orchard Lake outlet at Skrimp Bay for 1919.
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SHELOCEUM LAKE OUTLET AT BAILEY BAY.

Locatron.—In latitude 56° 00’ N., lengitude 131° 36 W., on mainland near outlet of
Shelockum Lake, three-fourths mile by Forest Service trail from tidewater at
north end of Bailey Bay and 52 miles by water north of Ketchikan,

Dramvage ABEA.—18 square miles (measured on sheets Nos. 5 and 8 of the Alaska

*  Boundary Tribunal, edition of 1895).

Recorns Avarasre—June 1, 1915, to October 31, 1919, (Gage-height graph, De-.
cember 8-31, 1919, could not be removed from recorder, because of ice in bay,
in time for inclusion in this bulletin.)

Gaaee.—Stevens continuous water-stage recorder on right shore of lake, 250 feet above
outlet. Gage house was pushed off the well by a snowslide January 4, 1917.
Gage not put into operation again until May 23, 1917,

DyscHARGE MEASUREMENTS,—Made from cable across outlet of lake, 200 feet below
gage and 50 feet upstream from crest of falls,

CHANNEL AND coNTROL.—Opposite the gage the lake is 600 feet wide; at the outlet

. bedrock is exposed and the water makes a nearly perpendicular fall of 150 feet,
This fall forms an excellent and permanent control for the gage. At extremely
high stages the lake has another outlet about 200 feet to left of main outlet. Point
of zero flow is at gage height 0.6 foot.

ExTrEMES OF DISCHARGE.—Maximum stage recorded during year occurred, prob-
ably, on December 13; minimum discharge (estimated from hydrograph for Fish
Creek to have occurred March 21), 8 second-feet.

1915-1910: Maximum stage, 6.84 feet at 8 a. m. November 1, 1917 (discharge,
2,780 second-feet); minimum discharge, estimated from climatic records, 2.5
second-feet, January 31, 1917,

Ioce.—Stage-discharge relation not affected by ice. )

Accuracy.—Stage-discharge relation permanent. Rating curve well defined. Oper-
ation of water-stage recorder satisfactory except for periods of break in record
shown in the footnote to daily-discharge table. Daily discharge hscertained by
applying to the rating table mean daily gage height determined by inspection of
gage-height graph, or, for days of considerable fluctuation, by averaging results
obtained by applying to rating table mean gage heights for regular intervals of
day. Records excellent, except for periods of break in record, for which they
are fair. v

Shelockum Lake, at an elevation of 344 feet, covers only 350 acres. The drainage
basin above the lake is rough, precipitous, and covered with little soil or vegetation.

There are no glaciers or ice fields at the source of the tributary streams,. Therefore,

because of little natural storage, the run-off after a heavy rainfall is rapid and not well

sustained, and during a dry summer or winter the flow becomes very low. The large
amount of enow that accumulates on the drainage basin during the winter maintains

a good flow in May and June,

The following discharge measurement was made by G. H. Canfield:
March 4, 1919: Gage height, 1.14 feet; discharge, 15 second-feet.



156 - MINERAL RESOURCES OF ALASKA, 1919,

Daily discharge, in second-feet, of Shelockum Lake outlet at Bailey Bay for 1919.

Day. Jan. | Feb. | Mar, [ Apr. | May. | June, | July, | Aug. | Sept
Vi
;s TSRS 1Y frm— “om| 20| m| T
2.. 73 . 252 1 168 | Wl
i 115 |. 350 45 182 64
350 |. 368 180 65
299 |. 26| 40| 64| .80
820 1. 3 407 164 48
740 |. o 230 158 © 45
438 |, g 145 42
S 808 137 ]
- 304 26 132 40
301 m1 119 48
263 20 287 10 |- 5
252 2M 363 100 158
3 392 123 178
400 257 363 184 141
- =2 311 302 ‘110
m 280 287 455 - 453
20| 287| 275| 36| 1,180
422 330 252 %7 ]
31 508 1 080 472
311 508 20 455 407
287 407 218 276 526
263 407 204 180 31
378 360 208 132
363 306 216 102
311 275 210 B4 1.
287 m 210 7.
263 275 210 68 |,
to252 b 208 75 |.
241 250 108 100 |.
| REIES iaveai 20 |.eneen.s 180 140
Note.—] for followine perlods estimated, becanss of unsatisfactory oneration of water-s

recorder, from um and minimum stages indicated by recorder and bymmmrlwn with hydrograp
for other stations: Jau 9-19, 115 second-feot; Fahl -28, 45 second-feet; Mar. 1-8, 20 second-feet; . 16-81,
Tosecond-feet; Apr. 1-25, 220second-feet: Aug Rept. 1, daily discharge as shown in table; Sept, 25-30,
110 second-feet; and Oet. 1-31, mosmd-toe

Monthly discharge of Shelockum Lake outlet at Bailey Bay for 1919.

Discharge in second-feet,
Y Run-off in
Month. scre-feet.
Maximum. | Minimum, | Mean,
8,920
2, 500
2,940
15, 400
17,700
19, 000
18, 800
%0
12,800
120,000




WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA, 157

EKARTA RIVER AT KARTA BAY, PRINCE OF WALES ISLAND.

Locamion.—In latitude 55° 34’ N., longitude 132° 37/ W., at head of Karta Bay,
am arm of Kasaan Bay, on east coast of Prince of Walea Ialand, 42 miles by water
across Clarence Strait from Ketchikan.

DRAINAGE AREA.—40.5 square miles (U. 8. Forest Service reconnaissance map of
Prince of Wales Island, 1914).

Recorps avarmapLE.~—July 1, 1915, to December 81, 1919.

Gage—Stevens continuous water-stage recorder on left bank, half a mile above
tidewater, at head of Karta Bay and 14 miles below outlet of Little Balmon Lake.
Two per cent of total drainage of Karta River enters between outlet of lake and
gege.

DiscBARGE MEASUREMENTS.—At medium and high stages made from cable across
river 50 feet upstream from gage; at low stages by wading at cable section.

CHANNEL AND CONTROL.—From Little Salmon Lake, 1} miles from tidewater, the
river descends 105 feet in a series of rapids in a wide, shallow channel, the banks
of which are low but do not overflow. The bed is of coarse gravel and boulders;
rock crops out only at outlet of lake, Gage and cable are at a pool of still water
formed by a riffle of coarse gravel that makes a well-defined and permanent
control.

ExTREMES OF DISCHARGE. —Maximum stage during the year from water-stage recorder,
4.75 feet estimated to have occurred December 18 (discharge, from extension of
rating curve, 3,900 second-feet); minimum stage, 0.85 foot, March 19 (discharge,
54 second-feet).

1915-1919: Maximum stage, 5.5 feet November 1, 1917 (discharge, 5,070 second-
feet); minimum flow, 21 second-feet, February 11, 1918.

Accuracy.—Stage-discharge relation permanent. Rating curve well defined between
80 and 1,500 second-feet; extended below 80 second-feet to the point of zero
flow and above 1,500 second-feet by estimation. Operation of water-stage
recorder eatisfactory except for periods indicated by breaks in record as shown in
footnote to daily-discharge table. Daily discharge ascertained by applying to
rating table mean daily gage height determined by inspecting gage-height graph,
ar, for days of considerable fluctuation, by averaging resulta obtained by applying
gage heights for regular intervals to rating table. Records excellent except for
periods of breaks in record, for period affected by ice, and for discharge above
1,500 second-feet, for which they are fair,

The combined area of Little Salmon Lake at elevation 105 feet and Salmon Lake
at elevation 110 feet is 1,600 acres. The slopes along the right shore of lakes and at
head of SBalmon Lake are gentle, and the area included by the 250-foot contour above
lake outlet is 5,500 acres. The drainage area to elevation 2,000 feet is heavily covered
with, timber and dense undergrowth of ferns, brush, and alders. The upper parts
of the mountains are covered with thin eoil and brush. Ounly a few peaks at an eleva-
tion of 8,500 feet are bare. This large lake and flat area and thick vegetal cover
afford considerable mnatural storage, which, after heavy precipitation, maintains a
good run-off. The enow psually melts by the end of June, and the run-off becomes

* very low during a dry, hot summer,

The Forest Bervice in the summer of 1916 constructed & pack trail from tidewater
to outlet of Little S8almon Lake.

The following discharge measurement was made by G. H. Canfield:

March 6, 1019: Gage height, 0.98 foot; discharge, 85 second-feet.
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L]

Daily discharge, in second-feet, of Karta River at Karta Bay for 1919.

Day Jan | Feb. | Mar. | Apr, | May. | June, | July. | Ang. | Bept. | Oct. | Nov. | Dec.
565 402 238 115 88
474 428 229 109 88
402 41 233 108 83
356 448 320 I 78
350 4“8 350 T
23 402 422 338 9 ]
83 480 389 308 88 84
83 572 338 314 B3 58
83 5685 344 314 88 58
86 558 305 308 86 56
¥, 1 773 a7 206 83 56
233 81 . T4 350 308 ki) 56
233 78 833 338 314 T8 60
233 74 799 332 338 7% ]
215 n 925 332 338 || 6
- 305 269 a8 943 320 314 145 7
.s 308 460 80 826 302 285 164 164
264 508 58 782 206 289 178 | 1,060
19 228 | b522| 54| 633|1,170| 338| 243| 338 1,420
20 108 460 ) 714 | 1,330 382 233 415 | 1,070
21 180 306 1 673 | 1,080 380 215 320 808
23... 192 308 138 880 782 300 208 308 863
] 206 204 168 520 633. 382 197 238 881
.. 197 215 168 558 826 383 180 192 515
25.. 188 102 160 602 | 1,000 338 172 1566 428
26 178 ] 826 344 160 132 350
n.. 184 M40 065 326 149 112 200
b 197 925| 550 | 3021 142 100| 288
20 196 836 494 280 135 94 206
30. 220 (. 807 487 254 128 91 180
al.. 197 |.. 428 |...-... 121 | ;] (R

Nm.—Dunhnﬁ- estimated for following periods, because of unsatisfactory operation of wnt.u'-cuﬁu
recorder,rom maximum and minimum stages indicated by recorder and by oomliurlmn with hr’dmgrg) 8
for other stations: Jan, l-lai 1,300 second-fest; Feb, 27-28, 135 second-feet; Mar, 1-5, 100 -feet; Nov.
18-30, 800 second-feet; Des. 111, 90 second-teet; and Dec. 15-19, 1,500 second-feet. :

Monthly discharge of Karta River at Karta Bay for 1918,

Discharge in second-feet.
Month. S kel
Maximum, | Minimum. | Mean.
- 176 95 42, T00
522 121 243 13, 600
54 172 10,600
344 601 41,100
356 690 43, 400
254 360 21, 400
121 48 15,200
78 140 8,610
5 312 18, 600
142 335 20,600
............ 553 82,900
............. 719 44,200
54 431 312,000
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CASBCADE CREEK AT THOMAS BAY, NEAR PETERSBURG.

Lou'nox .—Ome-fourth mile above tidewater on each shore of south arm of Thomas

Bay; 22 miles by water from Petersburg. One small tributary enters the river
" from the left half & mile above gage and 2 miles below lake outlet.

DRAINAGE AREA.—21.4 square miles (measured on the United States Geological
Survey geologic recon.n,lmnca map of the Wrangell mining district, edition of
' 1907).

RecorDs AVAILABLE,—October 27, 1017, to December 31, 1919.

Gaae.—Stevens water-stage recorder on: left bank, one-fourth mile from tidewater;
reached by trail which leaves beach back of old cabin at mouth of creek.

DiscHARGE MEASUREMENTS,—At medium and high stages, made from log footbridge
across stream one-fourth mile upstream from gage; at low stages, made by wading,

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

EXTREMES OF DISCHARGE.—Maximym stage during year from water-stage recorder,
7.0 feet at 10 p. m, Beptembar 21 (discharge, from extension of rating curve,
1,670 second-feet); minimum discharge, 20 second-feet, estimated from climatic
d.ltl and record of flow of Sweetheart Falls Creek.

1917-1919: Maximum stage, 7.65 feet at 11 p. m. November 18, 1917 {d.ischn.rge
- computed from extension of rating curve, 1,980 second-feet); minimum stage
0.80 foot about April 6, 1918 (discharge, 17 second-feet),

Tor.—Stage-discharge relation affected by ice for short periods.

Aowmr —Stage-discharge relation permanent. Rating curve well defined below

. ~ 1,200 second-feet. (peration of water-stage recorder satisfactory except for
periods indicated in footnote to daily-discharge table. Daily discharge ascer-
tained by applying to rating table mean daily gage height determined by inspect-
ing gage-height graph, or, for days of considerable fluctuation, by averaging dis-
charge for equal intervals of day. Records good except for periods when recorder
did not operate satisfactorily, for which they are fair.

The first site on this stream for a storage reservior is at a small lake 3 miles from
tidewater, at an elevation of 1,200 feet above sea level. The drainage area above the
gaging station is 21 square miles and above the lake outlet 17 square miles. Flow
during summer is augmented by melting ice from glaciers on upper portion of drainage
ares.

No discharge measurements were made at this station during the year,
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0

* Daily discharge, in second-feet, of Cascade Creek at Thomas Bay for 1919.

Day. Feb. | Mar. | Apr. | June. | July. | Aug. | Bept. | Oot. | Nov. | Dee.
75 145 + 380 518 250 148 86 57
60 180 380 485 200 150 78 54
55 192 305 470 167 532 68 51
48 183 363 470 153 800 63 49
47 175 18 518 153 890 57 46
44| 1e7| 835| B00|° 10| 1,110 54 44
40 183 518 440 160 | 1,040 50 42
38 200 470 485 183 858 48 40
40 240 470 570 200 410 4B lesnassen

280 518 518 410 M2 4 |.....
280 485 470 605 330 “
72 500 456 b18 an 42 |,
e 535 456 570 200 54 |.
270 570 710 588 m 50 |,
200 622 B60 AR5 88
280 535 s 40 19 BT

455 00 672 111

380 810 B50 109

355 0o 62 %

380 | 1,320 552 J

39 800 L0 M40

395 640 | 1,140 | | 425

396 455 B30 | 200

305 308 B5O 183

425 342 | 1,020 148

425 330 a7 120

470 842 0 m

562 3056 09 13

622 440 220 107

640 440 175 M

< BT0 M2 |.icenee L]

N D ted, b of ice effect or unsatis tion of
water-stage rmdar,tmmul{gmnsdmgm drawn by comparisoh with that for Bwuchurl%ongb
an:b:dmmsn d minimum 1111 mm;rﬂ byhmrdt “er Jan. l—l!.%gl nmd-luth}"sh. '“iu Wma-m::

. 2628 ar. 1- second-fe )

oty Tt oe, G185 s temeh toet: sl Deor 1681, 300 ooty '
Monthly discharge of Cascade Creek at Thomas Bay for 1919,
Discharge in second-feet.

Run-off in

Month, acre-foet
Maximum. | Minimum. | Mean,

161 9,000

Bel i

74.8 4,440

o 155 9,530

45 n 19,200

355 | 47 - 29,300

230 571 85,100

150 487 20,000

" 34 20,500

al 12 6,070

R 7.5 4,460

2| 23 171,000

| O v Lad
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GREEN LAKE OUTLET AT SILVER BAY, NEAR BITEA.

Location.—In latitude 56° 59’ N., longitude 135° 5 W., at outlet of Green Lake,
head of Silver Bay, 104 miles by water south of Sitka.

DRAINAGE AREA.—Not measured.

REeCORDS AVAILABLE.—August 22, 1915, to December 31, 1919.

Gaoe.—Stevens water-stage recorder on right bank, at outlet of lake, reached by trail
which leaveas the beach one-fourth mile north of mouth of stream, ascends a
600-foot ridge, and then drops down to the outlet of the lake. Gage datum low-
ered 1 foot December 27, 1916.

DiscEARGE MEASUREMENTS.—Made from cable across outlet 30 feet below gage.

CHANNEL AND coNTROL.—From Green Lake, 240 feet above sea level and 1,800 feet
from tidewater, the stream descends in a series of falls and rapids through a narrow
canyon whose exposed rock walls rise vertically more than 100 feet.

ExTREMES OF DIBCHARGE.—Maximum stage during year, 12.4 feet, probably on Oc-
tober 6, estimated from vertical line traced by recording pencil while clock of
recorder did not run (discharge, estimated from extension of rating curve, 3,000
second-feet); minimum stage recorded, —0.05 foot March 27-29 (discharge, 10
second-feet).

1915-1919: Maximum stage recorfled, 13.0 feet, September 26, 1918 (discharge,
estimated from extension of rating curve, 3,300 second-feet); minimum stage
recorded, —0.05 foot March 27-29, 1919 (discharge, 10 second-feet).

Icr.~—Ice forms on lake and at gage, but because of current and flow of relatively
warm weather from the lake the control remains open.

Aoccuracy.—Stage-discharge relation permanent. Rating curve well defined between
10 and 1,300 second-feet. Operation of water-stage recorder eatisfactory except
for periods indicated by breaks in record, as shown in the footnote to the daily-
discharge table. Daily discharge ascertained by applying to the rating table
mean daily gage height, determined by 1napectmg gage-height graph, or, for
days of considerable fluctation, by averaging results obtained by applying to
mting table gage heights for regular intervals of day. Records good, except
those for periods when gage was not operating satisfactorily, which are fair,

In the fall and winter the flow is low because there is little ground storage, and on
most of the drainage area the precipitation is in the form of enow. This accumulated
enow produces a large run-off during the spring, and the melting ice from the glacier
and the ice-capped mountains augments the run-off from precipitation during the
summer. The area of Green Lake is estimated to be about 175 acres. ?

The discharge measurementa were made at the station during the year.

swmmummu. B. Geol. Burvey Bulls. 662, 692, and 712,
7230°—21—Bull. 714—11
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Daily discharge, in second-feet, of G'reen Lake outlet at Silver Bay for 1919.

Day. Jan, | Feb, | Mar, | Apr, | May. | June. | July. | Aug. | Oct. | Nov. | Dec.
70 16 47 138
142 18 164 114
188 15 140

14
173

620 .
[ 7 J PUSHENRIS i) M

§z sggeEd

rESEY 25823 92223

g
nER NEEes 2AYM BRESS SBFEE Rsssl
2% BSEE EPmex oy 3325 EF

EZEE SUSHE GYHEE 38NaH BEUEE S<B
SECCE BEBET RENHC USREE NEZEY BUMRS

15. . 122

18. 107 | - asnssas

17.. 2 B 1 O

18. .. ] P

10... i 88l.......

20, 67 12 L
n.. ] 18

2 o7 18

= 07 16

24, 61 4 1

25. 59 12| 1

" - PR 55 11

. 55 10

28. . 5 10 219

20 L] 10, 168 |-

a0 57 |. 12 155 184

= 51 30 leannnas | R 518 ..

Nore.—Discharge for following extimated, because of unsatisfactory tion of wn-ng
Mbymmﬂmvhﬁﬁphsf m’muua, t and Mar. 4-19,
second-feet; from indicated by and by mﬂm with record
of fow forBweetheart hlh Creek: A“—iue%-“' 500 uomd-leat Ang. 24-31, 385 .”gdh -n 500

md-llu-ud Oct. 1-] and minimom ted
data for unmand ototlmuuﬂm Oot, 28-31, lﬂim-

feet; Jw. 1-29, mm-lm and Deo, 16-31, 200
Monthly discharge of Green Lake outlet at Silver Bay for 1919.

Discharge in second-feet.
Month. Run-off in
Maximum. | Minimum. | Mean,
n1 14,200
87.9 2,100
14.8 210
126 7, 500
266 15, T00
368 21,300
488 000
452 5 800
500 29,500
392 24,100
181 1_:}!,&»
128 870
205 102, 006
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BARANOF LAKE OUTLET AT BARANOF, BARANOF ISLAND.

" LocaTioN.—In latitude 57° 5 N., longitude 134° 54’ W., at townsite of Baranof, at

" head of Warm Spring Bay, east coast of Baranof Island, 18 miles east of Sitka
across jsland but 96 miles from Sitka by water through Peril Strait.

Dramvage AREA.—Not measured.

REcORDS AVAILABLE.—June 28, 1915, to December 31, 1919,

Gaae.—Stevens water-stage recorder on right bank 700 feet below Baranof Lake and
800 feet above tidewater at head of Warm Spring Bay.

D1BcEARGE MEASUREMENTS.—At medium and high stages, from cable across stream
100 feet below lake and 600 feet above gage; at low stages, by wading 100 feet
below cable.

CHANNEL AND CONTROL.—From Baranof Lake, at elevation 130 feet above sea level

.and 1,500 feet from tidewater, the stream descends in a series of rapids and small
falls and enters the bay in a cascade of about 100 feet concentrated fall. The
bed is of glacial drift, boulders, and rock outcrop. The gage is in an eddy 50,
feet downstream from the foot of a small fall and 100 feet upstream from a riffle
which forms a well-defined control.

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.78 feet at3 p. m.,
October 6 (discharge, computed from an extension of rating curve, 2,610 second-
feet); minimum flow, estimated by comparison with record of flow for Green
Lake outlet, 20 second-feet, March 27-29,

1915-1919: Maximum stage recorded dwing period, 5.3 feet August 10, 1915
(discharge, computed from extension of rating curve, 3,350 second-feet); mini-
mum flow, estimated, 20 second-feet, March 27-29, 1919.

Ice.—Because of the swift current and flow of relatively warm water from the lake
the stream remains open.

Drversions.—The flume to Olsen’s sawmill diverts from the stream 200 feet below
gage only sufficient water to operate a 25-horsepower Pélton water wheel.

Accuracy.—Stage-dischaige relation permanent, not affected by ice. Rating curve
well defined below 2,000 second-feet. Operation of water-stage recorder satis-
factory except for periods indicated in footnote to daily-discharge table. Daily
discharge ascertained by applying to rating table mean daily gage height deter-
mined by mspecnng gage-height graph, or, for days of conziderable fluctuation,
by averaging discharge for equal intervals of day. Records good except for
periods when recorder did not operate satisfactorily and for periods when water
was frozen in well, for which they are roughly approximate.

The drainage area is rough and precipitous, and the vegetable and soil cover is thin,
even on the foothills of the mountains. The run-off is rapid, and the ground storage
isemall. During a hot, dry period, however, the flow is greatly augmented by melt-
ing ice from several small glaciers and ice-capped mountaing,

No discharge measurements were made at this station during the year.
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Daily discharge, in second-feet, of Baranof Lake outlet at Baranof for 1919.
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SWEETHRART FALLS OREEK NEAR ENETTISHAM.

I.aomon .—In latitude 57° 56§’ N., longitude 133° 41/ W., on east shore 1 mile from
“head of south arm of Purtﬂuetuahm, 3 miles south uimouthofWhh:meva‘,
miles by water from Snettisham, and 42 miles by water from Juneau. No large
tributaries enter river between go~ing station and outlet of large lake, 23 miles
upstream,

DRAINAGE AREA.—27 square miles (measured on United States Geolngiml Survey
topographic map of the Juneaun gold belt, edition of 1905).

Recorps AvamaeLe.—July 31, 1915, to Man:h 31, 1917; May 21, 1918, to December
31, 1919,

Gage. —Stevens water-stage recorder on right bank, 300 feet upstream from tidewater
on east shore of Port Bnettisham. Gage washed out in November, 1817, and
record from April 20, 1917, lost with gage. New Stevens water-stage racordar
installed May 21, 1918, at same datum and at approximate location of old gage.

D18scRARGE MEASUREMENTS,—At medium and high stages, made from cable across
river one-fourth mile upetream from gage; at low stages, ma.de by wading in
channel at mouth of creek exposed at low tide.

OmANNEL AND coNTROL.—FYom the outlet of the lake at an elevation of 520 feet above
sea level and 24 miles from tidewater the water descends in & series of rapida and
falls through a narrow, deep canyon. Gage isin a pool at foot of two falls, each
25 feet high, which are known as Sweetheart Falls; outlet of pool is a natural rock
weir, which forms a well-defined and permanent control for gage.

ExTrREMES OF DISCHARGE.—Maximum stage during year from water-stage recorder,
6.0 feet at 10 p. m. October 6 (discharge computed from extension of rating curve,
2,260 second-feet); minimum stage, 0.15 foot 12 a. m. March 29 (discharge, 28
second-feet).

1015~1919 (except for period of no record): Maximum stage recorded, 7.15 feet
at midnight, September 26, 1918 (discharge, computed from an extension of the
rating curve, 2,880 second-feet); minimum flow, estimated from discharge measure-
ment and climatic data, 15 second-feet February 11, 1916,

Icx.—B8tage-discharge relation affected by ice only for short periods during extremely
cold weather.

Aoccuracy.—Stage-discharge relation permanent. Rating curve well defined between
40 and 1,300 second-feet; extended beyond these limits by estimation. Opera-
tion of water-stage recorder satisfactory except for periods shown in footnote to
daily-discharge table. Daily discharge ascertained by applying to rating table
mean daily gage height determined by inspecting gage-height graph, or, for days
of considerable fluctuation, by averaging results obtained by applying to rating
table gage heights for regular intervals of day. Records excellent except for
periods of ice efiect or break in record and for discharge above 1,300 second-feet,
‘for which they are fair.

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

" The following discharge measurement was made by G. H. Canfield:

Februsary 18, 1919: Gage height, 0.35 foot; discharge, 48 second-feet.
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Daily discharge, in second-feet, of Sweetheart Falls Creek near Snettisham for 1919.

Day. Jan. | Feb, | Mar. | Apr, | May, | June, | July, | Aug. | Bept. | Oct, | Nov, | Deec.
102 73 42 83 240 324 565 045 121 76
141 67 41 98 199 asl | 645 565 218 113 70
178 62 41 20 176 428 505 525 348 418 102 66
160 58 43 90 164 449 525 470 285 | 1,120 20 62
300 55 50| 141| 159 | 424| 585 | 525 | 240 (1,280 B4 58
745 58 80 141 164 382 706 805 218 | 3,010 ™ 57
845 50 80 119 183 365 865 565 202 | 2,010 T 54
945 49 a7 109 240 365 805 585 199 | 1,350 70 50
805 48 47 108 285 393 706 645 106 B85 70 +4
585 42| 102| 204| 470 7TO5| 665 | 255 545 87 4
505 - 87 95| 204 | O525| 645| BBS| 452 | 388 64 41
365 34 95 204 585 585 525 488 315 62 40
285 87 92| 300| 585| 565 488 | O545| 258 60 39
225 44 92 308 525 645 525 025 210 64 41

a8 90| 372| 488 685 TO5( 005 178 7z 52

‘33 87 463 470 625 TO5 705 152 85 59

87 85 460 525 545 885 5685 148 118 113

a8 90 442 545 525 605 85 144 270 435

a8 117 488 545 458 865 B45 164 488 382

48 125 645 625 505 968 725 21 442 e

60| 120| o05| 725( 545/ 988 | 705 585 | 480 194

58 127 488 885 585 745 | 1,010 585 390 150

48 125 410 645 565 545 | 1,080 390 285 144

30 131 382 a5 545 435 900 25 210 148

34 183 410 605 525 1,170 213 150 im

32 300 428 705 505 348 | 1,170 174 300

80| 400| 993| 785| b525( 324 905| 148| 113 330

30| 965| a54| e85| 605| 330| 605| 141 104 249

2| 315| 327| 625| 7T45| 393 | 428 | 137 93 188

38 285 315 585 825 585 330 129 84 149

421....... 309 |....... 745 625 |....... 125 | eeenae 133

No'rl.—-l'hﬂy for following perlods estimated b mmpuhm with hydrograph for Cascade
Creek, because was affected by lce or of unsatisfactory npn'mtlon of water-

relation ¥
stage recorder: Jan, 5-8, h.!'i’lnll.n:liApt 1-7, and Dec, 10~

Monthly discharge of Sweetheart Falls Creek near Snettisham for 1919,

Discharge in second-feet,
Month. meeltn
Maximum. | Mintmum, | Mean,
45 74| o5 15,700
82 43 53.9 2,000
80 n 2.2 2,500
400 B3 147 8, 750
045 159 | 243 21,000
785 |« 34 535 31, 800
B85 488 613 37,700
968 | - 3| & 35, 500
1,170 196 604 a5, 900
2,010 125 | 489 30, 100
488 80 154 9,180
435 » 136 8,360
20000 2| a1 240,000

CRATER LAEKE OUTLET AT SPEEL m PORT BNETTISEHAM,

LocaTion.—At outlet of Crater Lake, 1 mile upstream from edge of tide flats at head of
north arm of Port Snettisham, 2 miles by trail from cabins of Speel River project,
which are 42 miles by water from Juneau.

DRAINAGE AREA.—11.9 square miles above water-stage recorder at lake outlet, and 13
square miles above staff gage at beach (measured on topoguphxc maps of the
Alaska Boundary Tribunal, edition of 1895).

RECORDS AVAILABLE,—January 23, 1913, to December 31, 1919,




WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA. 167

Gacn.—Stevens water-stage recorder on left shore of lake 100 feet upstream from
outlet. A locally made water-stage recorder having a natural vertical scale and a
time scale of 7 inches to 24 hours was used until replaced by Stevens gage June
29, 1916. The gage datum remained the same during the period. During the
winter, because of inaccessible location and deep snow, the operation of the gage
at the lake was discontinued, and thestageread at staff gage in channel exposed
at low tide at beach. The first gage at beach was set at an unknown datum and
washed out in winter of 1915-16. Another staff gage was set at about the same
location November 24, 1916. Other staff gages were set at about the same location
January 11 and November 13, 1918.

DIBCHARGE MEASUREMENTS.—Made from cable acrosa outlet of lake, 100 feet down-
stream from gage and 10 feet upstream from crest of first falls, The rope sling
from which discharge measurements were first made was replaced in fall of 1915

by a standard U. 8, Geological Survey gaging car, making more reliable measure-

ments poagible,

CraNNEL AND conTROL.—The gage is on left shore of lake, 100 feet upstream from
outlet, where the stream becomes constricted into a narrow channel, the bed of
which is composed of large houlders and rock outcrops that form a well-defined
and permanent control,

EXTREMES OF DISCHARGE,—1913-1619: Maximum stage occurred, probably, on
-Beptember 26, 1018 (discharge, 2,300 second-feet, estimated by multiplying
maximum discharge at Long River on September 27, 1918, by 0.44, which is the
ratio between the maximum discharges of Crater Lake outlet and Long River on
August 19 and 20, 1917 ; minimum dischaxge, 5 second-feet, February 1-13, 1916,
estimated from one discharge measurement and by comparison with climatic
- data, and February 13, 1919,

Awumcr.-—Stlg&dmcharge relation permanent. Rating curve defined by 19 dis-
charge measurements, 13 of which were made by employees of the Speel River
Project (Inc.) and 6 by an engineer of the United States Geological Burvey, and
is well defined below and extended above 1,000 second-feet. Rating curve used
January 1 to February 10 for staff gage at beach fairly well defined. Operation
of water-stage recorder satisfactory except for July 1-8, when gage clock was run
down; gage-height.graph August 6 to October 8 lost, when gkiff capeized with
G. H. Canfield, October 8. Discharge record January 1 to February 10 com-
puted from gage-height record for staff gage at beach. Daily discharge May 23 to
August 5 ascertained by applying to rating table daily gage height determined by
inspecting gage-height graph, or for days of considerable fluctuation, by averaging
results obtained by applying to rating table mean gage heights for regulsr inter-
vals of the day.

Crater Lake is 1,010 feet above sea level and covers 1.1 square miles. The sides of
the mountains surrounding the lake are steep and barren, and the tope are covered
by glaciers,

Discharge measurements of Crater Lake w;kt at Speel River, Port Snettisham, during
181,

.
“

[Made by G. H. Canfield.]

G Dis- Ga, Dis-
Date. hdm. charge, || Dste. t.
Feel. | Secft. Feet, 3
LTS O e],22 12-?‘ M Baakicssaiiisoniccnaspmasea o, 74 E“s?;“
Feb. 16..|....... sssssvissernpunnas o 58 115 | [ o = S O PR AP 14.6

@ Referred to staff gage at beach, installed Nov. 13, 1918,
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Daily discharge, in second-feet, of&uahk;}gmla at Speel River, Port Snettisham, for
1919.

Day. Jan., | Feb. | May. [ Junme. [ July. | Aug. | Oct. | Nov.

SEE %8

8SREEE EBES8 BEESE BE

: Feb. 1— 1amd-

foet; Mar, 1-31 um 1-30, d ma-rm, May 1- dis-
charge; Aug. 6-31, 520 uﬂd—(u?r 420 smn -loet; mﬂ 340, 25
gecond- m?fuov.’n-an. 25 m&w and Dec. 1-3 aumﬁ- Nov. &-

Monthly discharge of Crater Lake outlet at Speel River, Port Snettisham, for 1919,

Discharge in sscond-feet.

Month, _ Runoff in

Maximum. | Minimuom, | Mean,
Ny A Ry T SO RO 200 2 B84 4,210
'ﬁ.ﬁumh . - - a5 5 };0 811
April.... 47 2,800
y. 118 7,200
Ty, i ]
% ........................................ 511 31, 400
..................................... , 000
% 1am
Novem 101 60]0
December. . . 30 1,840
The year...... » e, eaa— | | FR—_— 134, 000
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LON& RIVER BELOW SECOND LAKE, AT PORT SNETTISHAM.

LocaTion.—One-half mile downstream from outlet of Second Lake, 1 mile down-
stream from outlet of Long Lake, one-half mile upstream from head of Indian
Lake, 2} miles by trail and boat across Second Lake from cabins of the Speel
River project at head of the North Arm of Port Snettisham, 42 miles by water
from Juneau.

. DrANAGE AREA.—33.2 square miles (measured on sheet No. 12 of the Alaska Bound-
ary Tribunal maps, edition of 1895).

Recorps AvamaBLE.—November 11, 1915, to December 31, 1919,

Gaes.—Stevens continuous water-stage recorder on right bank one-half mile below
outlet of SBecond Lake.

DiscHARGE MERASUREMENTS.—At medium and high stages made from cable across
river at gage; at low stages made by wading one-fourth mile downstream.

CHANNRL AND cONTROL.—At the gage the channel is deep and the current sluggish;
banks are low and are overflowed at extremely high stages; bed smooth except
for one large boulder. A rapid, 500 feet downstream, forms a well-defined and
permanent control.

ExXTREMES OF DISCHARGE.—Maximum stage during vear probably occurred October 6,
but stage is unknown as gage-height graph July 9 to October 8 was lost; minimum
flow 35 second-feet, March 29.

1916-1918: Maximum stage, 10.2 feet September 27, 1918 (discharge, estimated
from extension of rating curve, 5,300 second-feet); minimum flow, 23 second—ieet,
February 13, 1916,

Tor.—Btage-discharge relation affected by ice during January, February, March, and
April.

Accuracy.—Stage-discharge relation permanent; affected by ice or poor connection
between well and river January 16 to February 27, March,6 to April 2, April 9-15,

* November 1-14, and December 4. Rating curve fairly well defined between
50 and 400 secopd-feet and well defined between 400 and 2,000 second-feet.
“Opersation of water-stage recorder satisfactory except for periods indicated in
footnote to daily-discharge table. Gage-height graph July 9 to October 8, lost
on October 8, when skiff capsized with G. H. Canfield. Daily discharge ascer-
tained by applying to the rating table daily gage height determined by inspecting
the gage-height graph. Records good except for stages below 400 second-feet and
periods of break in gage-height record, for which they are roughly approximate.
The area draining to Long River between Long Lake outlet and this station com-
prises only 1.3 square miles, including First Lake and Second Lake. Because this
area is at a low altitude and has no glaciers the run-off per square mile from it is greater
early in the spring but much less in summer than that from the area above Long Lake,
which is partly covered by glaciers.

Discharge measurements of Long River below Second Lake, at Port Snettisham, during 1919.
[Made by G. H. Canfield.]

Dis- Dis-
Dete. iy | s Date. height. | clamga

Feet. | Secot, .
TR Mhisors=rovaivisissssrunes 2.40 u‘gﬁ TIF B cuinnniinsvsnnnsssmpid F‘;’w s“ﬂfan
Apr I A = B e 1.00 63

& Btage of water gurface in well; connection between well and river obstrueted.
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Daily discharge, in second-feet, of Long River below Second Lake, at Port Snettisham, for
1919,

Day. Jan.” | May. | June. | July. | Oct. | Nov. | Dee.

1.. 317

Lk 360

3. 411

4 411

5... 300

8.. 360 800 |,uvnnann

T.. 360 | 1,070 {...o..C

8. 372 {1 PP

9.. 405 |,uennnnn 975

0. 474 680

11. 530 405

12. 548 |. 405

13. 548 |. a7

14, . 512 |. a7

15 495 207
485 188
512 |. 180
512 |. 352 |
530 |. 301
800 520

| R . RS IERpemY [ . ) 860
700 ). 480 v
720 |. 345 :
720 |, 250 |.. 141
710 |. 204 287
770 |. 171 |.. 200
680 | 175 150
650 149 130

........ 141 ‘116

to ica effect or obstruction in connection between gage well and river, was
aathnntadtortu ods from current-meter measurement of Apr. 9 and ¢ with weather
records for Juneau ph ol Sweetheart Falls Creek: Jan. 1-9, dally shown in table
Jan. 16-81, 85 second-feet; Feb. 1-28, second-feet; Mar. 1-31, 50 second-feet; Apr. 1-30, 125 second-feet
May 1-21, 285 second-feet. Daily discharge, June 25 to July 7 determined from gage-height drrwn.
thr maxim y recorder by comparison 5

ou?«.| um amd imum stages J)arl with Bweet-
e e Lows M e bept, 150, 1
-feat; BECO! :
-feet; Oct. 1&! 1,%0 smnd-!wty Dall 8 Nov. ulg-u, Den 1-3, and mean Now
24-30 (125 second- ) Creck. Hean dischsrgep ec. 528
(115 gecand dlmtmrg:, ec. 2&31 eaﬁmated rroan mmdmnm and minimom
¥ recorder am?’by com

Run-off in’
acre-feet.

12,900
8,050

070
19, 000
82, 400
53,100
84, 600
50, 500
32,300

11,400
7,870

307000

oy

$| BRE23REEEE
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GRINDETONE CREEE AT TAKU INLET.

Locarion.—On north shore of Taku Inlet, between Point Bishop and Point Salisbury,
one-fourth mile'west of mouth of Rhine Creek and 11 miles by waterfrom Juneau.

Dramvace ArEA.—Not measured.

Recorns AvamasLE.—May 6, 1916, to December 31, 1919.

Gaar.—Stevens continuous water-stage recorder on left bank, 200 feet from tidewater,
installed September 16, 1916, A Lietz aevan—dny graph wtt.er-stage recorder
waa used May 6 to June 17, 1916.

DiscuArcE MEASUREMENTS.—At all stages made by wading either in the channel on
the beach, which is exposed at low tide, or 100 feet below gage at high tide.
CHANNEL AND CONTROL.—For a distance of one-fourth mile from tidewater the stream
descends in a series of rapids and falls through a narrow, rocky channel. The
gage is at upper end of a turbulent pool between two falls, the lower of which
forms a well-defined control. When gage was installed logs were jammed .in

channel near upper end of pool.

ExTeEMEs oF DIsCHARGE.—Maximum stage during year, from water-stage recorder,
4.2 feet at 5 p. m. October 3 (discharge, estimated from extension of rating curve,
330 second-feet); minimum discharge, 3 second-feet March 16-20, estimated by
comparison with climatic data.

1916-1919: Maximum stage, 6 feet at 7 p. m. September 26, 1918 (discharge,
estimated from an extension of the rating curve, 700 second-feet); minimum
stage, —0.24 foot April 5-7, 1918 (discharge, 2.6 second—feet}.

Ice.—Stage-discharge relation sometimes affected by ice.

Accuracy.—Stage-discharge relation permanent. Rating curve, revised by meas-
urements made during 1919, well defined below 150 second-feet; extended above
150 second-feet by estimation. Operation of water-stage recorder eatisfactory
except for periods shown in the footnote to daily-discharge table. Daily discharge
sscertained by applying to rating table mean daily gage height determined by
inspecting gage-height graph, or, for days of considerable fluctuation, by averag-
ing results obtained by applying to rating table mean gage heights for regularinter-
vals of day. Records good except those for periods of break in record and dis-
charge above 150 second-feet, which are poor.

Dndwvemmm:)f Grindstone Creek at Taku Inlet during the year ending Sept.

80, 1918.
[Made by G. H. Canfield.)

G Dis- Dis-
Date. hﬂﬁ"t charge. Date. hadwt charge.
Sec.t. :
froll apras. oo Tt | 2o
1L.0%| J 1.7 114
b .40 10.6

6.1
3.8

1l
h

b Tce cover arched over control; no batkwater,
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Daily discharge, in

172

‘eet, of Grindstone Creek at Taku Inlet for 1919,
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Monthly discharge of Grindstone Creek at Taku Inlet for 1919.
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CARLSON CREEE AT SUNNY COVE.

Location.—At Sunny Cove, on west shore of Taku Inlet, 20 miles by water from
Juneau.

DEAINAGE AREA.—22.26 square miles (determined by engineering department of
Alsska Gastineau Mining Co. from surveys made by that company).

Recorps AvamAsLe.—July 18, 1916, to December 31, 1919.

Gace.—Btevens water-stage recorder on left bank, 2 miles from tidewster; inspected
peveral times a week by employees of Alaska Gastineau Mining Co.

DiscEARGE MEASUREMENTS.—At high stages, made from cable across river one-half -
mile downstream from gage; at medium and low stages, made by wading 500 feet
upstream from gage.

CHANNEL AND CONTROL.—Above the gage the stream meanders in one main channel
sad several small channels through a flat, sandy basin about a mile long; just

-below the gage the channel contracts and the stream passes over rocky falls that
form a well-defined and permanent control. The point of zero flow is at gage
height —1.5 feet.

ExraEMEs or piscHARGE.—Maximum stage recorded during year, 6.75 feet at 4
p. m. September 13 (discharge, from extension of rating curve, 4,440 second-
feet); minimum flow, estimated by comparison with record of flow for Sweetheart
Falls, 15 second-feet, March 28.

1916-1919: Maximum stage, 8.1 feet at 2 p. m. September 26, 1918 (discharge,
computed from extension of rating curve, 6,200 second-feet); minimum flow,
estimated from climatic dats and hydrographs for streams in nearby drainage

 basins, 10 second-feet, April 1-7, 1918.

Ioe.—SBtage-discharge relation affected by ice.

Accuracy. —Stage-discharge relation permanent, Rating curve well definad between
70 and 2,000 second-feet, extended below 70 second-feet to point of zero flow and
above 2,000 second-feet by estimation. Operation of water-stage recorder satis-
factory except for periods of break in record as indicated in footnote to daily-
discharge table. Daily discharge ascertained by applying to rating table mean
daily gage heights determined by inspecting gage-height graph, or, for days of
considerable fluctuation, by averaging results obtained by applying to rating
table mean gage heights for regular intervals of the day. Records good except
for stages below 70 second-feet and above 2,000 second-feet and lm- periods of
bresk in record, for which they are fair.

Drischarge measurements of Carlson Creek at Sunny Cove during 1919,
[Made by G. I Canfield.]

Dis. Dis-
Date. : m charge. " charge.
Fea. Seeft.
AR I ceueenciiasnrsrarangan S ilo APE B....enniirannnssasans Bae.-ﬂ.u
b Meeeoiiisonannrnnnmaansa a4 || Aug.12...... &4
MAC. 2. a 2 || Dec. 13

a Creek covered with thick fce. Measurement made 2 miles below measured discharge reduced
& per oent to obtain flow at gage. Lo e
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Daily discharge, in second-feet, of Carlson Creek at Sunny Cove for 1919.

Day. May. | June. | July.

4
£
g
g

-
=
-

NESERE BNSEE SIRGE 462U SESEE AgTEE

-H
.

3538 srees 58558 SLENS 3EES

.

ort.-—O:pa'l of water-siage recorder unsatisfactory and for following periods estimated
current-meter measurements mmmm for other stations: Jan, 1-31, 187
iaat: Feb. 1-28, 28 second-feet; Mar, 1-81, 20 s Apr. 1-23, 85 second-feet: Apr. 24-30, 200

second-feet; and 820 second-feet, July 4-23, uumudnmmd-m comparison with
m“ifmmlﬂ’m daily |‘.I1m:h$r oy 5“—&&1\! :” 10 sood Toot:

ov. 3
Dec. 1= .“m@h&.hﬂ.l&-&,lﬁﬂs&ﬂmﬁ-w

Monthly discharge of Carlson Creek at Sunny Cove for 1919.

-

Discharge In second-feet.
; Month, G Run-off in

e

B| onBaepese
g| SZES5E8EE8EE
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BHEEF CREEE NEAR THANE.

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

DrainAGe AREA.—4.57 square miles above gaging bridge (measured on United
States Geological Survey map of Juneau and vicinity, edition of 1917).

REecorps avamasie —July 26, 1916, to December 31, 1919,

Gaee.—Stevens water-stage recorder on right bank, at pool formed by an artificial
control just below small island three-tenths mile upstream from diversion dam.
Recorder inspected once a week by an employee of the Alaska Gastineau
Mining Co.

DiscEARGE MEASUREMENTS.—At extremely high stages, made from gaging bridge
two-tenths mile downstream from gage; at low stages, made by wading near
bridge section. No streams enter hetween gage and measuring section, but
seepage inflow ranges from a small amount to 10 per cent of total flow, the per-
centage of inflow usually being large after periods of heavy precipitation.

CHANNEL AND coNTROL.—The station is near the lower end of a flat basin through
which the stream meanders in a channel having low banks and a bed of sand
and gravel. An artificial control was built 2 feet below the intake for the gage
well, to. confine the flow in one channel during high water and to insure a per-
manent stage-discharge relation. The spillway of the control at low stages con-
gists of a timber, 16 feet long, set in the bed of the stream. During medium and
high stages another timber, 8 feet long, bolted at the top near the right end, forms
part of the control. A 3-foot cut-off wall is driven at the upstream face of the
epillway. There are wing walls at each end, and an 8-foot apron extends down-
stream frorh the control.

Ice.—Control covered with ice and snow for short period.

EXTREMES OF DISCHARGE.—Maximum stage during year, 2.52 feet, at 1 a. m, October
6 (discharge, estimated from extension of rating curve, 490 second-feet); minimum
stage, —0.48 foot March 31 to April 2 (discharge, 4.0 second-feet).

1916-1919: Maximum stage during period, 3.5 feet,”at 2 p. m. September 26,
1918 (discharge, estimated from extension of rating curve, 820 second-feet);
minimum flow, 1.0 second-foot, April 6-8, 1917.

Accuracy.—Stage-discharge relation, between 0.5 and 1.2 feet, changed January 8.
Rating curve used January 1-8, fairly well defined below 700 second-feet; curve
used January 9 to December 31 fairly well defined. Operation of water-stage
recorder satisfactory except for periods indicated in footnote to daily-discharge
table. Daily discharge ascertained by applying to rating table mean daily gage
height detarmined by inspecting gage-height graph, or, for days of considerable
fluctuation, by averaging results obtained by applying to rating table mean gage
-heights for regular intervals of the day. Records fair.

Discharge measurements of Sheep Creek near Thane during 1919.
[Made by G. H. Canfleld.]
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Daily discharge, in second-fect, of Sheep Creek near Thane for 1919.

Dsy. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Bept. | Oct, | Nov. | Dec.
-

22| 18 6.6 4.0 41 . 12 19 | ravinn
Bl 1 6.4| 4.0 35 72 63 ) | R
1 9.3 6.3 4.9 3z 08 61 A |esiina
1| 92| 02| 59 31 108 68 17 |
16| 9.0 60| 7.0[ 30 108 72 L § e
8| 85| 8.3 30 124 08 1 Laii..
68 8.4 9.0 M 134 [} 15 s
75| 83 12 50 [.. 108 72 15 .
6| 8.1/ 15 6l |. 108 o1 141, =
54| B0 16 52 |- us| 77 I
8| 1.0 16 50 |. 108 70 I 13
46| 7.8 18 52 105 63 13 13
a) 7.1). 16 54 113 72 13 12
8| 7.6 17 63 16| us 13 12
35| 7.5/ 18 80 108 28 19 12
M| T3 )eeennn. 18 ol . o1 % - | T - 12
n L g ROrne: 17 ™ 88 o 08 |.ecovonfrnncrae 158
Bl 7.1]...... 18 82 |. o 2 -] I—— ¥ s i 25
| 7.1...... ‘18 06 01| 141 - 3 (U S 15
19| 70| 45| 19 9 |. 88| 113 E | IO e 16
w{ 69| 45| 22 B4 . B8 88) 261).......| ©8 16
19 6.8 44| 22 | 82 m 113 43 g 16
19| 67| 44| 25 72| ] 68| 108 40 15
18 6.6 43| B 72\ Kl 81 252 40

18| 6.6 43| 61 84 ” 59 170 38

18] 66| 42| 84 77 |.. Kl s2| 1 3

17| 66| 42| 86 68 |.. 86 03 [ 3 |,

16 66| 41| 68 61 00 [ 73 a3

16).......] 41| 50 [T 108 88 68 P14

18 |. 40| 50 54 | 08 o8 56 %

15 (. 4.0 [oeeees 54 |. 7 Ml......| B

TE.—Dally discharge Jan. 10-24 and Mar, 1-5 because of unsatisfactory of gage
with roootd.l for Gold 0 k., D@% mmﬂ%ﬂm
ﬂtd:mmmmd.' i - 830, 90 socond-foet. OOt 11 m%‘am Nov ia-m,'&ﬁ:fnmm
- on - i

.+ 25-30, 22 second-feet l.’m 1-10, 18 second-feet; Dec. 30 end 31 as shown in table,

Monthly discharge of Sheep Creek near Thane for 1919,

Discharge in second-feet, 2
un-off in
Month, acre-feet.

Maximum, | Minimom. | Mean,

‘76 15 . 2.6 1,820
13 LY. 1.8 437
......................... 4.92 303
86 4.0 25.3 1,610
96 1] 6l1.4 3,780
RS R R E8.8 5,160
134 T2 96.3 5,020
141 52 76.3 4,000
252 82 91.8 5,460
e = 8.8 5,340
13 28.2 1,680
- ) 17.5 1,080
] R 51.3 37,200
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GOLD CEREKEE AT JUNEAU.

Locatiox.—At highway bridge at lower end of Last Chance basin, 200 feet upstream
from diversion dam of Alaska Electric Light & Power Co. and one-fourth mile
from Junesu. . ,

Dramvace AREA.—9.47 square miles (determined by engineering department of
Alasks Gastineau Mining Co. from surveys made by that company).

Recomrps avamasie.—July 20, 1916, to December 31, 1919.

Gaae.—Stevens continuous water-stage recorder on left bank at upstream side of
highway bridge. A staff gage was installed September 19, 1916, on left wing
wall of diversion dam 200 feet downstream and used in determining the time of
changes in stage-discharge relation at the well gage.

DiscHARGE MEASUREMENTS.—At medium and high stages made from gaging bridge
suspended, at right angles to current, from floor of highway bridge; at low stages,
made by wading near gage.

CHANNEL AND cONTROL.—Btation is at lower end of a flat gravel basin three-fourths
mile long. For 20 feet upstream from gage the stream is confined between the
asbutments of an old bridge, and for 15 feet downstream it is confined between the
sbutments of present bridge. For a distance of 130 feet farther downstream the
stream is confined in a narrow channel which is not subject to overflow. . Because
of the steep gradient of channel opposite and for 150 feet below gage, a short
stretch of the channel immediately below the gage acts. as the .control. The
operation of the headgates of flume at diversion dam, 200 feet downstream, does
not affect the stage-discharge relation at gage, but the swift current during high
stages shifts the gravel in bed of stream, thereby causing changes in the stage-
discharge relation.

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.9 feet at 2 p. m.,
September 13 (discharge, computed from extension of rating curve, 1,300 second-
foet); minimum flow, estimated by discharge measurements and climatic data,
2 second-feet, March 15-28.

1916-1919: Maximum stage, 6.8 feet September 26, 1918 (discharge estimated
from extension of rating curve, 2,600 second-feet); minimum discharge, 0.9
second-foot March 26, 1018. '

Iok.—Stage-discharge relation affected by ice in February, March, and April.

DrveratoN.—Water diverted at several points upstream for power development is
returned to creek above gage, except about 20 second-feet for seven months (when
there is a surplus over amount used by Alaska Electric Light & Power Co., which
bas prior right) and 1 second-foot the remainder of year, used by the Alaska-
Juneau Gold Mining Co. A dam 200 feet downstream diverts water into the
flume of the Alasks Electric Light & Power Co.

Reguration.—No storage or diversions above station regulate the flow more than
s few hours in low water.

Aocuracy,—Stage-discharge relation changed during periode of high water; 13 dis-
charge measurements were made during year, by use of which rating curves
have been constructed applicable as follows: January 1 to June 21, well defined
below and fairly well defined above 70 second-feet; June 22 to September 13,
fairly well defined; September 14-24 (a. m.), poorly defined by one discharge
measurement; September 24 (p. m.) to November 17, fairly well defined by two
discharge measurements; November 18 to December 81, fairly well defined by
two discharge measurements. Operation of water-stage recorder satisfactory
except for periodsindicated in footnote to daily-discharge table. Daily discharge
ascertained by applying to rating table mean daily gage height determined by
inspecting gage-height graph, or, for days of considerable fluctustions, by aver-
aging results obtained by applying to rating table mean gage heights for equal
intervals of the day. Records fair.

7230"-—'—21—31111. T14—12 b
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Discharge measurements of Gold Creek at Juneau during 1919.
[Made by G. H. Canfield. ] i

Dis-
dharge. Date. 1ot
Sec.ft, Feet,
14 5 137
' 5
17.0 218
4.0 108

a Control and measuring section {rozen over,
Daily discharge, in second-feet, of Gold Creek at Juneau for 1919,

Day. Jan. | Feb. | Mar. | Apr. | May. | June, | July. | Aug. | Sept. | Oect.

Nov. | Dee
16 P 48 88 158 167 78 43 18 20
-] enweese] 89| 1090 153 [ 147 70 3 15 a
13 32 137 231 140 3 410 14 2
18 27| 18| 270/ 160 63| 320 14 18
- 109 255 108 63 LIE] 14 19
45 05| 300| 158 63| T2 18 19
i 95 330 is2 0 304 13 17
86 a7 248 174 70 114 13 16
114 270 216 151 i) 13 14
56 147| 285| 180 | 240 50 12 14
48 158 285 102 1 47 12 12
34 161 264 144 147 a0 12 12
a1 170 300 ( 182! 620 85 20 12
27 143 340 285 205 0 18 12
25 137 27 28 188 46 18 12
- 21 143 208 202 185 30 18 18
e 19 147 185 162 239, 87 46 41
: 10 137 2018| 14| 21 32| 20 72
s 19 |. 161 210 365 154 42 125 n
2... 19 25 198 285 135 57 134 o
21 .. 16 |. 240 2086 174 480 ] 9 19
2.. M| 25 195 140 188 ol -] 17
.. 14 |. q 210 185 130 172 42 45 8
2 14 ). 210 180} 130| 470 22 30 42
. 14 |. 122 20| 62| 130| 320(, B0 2 53
- 26... 14 102 222 108 115 185 22 30 <
5. . 84 225 25 158 100 a1 2 40
28... 13, Fid 188 255 174 8B 26 n 38
29.. 72 180 300 198 o 2 25 20
30... m 167 256 140 0 21 2 25
31 k([ e m I8 |...e... 20 Leoanns o
Note.—Wa reewdlm;twfol from three discharge measure-
ment.s m for Imn, an hl or other stations: Fab,
ﬁuund-foet, Mar, 1-31, 5 secoud-feet, nnd.Apr l llmotwnmmmﬂer
um{lsl actory for following periods, dischs mpuhm with records for Sheep Creek:

May -9, 50 second-feet; Aug. 11-20, -.uhm m
Monthly discharge of Gold Creek at Juneau for 1919.

. Discharge in second-feet.

Month, E:ﬂa-mitn
Maximuom, | Minimum, | Mean, :

206 1,840

9. 54 B30

5 307

35 2,080

™8 4,010

150 0, 160

287 14, 800

170 10, 800

192 11,400

115 7,01

00.0 2,520

27.0 1,680

2.2 68, 800
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, FALLS CREEK AT NICEEL, NEAR CHICHAGOF.

LocaTion.—One-eighth mile above beach, on stream that enters tidewater half a
mile northeast of camp of Alaska Nickel Mines Co., 20 miles by water northwes
of Chichagof, on west coast of Chichagof Island.

Dramvace arEA.—Not measured,

REecorps AvamasLE.—May 6, 1918, to December 31, 1919.

Gace.—Stevens water-stage recorder on left bank one-eighth mile above beach.

DiscEARGE MEASUREMENTS.—At medium and high stages, made from cable across
stream 500 feet above gage; at low stages, made by wading in channel exposed at
beach at low tide.

CHANNEL AND cONTROL.—The gage is 20 feet upstream from rectangular weir, the
crest of which is 2 feet above bed of stream, 2 inches wide, and 40 feet long. At
the cable section the bed is smooth, the water is deep, and the current is regular
and sluggish.

ExTrREMES OF 8TAGE.—Maximum stage recorded during period, 3.45 feet at 3 p. m.
September 26, 1918; minimum stage recorded, 0.18 foot March 12, 1919.

Ice.—Stage-discharge relation affected by ice forming on crest of weir. :

Accuracy.—Stage-discharge relation permanent; affected by ice January 18, February

25 toMarch 4, 1918, Sufficient discharge measurements not yet available to define
rating curve. Operation of water-stage recorder satisfactory except for following
_ periods; November 24-30, December 29, 1918, January 18, to February 8, March
23 to April 8, April 28 to May 3, May 4 to 17, July 22-27, August 11-15, Sep-
tember 24, and December 17-27, 1919. Mean daily gage height determined by
inspecting gage-height graph, or, for days of considerable fluctuation, by averag-
ing mean gage heighta for regular intervals of the day.

COooreratioNn.—The gage and weir were installed by the Alaska Nickel Mines Co.,
and the cable and car by the United States Geological Survey in cooperation with
the company which also furnished the gage-height record and most of the dis-
charge measurements.

Discharge measurements of Falls Creek at Nickel during 1918-19.

Dat SO G Dis- || pate Made G Dis-
e by hndm charge. ¥ bdg.i charge.
Feet. | Secft. 1019, Feet, | Sec.
002 ";: Jan. 19 | Kimball ........ R b0.70 mﬂa‘s
.96 100 || Feb. 21 |..... . AR i b, 44 24
.52 a8
.58 48

« Employee of Alasks Nickel Mines C
3 Siai achargn rolation afected by foa.
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PORCUPINE CREEE NEAR NICEEL.

Looatron.—Half a mile above beach, on stream that enters tidewater at head of

+Porcupine Harbor, 4 miles northwest of camp of Alaska Nickel Mines Co., which
, is 20 miles by water northwest of Chichagof, on west coast of Chichagof Island.

DRAINAGE AREA.—Not measured.

REeCORDE AVATLABLE.—May 20, 1918, to December 31, 1919.

Gace.—Btevens water-stage recorder on left bank of stream half a mile above beach.

DiscHARGE MEASUREMENTS.—At medium and high stages, made from cable across
stream 150 feet above gage; at low stages, made by wading near control.

CHANNEL AND coNTROL.—The gage is located at edge of deep pool formed by con-
traction of channel where stream passes over exposed bedrock and descends in
a series of small falls. The head of these falls forms a well-defined and perma-
nent control. At the cable section the bed is rough, the water is deep, and the
current is sluggish and irregular, because 15 feet above cable the stream widens
inte a small lake. .

ExTREMES OF BTAGE.—1918-19: Maximum stage recorded during period, 3.35 feet
at 10 a. m. November 6, 1918; minimum stage recorded, 0.37 foot March 19 and
28, 1919.

Ioe.—Stage-discharge relation not affected by ice.

Accuracy.—Stage-discharge relation permanent, affected by ice only February 25.
Sufficient discharge measurements not yet available to define rating curve.
Operation of water-stage recorder satisfactory except for following periods: July
22 to August 4, November 30 to December 23, 1918, May 10-13, July 26-30, Octo-
ber 5-8, 24-31, and December 1-17, 1919. Mean daily gage heights determined
by inspecting gage-height graph, or, for days of considerable fluctuation, by
averaging mean gage heights for regular intervals of the day. '

CooreraTion.—The gage was installed by the Alaska Nickel Mines Co., and the
cable and car by the United States Geological Survey in cooperation with the
company, which also furnished gage-height graph and 4 discharge measurements.

Discharge measurements of Porcupine Creek near Nickel during 1918-19.

| :
Date. Made by— pofe | coais, || Date. Made by— o .
1918, Feet. | Seegr. || 1010, Feet, | Seept,
June 12 | G. HL.CanSeld......... 100 | 140 || Jan. 18 crereeenaeeeens| 130|112
Aug. 5| F.B. Fleming.......... .96 % .94 9
' Mar. 1 53 36

s
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Daily gage height, in feet, of Porcupine Creek near Nickel for 1918-19.

182

EEBELR

83388 zE8sz8

Nov. | Dee.

May. | June. | July. | Aug. | Bept. | Oct. Nw.'nn ¢

Day.

Jan. | Feb, | Mar.| Apr.| May.| June. NMn‘Mmlﬁm& Oct,

Day.
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MISCELLANEOUS MEASUREMENTS.
Miseellaneous discharge measurements in southeastern Alaska in 1919.

Date. Btream. Tributary to— Laeality. ' nh]g:a.

A Creek. ‘Windham Mouth of k.. Saeﬂt.s

. 11 | Bpruce Bay....| Mou cree ;

Iu% § 7 Sl ” ST R . SRR I 1 budgonmmill "of Aiaska Peerless Goid 28.6
Mining Co., halfa mile above mouth of creek.

WATER POWER ON CERTAIN STREAMS IN SOUTH-
EASTERN ALASKA.

Owing to the great variation in flow of streams in southeastern
Alaska, storage is an important factor in determining the power
that can be developed and the cost of development. The amount
of possible storage is generally estimated, because few local maps or
sketches of river basins are available.

In the following table the estimates of annual flow at gaging sta-
tions are based on records prior to October 1, 1918. The flow at the
point of diversion to the power plant is estimated from the records
for gaging stations, by comparison with records for other streams, or
from precipitation data. The “annual flow” is that for the climatic
year ending September 30. The effective head is the elevation of the
lake or dam site above high tide plus two-thirds of the head created
by the dam minus 10 feet (elevation of nozzles of impulse turbines).
The estimates of available power are based on continuous and:com-
plete utilization of a plant having an efficiency of 80 per cent.

The following abbreviations are used in the table:

A. B. 8., Alaskan Boundary Survey maps.

U. B. G. 8., U. B. Geological Survey topographic maps.
U. B.F. 8., U. 8. Forest Service topographic maps.
U.B8.F.8. R.U. 8. Forest Service timber reconnaissance maps.
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WATER-POWER INVESTIGATIONS IN SOUTHEASTERN ALASKA.
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MINING IN CHITINA VALLEY.

By Frep H. Mor¥rr.

INTRODUCTION.

All the mining districts in Chitina River valley were visited by
the writer in 1916 and were described in an account published as
part of the report on the progress of investigations in Alaska for
that year.? Since then no description of individual mining properties
in the region has appeared in publications of the United States
Geological Survey, although G. C. Martin visited some of the prop-
orties in 1918 during a rapid journey through parts of Alaska and

~ imcorporated the results of his observations in the report on the

investigation of Alaskan mineral resources for 1918. Material for
lha present account was collected by the writer during the early
part of Septembar 1919, and the paper is presented as a report on
progress in mining development rather than as a detm.led descrip-
tion of ore deposits.

Mining in this region, as in all other parts of Alaska, was greatly
affected by conditions that arose from the war. Prospecting practi-
cally ceased during war time, and even the assessment work on many
claims was omitted under exemption allowed by laws passed for the
relief of owners during the war. The scarcity of labor and the high
cost of mining equipment and supplies made it unprofitable or at
times impossible to carry on development work at some propertles,
which were allowed to lie idle.

The principal mining activity in the region in 1919 was on Kusku-
lana River, at Kennicott, and on Dan and Chititu creeks, in the
Nizina district. No assessment work had been done on Elliott Creek
and on Kotsina River up to the later part of September, but prepara-
tions were being made to do such work before January, 1920, for the
new regulation regarding assessment work for 1919, as it was passed
late in the summer, exempted no more than five claims in one holding
and thus made it necessary for some claim owners to do assessment
work who had not planned to do it in 1919.

" 1Momt, F. H., Mining in the lower Copper River basin: U, 8. Geol. Burvey Bull. 662,
PP, 165-182, 1918,
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EKUSKULANA RIVER.

Development work in the Kuskulana River valley in 1919 -was
done principally on three properties—the Alaska Copper Co.’s prop-
erty on Nugget €reek, the North Midas Copper Co.’s property on
Berg Creek, and the Chitina-Kuskulana Copper Co.’s property on
Bigfoot Creek. The North Midas Co., which produced a small quan-
tity of silver and gold, was the only company to do more than ex-
ploratory work. Some prospecting was done on Slatka Creek, where
a little placer gold is contained in the gravels and where the presence
of float gold has been known for some time.

The Alaska Copper Co., which owns the claims staked on Nugget
Creek by James McCarthy in the early days of exploration in this
district, after making a careful mine test of the copper-bearing vein
which originally cropped out on the Valdez claim, decided to stop all
development work and removed the machinery and equipment from
the ground to Strelna. The developments on this property include
about 4,000 feet of drifts, crosscuts, and shafts. The work dis-
closed a well-defined copper-bearing fault zone, which contained
principally bornite and chalcopyrite. The vein near the surface con-
sisted largely of high-grade ore, all of which was removed and
shipped to the smelter, but it did not maintain its high copper con-
tent in the lower levels, and for that reason the ground was aban-
doned. Gold and silver are constituents of the ore, and a little
native copper accompanied the copper sulphides in parts of the vein.
The greatest depth below the outcrop of the Valdez claim attained
by the workings' is 420 feet, and the writer was informed by the
manager that the relative quantity of chalcopyrite as compared with
bornite in the lower levels was less than in the upper levels. Since
1916 about 160 tons of concentrates and hand-sorted ore have been
shipped to the smelter. Previous shipments consisted of about two
carloads of hand-sorted ore.

The mine was equipped with a mill, a small hoist, power drills,
a drill sharpener, and other machinery, Power for the drills and
hoist was furnished by two semi-Diesel engines. The mill contained
a coarse crusher, one fine crusher, two jigs, and two tables. All this
equipment, together with all other movable property, was hauled
to Strelna on automobile trucks during the later part of the summer.
A good road suitable for automobile travel was constructed at con-

‘siderable expense between the mine and Strelna, on the Copper
River & Northwestern Railroad, in 1917 and 1918, and has been in
use for the last two seasons. This road for part of its length is on
the line of the horse trail from Strelna into Kuskulana Valley, and
is available for use by all the people in the valley. It is now in poor
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condition because of heavy traffic in wet weather and should be re-
paired if it is to be preserved for automobile travel.

The North Midas Copper Co.’s property includes 18 lode claims, 4
placer claims, and a mill site on the east side of Kuskulana River 12
miles from Strelna. The first claims staked in this vicinity were
located as copper claims and for several years were prospected in the
hope of developing a copper mine. The ore body now being ex-
ploited, however, contains silver and gold as well as copper and is
mined for those metals rather than for copper. The mine is on the
south side of Berg Creek about 1} miles from Kuskulana River, at an
. elevation of 850 feet above the river bars. The ore body consists of
quartz and a minor quantity of calcite containing arsenopyrite,
pyrite, and chalcopyrite. It was deposited along a fault pline, cut-
ting rocks which are prevailingly light-gray diorite, locally por-
phyritic, and dark-green fine-grained diorite. These rocks are in one
of the major zones of faulting of the region and are cut by many other
faults besides that containing the ore body. In places the tunnels
also show white silicified limestone. The strike of the ore body is N.
70° E., and the dip is about 45° SE. but shows some variation. The
thickness of the vein ranges from less than a foot to T feet..

Mining has been conducted on two levels 100 feet apart and reached
by different adits. A short intermediate level has also been driven
from the upper level. The main upper and lower levels have been
conneoted, however, and the ore from the upper level is drawn off
through the lower level. More than 1,600 feet of levels and adits have
been driven. ‘

The gold and silver content is variable in different parts of the ore
‘body and ranges from a few dollars to several hundred dollars to the
ton. The silver is present in greater quantity than the gold and in
some places has a ratio to gold as great as 4 to 1. The most valuable
ore is the oxidized part of the vein near the surface.

A cable tram equipped with buckets having a capacity of 3} cubic
feet conveys the ore from the mine to the mill, which is built on a
terrace near Kuskulana River. This mill has a capacity of.20 tons
in 24 hours and is driven by water power furnished by Berg Creek.
A wood pipe line 2,200 feet long carries water from the intake to the
mill, where it supplies both power and water for milling. The
tramway was constructed in the spring of 1919 and was not completed
till the greatest flow of water in Berg Creek was over, and conse-
quently the mill was operated for only a few days at the end of the
season. '

Communication with Strelna has been greatly simplified by the
-construction of the road from Strelna to Nugget Creek and of the
‘Government bridge over Kuskulana River 12 miles below the mouth
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_ of Trail Creek. The mill is only 1} miles from the bridge and has
been connected with the Nugget Creek road by a branch road 2}
miles long, which leaves the main road near the crossing of Squaw
Creek. This road is available for automobile travel and has been
used for two summers, but like the main road will require further
expenditure of work and money before it is in first-class condition.

The Chitina-Kuskulana Copper Co. owns 21 claims, 5 of which
are mill sites, on Bigfoot Creek, between Berg and Trail creeks, on
the southeast side of Kuskulana River, about 13 miles from Strelna.
Bigfoot Creek is nearly 4 miles long, and most of its course is
through an area of light-colored porphyritic diorite. Its upper part
cuts Triassic shales and limestone and Jurassic limestone, sandstone,
and shale. The mountain northeast of the creek is all diorite except
near the head of the stream, where Jurassic sediments overlie the
igneous rocks. Most of the claims are on the southeast side of the
creek, where the rocks below the Jurassic sediments are heavily
- mineralized in many places, principally with magnetite.

Most of the development work has been done on two claims known
as the War Eagle and Calcite claims. The War Eagle claim and
tunnel are on the mountain slope southwest of the creek, 200 feet
above the “middle camp,” or 1,300 feet above the “Iow{er camp,”
which is on the bars of Kuskulana River. The tunnel is 200 or 300
feet above timber line, about 3,400 feet above sea level. It is 100
feet under cover and cuts a silicified limestone containing dark
bands, possibly intrusive dikes, mineralized with pyrite and chalcopy-
rite and showing green copper stains, Between the tunnel and the
base of the Jurassic sandstone beds, about 200 feet higher on the
mountain slope, are large exposures of magnetite, which is older
" than the sandstone, for the conglomeratic beds near the base contain
rounded pebbles of the magnetite.

The Calcite claim and tunnel are high on a sharp, narrow ridge
separating Bigfoot Creek from a southern branch of Trail Creek.
The tunnel, 600 feet long, is at an elevation of about 4,800 feet above
sea level and lies in or near the contact of a chonte mass on the
north and silicified limestone on the south. These rocks have been
greatly disturbed through faulting, by which the underlying Triassic
limestone and shale have been thrust in a northerly direction over the
younger Jurassic sediments. The fault doubtless played a large
part in the deposition of the metallic minerals of this creek and of
Berg Creek. It strikes north-northwest and dips 25° N. to 30° S.
It extends at least as far as from Chokosna River to the west side of
Kuskulana River,and probably farther. Both the white altered lime-
stone, of undetermined age, in the tunnel and the rocks adjoining
the tunnel are much fractured and sheared along the fracture planes,
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where there is rusty iron-stained gouge and more or less laminated
rock ‘containing pyrite and copper-bearing pyrite or chalcopyrite.
Copper staining is abundant.

The property of the Chitina-Kuskulana Copper Co. is equipped
with a power plant situated on the low, timber-covered gravel bars
within a short distance of Kuskulana River. This plant includes an
80-horsepower engine, a 125-horsepower wood-burning boiler, a
624-kilowatt 3-phase alternating-current generator, and a 7}-kilowatt
exciter. Current is carried to the War Eagle claim, where the com-
pany has installed a 50-horsepower 3-phase motor, an air compressor,
air receivers, two piston drills, jack hammers, and other necessary
equipment, including a drill sharpener. Power drills have not yet
been used in the Caleite tunnel, but a 6-horsepower gasoline engine,
a blower, and 600 feet of air tubing are used to provide ventilation
at the tunnel face.

The bars of Kuskulana Rlver furnish easy communication with
the bridge over the river and thus with the road to Strelna, making
it much easier than formerly to get supplies in summer. The Gov-
* ernment bridge recently constructed by the Alaska Road Commission
is undoubtedly of great benefit to all the property owners on.the
east side of Kuskulana River, for its obviates the difficulty and
danger of fording that stream, which at times is practically im-
passable.

A separate company, named the Mount Wrangell Copper Co. but
under the same management as the Chitina-Kuskulana Capper Co.,
controls the Copper Queen, formerly the Rarus group of claims,
adjoining the War Eagle group, and also two groups of claims called
the Broken Leg and the Mineral King groups on Chokosna River.
It is expected that work will be done on the Broken Leg group in
1920.

Benito Creek is a small stream flowing into Kotsina River from
the mountains south of Elliott Creek. It is about 9 miles north-
northwest of Strelna but is reached from that place by trails con-
siderably longer. Interest in Benito Creek lies in a gold-bearing
quartz vein commonly known in the district as the Canning property,
from the name of one of the owners who discovered the vein in
1913. The property consists of five recorded claims situated a short
distance below timber line on Benito Creek and is owned by Jack
Canning and Benito Contino.

The vein consists of quartz and calcite, with quartz predominat-
ing, and ranges from 2 to 3 feet in thickness but averages about 30
inches. It dips steeply to the east and strikes N. 70°-75°W., cutting
a succession of dark-colored igneous rocks that include both dense
basaltic members and coarser granular phases, with abundant horn-

~ 7230°—21—Bull. 714——13
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blende. These rocks grada into each other without sharp bound-
aries. They are considerably altered and are sheared, part‘.:cuhrly
near the vein.

The vein originally appeared in the creek as a mass of pure

white quartz but has now been proved by a succession of five shallow
holes to extend for at least 500 feet. The deepest of these holes
penetrated the vein 15 feet. Much difficulty was experienced from
water, which flowed along the rock surface beneath the gravel cover-
ing, and to obviate this trouble an automatic dam was constructed
on the creek and two channels ranging in depth from 2 to 20 feet
werg sluiced across the claims. Owing to irregularities in the bed-
rock surface these cuts do not expose the bedrock in many places.

The vein is mineralized with iron and copper sulphides, princi-
pally. arsenopyrite, which near the surface are much oxidized and
have colored the shattered quartz with rusty iron stains. In places
the oxidized vein has furnished some handsome specimens of free
gold. Small particles of free gold are rather common in much of the
oxidized vein and contain or are accompanied by silver, as is shown
by the assays.

On the left-hand side of the creek about 100 feet downstream from
the vein is another quartz vein carrying arsenopyrite and a black
metallic mineral, probably hematite. This vein strikes N. 10° W.

About one claim length still farther downstream is a vein of rusty
shattered quartz 8 to 9 feet wide, containing pyrite and arsenopyrite.
Several open cuts have been made on this vein, but no particularly
encouraging results have been gained.

Benito Creek at present has no adequate means of communication
with Strelna. It lies on the direct route to Elliott Creek and may
be reached by any one of several trails that have been made since the
- railroad was constructed. The chief difficulty with all these trails,
which are pack trails only, is that parts of them are wet and soft
except in the driest weather or in winter, when they are not used.

KENNICOTT.

The property of the Kennecott Corporation near Kennicott now
includes three working mines, for in addition to the Bonanza and
Jumbo mines the corporation has acquired the Mother Lode mine,
formerly operated from the McCarthy Creek side of the ridge, be-
tween Kennicott Glacier and McCarthy Creek. Formal control of the
Mother Lode began on May 1, 1919, and since that time ore from the
Mother Lode has been delivered to the mill at Kennicott over the
Bonanza tramway. The three mines are now connected under-
ground, so- that it is possible to pass from one mine to any other, a
great advantage in operation and management. The connections
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are made from the 600-foot level of the Bonanza to the 500-foot (?)
level of the Jumbo and from the 800-foot level of the Bonanza to the
Rhodes (700-foot?) level of the Mother Lode mine. On the con-
necting levels the slopes of the Bonanza and Jumbo mines are 4,370
feet apart. The shaft of the Mother Lode is 1,400 feet from the
incline of the Bonanza.

Much work has been done in the three mines to facilitate mining
and handling the ore. New slopes were driven in both the Bonanza
and Jumbo mines, and new dumping pockets were provided under-
ground. New hoisting machinery was also installed. In addition
the loading station of the Jumbo tram is being moved underground.
The new station will no longer be in danger from movements of the
Jumbo Glacier and will add greatly to the comfort of the men who
load the tram cars, for they will be well underground and no longer
exposed to the winter storms. Development work has now been
carried below the 1,000-foot level of both mines, although the new
inclines had not fully reached that depth at the time of visit. There
is stoping ore on all the levels of the Jumbo mine. Most of the ore
of the Bonanza mine above the 300-foot level, however, has been
mined out except in the pillars, which contain much ore and have
not been touched. Exploratory work, both by drifts and crosscuts
and by diamond drilling, has been pushed in all parts of the property.
The Bonanza and Jumbo mines employ about 150 men each.

Work in the Mother Lode mine in 1919 was directed mostly toward
exploration of the mine and toward removal of the ore already mined
and piled on the dumps by the previous owners, for because of the
cost of transportation by truck from the mine to McCarthy only the
highest-grade ore was shipped and the ore of lower grade was left.
Much of this lower-grade ore was scraped up in the summer of 1919
and hauled by electric engines from the Mother Lode dumps to the
Bonanza incline on the 800-foot level and thence sent to the mill at
Kennicott. Within the mine a prospecting shaft was sunk from the
Pittsburg (600-foot) level to a point below the 1,100-foot level, and
crosscuts were driven to the ore-bearing zone. Prospecting by drifts
and with the diamond drill was carried on from the crosscuts at the
same time.

An increase in the capacity of the Bonanza tram to about 1,000
tons a day makes possible the handling of ore from both the Bo-
nanza and Mother Lode mines.

Part of the ore delivered to the mill over the Bonanza and Jumbo
trams is sorted out and shipped as high-grade ore, but the greater
part passes through the mill for concentration. The mill tailings
all pass through the leaching plant, where they are deprived of the
light-weight copper-carbonate minerals left in them on leaving the
mill. The leaching plant treats 600 tons of ore a day.
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"DAN AND CHITITU CREEKS.

The gold placers of Dan and Ch/i:‘.itu creeks were not visited by the
writer in 1919, and the few statements made here are based on state- -
ments of the owners of the properties or on information from other
sources. An estimate of the gold production of the two creeks is
contained in the first part of this volume. :

Little in the way of new installation or new discovery has taken
place on Dan Creek, but the mining plants already installed have
continued operation as in previous years. The largest operator is
the Dan Creek Mining Co., whose plant was installed several years
ago and has been in operation each year since. In addition work has
been done on a smaller scale by other owners on the bench claims
of Dan Creek and on claims on Copper Creek, the southern branch
of Dan Creek.

The principal fact of note relating to Chititu Creek is the consoli-
dation of the claims on lower Rex Creek and part of those on White
Creek, the two branches of Chititu Creek, with the claims on Chititu
Creek itself. This was brought about by the purchase of certain
claims on Chititu Creek just below the junction of Rex and White
creeks. Mining on these claims and on some of the claims on Chititu
Creek has been hampered by a conflict of water rights. This diffi-
culty is now obviated by the consolidation, and a proper exploitation
of the gravels involved is possible. This property now includes not
only the creek claims already mentioned but also certain bench claims
on the east side of Rex Creek a short distance above Chititu Creek,
which heretofore have been worked independently of the claims on
Chititu Creek. The two hydraulic plants on the Rex and Chititu
creek ‘claims were in operation as formerly.

The work just mentioned as having been in progress on Rex and
Chititu creeks was the principal mining done on those streams in
1919, but some further mining was done by other operators on’ upper
Rex and White creeks which contributed a small amount to the gold
production of the Nizina district.



MINING DEVELOPMENTS IN THE MATANUSKA COAL
FIELDS.

By Taropore CHAPIN.

INTRODUCTION.

The only coal-mining activity in the Matanuska Valley in 1919 was
the working of the Government-operated mines at Eska and Chicka-
loon by the Alagka Engineering Commission in charge of Sumner S.
Smith, resident engineer. This paper is intended as a brief state-
ment of the operations of the year, to supplement a more extended
report on the geology and developments recently published.!

ESKA MINE.

The principal operations were at Eska, where an average of 85
men were employed throughout the year and approximately 40,377
tons af coal was mined. This coal was taken from all six of the
productive beds, the Martin, Shaw, Eska, Maitland, David, and Em-
ery, but the greater part came from the first four named.

The coal deposits at Eska lie in an open syncline that trends ap-
proximately east, about perpendicular to the creek, which has cut
across the beds and has exposed a natural section. The mining by the
Alaska Engineering Commission has been done only on the north
limb of the syncline, above water level. During 1919 the Emery east
and David east gangways were extended 353 and 448 feet, respec-
tively, this work being largely in the nature of development. On the
west side of Eska Creek the Eska, Shaw, and Martin tunnels were ex-
tended 275, 407, and 86 feet, respectively. The Shaw is now used as
the main haulageway, and the 20-pound rails formerly used have
been replaced by 60-pound rails and the track gage widened from
24 to 36 inches.

About 1,660 feet from the portal of the tunnel the Martin, Shaw,
and Eska beds are cut off by a fault, whose position was known ap-
proximately from the surface outerops. During the open season
of 1919 a careful study was made of the structure of the beds as shown
on the surface above and just beyond the present face of the Shaw
west tunnel. The beds were opened by pits and at critical localities

* Chapin, Theodore, Mining developments In the Matanuska coal fleld: U. 8. Geol
Burvey Ball. 712, pp. 181-167, 1920,
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by stripping, which showed the conditions illustrated in figure 2.
The Eska, Shaw, Martin, and Emery beds were identified, and one
or another was traced for nearly 1,000 feet. Between the position
of these beds and the position of the present workings, however, there
is a downthrown fault block from 100 to 300 feet wide in which the
coal beds are either absent or badly broken. The beds west of this
fault block appear to be but little disturbed with reference to the posi-
tion of the beds in the present workings. From the strike and dip of
the outcrops the approximate position of these heds on the level of the

TON.RIE

Fiooks 2.—8ketch map of part of Eska mine, Matanuska Valley, showlng position of
face of Shaw, Haka, and Martin workings, outcrops of coal beds, and structural
relations,

present workings has been calculated, and work is now in progress
to drive the Shaw west tunnel through the fault block to connect with
the beds west of the faulted ground.

Where the Shaw tunnel enters the fault block it cuts a massive sand-
stone which occurs just above the Eska coal bed and which has been
carried downward by the movement along the fault. Excavation
through this hard rock will necessarily be slow.

On the south edge of the syncline open cuts and churn-drill holes
show the presence of all six beds and indicate a considerable area of
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minable coal from which a large tonnage can be mined with probably
no greater difficulties than were encountered in the present workings.
So far all the mining has been done from water-level tunnels, from
which rooms are opened. -

The cleaning plant has been in operation throughout the year, and
plans are under way for the erection of a washery.

CHICKALOON MINE.

At Chickaloon an average of 35 men were employed in 1919 and
approximately 4,176 tons of coal was mined incidentally to develop-
ment operations, On account of the difficulty of using the old slope
as a working shaft a new slope was extended along bed 8 at an angle
of 32° to 46° for 238 feet, to the second level, at an elevation 312 feet
below that of the port.al and a station was cut, from which drifts
were extended east and west 206 and 434 feet respectlvaly

The new slope from the first to the second level passed from bed 8
through a faulted zone containing considerable crushed coal into bed
5, which is exposed in the station. In extending the slope it was not
evident to the operators whether a fault or a squeeze in the bed was
being encountered, but when the second level was reached bed 5 was
identified. It isthusevident that the fault is not marked by a definite
plane but by a crushed zone containing drag blocks of coal, and its
direction is known only by the relative position of beds 5 and 8

On the west drift from the station the workings pass from bed 5 to
bed 53 along the crushed zone of a low-angle fault of slight displace-
ment similar to the one in the slope that has cut off bed 8.






LODE DEVELOPMENTS IN THE WILLOW CREEK
DISTRICT.

By Taeopore CHAPIN.

MINING IN 19189.

Mining operations in the Willow Creek district in 1919 were carried
on at five mines, the same number as in 1918. The Gold Cord mine,
which was operated in 1918, was idle, but the War Baby made its first
production in 1919 and was operated throughout the open season.
Considerable prospecting was done, and some bona fide sales were
made. The value of the gold and silver produced in 1919 was $159,458.

The Willow Creek district is being developed mainly for its gold-
bearing lodes, which occur as well-defined fissure veins in quartz
diorite. Two copper-bearing lodes, however, one on the eastern and
one on the northern edge of the district, have been located recently,
and enough annual assessment work has been done to hold the claims.

The presence of telluride ores in the gold-quartz veins has been
reported from time to time. Since 1913 the Survey has tested these
so-called tellurides with negative results. In 1919 it was again re-
ported locally that telluride ores occur at a number of properties in
the Willow Creek district. Tests for tellurium on samples submitted
were made in the Geological Survey office at Anchorage, with negative
results, and these tests were corroborated by assays made on the same
ore by the Survey chemists in Washington. Tt is not intended to
say that tellurides do not occur in the Willow Creek district, nor that
they will not be found. It is not likely, however, that rich deposits
of telluride ores occur here, for the geologic association of the
Willow Creek lodes does not favor their occurrence. The known rich
deposits of telluride ores of gold and silver occur mostly in com-
paratively shallow veins in Tertiary lavas. The Willow Creek lodes
are not associated with effusive volcanic rocks and are believed to be
of much greater depth and persistence than the type of veins in which
rich deposits of tellurides are usually found.

The mines and prospects on which development work is being con-
tinued are shown on the accompanying map (PL VI). The follow-
ing descriptions of operations deal only with recent developments.

201



202 - MINERAL RESOURCES OF ARASKA, 1919,
MINES AND PROSPECTS.

WILLOW CREEK AND TRIBUTARIES,

The Gold Bullion mine on Craigie Creek, operated by the Willow
Creek Mines, continued to be the most constant producer in the dis-
trict. The mine and mill were operated throughout the open season,
from May 26 to October 16, employing from 60 to 70 men. The ore
was supplied principally from tunnels Nos. 3, 4, and 5. Plans were
recently made to erect a plant for the treatment of the slimes, which
- have been ponded since milling operations were begun. Some de-
velopment work was done on the Lucky Shot and Panhandle groups
of claims, on which options were taken last fall by the Willow Creek
Mines. The Lucky Shot vein was traced across five claims by open
pits and a short tunnel that was started to open the vein. It strikes
N. 60° E. and dips 45° NW. The Panhandle group consists of four
claims, which cover a vein of quartz from 6 to 8 feet across, with
horses of country rock. This vein strikes N. 85° W. and dips 38° N.
But little work has been done on it.

The owners of the War Baby mine, on lower Craigie Creek, which
made its first production in 1919, completed the erection of a Straub
mill and operated the mine throughout the season. The workings
consist of two short openings on the vein and a third that is being
driven to tap the vein at a lower level. Underground development
work was carried on during the winter.

Some development work was done on the Golden Light claims, on
the southeast side of Craigie Creek, and a mill was erected, but no
production was made.

The Leona and Gold King claims, near the head of Craigie Creek,
are being developed by the Brassel Bros. A large fissure vein, which
is said to have been traced for six claim lengths, is 19 feet across.
The walls are well defined, with 6 inches of gouge on the footwall
and 18 inches on the hanging wall. The vein is composed of altered
quartz diorite with stringers of quartz. It strikes N. 70° E. and dips
42° NE. About 100 feet below it is a parallel quartz-feldspar dike
with some vein quartz which carries a little gold. On the Gold King
No. 3 and Leona claims a number of surface workings show several
small veins of rich quartz, and a tunnel is now being driven to open
these veins. '

Development work was also continued on the Newman and Miller
claims, on upper Craigie Creek.

A copper prospect near the head of Purches Creek is covered by the
Dixie group of claims. The ore deposit consists of a pegmatitic vein
8% feet wide which strikes N. 55° E. and dips 55° SE. At each border
of the vein is a coarse pegmatite composed of quartz and orthoclase
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with large foils of muscovite and particles of chalcopyrite. The cen-
tral part of the vein is milky-white quartz cut by irregular stringers
of chalecopyrite with a little bornite. The deposit is opened at one
place by an open cut-across the vein which shows the following
section :

Section in open cut on Dizie claims,

Ft. Im,

Pegmatite : 1 0
White glassy quartz with stringers of chalcopyrite and

?;omifo 5 0

Lens of chalcopyrite i 5

PO b s s S sn e e G 20

The sulphides are essentially pure chalcopyrite and bornite, which
occur as irregular masses in the quartz.

The Little Willie claims were recently staked by Long & Holland
on the divide between the heads of Craigie, Purches, and Fairangel
creeks. The principal vein crops out on Craigie Creek above Craigie
Glacier and has been traced across the ridge into the head of Fair-
angel Creek. This vein strikes N. 77° W. and dips 26° NE. It is
composed of quartz stringers from an inch to 6 inches wide which
closely follow a green igneous dike made up entirely of secondary
minerals, essentially sericite, quartz, and calcite. Originally this
altered rock was probably granite or monzonite, composed of quartz
and feldspar with some hornblende or mica. The quartz vein is evi-
" dently of later date than the dike but follows it closely along one
wall or the other and in places occurs as several parallel veins within
the igneous rock. The vein is small but is very persistent and from
the amount of free gold in the outcrop is apparently very rich.

A copper-bearing vein from 1 inch to 18 inches thick occurs on
Fairangel Creek on the ridge above the glacier. This vein is com-
posed of quartz and carries gold, specks of chalcopyrite, and ' tiny
veinlets of molybdenite.

The claims of the Blue Quartz Mining Co. are near the head of the
north fork of Peterson Creek, a northern tributary of Willow Creek.
‘Three parallel granitic d:kes, composed of quartz and orthoclase,
with clusters of tourmaline, strike N. 63° E. and cut the quartz
diorite country rock. Ome of these dikes, 8 feet wide, gradually
passes along its strike into a quartz vein that carries some gold and
visible partwlee of chalcopyrite and tetrahedrite. Intersecting this
main quartz vein are several short gash veins of quartz with con-
siderable pyrite. These veins pinch out a short distance from the

main fissure. Open cuts have been made on both the gash veins and

the main vein, and a tunnel has been started to cut the main vein.
The persistence of this fissure vein is not known, In one direction
it apparently merges into a granite dike, and in the other it is covered
with débris and has not been traced.

S
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On Willow Creek some development work was carried on by Milo
Kelly on the claims of the Brooklyn-Willow Creek Gold Mining Co.

!'ISHEOOK CREEK.

The Alaska Free Gold mine, mill, and cyanide plant were op-
erated throughout the season, working from 20 to 30 men. Mining
operations were continued in the old workings, and a 11t.t1e work
was done on the Eldorado claim. _

The Gold Cord mine, on upper Fishhook Creek, which ywlded a
production in 1917 and 1918, was not in operation.

ABGHANGEL CREEEK.

Gontrol of the Talkeetna mine, near the head of Fairangel Creek,
was acquired in the fall of 1918 by W. ¥. Rock, who operated it
throughout the open season of 1919 and continued development work.
Mining operations are now confined to one tunnel extended about
300 feet along the vein, which strikes N. 45°-60° E. and dips 40°~60°
NW. For the first 200 feet from the portal of the tunnel the vein
is from 5 to 18 inches wide, but it widens abruptly and for the next
100 feet to the face of the tunnel is from 5 to 8 feet wide and in places
contains 5 feet of solid quartz. Above this tunnel are other veins
which are not being developed at present. The ore is banded rusty
white and gray quartz, with considerable gouge. The quartz con-
tains some visible gold, and in spots the ore is very rich, but the work-
able rock is confined to definite pay shoots within the vein.

The Little Gem Gold Mining Co. bonded the Webfoot claims and
other property on Archangel Creek and continued development work
during the winter of 1919-20.

The recently formed Giant Gold Mining Co. is ‘developing the
Marmot group of claims, on Archangel Creek. Supplies and equip-
ment were sledded in to the property in the fall, and work was con-
tinued during the winter.

Tunnel driving was continued by Fern & Goodell during the spring
of 1919 on their property on Archangel Creek.

The Mabel mine was operated for 160 days, from May 25 to Novem-
ber 1, by a small crew of men, and tests and mill runs were made on
the ore. The work of the year was mostly intended to develop the -
mine. A crosscut tunnel was driven for 150 feet, and drifts were
extended for 340 feet. The opening of two new ore bodies is re-
ported. The Loveland-Alaska Mining Co., of Loveland, Colo., has
taken a lease and bond on the mine and will continue active develop-
ment under the management of H. J. Phillips.
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REED CREEK,

Development work was continued on the property of the Le Roi
Mining Co., on Good Hope Creek, a tributary of Reed Creek. The
claims are on the high divide between Reed and Good Hope creeks
about 14 miles east of the Loveland-Alaska mine and may be reached
from the Reed Creek road. Since this property was located in 1917
development work has been carried on preparatory to active mining.

The Skarstad claims, known as the Opal group, were staked in
1919 on the west side of Reed Creek about a mile from its mouth.
Two parallel veins have been traced by surface pits for two claim
lengths. The veins strike N. 50°E. and dip 50°NW. The outcrop of
the upper vein is from 3 to 4 feet wide and consists of quartz and
gouge along each wall inclosing considerable altered diorite, all of
which carries gold. The hanging wall .is mineralized dlonte with
stringers of quartz and also contains gold. The lower vein is from
3 to b feet wide. It is made up of stringers of quartz and gouge in

“altered diorite and carries much pyrite from which gold may be
panned after roasting. A tunnel was started in the fall, and work
"‘%aa continued during a part of the winter.

" The Idamar claims, adjoining the Skarstad property on the north-
‘Bast, were staked by J. B. Larsen in 1919, and a little surface stripping
‘Wwas done.

J. F. Burr is developing the Mary Ann group of claims, on the
east side of Reed Creek, half a mile above the mouth of Good Hope
Creek. A tunnel is being driven to intersect a vein that has been
traced along the surface. It strikes northwest and dips northeast.

The Snow King claim, on the ridge west of Reed Creek, is being
developed by J. F. Austin, to open a vein of quartz that is said to
have been stripped for 4,000 feet.

LITTLE SUSITNA RIVER.

The Gold Mint group of seven claims was recently located by
J. B. Hatcher on Little Susitna River about 2 miles above the mouth
of Archangel Creek. The country rock is gneissoid quartz diorite.
Several veins intersect the property. The upper vein strikes N. 50° W.
and dips 42° SW. It is composed of 10 to 17 inches of bluish-white
quartz, with considerable pyrite and chalcopyrite and some visible
gold. The vein has been traced for some distance on the surface
and appears to be persistent. The lower vein strikes N. 30° W. and
dips 62° SW. Where exposed by several surface cuts the vein con-
sists of milky-white quartz .with rusty streaks and blotches from
the oxidization of pyrite. Between these two veins arg two or three
others that strike about north. These are apparently barren where
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exposed. The developments consist of a short tunnel that is being
driven on the upper vein and surface pits to prospect the veins.

The Maverick claims were located by J. B. Wilson on Lone Tree
Creek on a quartz vein reported to be 2 feet t.lnck and similar in -
appearance to the upper Gold Mint vein.

The Moose Creek copper claims, on the ridge betwaen tnbuta.nes
of Little Susitna River and Moose Creek, have not been visited by
members of the Survey, and the fo].lowing information is abstracted
from a report by Mr. F. L. Thurmond, of Anchorage. The claims are
* on the eastern border of the Willow Creek district, on the divide
between Little Susitna River and Moose Creek, at elevations ranging
from 2,300 to 4,800 feet. The property is reached from Moose Creek.
A wagon road follows the creek for 5 miles to the Baxter mine,
from which a trail extends to the property on Iron Creek, a distance
of about 12 miles. The property consists of two groups of claims,
one of four claims and an adjoining group of seven claims. These
claims were located in 1914 and 1915 by J. H. McCallie and asso-
ciates, of Anchorage. The ore deposit is from 30 to 100 feet in width,
strikes about N. 75° E., and dips about 80° SE. It does not appear
to have a well-defined wall, however, and merges gradually into the
quartz diorite country rock. At one place an open cut has been made
25 feet diagonally across the deposit, which at this locality consists
of pyrite, pyrrhotite, chalcopyrite, and sphalerite carrying gold and
silver. It is said to have been traced for 7,000 feet along the surface
but has not been explored in depth. The copper, gold, and silver con-
tents are said to be low, but the apparent size of the ore body and its
proximity to the railroad and to the coal deposits recommend it for
careful examination.



MINERAL RESOURCES OF THE GOODNEWS BAY REGION.

By George L. HARRINGTON.

INTRODUCTION.
" _The Goodnews Bay region as here considered embraces the terri-

.tory lying south of Arolic River and draining into Kuskokwim' Bay.

It thus includes the Arolic and Goodnews river basins and the inter-
mediate area. Some information regarding the area south of Good-
news Bay as far as Cape Newenham is also included in this paper.

‘The surveys of this region in 1919 covered an area of approximately

1,400 square miles and extended from longitide 159° 40" to 162°
west, and from latitude 59° to 59° 40’ north. A traverse of the
Yukon-Kuskokwim portage was also made. R. H. Sargent, topo-
graphic engineer, in general charge of the work, made the topo-

. graphic surveys on which the geologic work north of Goodnews Bay

was based. South of Goodnews Bay charts and maps of the United

" . Bates Coast and Geodetic Survey were used as a base. The geologic

niapping and investigation of mineral resources were done by the
writer. A cook and a station assistant to Mr. Sargent completed the

'I'he party left Seattle on the power schooner Ozmo on June 19 and

made a landing in Security Cove, just east of Cape Newenham, on

the evening of July 4. About two-thirds of the supplies and pro-
visions and all other equipment were landed in the boats of the Sur-
vey expedition at the same time. The supplies were transported

‘throughout the season by boat or by back packing, A 30-foot poling

boat and a 20-foot dory, together with a 2-horsepower gasoline engine
of the detachable hang-over type, were obtained at Seattle, and the
poling boat was used on Goodnews River, and the dory for such shore
work as was necessary. Field work ended at Kwinak (Quinhagak
post office) on August 18. The return to Seattle was made by way
of Bethel and the Kuskokwim-Yukon portage, Mr. Sargent with the
field assistants going up the Yukon and the writer going down and

. continuing to St. Michael and Nome, where he spent a few days in

the collection of statistics while awaiting the steamer Victoria.

139 f._ﬁpnsportation from St. Michael to Nome was afforded by the United
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States Coast Guard cutter Bear. Seattle was reached October F‘

after a 12-day trip from Nome that included stops at St. Mic

Dutch Harbor, Akutan, and Isanotski Strait. P
i.u‘
GENERAL FEATURES OF THE REGION. .‘M
GEOGRAFPHY.

Approach to this region is difficult in times of storm or iog’.—} 2 RS
account of the shallowness of Kuskokwim Bay, and for this reasl:

larger vessels must move with the tides or follow carefully ;*

surveyed channels, A small cove just west of- Security (g

affords a fair haven for small boats from easterly storms, Wil

Secumty Cove is so shaped as to give protection from practi cf
all directions. Shoals and bars off Chagvan and Goodnews
make entrance into them difficult in rough weather, and, in addit
strong tidal currents and eddies occur at the mouth of Goodnews
Traveling along the shore is done mostly in periods of calm weafll
or when there is an offshore breeze, the shallowness of the
making travel in small boats particularly unpleasant in any o
weather. . ;
From Cape Newenham to the small cove west of Security (h
and from Security Cove north to Chagvan Bay there are midijg
stretches where it is not possible to get along the beach exce;f"
very low tide, and a few where it is not possible to follow the béii

even then. From Chagvan Bay to Goodnews Bay the beach is sa sl it

hard, and firm arid may be followed on foot. The same is saif§
be true of the stretch from Goodnews Bay to Carter Bay, but i

Carter Bay to the northern edge of Jacksmith Bay the beack#

muddy and is cut by tidal sloughs, and at low tide the muddy

flats extend out for several miles. From the north side of Ji
smith Bay to Kivinak there is another sandy beach with firm s
ing, although it appears likely that this beach, as well as a consilji#

able area of the tundra back of it, is covered at extreme high il

or in times of heavy storms, as logs are often found a consideriilil
distance back from the beach. Tidal flats occupy a considerdig
portion of Goodnews Bay, the sand and silt brought down by Turiiilit.
and Goodnews rivers having partly filled its east end. Both i

streams are tidal in their lower courses, and so to a lesser exi
are the Arolic and Kanektok, and in ascending them advany
is usually taken of the flood tide, as there is an appreciable curiyill

however. relatively sluggish and their channels are tortuous.
Pl. VII.) Farther upstream the current quickens but is by no ns
uniform, as it alternately accelerates on the riffles and slacke

" the stretches between. It was necessary to line the boat up
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riffles, and it was judged that the current was running at
bf 7 or 8 miles an hour.
j Cape Newenham to (Goodnews Bay, except for a stretch on
[@le of Chagvan Bay, the hills and low mountains rise almost
) from the water. North of Goodnews Bay, however, the hills
pastward from the coast, and there are no more high hills or
ins along Kuskokwim Bay or River south of the portage tothe
At Bethel the mountains lie several miles east of the river,
plainly visible on clear days. Jag Mountain, east of Cape
am, rising directly from the water’s edge to a height of 2,291
Bhe highest mountain along the coast,although there are a num-
Bther mountains in the Goodnews River basin which are from
a little over 3,000 feet in height. Most of the higher moun-
e sharply ]agged in outline, but those of intermediate eleva-
p less jagged, and the lower hills are usually well rounded,
’ showmg a few small projecting rock points. In the southern
the region there are numerous examples of terraced alti-
.. fon forms on = relatively small scale, but elsewhere these ter-
e rare, although not entirely absent. Their scarcity is prob-
BMae to the fact that other types of erosion have been more active
prevented the development of these land forms.
p intermontane areas are low, flat, and broad, and numerous
Band lakes occur in' the poorly drained valleys, especially in
fhich connécts the present valleys of the main branches of
ws River.

e

------

GLACIATION.

M- as was observed there are no glaciers in the Goodnews Bay
g but their former presence is made apparent by numerous
pphic features such as are peculiar to glaciated regions. Near
@lst there is relatively little evidence of their former presence,

s is accounted for on the hypothesis that such evidence may
pen destroyed by postglacial marine inundation. In the moun-
B way from the coast, many of the streams head in typical
j cirques, in which are small lakes, and U-shaped valleys lead
fhese cirques to the larger tributary valleys of the main drain-
ems. Erratic boulders on divides are fairly common, and
blocks at elevations well above the present stream channels
ted in a few places. Deposits that could be definitely classed
ainal were not seen, but it is believed that much of the mate-
z the unconsolidated deposits between Kuskokwim Bay
e front range of hills is of glacio-fluviatile origin. Perhaps
st example of morainal material seen was in the valley of
M Creck. A large stream enters Canyon Creek from the north
Bh a deep channel cut in unconsolidated sand and gravel; a
LR 230 °—21—Bull. 714—14

il
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short distance beluw their confluence the creek flows throngh

in the hills in a rock-cut canyon at least 75 feet deep for perhapl sl g

a mile before crossing the wide valley of Goodnews River, into

it finally empties. The stream now flows on the south side af“iﬁ

pass, very close to the base of the hill on that side. Numerouarmﬂl
lakes, with gravel banks, lie in the pass. This lake-dotted depdsﬁ ﬁ
interpreted as being a moraine that fills the preglacial valley 6f: ﬁh
creek. As the glacier retreated the stream sought the lowest

through the pass, which happened to be at one side of the depnmt,
Since reaching bedrock it has continued cutting until it has formed

the present canyon. At the confluence of the two streams, M

both are ﬂowmg through unconsolidated material, the channel is &ps '
proximately in the position of the preglacial channel o

It is believed that numerous changes in drainage, even of the major
streams, were brought about by the glaciation of this region’ ‘m
low lake-dotted pass between the forks of Goodnews River was prob:
ably the preglncml channel of that stream. The pass has been-#ifled -
with grs.vel as is shown by the gravel banks of the many lakelets
which lie in it. These lakes differ from the lakes of flood-plain*
origin and from some of the lakes Iymg at elevations above the flood
plains, practically all of which are in mossy bogs and have banks of -
peat or moss.

NIVATION.

Nivation, or erosion somewhat similar to glaciation but on a- 0
smaller scale and produced by accumulations of snow, which:
last from one season to another, has been an effective agent &
formation of a number of minor topographic features in this
To nivation is attributed the abundance of small valleys of m
U-gshaped cross section. Such valleys were espemally noted on-the
tributaries of Bear and Canyon creeks and also in the group of hills
on the south side of Goodnews River about 20 miles from its mouth.
Forms that are probably due to nivation were also ohseérved m thn
slopes of the hills in the vicinity of Security Cove. '

At the heads of a few of the valleys the snow banks develop cu‘qim-

like forms, one of which was observed near the granite-limestons
tact in the vicinity of the glacial lake at the head of Tunulik B

. TRAVEL AND TRANSPORTATION. o5 B

In many respects this region is one of the most inaccessible. i
Alaska for a small expedition. For a number of years it has b
necessary to come overland from the Yukon either by the portnge

or by way of Iditarod, or to travel in a kayak or canoe, or by & small

schooner or sailing boat from Togiak. During the summer o gl

an 800-ton schooner was placed on the run between Seattle and B

and this boat made two trips and afforded the most satmim

“'i
¥

o Ak
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freight and passenger service that has been available to the inhabi-
tants of the lower Kuskokwim for many years. During the winter
of 1918-19 there was an acute shortage of provisions, which had to
be brought at heavy expense from the Yukon, on account of the fail-
ure of one of the supply schooners to bring in winter provisions.
This schooner was scheduled to bring in supplies during 1919 also
but had not reached Bethel when the Geological Survey party left
the region in September.
Practically all supplies are landed at Bethel, although some of the
smaller vessels will land supplies inside the spit at the entrance to
. Goodnews Bay, as well as at some points between the bay and Bethel.
From Bethel supplies are brought down the river and bay by means
of a launch to Kwinak and to Mumtrak, the village in the vicinity
of the schoolhouse at Goodnews Bay. ' Supplies for the Arolic basin
are brought from Kwinak either by poling boat in the summer or by
dog sled in the winter and early in the spring. For the mining
operations on Wattamus Creek, which flows into a tributary of Good-
news River, supplies are taken in summer up the river in poling boats
or by kayaks to the landing about 3 miles from the scene of mining
operations, where they are transferred to a small scow which is lined
and poled up to the camp at Wattamus. In winter supplies may be
brought by dog teams from either Mumtrak or Kwinak, The freight
rate on general merchandise from Seattle to Bethel in 1919 was $35 a
ton, from Bethel to Mumtrak 2 cents a pound, and from Mumtrak to
Wattamus Creek 5 cents a pmmd.
A monthly mail service was in effect from Holy Cross to Bethel
" and from Bethel to Kwinak during the summer of 1919. Contracts
had also been let for a monthly winter service from Kwinak to
Togiak by way of Goodnews Bay. In addition to the regular service
" thus afforded mail is put on such schooners as sail from Seattle for
the Kuskokwim. A schooner, already mentioned as carrying sup-
plies, was also intrusted with the mail and left Seattle in July, but
had not reached Bethel when the Survey party left that place in
September. In addition to mail service a monthly passenger service
is afforded by the trips of the mail carrier from Holy Cross to Kwinak
and return, his launches and boats providing the most comfortable
way of crossing the portage.
' CLIMATE.

A Weather Bureau station has already been established at the
schoolhouse at Mumtrak. Owing to the short time during which this
station has been in operation relatively few meteorologic data are
yet available. During the early part of the season of 1919 the pre-
veiling winds were westerly or southwesterly; later in the season
easterly and southeasterly winds were more common. Surveys dur-
ing the season were greatly hindered by stormy and foggy weather,
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and on 'many days when it was nearly clear fog on the hills on the
south side of Goodfiews Bay and at the head of Goodnews River added
to the difficulties of the topographic work. As a rule two or three
fair days were followed by a much longer period of cloudy and
stormy weather, during most of which no work could be undertaken.
In spite of the considerable amount of fog and rain it seems likely
that the year’s total rainfall is not over 25 inches. Summer tem-
peratures are mild, and it is probable that in general the conditions
throughout the year average but little different from those at St.
Michael, for which weather records are available, although it may be
that periods of storms are slightly more frequent in the Goodnews
Bay region. The vegetation differs but little in nature and amount
in the two areas. -

The snowfall during the winter does not appear to be excessive,
but the snows drift badly and accumulate in sheltered spots, so that
in_some of the valleys it is July before the creek beds are clear.
Snow was to be seen in drifts on the north sides of the mountains
in gradually diminishing patches as the summer progressed, but in
a number of places a small amount of snow lasts from one year to
the next.

1t is said that the lower Kuskokwim and the bay are usually clear
of ice in the middle of May and that the river does not freeze over
- until about the last week of October. In late seasons ice may re-
main inside of Cape Newenham until the 1st of June, '

VEGETATION.

From Cape Newenham to Apokak, a few miles below Kek Island,
at the north end of Kuskokwim Bay, neither trees nor bushes are
seen along the shore. North of the area under discussion, from
Apokak to Bethel, the banks of the Kuskokwim show scrubby alders
at first, followed by larger and larger alders, which are gradually
interspersed with some of the larger varieties of willow. The first
spruce were seen in the vicinity of Bethel, but they are said to extend
for a few miles below that point. Cottonwood appears with the
willows. Birch were not seen below Bethel.

Back from the beach, along streams and in sheltered valleys, there
are a few willows and alders, which increase in size with the distance
from the coast. At Security Cove they are not over 2 or 3 feet
high on the slope of the mountains between the cove and Bristol Bay.
On Goodnews River 30 miles upstream the willows are from 10 to 15
feet high. Somewhat farther up cottonwood are found along the
stream. Where driftwood is not available, the alders and willows
are cut and dried for fuel. In drying salmon cottonwood is preferred
on account of the fact that it burns slowly and does not cook the

drying fish.
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A collection of plants, which includes some mosses and lichens, was
made during the summer. Approximately 125 species were repre-
sented in the collection, which probably comprises the most common
flowering plants and grasses but should by no means be considered
as completely representing the flora of the region, Wild rye is the
most abundant grass at several places near the coast, and it is said
that this plant seldom grows far from salt water. One of the
botanically interesting localities is the warm, dry rocky southward-
facing slope of Beluka Peak, on the north side of Goodnews Bay,
where the yellow poppies grow abundantly and the blue forget-me-
nots are somewhat less conspicuous in the floral assemblage. The
wild rose was not found in the Goodnews Bay region, the first speci-
men seen on the Kuskokwim being at the mouth of Tuluksak River in
August. It is likely, however, that the rose occurs farther down the
Kuskokwim, probably being about coextensive with the spruce. One
of the common grasses of the marshes was the so-called cotton grass
(E'riophorwm.), the white tufts of which usually served as a warning
of soft footing.

Berries are neither so plentiful nor so varied in this region as in
the interior regions of Alaska, although blueberries and dwarf cran-
berries grow fairly abundantly in a few localities. The soft, pulpy
yellow salmonberry is widely distributed, though nowhere abundant,
and the dwarf arctic raspberry is rather uncommon. Red raspberries
and currants were not noted. )

Perhaps the plants of chief economic interest in this region are
the lichens and mosses, upon which the reindeer feed. The caribou
moss appears to be the most abundant. These plants cover practi-
cally the entire area, as the willows and alders together occupy rela-
tively small areas, and many of the brushy areas contain consider-

-able reindeer pasture. The grasses that occur very commonly in
close association with alders along hill slopes and drainageways are
said not to be eaten by the deer, except while they are tender, early
in summer. .

Agricultural operations are seldom carried on by the natives and
in 1919 were limited to small gardens, in which a few of the hardier
vegetables were grown. A so-called wild rhubarb was also used as
a substitute for rhubarb. In general there appeared to be better soil

and vegetables grew better at Bethel than at Kwinak or Good-
" news Bay.
+ ANIMAL LIFE,

Although at certain seasons of the year various forms of animal
life are abundant in this region, at other seasons parts of the region
are practically deserted. There is very little large game. Bear
Creek is said to have been named from a brown bear seen there sev-
eral years ago. It appears likely that in former years caribou were
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also feund in this region, but if so they have been either killed or
driven away and iare now supplanted by the herds of reindeer (gen-
erally called deer), from which there are occasional strays. The
open country, relatively free of brush and timber, and the compara-
tive freedom from flies and mosquitoes combine to make this region
especially suitable for reindeer pasture. In winter pasture is
afforded on the ridges, from which the snow is blown.

Réindeer to the number of 300 or 400 are said to have been brought
to the Kuskokwim abouit 1904, and an estimate made in 1919 placed
the number then at about 15,000. Several hundred deer are owned
by the Government and cared for by the Bureau of Education. Sales
of female deer from Government herds may be made only to natives.
A considerable number of natives are deer owners, and individuals
hold from one or two to several hundred each. Several hundred deer
are also owned by the Moravian mission of Kwinak and Bethel. The

ownership of the remainder of the reindeer was originally vested in -

the Lapps, who accompanied them as herders and instructors of the
natives in herding on the introduction of the reindeer into this
region, the deer having been given to these herders at that time. A

large part, if not most, of these have recently been purchased with a -

view to the commercial development of the herds and the shipping of
refrigerated deer carcasses from the Kuskokwim basin.

Fish are fairly plentiful in the streams in this region. Salmon are
the most abundant, although the run of the varjous species of salmon
in 1919 was said to be much below normal. Grayling, several varie-
ties of trout, and -whitefish are also taken. In winter the natives are
said to catch & emall blackfish from the lakes in the tundra. for use
as food. . .

Rabbits do not appear to be plentiful, but it is reported that they
geem ‘to be increasing in number. The list of more eommon fur-
bearing animals includes white and red foxes, mink, and muskrat.
Squirrels are canght in great numbers, and the skins are used locally
in the manufacture of parkas and other garments. The skins of
the reindeer are’used both for garments and for sleeping bags and
robes. The hair on skins of the reindeer fawn is much finer than
that of adults, and these skins are used in making a better grade of
garments. Dams or other signs of the presence of beaver were not
observed by members of the Survey expedition.

Ducks and geese of several species breed in considerable numbers *

along the streams and in the marshy places, but cranes are relatively
scarce, Curlew and plover were frequently seen on the broad, low
. ridges, snipe and sandpipers were seen along the shores of the streams,
and gulls and terns were seen in large numbers along the rock shores,
where, with the.cormorants, they appear to nest. Hawks and ewls
appeared to be somewhat uncommon. A number of smaller land
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birds were observed, including but one robin. Four birds seen at a
distance were believed to be magpies. Ptarmigan were observed at

several places, and it is said that in the last year or two they have

increased considerably in numbers, although not yet as abundant as
they were several years ago.

INHABITANTS.

In the region between Cape Newenham and Kwinak, the white
population was about 25 in 1919. The na#ive population of the same
region was probably about 250, including the residents at Kinigino-
gimut, a village on the largest stream emptying into Chagvan Bay,
at Mumtrak, on Goodnews Bay; at Kwinak; and at a small village
at the north mouth of Arolic River, as well as a number of single
families and individuals scattered over the area. Most of these na-
tives were at Kwinak and Mumtrak, where native schools have been
established. The natives are all of Eskimo stock.

GENERAL GEOLOGY.
CHARACTER OF THE ROCKS,

In the Goodnews Bay region the rock units as mapped (PL VII)
are relatively few in number but nevertheless include a considerable
range of types. The sedimentary rocks comprise limestone, argillite,
sandstone, and conglomerate, and the metamorphosed equivalents
of most of these. A considerable variety of igneous rocks are also
found, including basalt flows, dikes that were taken in the field to be
andesites, and intrusive grnmtes with some massive intrusives that
are probably intermediate in composition between the granite and
the basalt and that have been included with the granites on the map
in this report. In addition to these rocks, some of which have suffered
deformation, there is a considerable area of more strongly metamor-
phosed i igneous rocks, apparently of a basic type. A large part of
the region is covered by unconsolidated deposits of alluvial, glacio-
fluviatile, and marine origin. It appears likely that most of the
unconsolidated deposits were formed by more than one agency.

Limitations of transportation and of time prevented ‘detailed geo-
logic work, and a lack of outcrops increased the liability of error in
mapping. As the entire area was covered in a field season of 45
days, during much of which the weather was such as to prevent work,
it will readily be seen that there were many square miles which it was
necessary to map from a distance on the basis of similarity of litho-
logic appearance, with regional trends as an additional help in delim-
iting the different rock units.

Search was made during the season for fossils in the sedimentary
beds, but without success, so that no definite age assignment of the
rock units can be made. Only the relative age could be determined,

ST e T
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and correlations' must be founded on data obtained from fossiliferous
beds ‘of similar lithology in regions to the north.

It is believed ‘that the areal distribution of the sedimentary and
associated igneous rocks, which have been assumed to be of Mesozoic
age, is represented with fair accuracy on the map. The distribu-
tion of the limestones and of the metamorphic rocks has been plot.ted
from more meager data and therefore is probably less accurate in
detail, nevertheless it is felt that the map represents the dlatnbutlon
of these rocks approximately.

STRUCTURE.

The g’enlog'lc map indicates the general northeasterly trend of the
rocks of the regidn, and the elongatmn of areas of consolidated rocks
surrounded by areas of Quaternary unconsolidated gravels and sands,
mainky in the direction of the strike. Variations of strike occur,
however, from nearly east to north, but the strikes are mainly in

the northeast quadrant. Where other strikes were seen, they appear

to have been produced in the relief of local stresses incident to the
major deformation. The dips are mainly steep—from 60° to verti-
cal. Apparently southeasterly dips are prevalent. It is assumed,
from the differences in degree of metamorphism, that the rocks on
the west side of the region are the oldest. With the younger rocks
lying to the east, the general structure of the Goodnews River valley
is considered to be synclinal, with the eastern limit of the syncline
not exposed in the region, unless the metamorphic rocks of Cape
Newenham are considered to mark it. Faulting and minor fold'nig
are of common occurrence. The folding is especially noticeable in
the area of slates, and the faulting in the more arenaceous rocks and
in the basaltic tuffs and flows.

| SEDIMENTARY ROCKS.

Limestone and the metamorphosed argillitic rocks associated with
it are the oldest sedimentary rocks observed in the region. Some
of the limestone beds are 100 feet or even more in thickness, but
for the most part the series, as observed, is made up of a number of
beds from 10 to 50 feet thick, separated by considerable thicknesses
of slate or phyllites. Somg schistose rocks seen on the western edge
of the region are probably to be considered as the metamorphosed
equlvalent of these beds. Quartzites were also observed in one place
in the series. Locally, basic igneous rocks appear to be intercalated
with the upper portion of the limestone and argillite series, but
probably many of these are intrusive. The limestones are mainly
dark gray but weather nearly white. Abundant white talus débris
from the limestone beds gives them an undue prominénce and in

places conceals the talus and surface of the associated rose-bed and:

dark-gray slates. Nodular cherts were observed in some of the lime-
stone beds, and other beds are reticulated with quartz and calcite

LR N
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veins. Overlying the limestones is a thick series of argillite sand-
stone and graywacke, locally metamorphosed to slate and quartzite.
The best exposures were observed on the north shore of Goodnews
Bay at Beluka Peak and eastward toward the mouth of Tunulik
River.. At Beluka Peak the rocks are fine-grained, dense, somewhat
giliceous argillites of a general gray-green color, which ranges through
several shades from nearly white to a slaty drab. These argillites are
much shattered and fractured, so that they seldom break along bed-
ding planes. They show much minor faulting, with a lateral dis-
placement across the bedding which may amount to but a few inches

.or may be several feet. Some bedding planes are slickensided and

are thus apparently planes of movement. Calcite veinlets appear
along many of the openings produced by movement and also are to
be noted in the fractured argillites, some of which are calcareous.
There is a thickness of 700 feet or more of argillites underlying a
300-foot bed of sandstone, which grades into a 100-foot conglomerate
bed. Alternating and intergrading sandstones and conglomerates
to a total thickness of 700 or 800 feet lie above the first conglomerate.
The larger pebbles of the conglomerate are mainly red cherts, of
which some . of the flat, elongated boulders are 2 feet in maximum

_dimension, but the greatest diameter of the rounded cobbles is little

over 1 foot. Green and black siliceous argillite pebbles are also
present in these conglomerates. The cementing material is fine
green, gray, and black sand.

To the east along the beach from the econglomerates there is an

. abrupt change in strike from N. 50° E. to N. 25° W., and the rocks

are of finer grain, black argillites being succeeded by hghter-colored
siliceous argillites which do not have the greenish tinge of those at
the western edge of Beluka Peak. The lighter-colored argillites are
much netted with fine calcite veins and strike about N. 5° E, These
rocks are succeeded by a red and green fine-grained chert or tuff,
muck like that in the vicinity of Arctic Island, on the lower Yukon
near Russian Mission, which extends for several hundred feet to the
east, and give way in turn to a series of basaltic tuffs and flows that
crop out for 1,500 feet along the beach.

Although most of these rocks have an easterly dip, the dip is very
steep, and in addition there has been considerable faulting, so that
while it is believed that, as already stated, younger rocks lie succes-
sively toward the east, there appears to be a possibility that at- Beluka
Peak the rocks are successwely younger toward the west, the beds
being overturned, and, therefore, that the sequence is from the red
and green cherts or tuﬂs and black slaty argillites through the sand-
stones and conglomerates to the greenish argillites, and that the peb-
bles of red chert i the conglomerate were derived from the chart or
tuff series. :
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East of the basalt tuffs and flows argillite and basalt alternate in
several wide bands, the next to the last of which, consisting of basalt,
extends for 6,000 feet along the north shore of Goodnews Bay, to the
mouth of Tunulik River. From the strike and dip of the flows, where
observable, it has been calculated that this band represents a thick-
ness of at least 2,400 feet.

At a number of places along the beach on the north side of Good-
news Bay small dikes, from a few inches to 5 feet in width, cut the
basalt and the sedimentary rocks just described.

Elsewhere in the area outcrops of sedimentary rocks were observed,
but these were of small extent, and usually but few data, aside from
the strike, could be obtained from these isolated outcrops. They ex-
hibited all the phases already described, from black slaty argillites
to conglomerates, and included at numerous places fine-grained felds-
pathic graywackes, which were not always readily separable from the
basalts. Cherty rocks appeared to be more abundant elsewhere than
on Goodnews Bay, especially between Wattamus and Bear creeks.

IGNEOUS ROCKS.

Between Cape Newenham and Chagvan Bay occur altered igneous
rocks of a number of types, with minor amounts of slate. The
igneous rocks appear to be mainly basic rocks, almost entirely
altered to chlorite and serpentine. Some of the serpentine is appar-
ently the source of a white kaolin or asbestos, said to be obtained
from a narrow band between Cape Newenham and Security Cove
and used as a white paint by the natives. The basic rocks have been
cut by later intrusives which appear somewhat more siliceous.
North of Cripple River, and again north of Jacksmith Creek, acidic
intrusives appear in close association with the limestone.

The basaltic rocks, which may include some andesite intrusive
masses and flows, are widely distributed throughout the valley of
Goodnews River, and include tuff, thin-sheeted ellipsoidal flows, and
thicker and more massive flows. Their occurrence with the argil-
lites and sandstones and their relation to those rocks have already
been noted. At “Red Mountain the suggestion of columnar struc-
ture seen from a distance was considered as showing the proba-
bility that the rocks there are also basalt.

This series of rocks is intruded by a number of small bathohthlc
granite masses at the head of Tunulik River, at the head of Granite
Creek, on Olympia Creek, and on Arolic River. It is very probable
that there are many other intrusive masses in the mountains that
extend northeastward and form the divide between the Goodnews
and Arolic drainage basins. The andesite dikes seen on the morth
shore of Goodnews Bay are not improbably related in origin to
the intrusion of the granites,
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The last major deformation of the region and the present struc-
ture were probably caused by the intrusion of the granites, which
are also assumed to have produced the auriferous mineralization.
Later movements have taken place, but not in such a manner as to
produce folding.

TERTIARY AND QUATERNARY GEOLOGIC HISTORY.

It is to the cycle of events occurring within the Tertiary and Quater-
nary periods that the region owes its present topographic form. Te¢
these events also are attributed the unconsolidated deposits now found
80 extensively over the region. It may be assumed that the intrusion
of the granites and the consequent elevation of the land surface oc-
curred at the end of the Cretaceous period or during early Tertiary
time. This uplift resulted in a range which extended from what is
now the mouth of Kuskokwim Bay northward to Kuskokwim River.
The highest peaks of this range were undoubtedly many hundred -
feet higher than the present crests, and its western front was also
far to the west of its present position and faced an open sea much
deeper than the present Kuskokwim Bay and Bering Sea, with only
a few if any islands in what is now the Yukon-Kuskokwim delta

' region.

The wave erosion caused the shore line to retreat gradually east-
ward until it reached approximately its present position. In the
meantime the débris from the rapidly cutting streams had been car.
ried to the sea and there transported to form the offshore deposits
which shoaled up the waters in late Tertiary time. Mature topo-
graphic forms with wide valleys were developed by the beginning
of -the Quaternary period. During early Quaternary time there ap.
pears to have been much extravasation of basaltic lavas in western
Alagka., None of these relatively recent lavas are known in this
region, though they appear to occur on Bristol Bay and on the lower
Yukon in the vicinity of Russian Mission, as well as farther south
in the Ingakslugwat Mountains, in the delta region, and still farther
south on Nelson and Nunivak islands. It is extremely probable that
these outpourings of lava in other regions were marked by changes
of level in this region, so that there appears to have been subsidence
in the vicinity of Goodnews Bay. In view of the fact that the area
probably then stood somewhat higher above the sea than at present,
the subsidence that took place appears to have amounted to at least
300 feet. Probably soon after partial emergence glaciation in the
region reached a maximum. Glaciers filled many of the interior val-
leys but appear not to have reached the sea except in a few places, as
in the valley of Goodnews River and possibly also by way of Chagvan
Bay. With the retreat of the glaciers a great amount of glacial
débris was deposited in the streams, which were taxed to their limits
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to transport the material to the sea. Their task appears to have been
made easier by further elevation of the land surface, but at the first
opportunity their load was dropped, and thus was built up the wide- .
spread frontal tundra-covered gravel coastal plain which now lies
between the mountains and Kuskokwim Bay and River. Some of
the materials laid down in the upper portions of some of the streams,
where their valleys were marine embayments, are now being re-
worked and transported to the sea. Examples of such reworked ma-
terial are afforded by high gravels overlain by silts in the valley of
Goodnews River. In verification of this hypothesis as to the mode
of origin of the frontal apron of the mountains, it may be pointed out
that the indentation of the shore line called Jacksmith Bay is oppo-
site a stretch of mountains from which no large streams flow, while
on either side the shore line has been extended westward through
deposition by streams, At the present time the westward advance
of the shore line seems to be practically at a standstill, and it is
probable that in this particular embayment, owing to the fact that
the shore is made up of fine silt and peaty material and is unpro-
tected by a gravel beach, as it is to the north and south, the shore
line is shifting slowly eastward. Streams entering the other bays are
filling them and extending the land area, obtaining their débris
through all the forms of erosion prevalent in subarctic climates, in-
‘cluding mechanical disintegration by frost, nivation, and soil ﬂowa,
as well as normal transportation by running water.

ECONOMIC GEOLOGY. fﬁ"\"
.'I‘E’.Ip
HISTORY OF MINING.

A summary of the history of mining in the Goodnews Bay raglon
hee been given by Maddren ® in connection with his report on the.
results of field work in 1914. In his discussion he considers the entire.
valley of the lower Kuskokwim, including the Goodnews Bay region :

This region appears to have been neglected as a fleld for prospecting during
the early years of the gold excitement that centered In the Klondlke and spread
along various tributaries of the Yukon. It was not until the Nome boom, in
Seward Peninsula, gpeached its helght during 1000 that further attention was
directed toward the Kuskokwim region. One of the results of the rush of
people to that district was the movement of a small number of men from Nome
to the reglon about the mouth of the Kuskokwim during the summer of 1800,
and they prospected in that vicinity for several years. Placer gold was dis-
covered at several localitfes in the vicinity of Goodnews Bay, and productive
mining on a small scale was undertaken on Butte Creek, In the basin of
Aalalik [Arolic] River near the settlement of Quinhagat [Ewinak], and has
been carried on for the last 10 years or more,

During the winter of 1900-1901 a typical dog-sledge stampede to the Kusko- -
kwim Valley was made by a considerable number of men from Nome. The

1 Maddren, A. G., Gold placers of the lower Kushokwim : U, 8. Geol. Burvey Bull., 822,
pp. 299-301, 1915. '
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movement was based on vague rumors of the discovery of placer gold on a
stream designated “ Yellow River,” but the location of this stream in the Kus-
kokwim Valley does not appear to have been even approximately fixed.

From 1901 and 1902 there appears to'have been some mining done
on the Arolic, but with the failure to find bonanzas the majority of
the stampeders left this field, and it was not until 1906 that there
was another influx. Maddren continues:

The discovery of placer gold on the headwaters of Innoko River in 1906
eaused a considerable movement of prospectors from Nome up Kuskokwim
+~ River the following year. It is estimated that several 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 polnts along Kuskokwim River and
turned-their attention to prospecting some of its tributaries.

The “ mosquito flotilla ” that came up the Kuskokwim in 1906 and
1907 made it appear to the traders and missionaries at Kwinak and
Bethel as if they were no longer on the outskirts of civilization, with
but one or two yearly boats bringing supplies, but were on one of the
world’s commercial highways.

Each influx of prospectors was encouraged by the finding of gold
in the streams they prospected, but after working for a time most
of them failed to develop profitable ground and left. However, a
gmall production by a few men continued to be made yearly on Butte
Creek, and some mining was done on Fox and Snow gulches and on
Trail, Kowkow, and numerous other creeks. An estimate of $100,000
for the total production to 1919 was based on an estimate of $70,000
for Butte Creek and $30,000 for the streams named, all of which
flow into the Arolic or one of its tributaries. Of the $30,000 a con-
siderable proportion came from Kowkow Creek. The first produc-
tion of gold on this creek was made in 1913, and a number of claims
on it have been held ever since.

Practically every white man in the region has had at some time
during the last three years an interest in one or more claims in the
Arolic basin. Some have utilized these claims to get a grubstake on
which to prospect during the spring, and in 1917 a party of three
or four men were engaged in prospecting on Bear Creek, which flows
into Canyon Creek, a tributary of Goodnews River, when a native
reindeer owner and herder called Wattamus (apparently a cor-
ruption of his baptismal mame Bartimeus) reported to one of the
miners that he had found gold on a stream about 8 miles to
the south. Several claims were staked on this new creek, which
was named Wattamus after the discoverer. After staking, the own-
~ ers of Discovery claim and the two claims above and the two below
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Discovery pooled their interests, and these five claims have since been
held as a unit. Later comers staked ground above and below the
Discovery group. A notable productwn was made durmg 1917 on
the Discovery group of claims, and in 1918 considerable mining was
done. The total production for the two years was about $35,000, thus
giving an approximate total for the district, prior to 1919, of $135,000.

In addition to the streams above mentioned as having been pro-
ducers, many others have been prospected. Some of the streams in
the vicinity of the granite masses showed fine gold but not in suffi-
cient amount to warrant the undertaking of mining, and for the
most part titles to claims have been allowed to lapse. -

GOLD PLACERS.

GENERAL FEATURES.

There are in general two types of placers in the Goodnews Bay
region. Those of the Arolic basin are mostly in wide gravel-filled
~ valleys in the group of low hills in the vicinity of Butte Creek or
between these hills and the surrounding hills or mountains to the
south, east, and northwest. The placers of the Goodnews Bay drain-
age basgin, on Wattamus and Bear creeks, are in much ‘more sharply
incised valleys in the mountain masses. The Arolic placers probably
represent concentration from older valley fillings, glacio-fluviatile
or marine sediments; the others represent the concentration of gold

by erosion of bodrock since glaciation, in the bottoms of glacial

valleys.

The streams that ylelded gold in 1919 were Kowkow, Wattnmus,
and Bear creeks, the first in the Arolic Basin, the others in that of
Goodnews Bay. In the Arolic Basin title to claims in Butte and
Trail creeks is held pending future developments and operations. A
number of claims in addition to those worked are also held on

- Kowkow Creek. On Wattamus Creek several claims are held bélow
the Discovery group with a view to the possibility of developing
dredging ground.

MINING CONDITIONS,

Inasmuch as the placer ground is shallow, open-cut mining is the
method in use. An effort is made to groundsluice off as much of
the overburden as possible, usually within a foot or two of bedrock,
before shoveling in. At times there is a shortage of water for
groundsluicing, but this difficulty is partly overcome in various ways.
On Wattamus Creek a dam has been erected to impound water which
is used for “splashing.” On Kowkow Creek ditches bring the water
from the forks of the creek. ' It is said that more mining could be
done on Butte Creek were water available, but the necessity of con-
structing ditches to bring water will mean one or two seasons of dead
work before mining can be done with other than Butte Creek water.
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The conditions ‘of snowfall and the time of melting of the snow
vary on the different creeks, but it is late in June or even July before
the creeks are sufficiently free of snow and frost to permit ground-
sluicing, which it is aimed to do while the water is abundant. The
later part of September is as late as mining can usually be carried
on, although in favorable years the mining season may extend into
October. Most of the auriferous stream gravel as well as the barren
gravel overburden lies within the reach of circulating water, and
operations are therefore not impeded by the necessity for thawing.
However, large granite boulders in the gravels on the upper claims of
Wattamus Creek are a very real detriment to mining. Lt is probable
that such boulders will also be found on the upper courses of other
streams heading from either side against the Arolic-Goodnews divide.

Most operations are conducted on a partnership basis, but the Dis-
covery group of claims on Wattamus Creek were being worked by
about 10 or 11 men. Wages in 1919 were $6 and board for an 8-hour
day. Labor is difficult to procure, for a number of the permanent
residents have ground of their own which they work more or less
intermittently, and as this district is off the main highway of Alaska
travel, the Yukon, there is little opportunity of obtaining labor from
the drifting class of miners. '

As no power plants were in operation in 1919 and there is no ne-
cessity for thawing, fuel was required only for camp purposes. It
was obtained by gathering and. stacking alders and less preferably
willows, which were used after a period of drying. In the vicinity
of the camp both alders and willows are found in sufficient numbers
to meet immediate needs. :

There is no spruce timber in this region nearer than Bethel, so
that lumber for sluice boxes must be obtained from the sawmill at
that place or by whipsawing drift logs from the upper Kuskokwim
found on the beach, chiefly in the vicinity of Carter Spit. Spruce,
however, is not wholly satisfactory, and whenever possible lumber is
obtained from the States. Cottonwood grows on the upper Good-
news River; and cottonwood poles, together with a few large alders
or willows, are sometimes used to make the trestles of the sluice boxes.

ORIGIN OF THE PLACERS.

The principal rocks throughout the region are those of sedimentary
origin, including sandstone, quartzite, slaty or argillitic rocks, chert,
and limestone. Associated with the sediments are lava flows, in large
part basaltic. These rocks are intruded at a number of places by gra-
nitic and related acidic rocks. It is believed that these intrusives have
caused most of the auriferous mineralization of the sedimentary
rocks. Quartz veins are not uncommon, but they are mainly narrow
and of small extent, so that quartz pebbles and cobbles are rather rare.
It is believed that some of these veinlets carried the gold from which
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the placers were.derived. This hypothesis accorfls well with the

known facts with respect to Wattamus Creek and to some of the other
streams that head against granite areas and are reported to carry

" gold but not in quantities sufficient to pay for mining.

No acidic igneous rocks were observed in the immediate vicinity
of the placers on Bear Creek, nor were pebbles of this type of rock
observed in the gravels in the cut on this stream. It would thus
appear that the placer gold is derived mainly from veinlets that were
probably related in origin to the intrusive granite found elsewhere in
this region. So far as known, the placer ground on this creek is all of
low grade, and those who worked on it in former years report that
they could not make wages on it.

Some massive intrusives occur in the Kowkow Mountsins, south
of Kowkow Creek, and between the crest of the ridge and Kowkow
and Trail creeks there is much quartz veining in the severely fractured
rocks. No gold was observed by the writer in any of the quartz veins.
Between Kowkow and Butte creeks the bedrock is covered by a mantle
of unconsolidated gravels which is locally as much as 75 feet thick.
A few outcrops of shattered limestone appear, however, rising slightly
abave the gravels. Associated with the limestone at the head of Butte
Creek are andesitic rocks which are apparently intrusive and which
may have had an influence on the occurrence of the gold. ;

The valleys of Wattamus and Bear creeks were once occupied by

glaciers, and any preglacial concentrations of gold were swept out .
- and disseminated in the valley of Goodnews River. The present gold

placer deposits of those streams are concentrations of the gold con-
tained in the rocks which have been cut down by erosion since the
glaciation. Erosion has been rapid since the retreat of the glaciers
and has consisted of rapid mechanical disintegration by frost, assisted
by soil flows, which have carried the disintegrated rock from the
slopes to the bottoms of the valleys. Thence it is removed by the
normal processes of stream transportation so far as the streams are
competent to transport the soil and rock débris.

For the deposits worked in the Arolic basin the mode of the later
concentration into workable placers is not so readily apparent, as the
physiography of that area involves other factors in addition to those
concerned in the concentration processes on Wattamus and Bear
creeks, and the history of the area has by no means been completely
deciphered. It was not possible to determine whether the accumu-
lation of the placers on Butte and Kowkow creeks was preglacial
or postglacial, although the so-called gumbo bedrock on Kowkow
Creek resembles a reworked till. As hag been stated in the considera-
tion of the geologic history, the land surface once stood at a higher
level than at present, was then depressed, probably 300 feet or more
below the present surface, and was then reelevated to approximately
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its present position. The maximum glaciation possibly occurred
shortly after the period of maximum inundation and before reeleva-
tion to the present level was completed. During the period of these
earth movements deposits of gravel were formed by normal stream
erosion, by the deposition of glacial débris, by wave action along
beaches, and by combinations of these three processes. On reeleva-
tion of the surface to approximately its present position, normal
stream erosion was resumed in the gravel deposits, and in places the
underlying bedrock was cut. The Arolic deposits are therefore due
to stream concentration from bedrock and from the probably aurifer-
ous gravels that had been previously accumulated.

MINING OPERATIONS.

During the summer of 1919 all the creeks on which mining was
being done were visited, and some notes were made as to details
of mining methods and other features in connection with the
operations.

WATTAMUS CREEK.

Placer gofd was discovered on Wattamus Creek early in the
summer of 1917 by a native who was herding reindeer in the vicinity.
He reported the discovery to a group of miners on Bear Creek, who
returned with him and staked Discovery claim and Nos, 1 and 2
above and 1 and 2 below Discovery, including one claim for the
native. Interests were pooled on these claims, and the native and
one of the original stakers have since sold out to the Discovery
Mining Co., the shareholders of which include Charles Thorsen and
Jack Wilkins, who were among the original group of owners. Joe
Jean has purchased the shares of some of the others. A number of
other claims were staked above and below the original group, but
little work has been done on any of these except “No. 3 above.”
On the discovery of paying ground, work on Bear Creek stopped
and operations were transferred to Wattamus Creek, where during
the fall of 1917 gold to the value of more than $10,000 was pro-
duced. In 1918 work was continued, chiefly on Discovery claim,
and the production was more than $20,000, making a total for the
two years of about $35,000.

In 1919 work was being done on three claims by two plants. The
Discovery Mining Co. employed 10 or 12 men, about equally divided
between claims Nos. 1 above and 1 below Discovery, and Ryan &
Wickert worked “ No. 3 above.” In addition to the claims that are
being worked, a number of other claims are held, and some of
those below the Discovery group were prospected during the winter
of 1918-19 with a view to dredging operations.

The width of the so-called pay streak varies greatly; it is probably

not over 20 to 80 feet on “No. 3 above® but more than 100 feet
7230°—21—Bull, 714——15
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below the Discovery group. Some of the small gulches appear to
have greatly enriched the main pay streak, and in a few places there
is some rich ground at the sides above the creek level. The value of
the gold in the pay streak runs from 25 cents to $2.50 per square
foot of bedrock. The gold is reported to assay $16.40 an ounce.

All mining is done by open-cut methods. The material is ground-
sluiced to remove 2 to 5 feet or more of barren soil and gravel, leay-
ing from 1 to 2 feet of gravel to be shoveled into the boxes, the larger
boulders being rolled to one side. Where the bedrock is loose and
friable slate or sandstone, about 6 inches of that is mined also. The
bedrock consists mainly of slaty argillite, sandstone, chert, and
basalt. The gravels are predominantly of these rocks but contain
also pebbles of conglomerate and of a dark-colored porphyritic rock
with varying amounts of granite. The granite pebbles increase in
size and amount toward their source, at the head of the creek. Below
Discovery claim there are relatively few bpulders more than 18 inches
in diameter; on claim “ No. 1 above” they are 3 to 4 feet in greatest
dimension but are not so numerous as to constitute a serious impedi-
ment to mining. On “No. 3 above” the granite boulders are still
larger and more numerous.

From the data at hand it is estimated that the total production of
this creek will probably be little over $250,000, unless the lower claims
are worked by dredges, for it is doubtful whether the claims below
“No. 2 below ” can be worked profitably by hand. Boulders would
probably seriously interfere with dredging operations above Dis-
covery claim. It is not likely that the ground above “No. 3 above”
will pay wages if worked.

BEAR OREEK.

Apparently the first claims on Bear Creek were staked in 1916,
although they may have been staked at the time of the early rushes to
the Arolic in 1900, 1901, and 1906-7. Little if any work was done
until 1917, when a few men were working there.” Some of these men
working claim “ No. 1 above” report that they did not make wages
and left for Wattamus when gold was found on that stream. In 1919
two men were working on claim No. 2 above Discovery, the first work
that had been done on that claim.

This stream flows into Canyon Creek, a tributary of Goodnews
River, and should not be confused with the Bear Creek in the area
at the head of the Tuluksak, on which some mining has also been done,
nor should the Canyon Creek into which this stream flows be confused
with the Canyon Creek that lies between Kanektok River and the
Tuluksak-Aniak region. ;

At the head of this creek a dark-gray fetid limestone appears in
the bed of the creek. This limestone appears to grade into slaty cal-
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careous argillites. Sandstones, grit, and conglomerate, as well as
chert and some basic fine-grained igneous rocks, are also found within
the basin of the stream. The rock is not exposed in the bed of the
creek where mining was being done, but the gravels are made up of
boulders, cobbles, and pebbles of conglomerate, sandstone, limestone,
and dense argillite, with a little chert. Some of the boulders are

“much weathered to a light-yellow rock. They were probably basalts

originally. Overlying 2 to 5 feet of gravel is 2 ta 3 feet of black,
tough clayey muck, over which the stream flows with but little cut-
ting. Some of the gravels are iron stained and partly cemented.

When the creek was visited, August 11, 1919, a cut 15 by 50 feet
had been groundsluiced off. The cut was made diagonally across
the creek bed, to cut the pay streak, if there was one. No boxes had
yet been put up, so that it was not possible to determine the gold tenor
of the gravels from the clean-ups. However, two or three pans
taken along the base of the gravels each gave only a few very small
colors, and it is doubtful whether the cut paid wages..

ABROLIC BABIN.

T'he first mining in the Arolic Basin was done in 1900 or 1901, but
little gold was produced until after 1906. The production has come
chiefly from Butte Creek. Since work was started on Kowkow Creek
in 1913 the yearly production from that stream has probably about
equaled that from Butte Creek and in some years has exceeded it.
In 1918 a power scraper was operated on Kowkow Creek. In 1919
but one claim was being worked in the Arolic basin, three partners
operating on claim No. 1, above Discovery, on Kowkow Creek. Sev-
eral other creeks in this basin have been prospected, but their entire
production is negligible.

ere mining was being done in 1919 about 6 or 7 feet of over-
burden was being moved. The upper 1 to 3 feet consists of soil, moss,
and peat and overlies 3 to 4 feet of nearly black, reddish, or blue-
gray uncemented gravel, which, in turn, overlies 8 to 15 inches of
rather fine gravel, containing a little clay. This bottom layer is
tightly packed and requires considerable picking to loosen, but it
breaks up readily in running water. 'I'he excavation is carried to a
false bedrock, called “ gumbo ” on Kowkow and Butte creeks, which
is a tight clay that contains a very small amount of gravel and some-
what resembles a glacial till. The depth to bedrock is not known.
On Butte Creek the depth below the “ gumbo ” is said to be 15 to 25
feet. The gravels are mostly of local origin and consist of argillite,
basalt, sandstone, and some coarser-grained acidic igneous rocks.
On Butte Creek limestone gravel is also found. The Kowkow gold
is said to assay $17.60 an ounce, and that from Butte Creek somewhat
higher, ;
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CONCLUBIONS,

' The original deposition.of the gold in fissures associated with
quartz was probably genetically related to the intrusion of the late
Mesozoic granites into the sedimentary and earlier igneous rocks,
which range from Paleozoic to probably late Mesozoic in age.
From the original deposits the gold has been eroded by streams

‘and other agencies, not including glaciation, and has been concen-

trated in placers by some streams, mainly those in the vicinity of the
granites.

Glacial erosion has removed most of the gold-placer deposits and
has scattered the gold widely over a considerable area in amounts
not suitable for profitable mining,

Postglacial concentration has been effected by some streams in
connection with the erosion of the rocks containing auriferous
veins. In other streams the placers appear to be, at least in part,
the result of reconcentration from glacial, fluvio-glacial, and marine
deposits. In a general way, both types of deposits may be found

" in the vicinity of the granites.

COAL. :

No coal is known in the Goodnews Bay region, although natives
have brought in to the school teachers and others at Mumtrak
reports of “a mountain of coal” south of Goodnews Bay. These
reports have not been verified, and it appears likely that the sup-
posed coal is a dense black chert or fine-grained black basalt. Small
seams of coal are reported to occur on Hagemeister Island and on
the beach near the mouth of Kulukak River, on the north side of
Bristol Bay. Coal of good quality in thick beds is also said to occur
north of the Goodnews Bay region, on Eek River, near what is
known as the island mountain, described as an isolated low moun-
tain rising well above the surrounding flats and forming a con-
gpicuous landmark. The occurrence of this deposit seems to be well
authenticated.

ASBESTOS.

Along the shore between Cape Newenham and Security Cove there
are said to be exposed thin seams or veins of a white material, which
is believed to be asbestos of the very short-fibered variety produced
by the weathering of serpentinous rocks. It appears to be weathered
almost to a clay, so that its commercial possibilities appear small.
The natives occasionally obtain small amounts from this deposit
and, mixing it with seal oil, use it as a white paint for their kayaks
and bidarkas. A red paint obtained near by is believed to be
hydrous iron oxide precipitated from water seeping through pyritif-
erous slate or argillite.
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MINING ON SEWARD PENINSULA.
By Georce L. HArrINGTON.

PLACER MINING.
SUMMARY OF MINING CONDITIONS.

During the summer of 1919 climatic conditions on Seward Penin-
sula were generally favorable for placer mining until the later part
of September and the first few days of October, when a heavy freeze
and seow cut off the water supply and necessitated the closing down
of most of the plants. A brief thaw a little later permitted resump-
tion of work for a short time, but the greater number of plants were
closed down for the winter by the 1st of October, only the dredges
and a few of the larger plants continuing mining after that date
and most of the latter working with reduced crews. Throughout
the winter season the labor situation was not satisfactory, and there
was relatively little winter work. In summer the situation improved
somewhat, but the 8-hour shift was accepted by a number of operators
only with the greatest reluctance, especially where additional labor
was not obtainable or other conditions were not such as to make a
second shift practicable. At numerous places on the peninsula
many of the plants were obliged to work short-handed, and a few
used Eskimo labor.

Gold, tin, and platinum were recovered through some of the
various methods of placer mining. No information was obtained
regarding the saving of scheelite as in previous years as a by-product
of placer mining for gold. Difficulty had been experienced in market-
ing the product in the past, and this, in connection with the labor
involved, appeared to make the saving not worth while.

Gold was recovered from most of the operations, and tin (cas-
siterite) was obtained as usual from the York region, also in small
amount as a by-product of gold mining on Goodhope River.
Platinum was recovered with gold from the placer operations in the
Koyuk and Buckland drainage area.

During the summer work was continued on several projects of
direct or indirect benefit to the mining industry. The east jetty of
the Snake River harbor was completed, and the channel was dredged
to permit the entrance of small schooners to a secure harbor and their

229
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loading and unloading without lightering, an important item m the
coastwise transportation of supplies from Nome.

Work was also continued on roads throughout the peninsula, and
the Candle Creek road was completed as far as claim No. 16 above
Discovery, Candle Creek. At Nome the road was completed to
Cape Nome. A road has also been constructed from the landing on
the Koyuk to the center of mining operations on Dime Creek.

The Kougarok region appears to have the poorest transportation

facilities. At present the main line of tramsit is the railroad, over .

which is run the ‘‘dogmobile.” No repairs have been made on this
railroad for several years, and according to reports its state of dis-
repair makes travel over it hazardous. The need is acute of either
the construction of & wagon road or the repa.ir and operation of the
railroad to serve the needs of the miners in the Kougarok River and
Iron Creek districts.

Under present conditions of operatlon there is frequently a short-
age of much needed repair parts in Nome, as the hardware stores
have decreased their stocks to include only the staple and more
quickly salable goods. This has worked a very great hardship on
gome operators when they were in need of castings for repairs. It
would appear that this difficulty might be met by the cooperative
purchase of a small electric furnace, such as has been installed at
Treadwell, for the making of emergency castings, thus doing away
with the delay incident to shipment from Seattle. Under condi-
tions of shipping such as prevailed in 1919 this delay may amount
at times to a month or more, which may be one-third of the working
season.

'THAWING OF FROST IN GRAVELS.

For some years thawing has been one of the main problems in:
connection with the dredging of the low-grade auriferous gravels of
the Nome coastal plain. The method of thawing by a series of
drainage ditches and laterals in conjunction with natural drainage
courses has been described in general terms by Esakin! and has re-
ceived some consideration by owners and engineers in charge of
dredging operations. At present consideration is being given to the
project of making such a drainage canal to enter Snake River near the
mouth of Center Creek. The initial cost and the uncertainty as to
the extent of the thawed ground that would result, as well as the
divided ownership of the ground, have been the main deterrents to
the carrying out of this project and similar large-scale thawing oper-
ations.

Standard practice in thawing frozen gravels throughout Alaska
and northern Canada has hitherte involved the use of steam. As

' 1Eakip, H, M., Placer mining in Seward Pen!nsula: U, B. Geol. Survey Bull, 622, pp. 368-369, 1915.
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the tenor of the workable gravels has decreased, efforts to lower
operating expenses have resulted in changes in details of the process,
and each plant has varied the length of points, their spacing, and the
time of application of steam. The greatest economies appear to
have been effected by decreasing the time during which steam is
apphed under pressure and allowing a longer period of sweating, thus
securing greater thawing efficiency for the heat units applied. Ex-
perimental work * has proved the possibility of cold-water thawing,
and a number of plants have thawed frozen gravel by this method.

In 1919 cold-water thawing was used by three dredges on Seward
Peninsula. On Candle Creek the Candle Creek Mining Co.'s dredge
pumped water to a tank on the hillside, giving it an opportunity to
warm up somewhat before being used in thawing. An even pressure
was also insured by this method. In the Council region ditch water
under head was used. At Nome the Alaska Mines Corporation
thawed ground in advance of dredging on Flat Creek by cold water,
obtaining pressure by pumping direct to the points. It is probable,
however, that this company will utilize ditch water under a head,
instead of pumping. Two dredges in the Iditarod district also used
cold water for thawing. -

Details of the processes used at all these plants are not at hand,
but at the plant of the Alaska Mines Corporation, Nome, the tem-
perature of the water used for thawing was about 55° F. Tt left the
frozen ground at a temperature of about 34° or 35° F. After the
ground is thawed the temperature of the water as it leaves is prac-
tically the same as that at which it-enters. The maximum thick-
'ness of gravels thawed in 1919 was 42 feet, with as much as 20 feet
of clayey material. It was stated that no trouble from unthawed
blocks was experienced throughout the summer in the dredging
operations. Points were spaced 10 feet on centers and left in for 7
days, and a pressure of 25 pounds was maintained by pumping. In
shallower ground, 7 to 10 feet deep, at Council, where ditch water
was used, points spaced 5 feet on centers were left in 48 hours.

GOLD.

Placer gold is recovered on Seward Peninsula by dredging, by
underground mining, and by open-cut work including shoveling in,
the use of the hydraulic giant for stripping and mining, the use of the
hydraulic lift, and the use of the open hydraulic lift on the Ruble
elevator. In addition to the plants engaged in producing gold, a
number were doing preparatory work, such as the construction of
ditches and the stripping of barren surface material from the aurifer-
ous gravels to be mined later, and in prospecting. The prospecting
was mainly in the nature of proving ground already held, rather than

* Catheart, 8, H., Mining in northwestern Alasks: U. 8, Geol, Survey Bull, 713, pp, 190-194, 1920,
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a sbarch for new deposits. In general, relatively little new develop-
ment of unproved ground was attempted, mainly on account of legis-
lation permitting the holding of title to claims without the doing of

assessment work. :
DREDGING OPERATIONS.

During the summer of 1919 a total of 22 gold dredges were in
operation for varying periods, as compared with 21 in 1918, They
were distributed as follows: Nome district, 7; Council district, 8;
Solomon district, 4; Kougarok, Fairhaven, and Port Clarence dis-
tricts, 1 each. A number of other dredges were idle for various
reasons, chiefly on account of recomstruction or moving to other
localities. Some were idle, however, while additional areas were
being proved or prepared for dredging. In the Nome district .the
Alaska Mines Corporation operated one dredge on Flat Creek, but the
other dredges of this company were idle, though some were under-
going repairs and reconstruction. James Bellevue was rebuilding a
dredge on Dry Creek. The Bangor and Hastings Creek dredges,
operated in 1918, were idle in 1919. Included in the list of dredges
in the Nome district is that operated by William Rowe on Snake
River, primarily for the purpose of deepening the channel of the
river as a part of the Nome harbor project; but the dredge was also
operated to save the gold content of the gravels handled.

In the Council district the Crooked Creek and Melsing Creek
dredges were again working. The Moody Mining Co.’s dredge was
idle, but the company expects to operate this dredge in 1920.
Changes contemplated for 1920 include moving the Elkhorn dredge,
(G. & O. Dredging Co.) to Warm Creek and the Camp Creek dredge
of the Uplift Mining Co. to Golofnin.

At Solomon four dredges were operating, as compared with five
in 1918, the Scott & Newburg dredge being idle. One of the Kimball
dredges was dismantled for shipment to Kuskokwim River. This
dredge was in Seattle late in 1918, awaiting transportation.

During the summer of 1918 the Kelliher dredge in the Kougarok
was idle, the owners being engaged in stripping ground for future
operations. In the Port Clarence district, neither the Dobson dredge
nor that of the Alaska American Gold Mining Co. (Bernard dredge)
has worked regularly since 1917. During the summer of 1919 pros-
pecting was being done by the owners of the Dobson dredge, with a
view to the resumption of operations. A dredge reported to have
been brought from Serpentine River was being reconstructed on
Sunset Creek, near Teller, and is said to have been operated for a
short time late in September and early in October. In the Fairhaven
precinct only one dredge was operating, that on Candle Creek. Low
water in the spring again prevented the movement of the Iver
Johnson dredge from the Kugruk to Candle Creek. The dredge on
the Inmachuk was idle also.
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It is reported that on Bonanza Creek, a tributary of Ungalik River,
at the base of Seward Peninsula, dredging ground was purchased
and some development work was done upon it.

The fol]owmg is a list of gold dredges operating in 1919 on SaWard
Peninsula, in addition to which two tin dredges were also working
in the Port Clarence precinct: .

NOME DISTRICT.

Dexter Creek Dredging Co....................... Dexter Creek
Arctic Creek dredge........cccovinininnnrnnnnann Arctic Creek
Center Creek Dredging Co................coooo... Snake River
WL BOWe. o sosaaen v s PSR U S e Snake River.
Guinan & Ames. ..........covviinirinrnncnnanannn Glacier Creek.
Julien Mining Co. . ... Osborn Creek.
Alaska Mines Corporation. . .......covvivnrnannen Flat Creek
COUNCIL DISTRICT
Fernegal & Hanson dredge.......c.ccvveeeenan... Crooked Creek.
Wild Goose Mining & Trading Co................ Ophir Creek.
Blue Goose Mining Co.....ccvvvuieunenrnennnnnn. Ophir Creek.
Northern Light Mining Co.........cocoiuiinaan.n. Ophir Creek.
G. & O. dredge (formerly Elkhorn dredge}. . . ....Niukluk River
Uplift Mining Co...oooo ool Niukluk River.
Flume Gold Dredging Co.................co..... Melsing Creek.
Adame & Wik...ooooennii e Goose Creek
SOLOMON DISTRICT
Eekimo Dredging Co........coooiaimieinaiaan.. Solomon River.
Shovel Creek Gold Dredging Co........ccoeunnn.. Solomon River
Flowerdredge............oovvuiiiminrniiinnnnnen Solomon River
Burners, Iverson & Johnson dredge............... Big Hurrah Creek
KOUGAROK DISTRICT
Behring Dredging Co..........oooevneiiiaaa... Kougarok River.
FAIRHAVEN DISTRICT.
Candle Creek Mining Co........covuvuiuinnnnnnn. Candle Creek.
PORT CLARENCE DISTRICT.
D ADITGE e s mmme s pvmns s innn s S n s s aden Sunset Creek

Most of the dredges use distillate for fuel, though some are using
crude oil. A number of dredges are equipped with internal-combus-
tion engines, and a few have been equipped for electric operation,
including the Wild Goose dredge at Council, which obtains hydro-
electric power generated by ditch water, and the Flat Creek dredge
at Nome, which obtains its power from a ateum-drlven turbo-ganera.tor
fired with fuel oil.

During the summer of 1919 a representative of the company that .
is planning to develop hydroelectric power from a plant in the
Kigluaik Mountains was in Nome making a survey of potential power
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users on Seward Peninsula. Should it prove feasible to develop
power from this source, at a reasonable cost, the plant should solve
the often difficult problem of fuel for the dredges of the Nome,
Council, and Solomon districts and should prove a potent factor in
the dredgmg of the large areas of low-grade auriferous gravels in the
wcmlty of Nome.

It is estimated that the 22 gold dredges on Seward Peninsula in
1919 employed 183 men and had a gold yield of $450,000, compared
with a yield of $469,000 by 21 dredges in 1918,

UNDERGROUND MINING.

There was a very notable decrease in both underground and open-
cut mining on Seward Peninsula during 1917 and 1918, and this
decrease continued in 1919. It is to be attributed to a number of
causes. The high-grade placers, which can be mined profitably by
small-scale operations, are gradually approaching exhaustion. Those
that are not exhausted are being consolidated into larger holdings,
to be mined more economically by larger operations extending over
a period of years. The increased cost of practically all supplies,
of transportation, and to a lesser extent of labor have made unprofit-
able the mining of much ground which could formerly have been
worked at a profit. The higher wages paid in the manufacturing
industries in the Western States for the labor formerly employed,
much of it skilled or semiskilled, have attracted and held many of
those formerly angaged in mining, so that there is an actual shortage
of labor for the mining industry. As a result there are fewer men
engaged in the search for and development of new deposits during
those seasons of the year when relatively little mining is being done.

In 1919 about 17 deep placer mines were worked in Seward Penin-
sula. It is estimated that 10 mines were worked during the winter
and 7 in the summer, employing about 78 men. The operations
so far as known were distributed as indicated in the following list:

Deep placer gold mines worked on Seward Peninsula, 1919.

Number | Men em-
of mines. | ployed.

T (RO . .. o dhahiiiiir b R R AR S R R e b SRy 1 10
Falrhaven distriot......coueeeenurerensessennsnmesssnnasssnsessannssssarssssscsssannn 7 3
T R R AR N T S G e S S i B 8 40

17 7

By far the largest part of the production from the deep placer
mines was made during the winter, and operations of this type were
relatively less productive in the summer of 1919; moreover, there
were fewer mines in operation.
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OPEN-CUT WORK.

In the summer of 1919, 74 open-cut mines, including 24 hydraulic
plants, were operated, employing an approximate total of 332 men.
Operations were distributed by districts as follows:

Open-cut gold placer mines on Seward Peninsula, 1919,

Other
Hydraulic Men em-
Dlaats, | SBeBEU | ployed.

8 140
1’ 13
1 21
18 42
10 81
i 1
5 2
50 32

Included in the list of hydraulic operations are the plants using
Ruble elevators on Bear Creek and at Candle, in the Fairhaven dis-
trict. Two plants in the Nome district and one on Inmachuk River
used hydraulic lifts. Under ““Other open-cut operations’’ are placed

‘three plants, two of which were engaged in the preparation of
ground for dredging and one in theconstruction of a ditch preparatory
to mining.

PRODUCTION. .

There were 91 gold placer mines and 22 gold dredges operated on

‘Seward Peninsula in 1919. Approximately 550 men were employed
in these operations, and the production is estimated at $1,400,000.

Gold and silver produced on Seward Peninsula, 1897-1919.

Gold. Bilver
Year.
Quantity (fine Quantity
e A Value. (m) Value.
725.63 $15,000 87 352
3,628 75,000 435 256
135,450.00 | 2,800,000 16,254 9,752
, 781 4, 750, 000 27,574 17,007
100,822.61 | 4,130,700 24,570 14747
, 677, 4,561, 800 26, 481 14,035
215,994.38 | 4,485,000 24,171 13,082
201,462.52 | 4,184,600 24,175 14,021
232,200.00 | 4,800,000 27, 884 16,997
852,812.50 | 7,500,000 43,537 2, 605
338 625.00 | 7,000,000 25, 407 16,828
247,680.00 | 5,120,000 20, 577 , 905
207,077.50 | 4,250,000 20, 871 10,853
160,312.50 | 3,500,000 20,317 , 971
140,962.50 [ 3,100,000 17,996 9,718
145, 125, 00 s,uoo,% 17,415 10,710
120,037.50 | 2,500, 12,004 7,305
130,812.50 | 2,700,000 15,673 8,667
140,287.50 | 2,800, 000 17,510 8,878
142,708.25 | 2,950,000 14,271 9,391
125,775.00 | 2,600,000 13,770 11,318
B3,509.50 | 1,108,000 8,022 6,022
85,700.00 | 1,360,000 6,040 7,773
3,830,044.83 | 79,360,100 | 424,110 268,081
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TIN.

The dredges of the American Tin Mining Co. and the York Tin
Dredging Co. were both in operation in 1919, the American on Buck
Creek and the York on Grouse Creek. Three men were engaged in
shoveling into sluice boxes on Buck Creek above the dredge. A total
of 25 men were engaged in tin mining, and the production was about
56 tons.

In addition to the recovery in the York region a few hundred
pounds of tin concentrates were saved in connection with gold
mining on Humboldt Creek, a tributary of Goodhope River. These
concentrates were not shipped in 1919,

PLATINUM.

In 1919, as in previous years, platinum was recovered with the
gold on Bear, Dime, and Sweepstakes creeks at the base of Seward
Peninsula. The production was probably about 20 ounces.

LODE MINING.

There was relatively little lode mining on Seward Peninsula in
1919, Assessment work was done on a few properties, and title to
other claims, on which no assessment work was done, was main-
tained by the filing of the necessary affidavits.

GOLD.

One gold lode mine near Bluff is said to have operated during the
winter, and the ore mined was milled during the summer by means of
water power.

TIN.

A crew of about 12 men is reported to have worked at the tin mine
on Lost River during the winter of 1918-19, and about 25 men during
the summer. The winter work consisted mainly of retimbering,
enlargement of drifts and shafts, and deepening of shafts. A number
of buildings were erected, and a compressor plant was installed to
furnish air for drills and for ventilation. A large warehouse was also
built on the beach at the mouth of the river. A considerable ship-
ment of mining machinery and supplies for this property was unloaded
at the mouth of Lost River from the freighter Cordova in October,
1919. - o

The silver-lead prospect on Kugruk River near Independence
Creek was further developed during 1919, a crew of 6 to 14 men
'w0rking throughout the year. The work appears to have consisted
mainly in sinking the shaft. Data regarding the amount of lateral
development are not at hand. A considerable amount of ore has
been mined during the development work but has not been shipped



MINING ON SEWARD PENINSULA. 237

.ewing to difficulties of transportation. An effort is said to have been
made to get a shipment of ore down the Kugruk in small scows.

Low water during the spring when a high stage was expected pre-
" vented these boats from getting down the river.. Additional develop-
ment work was to be done during the winter of 1919-20.

The principal difficulty in operating this property seems to lie in
the transportation of supplies to the mine and of the ore from the
mine. The experience in 1919 indicates that shipments of ore down
the river will probably not prove feasible, and it will doubtless be
necessary to haul the ore to Candle or Deering. The Candle road has
been constructed from Candle as far up Candle Creek as claim No.
16, and it will probably prove most economical to extend this road to
the mine rather than to build all the way to Deering. An aerial
tram may prove more economical than road haulage, should it be
found that a large tonnage will have to be handled. The possibility of
developing power for the operation of the tram from the coal found
on the Kugruk may make this method of haulage the most
economical,

COAL.

Coal has been obtained for a number of years from the Kugruk
coal beds, having been mined on Chicago Creek and on the Kugruk
between Reindeer and Montana creeks. This coal is used extensively
in Candle and Deering at times when the supply from British Columbia
or Washington is insufficient for heating and generating power for

Applications for permits to mine coal for two years at these two
localities were made and permits granted during September, 1919. It
is the intention of the operators to mine coal for the local use of
Candle and Deering and for use at the silver-lead mine on the Kugruk.
Most of the product of these mines will be hauled in winter.

A permit was also issued in September, 1919, to mine coal on the
Koyuk 1} miles from its mouth, presumably for use on Dime Creek.

In 1918 three permits to mine coal on Unalaklik River for two
years were issued, and some coal was hauled by small vessels to Nome
and St. Michael, but none was reported for 1919.

OIL DRILLING.

Additional drilling has been done near Hastings Creek in the
endeavor to find oil, a hole 350 feet in depth being reported. As
indicated by Catheart,? the drilling is being done in an area of meta-~
morphic and igneous rocks—formations which contain no oil—and the
hopes of obtaining oil in this locality are ill founded

# Catheart, 8. H., Mining in northwestern Alasks: U, 8, Geol. Burvey Bull. 712, p. 197, 1920,
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The Alaskan mining industry in 1917, by G. C. Martin. In *Bulletin 692, 1618,
pp. 11-42.

The Alaskan mining industry in 1918, by G. C. Martin, InBulhﬁn'?lﬂ 1919,
pp. 11-52. )

The Alaskan mining industry in 1919, by A. H, Brooks and G. C. Martin, In Bulle-

! tin 714, 1921, pp. 59-05. '
Railway routes, by A, H. Brooks. In Bulletin 284, 1906, pp. 10-17. .

Railway routes from the Pacific seaboard to Fairbanks, Alaska, by A. H. Brooks.
In Bulletin 520, 1912, pp. 45-88.

*Geologic features of Alaskan metalliferous lodes, by A. H. Brooks. In Bulletin
480, 1011, pp. 43-93. 40 cents.

*The mineral deposits of Alaska, by A, H. Brooks. In Bulletin 592, 1914, Pp. 1844,
60 cents.

*The future of gold-placer mining in Alaska, by A. H. Brooks. InBulletlnm
1915, pp. 69-79. 30 cents, .

*Tin resources of Alagks, by F. L. Hess. In Bulletin 520, 1012, pp. 89-92, 50 cents.

*The petroleum fields oi the Pacific coast of Alaska, with an account of the Bering
River coal deposits, by G. O. Martin, Bulletin 250, 1905, 64 pp. 15 cents,

Alaska coal and its utilization, by A. H. Brooks. Bulletin 442-J, reprinted 1014.

*The possible use of peat fuel in Alsska, by C. A. Davis, In Bulletin 379, 1009,
pp. 63—66. 50 centa.

*The preparation and use of peat as a fuel, by C. A. Davis. In Bulletin 442, 1910,

pp. 101-132, 40 cents.

*Methods and costs of gravel and placer mining in Alaska, by C. W. Purington.
Bulletin 263, 1905, 362 pp. No copies available. (Abstract in Bulletin 259, 1905,
pp 32—48 15 cenh)

and mining gold placers in Alaska, by J. P. Hutchins, In Bulletin
345, 1908, pp. 54-77. 45 cents.
*Geographic dictionary of Alsska, by Marcus Baker; second edition prepamd by
James McCormick. Bulletin 269, 1906, 690 pp. 50 cents.
Tin mining in Alsska, by H. M. Eakin. In Bulletin 622, 1915, pp. 81-94.
" Antimony deposits of Alaska, by A. H. Brooks. Bulletin 649, 1916, 67 pp.

The use of the panoramic camera in topographic surveying, by J. W. Bagley. Bul
letin 857, 1917, 88 pp. '

The mineral springs of Alaska, by G. A. Waring. Water-Supply Paper 418, 1917,
114 pp.

Alaska’s mineral supphee by A. H. Brooks, Bulletin 666-P, 14 pp.

The future of Alaska mining, by A, H. Brooks. In Bulletin 714, 1921, Pp. 5-57.

In preparation.
' Preliminary report on petroleum in Alaska, by G. C. Martin,
' Lt TOPOGRAPHIC MAPS,
Map of Alsska (A); scale 1 : 5,000,000; 1912, by A. H. Brooks. 20 cents retail or 12
cents wholesale.
Map of Alaska (B); scale 1:1,500,000; 1915, by A. H. Brooks and R. H. Sargent.

80 cents retail or 48 cents wholesale.

Map of Alaska (C); scale 1 : 12,000,000; 1916. 1 cent retail or five for 3 oanta whole-
sale.

Map of Alaska showing distribution of mineral deposits; scale 1 : 5,000 000 by A. H.
Brooks. 20 cents retail or 12 cents wholesale. New editions included in Bulletma
642 and 662. ) )

Index map of Aldska, including list of publications; scale 1 : 5,000,000; by A. H,
Brooks. Free. .
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BOUTHEASTERN ALASKA.

REPORTS.

'The?a’cupma placar district, Alasks, by C. W. Wright. Bulletin 238, 1904, 35 pp.
15 centa.

*Economic davelopmonu in southeastern Alaska, by F. E. and C. W. Wright. In
Bulletin 259, 1905, pp.-47-68. 15 centa.

*The Juneau gold belt, Alaska, by A. C. Spencer, pp. 1-137, and A reconnaissance
of Admiralty Island, Alaska, by C. W. Wright, pp. 138-154. Bulletin 287, 1906,
161 pp. 75 cents.

Lode mining in southeastern Alaska, by F. E. and C. W. Wright. In Bulletin 284,
1906, pp. 30-53. .
Nonmetallic deposits of southeastern Alaska, by C. W. Wright, In Bulletin 284,

1806, pp. 54-60.

*Lode mi.n:l.l:lg in southeastern Alaska, by C. W. Wright. In Bulletin 314, 1907,
PpP. 47-72. 30 cents.

*Nonmetalliferous mineral resources of southeastern Alaska, by C. W. Wright. In
Bulletin 314, 1917, pp. 73-81. 30 cents.

*Reconnaissance on the Pacific coast from Yakutat to Alsek River, by Eliot Black
welder. In Bulletin 314, 1907, pp. 82-88. 30 cents.

*Lode mining in southeastern Alaska, 1007, by C. W. Wright. In Bulletin 345,
1908, pp. 78-97. 45 cents.

*The building stones and materials of southeastern Alauh by C. W. Wright. In

. Bulletin 345, 1908, pp. 116-126. 45 centa.

*The Ketchikan and Wrangell mining districts, Alaska, by F. E. and 0. W. Wright.
Bulletin 347, 1908, 210 pp. 60 centa.

*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, 1900, 186 pp.
50 cents.

*Mining in southeastern Alaska, by C. W. Wright. In Bulletin 379, 1009, pp. 67-86,
50 centa. .

#Mining in southeastern Alaska, by Adolph Knopf. In Bulletin 442, 1910, pp.
133-143. 40 cents.

*Qccurrence of iron ore near Haines, by Adolph Knopf. In Bulletin 442, 1910,
Pp- 144-146. - 40 cents.

*Report of water-power reconnaissance in southeastern Alaska, by J. C. Hoyt. In
Bulletin 442, 1910, pp. 147-157. 40 cents,

Geology of the Berners Bay region, Alaska, by Adolph Knopf. Bulletin 446, 1911,
58 pp.

Mining in southeastern Alaska, by Adolph Knopf. In Bulletin 480, 1911, pp. 94-102.

The Eagle River region, by Adolph Knopf. In Bulletin 480, 1911, pp. 103-111.

The Eagle River region, southeastern Alaska, by Adolph Knopf. Bulletin 502,
1912, 61 pp.

The Sitka mining district, Alaska, by Adolph Knopf. Bulletin 504, 1912, 32 pp.

The earthquakes at Yakutat Bay, Alaska, in September, 1899, by R. 8. Tarr and
Lawrence Martin, with a preface by G. K. Gilbert. Professional Paper 69, 1912,
136 pp.

Marble resources of Ketchikan and Wrangell districts, by E. F. Burchard. In Bul-
letin 542, 1913, pp. 52-77.

Marble resources of the Juneau, Skagway, and Sitka districts, by E. F. Burchard.
In Bulletin 592, 1914, pp. 95-107.

A barite deposit near Wrangell, by E. F. Burchard. In Bulletin 502, 1914, pp.
109-117.
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*Lode mining in the Ketchikan district, by P. 8. Smith. In Bulletin 592, 1914,
Pp. 75-94. 60 cents, y

The geology and ore deposits of Copper Mountain and Kassan Peninsula, Alaska,
by C. W. Wright. Professional Paper 87, 1915, 110 pp.

Mining in the Juneau region, by H. M, Eakin. In Bulletin 622, 1915 Pp. 95-102.

Notes on the geology of Gravina Island, Alaska, by P. B, Slnit.h In Professional
Paper 95, 1016, pp. 97-105,

Mining in southeastern Alaska, by Theodore Chapin. In Bulletin 642, 1916, pp.
73-104.

Water-power investigations in southeastern Alaska, by G. H. Canfield. In Bulletin
842, 1916, pp. 105-127,

Mining developmenta in the Ketchikan and Wrangell districts, by Theodore Chapin.
In Bulletin 662, 1917, pp. 63-75. :

Lode mining in the Juneau gold belt, by H. M. Eakin. Ih Bulletin 662, 1§17, pp.
71-92,

Gold-placer mining 'in the Porcupine district, by H. M. Eakin. In Bullehn 662,
1917, pp. 93-100.

Water-power investigations in southeastern Alaska, by G. H. Canfield. In Bul-
letin 662, 1917, pp. 101-154.

*Water-power investigations in southeastern Alaska, by G. H. Canfield. In Bul-
letin 692, 1919, pp. 43-83. 50 cents.

The structure and stratigraphy of Gravina and Revillagigedo islands, Alaska, by
Theodore Chapin. In Professional Paper 120, 1918, pp. 83-100.

*Mining developments in the Ketchikan mining district, by Theodore Chapin.
In Bulletin 692, 1919, pp. 85-89. 50 cents.

*The geology and mineral resources ofthawastomtdchchagofhlmd by R. M.

“ Overbeck. In Bulletin 692, 1919, pp. 91-136. 50 cents.

The Porcupine distriet, by H. M. Eakin. Bulletin 699, 1919. 29 pp.

*Water-power investigations in southeastern Alaska, by G. H. Canfield. In Bulle-
tin 712, 1920, pp. 53-90.

Lode mining in the Juneau and Ketchikan districts, by J. B. Mertie, jr. In Bulle-
tin 714, 1921, pp. 105-128,

. Notes on the Unuk-S8almon River region, by J, B. Mertie, jr. In Bulletin 714, 1921,
pp. 120-142.

Water-power investigations in southeastern Alasks, by G. H. Canfield.’ In Bulletin

714, 1921, pp. 143-187.
In preparation.

Marble deposits of southeastern Alasks, by E. F. Burchard. Bulletin 682.

The Juneau district, by A. C. Spencer and H. M. Eakin.

Geology of the Glacier Bay and Lituya region, Alaska, by F. E. and C. W. Wright.
The Ketchikan district, Alaska, by Theodore Chapin.

TOPOGRAPHIC MAPS.

*Juneau gold belt, Alaska; scale, 1:250,000; compiled. In *Bulletin 287. 75
cents. Not issued separately.

Junesu special (No. 581A); scale, 1 : 62,500; by W. J. Peters. 10 cents retail or 6
cents wholesale.

Berners Bay special (No. 581B); scale, 1 : 62,500; by R. B. Oliver. 10 cents retail
or 6 cents wholeeale.

Rasaan Peninsula, Prince of Wales Ialand (No. 540A); secale, 1 : 62,500; by D. C.
Witherspoon, R. H. Sargent, and J. W, Bagley. 10 cents retail or ‘6 cents whole-
eale. Also contained in Professional Paper 87,
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Copper Mountain and vicinity, Prince of Wales Island (No. 540B); scale, 1 : 62,500;
by R. H. Sargent. 10 cents retail or 6 cents wholesale. Also contained in Pro-
fesmional -‘Paper 87,

Eagle River region (No. 581C); scale, 1 : 62,500; by J. W. Bagley, C. E. Giffin, and
R. E. Johnson. In Bulletin 502. Not issued separately.

Juneau and vicinity (No. 581D); scale, 1 : 24,000; contour interval, 50 feet; by D. C.
‘Witherspoon. 10 cents.

CONTROLLER BAY, PRINCE WILLIAM BOUND, AND COPPER RIVER RE-
GIONS.

REPORTS.

*The petroleum fields of the Pacific coast of Alaska, with an account of the Bering
River coal deposits, by G. C. Martin. Bulletin 250, 1905, 64 pp. 15 cents,

*Geology of the central Copper River region, Alaska, by W. C. Mendenhall, Profes-
sional Paper 41, 1905, 133 pp. 50 cents.

*Geology and mineral resources of Controller Bay region, Alaska, by G. C, Martin,
Bulletin 335, 1908, 141 pp. No copies available. May be consulted at many public
libraries.

*Notes on copper proepects of Prince William Sound, by F. H. Moffit. In Bulletin
845, 1908, pp. 176-178. 45 centa,

Mineral resources of the Kotsina-Chitina region, by F. H. Moffit and A. G. Maddren,
Bulletin 874, 1909, 103 pp.

*Copper mining and prospecting on Prince William Sound, by U. 8. Grant and D. F,
Higgins, jr. In Bulletin 379, 1909, pp. 78-96. 50 centa.

*Gold on Prince William Sound, by U. 8. Grant. In Bulletin 379, 1909, p. 97.
50 cents.

Mining in the Kotsina-Chitina, Chistochina, and Valdez Creek regions, by F. H.
Moffit. In Bulletin 379, 1909, pp. 153-160.

Mineral resources of the Nabesna-White River district, by F. H, Moffit and Adolph
Knopf; with & section on the Quaternary, by 8. R. Cappe. Bulletin 417, 1910,
64 pp.

lﬁni::in the Chitina district, by F, H, Moffit. In Bulletin 442, 1910, pp. 158-168.

Mining and prospecting on Prince William Sound in 1909, by U. 8. Grant. In Bulle-
tin 442, 1910, pp. 164-165.

Reconnaissance of the geology and mineral resources of Prince William Sound, Alaska,
by U. 8. Grant and D, F. Higgins. Bulletin 443, 1910, 89 pp.

Geology and mineral resources of the Nizina district, Alaska, by F. H. Moffit and 8. R.-
Cappe. Bulletin 448, 1911, 111 pp.

Headwater regions of Gnl.hns and Susitna rivers, Alaska, with accounts of the Valdez
Creek and Chistochina placer districts, by F. H. Moffit. Bulletin 498, 1912, 82 pp.

- #The Chitina district, by F. H. Moffit. In Bulletin 520, 1912, pp. 105-107. 50 cents.

*Gold deposits near Valdez, by A. H. Brooks. In Bulletin 520, 1912, pp. 108-130.
50 cents.

Coastal glaciers of Prince William Sound and Kenai Peninsula, Alaska, by U. 8.
Grant and D. F. Higgins, Bulletin 526, 1913, 75 pp.

The McKinley Lake district, by Theodore Chapin. In Bulletin 542, 1913, pp.
78-80.

Mining in Chitina Valley, by F. H. Moffit. In Bulletin 542, 1913, pp. 81-85.

Mineral deposits of the Ellamar district, by 8. R. Cappe and B. L. Johnson. In Bul-
letin 542, 1913, pp. 86-124,

The mineral deposits of the Yakataga region, by A. G. Maddrén., In Bulletin 592,
1914, pp. 119-154. ;
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*Preliminary report on water power of south-central Alaska, by O. E. El]wm-thend
R. W. Davenport. ' In Bulletin 582, 1914, pp. 165-194. i ;

The Port Wells gold-lode district, by B. L. Johnson. In Bulietin 592, 1914, pp.
195-286.

Mining on Prince Wi.llm.m Sound, by B. L. Johnson. In Bulletin 592 ]914 PP
237-244,

Geology of the Hanagita-Bremner region, by F. H. Moffit. Bulletin 576, 1915 56 pp.

The geology and mineral resources of Kenai Peninsula, by G. C. Martin, B, L. Iahmon

- and U. 8. Grant. Bulletin 587, 1915, 243 pp.

Mineral resources of the Cthhlfﬁ River district, Alaska, by 8. R. Capps. In
Bulletin 622, 1915, pp. 189-228,

Mineral depogita of the Kotsina-Kuskulana district, with notes on mining in Chitina
Valley, by F. H. Moffit. In Bulletin 622, 1915, pp. 103-117.

Auriferous gravels of the Nelchina-Susitna region, by Theodore Chapin. In Bulletin
622, 1915, pp. 118-130.

M.mmg on Prmce William Sound, by B. L. Johnson. In Bulletin 622, 1915. PP,
131-139.

The gold and copper deposits of the Port Valdez district, by B. L. Johneon. In Bul-
letin 622, 1915, pp. 140-188,

The Ellamar distriet, by S. R. Capps and B. L. Johnson. Bulletin 605, 125 pp.

A water-power reconnaissance in south-central Alaska, by C. E. Elhwﬂ.h and R. W
Davenport. Water-Supply Paper 372, 173 pp.

Mineral resources of the upper Chitina Valley, by ¥. H. Moffit. In Bulletin 642, 1916,

pp. 120-136.

Mining on Prince William Sound, by B. L. Johnson, In Bulletin 642 ms, PD.
137-+145.

Mining in the lower Copper River basin, by F. H. Moffit. In Bulletin 662, 191'!, PP.
155-182.
Retreat of Barry Glacier, Port Wells, Prince William Sound, Alasks, between 1910
and 1914, by B. L. Johnson. In Professional Paper 98, 1918, pp. 35-36. -
Mining on Prince William Sound, by B. L. Johnson. In Bulletin 662, 1917, pp.
183-192.

Copper deposits of the Latouche and Knight Island districts, Prince William Sound,
by B.. L. Johnson,~ ‘In' Bulletin 662, 1917, pp. 183-220.

The Nelchina-Susitna region, by Theodore Chapin. Bulletin 668, 1918, 67 pp.

The upper Chitina Valley, by F. H. Moffit, with a description of the igneous rocks, by
R. M. Overbeck. Bulletin 675, 1918, 82 pp: '
*Platinum-bearing auriferous gravels of Chistochina River, by Theodore Chapin. In

Bulletin 692, 1919, pp. 137-141. 50 centa.
*Mining in Pnnce Wﬂham fSound, by B. L. Johnson. In Bulletin 892, 1919. pp-
143-161. 50 cents.
%The Jack Bey district and vicinity, by B. L. Johnson. In Bulletin 692, 1919 pp 3
153-173. B0 cents.
*Mining in central and northern Kenai Peninsula in 1917 by B. L. Johmon In
Bulletin 692, 1919, pp. 176-176. 50 centa,
Nickel deposits in the lower Copper River valley, by R. M. Overbeck. In Bulletin
712, 1919, pp. 91-98.
Preliminary report on the chromite of Kenai Peninsula, by A. C. Gill. In Bulletin
712, 1920, pp. 99-129.
Mining in Chitina Valley, by F. H. Moffit. In Bulletin 714, 1021, pp. 189-196.
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In preparation.

The Kotsins-Koekulana district, by F. H. Moffit.

The Latouche and Knight Island districts, Prince William Sound, Alasks, by B. L.
Johnson.

The Valdez-Jack Bay district, Prince William Sound, Alaska, by B. L. Johnson.

The Yakataga region, by A. G. Maddren.

Chromite of Kenal Peninsula, Alaska, by A. C. Gill.

TOPOGRAPHIC MAPSE.

Central Copper River region, reconnaissance map; scale, 1:250,000; by T. G. Gerdine.
In *Professional Paper 41. 50 cents. Not issued separately.

Headwater regions of Copper, Nabesna, and Chisana rivers, reconnaissance map;
scale, 1:250,000; by D. C. Witherspoon, T. G. Gerdine, and W. J. Peters. In
*Professional Paper 41. 50 cents. Not issued separately.

Controller Bay region (No. 601A); scale, 1:62,500; by E. G. Hamilton and W. R. Hill,
35 centa retail or 21 cents wholesale. Also publlahed in *Bulletin 335.

Chitina quadrangle (No. 601), reconnaissance map; scale, 1:250,000; by T. G, Gerdine,
D. C. Witherspoon, and others. 50 cents retail or 30 cents wholesale. Also pub-
lished in Bulletin 576.

Nizina district (No. 601B); scale, 1:62,5600; by D. C. Witherspoon and R. M. La
Follette. In Bulletin 448. Not issued separately.

" Headwater regions of Gulkana and Susitna rivers; scale, 1:250,000; by D. C. Wither-

spoon, J. W. Bagley, and C. E. Giffin. In Bulletin 498. Not issued separately.
Prince William Sound; scale, 1:500,000; compiled. In Bulletin 526. Not issued
separately.
Port Valdez district (No. 602B); scale, 1:62,600; by J. W. Bagley. 20 cents retdil or
12 cents wholesale.

' The Bering River coal fields; scale, 1:62,600; by G. C. Martin. 25 cents retail or 15

centa wholesale.

The Ellamar district (No. 802D); scale, 1:62,600; by R. H. Sargent nnd C.E, G:.ﬂin
Published in Bulletin 605. Not issued separately.

Nelchina-Susitns region; scale, 1:250,000; by . W. Bagley, T. G. Gerdine, and others.
In Bulletin 668. Not issued separately.

Upper Chitina Valley, reconnaissance map; scale, 1:250,000; contour interval, 200
feet; by International Boundary Commission, F. H. Moffit, D. C. Witherspoon,
and T. G. Gerdine. In Bulletin 675. Not issued separately.

In preparation.

The Kotains-Kuskulana district (No. 601C); scale, 1:62,500; by D. C. Witherspoon.
The Port Wells region; scale, 1:250,000; by J. W. Bagley.
Jack Bay district; scale, 1:62,5600; by J. W. Bagley.

COOK INLET AND SUSITNA REGION.
REPORTS.

*The petroleum fields of the Pacific coast of Alaska, with an account of the Bering
River coal deposits, by G. C. Martin. Bulletin 250, 64 pp. 15 centa.

*Gold placers of Turnagain Arm, Cook Inlet, by F. H. Moffit. In Bulletin 259, 1905,
Pp- 90-99. 15 cents. ' '

*Mineral resources of the- Kenai Peninsula, Alasks, by F. H. Moffit and R. W. Stone.
Bulletin 277, 1906, 80 pp. 25 cents.

*Reconnaissance in the Matanuska and Talkeetna basins, Alaska, with notes on the
placers of the adjacent region, by Sidney Page and Adolph Knopf. In Bulletin
314, 1907, pp.104-125. 30 cents.
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*Gold placers of the Mulchatna, by F. J. Katz. In Bulletin 442, 1810, pp. 201-202.
40 cents,

*Geologic reconnaissance in the Matanuska and Talkeotns basins, Alasks, by Sidney
Paige and Adolph Knopf. Bulletin 327, 1907, 71 pp. 25 centa. -

*The Mount McKinley region, Alaska, by A. H. Brooks, with description of the
igneous rocks and of the Bonnifield and Kantishna districts, by L. M. Prindle.
Profeesional Paper 70, 1911, 234 pp. 70 centa.

*A geologic reconnaissance of the Iliamna region, Alaska, by G. C. Martinand F. J.

* Kats. Bulletip 485, 1912, 138 pp. 35 centa.

Geology and coal fields of the lower Matanuska Valley, Alaska, by G. C. Martin and
F. J. Katz. Bulletin 500, 1912, 98 pp.

The Yentna district, Alaska, by S. R. Capps. Bulletin 534, 19183, 75 pp.

Gold lodes and placers of the Willow Creek district, by 8. R. Cappe. In Bulletin 592,
1914, pp. 246-272.

Minen.l 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 F. H. Moffit. In Bulletin 592, 1914,
pp. 301-3086, !

Mining in the Valdes Creek placer district, by F. H. Moffit. In Bulletin 592, 1914,
pp. 307-308.

The geology and mineral resources of Kenai Peninsula, Alasks, by G. C. Martin, B. L.
Johnson, and U. 8. Grant. Bullétin 587, 1915, 243 pp.

The Willow Creek district, by 8. R. Capps. Bulletin 607, 1915, 86 pp.

The Broad Pass region, by F. H. Moffit and J. E. Pogue. Bulletin 608, 1915, 80 pp.

Auriferous gravels of the Nelchina-Susitna region, by Theodore Chapin. In Bulletin
6§22, 1915, pp. 118-130.

The Turnagain-Knik region, by 8. R. Capps. In Bulletin 642, 1916, pp. 147-194.

Gold mining in the Willow Creek district, by 8. R. Capps. In Bulletin 642, 1916,
pp. 195-200.

The Nelchins-Susitna region, by Theodore Ghspm Bulletin 668, 1918, 67. pp-

*Mjneral resources of the upper Chulitna region, by 8. R Capps. In Bulletin 692,
1919, pp. 207-232. 50 cents.

'Gold-lode mining in the Willow Creek district, by 8. R. Capps. In Bulletin 692,
1919, pp. 177-186. 50 cents.

*Mineral resources of the western Talkectna Mountains, by 8. R. Capps. In Bulletin
692, 1019, pp. 187-205. 50 cents.

*Platinum-bearing gold placers of Kahiltna Valley, by J. B. Mertie, jr. In Bulletin
692, 1919, pp. 233-264. 50 cents.

‘C;:gomite deposits of Alaska, by J. B. Mertie, jr. In Bulletin 692, 1919, pp. 265-267.

centa. '

"*Geologic problems at the Matanuska coal mines, by G. 0. Martin. In Bulletin 692,

1919, pp. 260-282. 50 cents.

Preliminary report on chromite of Kenai Peninsula, by A. C. Gill. In Bulletin 712,
1920, pp. 99-128,

Mining in the Matanuska coal field and the Willow Creek district, by Theodore Chapin.
In Bulletin 712, 1920, pp. 181-176.

Mining developmenta in the Matanuska coal fields, by Theodore €hapin. In Bulle-
tin 714, 1921, pp. 197-199.

Lode developments in the Willow Creek district, by Theodore Chapin. In Bulletin

714, 1921, pp. 20-208. .
In preparation.

The geology of upper Matanuska basin, by G. C. Martin.
The western Talkeetna Mountains, Alaska, by 8. R. Cappe.
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. Chromite of Kenai Peninsula, Alasksa, by A. C. Gill.
The Seward-Fairbanks route, by S. R. Capps.

' TOPOGRAPHIC MAPS,

Kenai Peninsula, southern portion; scale, 1: 500,000; compiled. In Bulletin 526,
Not issued separately.

Matanusks and Talkeetna region, reconnaissance map; scale, 1:250,000; by T. G.
Gerdine and R. H. Sargent. In *Bulletin 327. 25 cents. Not issued separately.

Lower Matanuska Valley; scale, 1:62,5600; by R. H. Bargent. In Bulleti:n 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. Reaburn.
In *Professional Paper 70. 70 cents, Not issued separately.

Kenai Peninsula, reconnaissance. map; scale, 1:250,000; by R. H. Bargent, J. W.
Bagley, and others. In Bulletin 587, Not issued separately.

Moose Pass and vicinity (602C); scale, 1: 62,500; by J. W. Bagley. In Bulletin 587,
Not issued separately.

The Willow Creek district; scale, 1: 62,500; by C. E. Giffin. In Bulletin 607. Not
jssued separately.

The Broad Pass region; scale, 1:250,000; by J. W. Bagley. In Bulletin 608. Not
issued separately.

Lower Matanuska Valley (602A); scale, 1: 62,500; contour interval, 50 feet; by R. H.
Bargent. 10 cents.

Nelchins-Susitna region; scale, 1: 250,000; by J. W. Bagley. In Bulletin 668. Not
issued separately. _

In preparation.
The Beward-Fairbanks route; compiled; scale, 1 : 250,000,

SOUTHWESTERN ALASKA.
REPORTS.

*A reconnaissance in southwestern Alaska, by J. E. S8purr. In Twentieth Annual
Repurt pt. 7, 1900, pp. 31-264. $1.80.

#*Gold mine on Unalaska Island, by A. J. Collier. In Bulletin 259, 1905, pp. 102-103,
15 centa.

*The petroleum fields of the Pacific coast of Alaska, with an account of the Bering
River coal deposits, by G. O. Martin, Bulletin 250, 1905, 64 pp. 15 cents.

#Geology and mineral resources of parts of Alaska Peninsula, by W. W. Atwood.
Bulletin 467 ,1911, 137 pp. 40 centa,

Agmlmcracounmnceofthelﬁmmmgmn, Alaska, byG 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.

The Lake Clark-Central Kuskokwim region, by P. 8. Smith, Bulletin 655, 1918
162 pp.

*Beach placers of Kodink Island, Alaska, by A. G. Maddren. In Bulletin 692,
1919, pp. 209-319. 50 cents,

*Sulphur on Unalaska and Akun islands and near Stepovak Bay, Alsska, by A. G.
Maddren. In Bulletin 692, 1919, pp. 283-298, 50 cents.
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TOPOGRAPHIC MAPS.

Herendeen Bay and Unga Island region, reconnaissance map; scale, 1: 250,000; by
H. M. Eakin. In *Bulletin 467. 40 cents, Notissued separately.

Chignik Bay region, reconnaissance map; scale, 1:250,000; by H. M. Eakin. In
*Bulletin 467. 40 cents. Not issued separately.

Iliamna region, recopnaissance map; scale, 1:250,000; by D. C. Witherspoon and
O.E. 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.

Yake Clark-Central Kuskokwim region, reconnaissance map; scale, 1:250,000; by
R. H. Bargent, D. C. Witherspoon, and C. E. Giffin. In Bulletin 855. Not issued
separately.

TUEON AND EUSKOEKWIM BABINS.

. REPORTS.

*The coal resources of the Yukon, Alaska, by A. J. Collier. Bulletin 218, 19083,
71 pp. 15 cents,

*Occurrence of gold in the Yukon-Tanana region, by L. M. Pdndlo In Bulletin
345, 1808, pp. 170-186. 45 centa,

The Fortymile quadrangle, Yukon-Tanana region, Alaska, by L. M. Prindle.
Bulletin 375, 1909, 52 pp.

Water-supply investigations in Yukon-Tanana region, Alaska, 1907-8 gFurbmh,
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 Kuskokyim
Valley and the Ruby Creek and Gold Hill placers, by A. G. Maddren. Bulletin
410, 1910, 87 pp. _

Mineral resources of Nabesna-White River district, by F. H. Moffit and Adolph’
Knopf, with a section on the Quaternary by 8. R. Cappe. Bulletin 417, 1910,
64 pp.

*Placer mining in the Yukon-Tanana region, by C. E. Ellsworth, In Bulletin 442,
1910, pp. 280-245. 40 centa.

*Qccurrence of wolframite and cassiterite in the gold placers of Deadwood Creek,
Birch Creek district, by B. L. Johnson. In Bulletin 442, 1910, pp. 246-250. 40
centa. )

Placer mining in the Yukon-Tanana region, by C. E. Ellsworth and G. L. Parker.
In Bulletin 480, 1911, pp. 158-172.

Gold-placer mining developments in the Innoko-Iditarod region, by A. G. Maddren,
In Bulletin 4,&0, 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. .

Placermmjnginthe Fairbanks and Circle districts, by C. E. Ellsworth. In *Bulletin
520, 1912, pp. 240-245. 50 cents.

Gold placem between Woodchopper and Fourth of July creeks, upper Yukon River,
by L. M. Prindle and J. B. Mertie, jr. In *Bulletin 520, 1912, pp. 201-210. 50
cents. ' .

The Bonnifield region, Alaska, by 8. R. Capps. Bulletin 501, 1912, 182 PP-

A geologic reconnaisance of & part of the Rampart quadrangle, Ahh by H. M.
Eakin. Bulletin 535, 1913, 38 pp.

A geologic reconnaisance of the Fairbanks quadrangle, Alaska, by L. M. Prindle,
with a detailed description of the Fairbanks district, by L. M. Prindle and F. J.
Katz, and an account of lode mining near Fairbanks, by P. 8. Bmith, Bulletin
525, 1013, 220 pp.



RECENT SURVEY PUBLICATIONS ON ALASEA. e

*The' Koyukuk-Chandalar region, Alaska, by A. G. Maddren. Bulletin 532, 1918,
119 pp. 25 cents.

A geologic reconnaissance of the Circle quadrangle, Alaska, by L. M. Prindle.

. Bulletin 538, 1913, 82 pp.

Gold placers of the Innoko-Iditarod region, by H. M. Eakin, In Bulletin 542, 1913,
Pp. 203-303.

Placer mining in the Yukon-Tanana region, by C. E. Ellsworth and R. W. Daven-
port. In Bulletin 542, 1913, pp. 203-222.

The Iditarod-Ruby region, Alaska, by H. M. Eakin. Bulletin 578, 1914, 45 pp.

Placer mining in the Ruby district, by H. M. Eakin. In Bulletin 592, 1914, pp.
363-369.

Tha Chisana plnce.r district, by A. H. Brooks. In *Bulletin 592, 1914, pp. 309-320.

*Placer mining in the Yukon-Tanana region, by Theodore Chapin. In Bulletin 592,
1914, pp. 357-362. 60 cents.

*Lode developments near Fairbanks, by Theodore Chapin. In Bulletin 592, 1914,
pp. 321-355. 60 cents.

Miners] resources of the Yukon-Koyukuk region, by H. M. Eakin. In *Bulletin
592, 1914, pp. 371-384.

Surface water supply of the Yukon-Tanana region, 1907 to 1912, by C. E. Ellsworth
and R. W. Davenport. Water-Supply Paper 342, 1915, 343 pp

Mineral resources of the Chisana-White River district, by 8. R. Capps. In Bulledn
622, 1915, pp. 189-228.

Mining in the Fairbanks district, by H. M. Eakin. In Bulletin 622, 1915, pp.
220-238.

Mining in the Hot Springs district, by H. M. Eakin. In Bulletin 622, 1915, pp.
239-245.

Mineral resources of the Lake Clark-Iditarod region, by P. 8. Smith. In Bulletin
622, 1915, pp. 247-271.

chlﬂvet deposits of the Kuskokwim region, by P. 8. Smith and A, G Maddren,
Tn Bulletin 622, 1015, pp. 272-291,

Gold placers of the lower Kuskokwim, by A. G. Maddren. In Bulletin 622, 1915
Pp. 292-360.

An ancient voleanic eruption in the upper Yukon Bagin, by 8. R. Capps. Profes-
sional Paper 95, 1915, pp. 59-64.

Preliminary report on Tolovana district, by A. H. Brooks, In Bulletin 642, 1916,
Pp. 201-209.

Exploration in the Cosna-Nowitna region, by H. M. Eakin. In Bulletin 642, 1916,
pp. 211-222,

Mineral resources of the Ruby-Kuskokwim region, by J. B. Mertie, jr., and G. L.
Harrington. In Bulletin 642, 1916, pp. 228-266.

The Chisana-White River district, by 8. R. Capps. Bulletin 630, 1916, 130 pp.

The, Yukon-Koyukuk region, by H. M. Eakin. Bulletin 631, 1916, 88 pp.

Mineral resources of the Kant:mhm region, by 8. R. Capps. In Bulletin 662, 1917,
pp. 279-331,

The gold placers of the Tolovana district, by J. B. Mertie, j jr. In Bulletin 662, 1917,
pp. 221-277.

Gold placers near the Nenana coal field, by A. G. Maddren. ~ In Bulletin 662, 1917,
Pp. 363-402.

Lode mining in the Fairbanks district, by J. B. Mertie, jr. In Bulletin 662, 1917,
PP. 403424,

Lode depoeits near the Nenana coal field, by R. M. Overbeck. In Bulletin 662,
1917, pp. 351-362.

Gold placers of the Anvik-Andreafski region, by G. L. Hnmngton. In Bulletin 662,
1917, pp. 333-349.
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_The Lake Olarke-Central Kuskokwim region, by P. S. Smith. Bulletin 655, 1918

162 pp.

The Cosna-Nowitna region, by H. M. Eakin. Bulletin 667, 1918, 54 pp.

The Anvik-Andreafski region, by G. L. Harrington. Bulletin 683, 1918, 70 pp.

The Kantishna district, by 8. R. Capps. Bulletin 687, 1919, 118 pp.

The Nenana coal fields, by G. C. Martin, Bulletin 664, 1919, 54 pp.

*Mining in the Fairbanks district, by Theodore Chapin, In Bulletin 692, 1919, pp.
821-327. 50 cents. _

*A molybdenite lode on Healy River, by Theodore Chapin. In Bulletin 692, 1919,
p-329. 50 cents.

*Mining in the Hot Springs district, by Theodore Chapin. In Bulletin 692, 1919,

Pp. 331-335. 50 cents.

*Tin deposits of the Ruby district, by Theodore Chapin. In Bulletin 692, 1919,
p. 337, 50 cents,

*The gold and platinum placers of the Tolstoi district, by G. L. Hm‘ﬂngton In
Bulletin 692, 1919, pp. 338-351. 50 cents.

*Placer mining in the Tolovana district, by R. M. Overbeck. In Bulletin 712, 1919,
pp. 177-184.

Mineral resources of the Goodnews Bay region, by G. L. Harrington. In Bulletin
714, 1921, pp. 207-228,

In preparation.

The Ruby-Kuakokwim-mgion, by J. B. Mertie, jr., and G. L. Harrington.

The lower Kuskokwim reglon, by A. G. Maddren,

A geologic reconnaissance in the northern part of the Yukon-Tanana regmn, Alseka,
by Eliot B]sckwelder and R. M. Overbeck,

TOPOGRAPHIC MAPS.

Circle quadrangle (No. 641); scale, 1 : 250,000; by T. G. Gerdine, D. C. Witherspoon,
and others. 50 cents retail or 30 cents wholesale. Also in *Bulletin 295. 35 cents,

Fairbanks quadrangle (No. 642); scale, 1 : 250,000; by T. G. Gerdine, D, C. Wither-
spoon, R. B. Oliver, and J. W. Bagley. 50 cents retail or 30 cents wholesale, Also
in *Bulletin 337 (25 cents) and Bulletin 525.

Fortymile quadrangle (No. 640); scale, 1 :250,000; by E. O. Barnard. 10 cents
retail or 6 cents wholesale. Also in Bulletin 375.

Rampart quadrangle (No. 643); scale, 1 : 250,000; by D. O. Witherspoon and R. B.

 Oliver, 20 cents refail or 12 eents wholesale. Also in *Bulletin 337 (25 centa)

and part in Bulletin 535,

Fairbanks special (No..642A); scale, 1 : 62,500; by T. G. Gerdine and R. H. Sargent.

- '20 cents retail or 12 cents wholesale, Also in Bulletin 525.

Bonnifield region; scale, 1 : 250,000; by J. W. Bagley, D. C. Witherspoon, and C. E.
Giffin, In Bulletin 501. . Not issued separately.

Iditarod-Ruby region, reconnaissance map; scale, 1 : 250,000; by C. G. Anderson,
W. 8. Post, and others. In Bulletin 578. Not issued separately.

Middle Kuskokwim and lower Yukon region; scalg, 1 : 500,000; by C. G. Anderson,
W. B, Post, and others, In Bulletin 578. Notissued sepmtely.

Chisans-White River region; scale, 1 :250,000; by C. E. Giffin and D. C. Wither-
spoon. In Bulletin 630. Not issued separately.

Yukon-Koyukuk region; scale, 1 : 500,000; by H. M. Eakin. In Bulletin 631, Not
issued separately.

Cosna-Nowitna region, reconnaissance map; scale, 1 :250,000; by H. M. Eakin,
C. E, Giffin, and R. B. Oliver. In Bulletin 687. Not issued aepmmly

Lake Clark-Cenizal Kuskokwim region, reconnsissance map; scale, 1 :250,000;
by R. H. Sargent, D. C. Witherspoon, and C. E. Giffin. In Bulletin 655. Not
issued separately.
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