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INVESTIGATION OF MINERAL RESOURCES
OF ALASKA IN 1908.

By Avrrep H. Brooks and others.

ADMINISTRATIVE REPORT.
By Avrrep H. BRoOKs,

PREFACE.

The present bulletin is the fifth of the annual volumes ¢ which both
summarize the conditions of the mining industry in Alaska and record
the more important economic results attained by the investigations
during the year. The more elaborate reports, illustrated with maps,
etc., are of necessity slow in preparation and publication, and hence
the more important conclusions, so far as possible, are presented
briefly in this preliminary form. These reports are intended to
serve as handbooks of reference to those who are engaged in the
mining industry within the Territory, though it is impossible, with the
funds available, to collect complete information each year in regard to
every district.

Although it is intended to present here only the conclusions estab-
lished by the investigations and to leave to the more detailed publi-
cations the discussion of the more difficult problems, yet it sometimes
happens that a geologist finds on the completion of his office work
that he must modify his preliminary statement of results; hence the
matter contained in this volume is not offered with the same degree of
confidence as if the laboratory and office investigations had been
finished. Nevertheless, the importance of making public the eco-
nomic results of the surveys has appeared to justify the policy of
printing these preliminary abstracts of reports not yet completed.
Those interested in any particular mining district, however, are

& Report on progress of Investigations of the mineral resources of Alaska, 1804: Bull. U, 8, Geol. Burvey
No. 250, 1006; \dem, 1906: Bull. No. 284, 1906; idem. 1906: Bull. No. 314, 1007; idem, 1807: Bull. No. 345, 1008,

]
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cautioned to depend for detailed information on the more complete
reports.

Three groups of subjects have been recognized in the arrangement
of this volume, as in those previously issued—(1) summaries of prog-
ress of the various phases of the mining industry in different parts of
the Territory during the year; (2) preliminary accounts of investiga-
tions in progress or completed; (3) statements of results of minor
investigations made incidental to other field work and not to be
published elsewhere.

In outlining mining conditions in parts of the Territory which could
not be visited during the year by the small force of men available for
the purpose recourse is had to various sources of information that are
believed to be reliable. Such compiled data, however, are as a rule
used solely as a basis for statements regarding the conditions of
mining development. The discussion of the occurrence and distri-
bution of the various types of mineral deposits is based on the field
observations of the members of the Geological Survey, except in the
few cases where what appeared to be reliable information could be
obtained from other sources, such assistance being credited to the
person furnishing it.

It would be impossible to record the advancement of the mining
industry throughout the Territory were it not for the many men who
have cooperated with the Survey in the collection of this information.
These men include not only the large number of operators who have
furnished statistics of their own production that have been utilized
in making up the summary, but also the many persons who, by con-
ference or correspondence, have furnished valuable information
regarding fields which it was impossible to visit. To enumerate the
individuals and corporations who have aided the investigations
would be to give almost a complete roster of the mining men and cor-
porations who have come into contact with the work of the Geological
Survey. The writer feels, however, under special obligation to the
following persons and companies, many of whom have been especially
helpful in sending him data about the mining industry in isolated dis-
tricts which were not studied during the past season by members of
the Survey: E. T. McNally, of Sunrise; Milin Dempsy, of Chisna;
G. M. Esterly, of Nizina; R. Blix, of Copper Center; William Grogg, of
Valdez Creek; A. J. Childs, of Deadwood ; Samuel Sim, of Circle; W. B.
Ballou, of Hot Springs; H. L. Hedger, of Richardson; A. T. White~
head, of Coldfoot; S. J. Marsh, of Caro; C. W.. Thornton, of Nome;
Lewis Lloyd and M. F. Moran, of Shungnak; the Alaska Commercial
Company, and the Northern Navigation Company, who have furnished
information in regard to both mining development and gold output,
and C. D. Garfield, of Nome; Maj. J.P.Clum, the First National Bank,
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the Washington Alaska Bank, and the Fairbanks Banking Company,
of Fairbanks; and the Alaska Pacific Express Company, who have
contributed statistical data in regard to gold production.

As in previous reports, much of this volume is devoted to a discus-
sion of the gold placers, for these still form much the largest source of
the mineral output. In this volume, however, it has been possible to
give more space to some of the other phases of the mining industry.
The lode mining of southeastern Alaska is treated, as heretofore, but
the bulletin also includes accounts of the occurrence of copper in the
Copper and White river regions and Prince William Sound, based on
examinations made in 1908; a reporton the new field of southwestern
Alaska, which has some promising mineral deposits; a preliminary
statement of the first detailed geologic surveys of the Fairbanks dis-
trict; and an account of the Iron Creek region of the Seward Penin-
sula. Of particular interest to prospectors will be the report here
presented on the Innoko region which previous to 1908 had not
received any study by members of the Geological Survey. It is to be
regretted that there are so many other districts where some mining
development has taken place, but which it has not been possible to
survey. Among the most important of these are the Valdez Creek
region, the Iliamna Lake region, the Kuskokwim Valley, and the
Chandalar and Koyukuk districts, in all of which a large amount of
prospecting has been done.

Like the previous volumes, this one is made up mainly of papers
written by the members of the Survey's division of Alaskan mineral
resources. It contains nineteen different papers by fifteen authors.
A general account of the mining industry forms the introductory
paper of the report, and this is followed by a paper on the use of
peat, by Charles A. Davis. This paper is presented in the belief
that it may serve a useful purpose in drawing attention to the possi-
bility of utilizing Alaska peat as a fuel. The remaining papers are
arranged, so far as possible, geographically from south to north and
from east to west. The importance of publishing this report without
delay makes it necessary to limit the illustrations to a few outline
maps. The complete reports, which are in preparation, will contain
more elaborate illustrative matter, including both geologic and topo-
graphic maps.

PROGRESS OF SURVEYS.

INTRODUCTION.

Thirteen parties were engaged in Alaskan surveys and investiga-
tions during the season of 1908 for varying periods of time between
March and November. Some of these parties were subdivided in the
field, making a total of 17 parties that were engaged in various kinds
of investigation. The personnel of these parties included 22 tech-
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nical men and 20 to 25 camp hands. Of the technical men, 13 were
geologists, 5 topographers, and 4 engineers. In addition to these, the
geologist in charge spent a part of the summer months in Alaska,
carrying on geologic investigations and visiting field parties. Four
clerks were employed in the office for the whole or a part of the year.

The area covered by topographic reconnaissance surveys during
1908 aggregated 3,975 square miles; the detailed topographic sur-
veys, 427 square miles. Detailed geologic surveys were made of 604
square miles, and geologic reconnaissance surveys over an area of
about 4,850 square miles. In addition to the actual areal mapping
most of the geologists spent considerable time in studying special
problems connected with the mineral deposits. The investigation of
the water supply in placer districts covered an area of 6,700 square
miles and included 556 measurements of stream volumes at 53 gaging
stations.

To present the matter geographically, two parties were in south-
eastern Alaska, of which one made detailed geologic surveys of two
copper mining districts, while the other, a topographic party, was
engaged in preparing a base map of the same region. In the Copper
River region there were three parties, two of which were making
detailed topographic surveys of one copper district, and the third a
general geologic reconnaissance, with some topographic work, in
another district. One geologic party was occupied for about three
months during the summer in a geologic reconnaissance, with some
incidental topographic surveys, in the Prince William Sound copper
district. Similar work was carried on in the coal fields of south-
western Alaska. Five parties were at work in the Yukon placer
district. Of these, one was making detailed geologic surveys;
another, geologic and topographic reconnaissance surveys; a third,
topographic reconnaissance surveys; the other two were engaged in
stream gaging. In Seward Peninsula one party was engaged in
geologic mapping, both detailed and reconnaissance; a second was
working on general geologic and stratigraphic problems; and two
more were engaged in stream gaging.

The following table shows the allotment (including both field and
office expenses) of the total appropriation of $80,000 to the various
districts investigated:

Allotments to Alagkan surveys and investigations, 1908,

Surveys and investigations, southeastern Alaska. .............. $9, 800
Surveys and investigations, Prince William Sound and south-
WoRtern AR . ciaiiiisns i avessE i e sR s R e R s R A 9,100
Surveys and mvesugal.iom Copper River region. ............0e 20, 000
Surveys and investigations, Yukon basin. .. ...... ... .. ... .. 27, 950
Surveys and investigations, Seward Peninsula. . ............... 13,150
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The following table shows approximately the amount of money
devoted to each ¢lass of investigation. It is not possible to give the
exact figures, as in some cases the same party, or even the same man,
carried on two different kinds of work; but this statement will belp
to elucidate the later table, which summarizes the completed areal
surveys:

Approzimale allotment of Alaskan funds to different classes of surveys and invesliga-

tions, 1908,
Geologic recoNNAissance SUrVeYS. . ..o v o ooniniinnenannnnnnnns $14,100
Detailed geologic SUrVeys. ... o.cininirniiiiiiiiiarnanaans 10, 000
Special geologic investigations. .. ...... ... ..c.iiieiiiiiaaen 8,900
Topographic reconnaissance BUIVEYS. . . . ....oouvueonneennnn-. 12, 200
Detailed topographic surveys. .. .......cooiiiiiiiiiiiiaiiiann 14, 200
Investigation of water resources. ... .......c..oiiiiiiiiiinnnn 9, 900
Collection of statistics of mineral product,mn .................. 1, 500

Miscellaneous, including clerical salaries, administration,
inspection, instrumenta, and office supplies and equipment. . 9,200

80, 000

Under geologic reconnaissance surveys in the above table are
included all those made for publication on a scale of 4 or 10 miles to
the inch; the detailed geologic surveys are all for publication on a
scale of 1 mile to the inch. The special geologic investigations are
chiefly those directed to the study of problems connected with the
occurrence of mineral deposits. The topographic reconnaissance
surveys are chiefly for publication on a scale of 4 miles to the inch,
usually with 200-foot contours, though some of an exploratory
nature will be published on a scale of 10 miles to the inch. The
detailed topographic surveys are for publication on a scale of 1 mile
to the inch, with 25, 50, or 100 foot contours. The water-resources
investigations have for their purpose the determination of the water
supply available for placer mining.

The cost of the surveys of various types per square mile is affected
by many factors that vary greatly in different parts of the Territory.
Chief among these is the item of transportation, which varies in cost
from 5 to 30 per cent of the total expenditure for surveys. The cost
of the topographic reconnaissance surveys is from $2 to $4 per square
mile; that of the detailed topographic mapping from $25 to $40 per
square mile. These variations are partly due to the differences in
cost of transportation to different districts and also to character of
topography, vegetation, rainfall, length of open season, ete.

It is far more difficult to generalize on the cost of geologic surveys.
All the variations which affect the cost of topographic mapping also
influence that of géologic mapping. In addition there is a far more
important factor in the intricacy of the geology and the knowledge
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available regarding the problems involved, before the work has been
begun. If the general features of the geology of ‘any province are
known, areal mapping can be carried on much more rapidly than if
the province is entirely unexplored. Obviously, also, where the
stratigraphic and areal relations are simple mapping can be carried
on far more rapidly than where they are complex. It is therefore
not surprising that the cost of geologic reconnaissance surveys varies
as much as from 75 cents to $3.50 per square mile. Detailed geologic
surveys have been carried over only a few small areas in Alaska, so
that there are few data on which to base estimates of cost. The
evidence in hand, however, indicates a cost of $14 to $34 per square
mile for work of this class. Water-resources investigations, involving
the measurement of stream volumes in the same distriet for a period
of years, can not be estimated in cost per square mile.

Progress of surveys in Alaska, 1898-1908.a

] Areas covered (square miles), WW""
A | '
P Geologic. | Topographic. Gaging
. [ tion. ! st:ﬁ[m Btrenmt:

|

gEESEZassEss |
28258383288

-

zrEzsssEnst |

8
&
g

................................. 16. 94+ 0,304 ‘ 20, 85— 0.47— |.........

& In addition (o the above, the International Boundary SBurvey and the Coast and Geodetic Survey and
other government bureaus have covered an area of approximately 50,000 square miles. Most of this work
is alomg the coast line, and has been carried on with a high degree of refinement. The inland surveys are
chiefly of a reconnalssance character, except for a narrow strip along the international boundary.

The above table indicates the progress of Alaskan surveys, so far
as they can be presented in tabular form and in percentages of the
total areas which have been mapped geologically and topographically.
The progressive decrease in the area covered annually by reconnais-
sance surveys is largely due to the fact that since 1903 a large part of
the appropriation has been spent for detailed surveys. As the
detailed surveys cost from five to twenty times as much as reconnais-
sance surveys, naturally the total area surveyed for the same money
is very much less, Hence, as there has been a growing demand for the
detailed maps, there has been a corresponding decrease in areas cov-
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ered by reconnaissance surveys. Another reason for the decreased
areas now covered annually by surveys is the fact that during the
first five years practically all the appropriation was spent on explora-
tory surveys, whereas now much of it is devoted to special investiga-
tions. Moreover,the early exploratory surveys were not executed with
the same degree of refinement as the present reconnaissance work,
and the results were published chiefly on a scale of 10 miles to the
inch, as compared with 4 miles to the inch, the present publication
scale. _

To meet the demands of the mining industry, it does not seem
advisable to devote a much larger proportion of the available money
to reconnaissance surveys at the expense of detailed surveys and
investigations, and therefore, under the present appropriation, the
general work can not be extended any more rapidly than it has been
during the past decade. As approximately a fifth of the Territory
has been covered by reconnaissance maps, both topographic and
geologic, it appears that it will require at least fifty years to cover the
whole of the Territory with the preliminary mapping. It should be
added, however, that the areas that have been chosen for survey are
those of most importance to the mining industry, and that at least
a fifth or a quarter of the remaining area may not require survey
for many years to come. The fact remains, however, that there are
about 200,000 square miles in Alaska which should be surveyed at an
early date, and that under the present appropriation this can not be
accomplished so as to do justice to the mining developments in less
than two or three decades.

GEOGRAPHIC DISTRIBUTION OF INVESTIGATIONS.
GENERAL WORK.

The writer’s field investigations covered a period from about the
end of July to the middle of October. Of the time he actually
devoted to field work, about two weeks was spent with Mr. Wright
in going over the geology of Kasaan Peninsula, Karta Bay, and the
Copper Mountain region—all on Prince of Wales Island. At the
same time Mr. Sargent’s topographic party, then surveying the Cop-
per Mountain region, was visited. Later a trip to Fairbanks was
made by way of the White Pass and Yukon River. Here about ten
days was spent with Mr. Covert, Mr. Prindle, and Mr. Katz in becom-
ing familiar with the problems connected with the detailed geology
and mining development of the Fairbanks district. The latter part
of the season was spent with Mr. Smith in a review of the areal geology
of the Solomon and Casadepaga region, together with some recon-
naissance work in adjacent regions.
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In the office the writer has given most of his time to administrative
and routine work, in which he was aided by T. C. Gerdine, who super-
vised the Alaskan topographic surveys until his transfer to the topo-
graphic branch of the Survey. His place was taken by R. H. Sar-
gent. During the writer's absence in the field E. M. Aten looked
after-the office routine, and also rendered valuable services in the
compilation of the mineral statistics of Alaska. Part of the month
of June and most of the month of July was devoted by the writer to &
continuation of the report on the Mount McKinley region. During
the month of December he prepared a summary of the existing
knowledge of the mineral resources of Alaska for the Conservation
Commission.

SOUTHEASTERN ALASKA.

In 1907 the detailed geologic mapping of Kasaan Peninsula and
the adjacent copper-bearing belts of Prince of Wales Island was
begun, and this work was completed in 1908 by C. W, Wright. It
included not only a study of the areal and stratigraphic geology, but
also a detailed investigation of the ore deposits. Mr. Wright has also
carried on a similar investigation over the Copper Mountain region, on
Prince of Wales Island at the head of Hetta Inlet. The field work
was accomplished between June 2 and October 22, about 90 square
miles being mapped. These investigations represent the first detailed
studies that have been made south of Juneau, and form a part of the
general plan to make similar studies of all the important producing
mining districts.

The results of Mr. Wright’s preliminary studies in the Kasaan
Peninsula were published last year;* the results of his investigations
of 1908 are summarized in this volume (pp. 67-86); and his final
report isin preparation. In addition, Mr, Wright has prepared a gen-
eral statement of the condition of the mining industry throughout
southeastern Alaska, to obtain data for which he devoted the last
ten days of the season to visiting the more important mining fields
not covered by his detailed work.

The base maps needed for the detailed geologic work above noted
were begun in 1907, when a large part of Kasaan Peninsula and the
adjacent areas were mapped by D. C. Witherspoon. The work was
completed in 1908 by R. H. Sargent, who also mapped an area of
53 square miles in the Copper Mountain region. These surveys,
for a publication scale of 1 inch to a mile (1:62,500), with 50-foot
contours, were completed between May 6 and September 27. The
resulting map will be published with Mr. Wright’s final report.

o Bull. U. B. Geol. Burvey No. 345, 1907, pp. 98-115.
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COPPER RIVER REGION.

Last year a reconnaissance survey and reexamination of the copper
deposits of the Kotsina-Chitina district was made by F. H. Moffit
and A. G. Maddren. This investigation covered the southern copper
belt, and while it must be regarded as incomplete, yet it furnished
an important clue to the character of the ore bodies, and the result-
ing report (Bulletin 374) contains much information of value regard-
ing this field. In accordance with the plans outlined, Mr. Moffit,
associated with Adolph Knopf and assisted by S. R. Capps, during
the past season did similar work along the northern copper belt,
which extends from the head of Copper River across to White River.
This field, like the southern belt, had previously been studied,* but
the interest taken in the copper deposits necessitated further inves-
tigation. The party left Valdez on June 15 and reached the field
of operations on July 8. The time up to September 9 was spent
in studying the copper deposits and the areal geology of the region
lying between the heads of Copper and White rivers. About 1,800
square miles was mapped geologically, and Mr. Capps also devot.ed
one month to topographic surveys, covering an area of 450 square
miles. The party returned by way of Skolai Pass into the Chitina
Valley in September and there divided, one section coming to the
mouth of Copper River by boat and the others going overland to
Valdez. A preliminary statement of results is contained in this
volume (pp. 161-180), and the final report is in preparation.

As detailed study of the copper deposits of this general province
must be undertaken before the laws of their occurrence can be deter-
mined, and as such detailed studies require a base map, it was decided
to prepare such a map of the east end of the Kotsina-Chitina belt.
This area was chosen both because the exposures were such as to
afford more data regarding the bed-rock geology than could be ob-
tained elsewhere and because more development work had been
done at this end of the Chitina belt than in any other part of the
copper-bearing region. To this work D. C. Witherspoon, assisted
by R. M. La Follette, was assigned. The party left Valdez about
the end of March and on April 19 reached Nizina, to which point
supplies had been shipped during the previous winter. This early
start was made so that topographic surveys might be begun as soon
as the snow was off the ground. The work was continued to Septem-
ber 10, when the party returned to the coast by way of Copper River.
During this time an area of 325 square miles was topographically
surveyed for publication on a scale of 1 mile to the inch, with con-
tour intervals of 50 feet. It is proposed to use this ba.sa map for

o Mendenhall, W. C., and Schrader, F. C. Thamlmﬂmumolthnllmt Wrangell district; Prof.
Paper U, 8. Geol, Burvay No, 15, 1903,
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geologic work during the coming year, and it is confidently hoped
that the results will throw much light on the occurrence of ore bodies
throughout the two copper belts.

PRINCE WILLIAM SOUND,

The Prince William Sound region has been the scene of several
investigations by the Geological Survey, the latest previous to 1908
having been made by U. S. Grant in 1905. The extensive prospect-
ing done in this field and the fact that it has been a large shipper of
copper ore made further work imperative. Mr, Grant, assisted by
D. F. Higgins, was, therefore, engaged to continue his investigations
of this field and to complete the general reconnaissance of the ore
deposits of Prince William Sound. He began field work on July 7
and continued it until August 23. Special attention was given to
Latouche Island, where the mine which is the largest producer of the
district is located. Here a detailed topographic and geologic map
of an area of 8 square miles was prepared. As many of the prospects
in the district were visited as time and circumstances permitted, and
a general reconnaissance was carried over the western part of the
sound. As a result of this work the general features of the geology
have been determined, especially the occurrence of the ore bodies.
In addition to the detailed topographic mapping of the upper end of
Latouche Island, considerable geologic reconnaissance work was
done along the west side of Prince William Sound, embracing an area
of about 600 square miles (p. 87).

At the close of the season Mr, Grant also made a hasty examina-
tion of some of the ore deposits near Seward, on Kenai Peninsula,
but unfortunately the field season was too short to permit an exhaus-
tive study of the prospects of this district (p. 98).

SOUTHWESTERN ALASEA.

The plan of a general study of the coal fields of Alaska, which was
inaugurated-in 1906, was continued during 1908 by a reconnaissance
survey of the'coal fields of Alaska Peninsula. This work was in charge
of W. W. Atwood, assisted by H. M. Eakin. Field work was begun
on May 28 and continued until September 4. During this time topo-
graphic and geologic reconnaissance surveys of the more important
parts of the Herendeen Bay, Unga Island, and Chignik coal fields
were made. The total area surveyed was about 1,500 square miles.
In addition to the study of the coals, Mr. Atwood also devoted con-
 siderable attention to the investigation of the various types of metal-
liferous deposits of the district. A preliminary account of his results
is contained in this volume (p. 108) and & complete report is in
preparation. .
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YUKON BASIN.

Last year a topographic survey was made of the Fairbanks placer
district for the purpose of obtaining a base map for detailed geologic
studies. These studies were carried on this year by L. M. Prindle,
assisted by F. J. Katz, and between July 1 and September 13 they
completed the geologic survey of the area covered by the base map
(436 square miles) and made a detailed study of the occurrence of
auriferous gravel. The complete report on this work is in prepara-
tion and a preliminary statement is contained elsewhere in this
volume (p. 181).

To J. W. Bagley was assigned the task of completing the topo-
graphic reconnaissance map of the region lying north of Tanana
River. Mr. Bagley reached the field of operations July 3, and con-
tinued work until September 18, He carried a survey eastward
along the north side of Tanana River as far as the mouth of Healy
River. The latter part of the summer was devoted to topographic
mapping in the vicinity of the mouth of the delta south of Tanana
River. In all an area of 1,725 square miles was covered. The results
of these surveys will be embodied on the maps of the Circle and
Fairbanks quadrangles, which will be published for sale as soon as
funds are available,

In 1907 investigation of the water resources of the Yukon-Tanana
district was begun in the Fairbanks region. During the past summer
this work was extended by C. C. Covert, assisted by C. E. Ellsworth.
For the purpose of obtaining data regarding the spring run-off when
the melting of the snow takes place, Mr. Covert proceeded to Fair-
banks over the ice, reaching there April 3. e devoted the early
part of the season to a study of the water conditions of the streams
tributary to the Chatanika, and later proceeded overland to the
Circle district, where he met Mr. Ellsworth and party, who came
inland by way of the White Pass.. The remainder of the season to
September 13 was devoted to a study of the water resources of the
Circle, Fairbanks, Rampart, and Baker regions. Twenty-one gaging
_stations were maintained during the whole or part of the season,
and 273 measurements of stream volume were made. This work
furnishes data in regard to the ran-off of about 4,690 square miles.
An abstract of the results will be found on pages 201-228, and the
complete report is in press as Water-Supply Paper 228,

The great influx of prospectors into the Innoko and lower Yukon
region led to a demand for a survey of that district. As funds were
not available for a large party, it was decided to make a preliminary
examination of the region with a view of determining the general
facts with regard to the geology, topography, and distribution of
mineral resources. This work was intrusted to A. G. Maddren, who
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So long as the returns from the operators are incomplete it is neces-
sary to obtain the best statistical information available from other
sources. This is done by correspondence and personal conference
with the better-informed residents of the various districts, the express
companies, bankers, and commercial companies. It is gratifying to
the writer to be able to state that nearly every person asked for infor-
mation of this kind has been pleased to furnish it. It should be noted
that the Geological Survey is collecting statistics not only of gold,
silver, and copper, but also of all other mineral deposits.

PUBLICATIONS ISSUED OR IN PRESS IN 1908.

The publications printed during 1908 have appeared more promptly
than those of some previous years. There are still unavoidable delays
in the issuing of the more elaborate reports after the manuseript has
been completed, yet as a rule the time occupied in publication does
not exceed three or four months. One cause of delay in the submis-
sion of manuseript is the fact that nearly all the Alaskan publica-
tions are of the nature of progress reports, and as every season’s field
work adds new information there is always a tendency to defer pub-
lication until the new data can be incorporated. During 1908 the
Survey published seven bulletins, one water-supply paper, and three
separate topegraphic maps relating to Alaska. The complete list is

as follows:
RE?(?B‘I’B INCLUDING MAPS.9

Geologic reconnaiesance of the Matanuska and Talkeetna basins, by Sidney Paige
and Adolph Knopf; including geologic and topographic maps. Bull. No. 327,

The gold placers of parts of Seward Peninsula, Alaska, by Arthur J, Collier, Frank L.
Hess, Philip 8, Smith, and Alfred H, Brooks; including geologic and topographic
reconnaissance maps, Bull, No. 328,

Geology and mineral resources of the Controller Bay region, by G. C. Martin; includ-
ing topographic and geologic maps. Bull. No. 335.

The Fairbanks and Rampart quadrangles, Yukon-Tanana region, Alaska, by L. M.
Prindle, with a section on the Rampart placers by F. L. Hess and a paper on the
water supply of the Fairbanks region by C. C. Covert; including topographic
reconnaissance maps. Bull, No. 337.

Minerul resources of Alaska; report on progress of investigations in 1907, by Alired I1.
Brooks and others. Bull. No. 345,

The geology and mineral resources of the Ketchikan and Wrangell mining districts,
Alaska, by F. E. and C, W, Wright, Bull. No. 347.

Geology of the Seward Peninsuls tin deposits, Alaska, by Adolph Enopf. Bull. No.
358.

Water-supply investigations in Alaska, 1906-1907, by F. F. Henshaw and C. C. Covert.
Water-Supply Paper No. 218,

o Sea list of reports In back of this volume.
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MAPS ISBSUED BEPARATELY.®

Controller Bay region special map, scale 1:62,500, contour interval 50 feet. Topog-
raphy by E. G. Hamilton. Alaska sheet No. 641A.

Berners Bay special map, scale 1:62,500, contour interval 50 feet. Topography by
R. B. Oliver. Alaska sheet No. 5818,

Fairbanks special map, scale 1:62,500, contour interval 25 feet. Topography by T.G-
Gerdine and R, H. Sargent. Alaska sheet No. 642A.

Map of Alaska, scale 1:5,000,000, or about 80 miles to the inch, compiled under direc-
tion of Alfred H. Brooka, Map A.

REPORTS AND MAPS IN PRESS,

Mineral resources of the Kotsina-Chitina region, Alaska, by F. H. Moffit and A. G.
Maddren. Bull. No. 374.

The Fortymile quadrangle, Yukon-Tanana region, Alaska, by L. M. Prindle. Bull.
No. 875.

The Yakutat Bay region, Alaska: Physiography and glacial geology, by R. S. Tarr;
areal geology, by R. 8. Tarr and B. 8. Butler. Prof. Paper No. 64.

REPORTS AND MAPS IN PREPARATION.

The following papers and maps are in various stages of preparation
and will be published as soon as circumstances permit, but probably,
for the most part, during the year 1909, provided the funds for print-
ing are sufficient:

Geology and ore deposits of Kasaan Peninsula and Copper Mountain region, Prince
of Wales Island, by C. W. Wright; including detailed geologic and topographic
maps.

The Yakutat Bay earthquake, September, 1889, by R. S. Tarr and Lawrence Martin.

The Nabesna-White River copper region, by F. H. Moffit and Adolph Knopi; includ-
ing geologic and topographic reconnaissance maps.

The geology and mineral resources of the Prince William Sound region, by U. S. Grant;
including geologic reconnaissance map.

Anexploration in the Mount McKinley region, by Alfred H. Brooksand L. M. Prindle;
including geologic and topographic reconnaissance maps.

Geology and mineral resources of parts of the Alaska Peninsula, by W. W. Atwood;
including geologic and topographic reconnaissance maps.

Geology and mineral resources of the Fairbanks district, by L. M. Prindle and F. J.
Katz; including detailed geologic map.

Water-supply investigations in Fairbanks, Hot Springs, Rampart, and Birch Creek
districts, by C. C. Covert and C. E. Ellsworth. Water-Supply Paper 228.

A reconnaissance of the Innoko and lower Yukon placer districts, by A. G. Maddren.

Geology of the Nome and Grand Central quadrangles, Alaska, by F. H. Hess, F. L.
Hess, and P. 8. 8mith; including detailed geologic map.

Gt;olngy of the Solomon and Casadepaga quadrangles, by P. 8. Smith and F. J. Katz;
including detailed geologic map.

o Bale publications. Bes list in back of this velume.

A
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Fairbanks quadrangle map, scale 1: 250,000, contour interval 200 feet. Topographyby
T. G. Gerdine, D. C. Witherspoon, and R. B. Oliver.

Circle quadrangle map, scale 1:250,000. Topography by D. C. Witherspoon.

Rampart quadrangle map, scale 1:250,000, contour interval 200 feet. Topography by
D. C. Witherspoon and R. B, Oliver.

Nizina special map, Copper River region, scale 1:62,500, contour interval 100 feet.
Topography by D. C. Witherspoon.



THE MINING INDUSTRY IN 1908.

By Avrrep H. Brooxs.

* INTRODUCTION.

Measured either in terms of production or in amount of dead work
accomplished or planned, the mining industry of Alaska during 1908
not only did not progress as much as was expected but in some ways
showed a distinet decline as compared with the previous year. This
retrogression might discourage the mine operator were it not due
in part to the widespread business stagnation which followed the
financial panic and in part to certain conditions which are not
unchangeable.

Though the gold placer mines already on a productive basis were
not materially affected by the business depression, many of those
requiring capital for extensive plants made but little headway. A
more serious matter to the placer miner was the drought which pre-
vailed throughout the summer months in nearly all the important
districts. The lack of water so curtailed the output of all the Yukon
and Seward Peninsula districts that the value of the total output of
placer gold from these sources was probably nearly a million dol-
lars less than in 1907. This decrease of the placer-gold production
for Alaska as a whole is, however, but temporary, for the maximum
annual output of the auriferous gravels has not yet been reached.
In spite of the business depression the production of the auriferous
lode mines of the Territory in 1908 was about 22 per cent greater
than in 1907.¢ On the other hand, the fall in the price of copper
from an average of 20 cents for 1907 to 13.2 cents in 1908 led both
to a decrease in the output of that metal and to a diminution of the
preparations for its future mining. However, the fact that a number
of mines continued to ship ore in spite of its low market value indi-
~ cates the permanency of the copper-mining industry of the Territory.

Among the conditions that are retarding the advancement of the
mineral industry are the inadequacy of the public-land laws under
which placer ground is acquired and held and the delays in obtain-

a The exact figures for mineral production of the Territory are not available at this writing.
21
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ing title to coal lands. 1In spite of these and other adverse condi-
tions, which will be discussed in another place (see p. 36), the value
of the total mineral production for 1908 is $19,929,800. The sources
of this wealth, as well as a comparison with the previous year, are
presented in the following table of production:

Mineral production of Alaska, 1907-8.

1907. 1008.0 ‘ ‘m('t*_’,"'w

Quantity. Value. | Quantity. l Value. ! Quantity. { Value,

17, IS ounces..| 036,048, 81 [$19, 349, 743 m.auzso’slo 100,000 | — 08131 | —$240, 7
Siiver...........do....| 149,784 08,857 | 140, 000 " 74,200 | — lg',m - a,u‘?
Copper...... pounds. .| 8,308, 786 1"%';85 5, 060, 000 600 | —1,258, 786 ~ 595, 157
................................. D000 |- eeereeeseneferaennrsnnse|onesnresocsncens] = 20,000
Coal.......shorttons, .| 10,139 53,600 4,000 19,000 | — 6,130 - ﬁ'm

Marbie, . wnd !

A 63,008 |.....cocennl 70,0000 ...iien...] 4+ 6,002
.............. 20, 887, 065 : 1,920,800 |...covovnneenef = 917,208

@ Preliminary estimates.

sl’gso:e!ﬂ'l._ll:n tg;;mbogl&? 1::!‘ 5%: gm:amu a pound for 1007 and at 13.2 cents for 1908; silver

It will be noted that over half of the decrease in the value of the
total mineral production is due to the lesser output of copper, which
is directly chargeable to the fall in the market value of that metal.
This table does not, however, indicate the very marked decline of
the placer-gold output, to which reference has already been made
and which will be discussed elsewhere. (See p. 31.) The decrease
in coal production is not significant, for the coal-mining industry
has not yet become established and the present output is from only
a few mines. Tin mining was practically suspended during 1908,
though a few tons of concentrates were shipped. In the above table
the value assigned to the marble and gypsum production is that of
the raw material. The figures for these products are not separated,
for as there is only one large marble company and one gypsum com-
pany such a separation would reveal the output of the individual

producers.
Value of total mineral production of Alaska, 1880~1908.

By years, i By substances,

..... T4
18801890 a&m
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The increased gold production from the auriferous lodes came
largely from the Juneau district, where some notable advancements
were made. In the Ketchikan district one new copper deposit was
opened, and one mine continued operations throughout the year, sev-
eral others making shipments of copper ore during a part of the year.
In the coal fields of Controller Bay and the Matanuska assessment
work and surveys for patents constituted the bulk of the activities.
Considering the discouraging condition of the copper market, there
was much systematic prospecting in the copper-bearing belts of Cop-
per River and in the Prince William Sound region. In the latter
district one mine was in operation throughout the year and several
others made small shipments. The construction of a railway up
Copper River, which was one of the most important events of the
year for the mineral industry, is referred to under the next heading. -
Considerable attention was paid to the lodes of the Kenai Peninsula,
Kodiak Island, and southwestern Alaska, and one mine in the last-
named district was in operation. There was much activity in the
placer districts of the Susitna basin, including Yentna River and
Valdez Creek, but it was confined chiefly to small operators. Two
auriferous lodes are being opened on & small scale in this field.

Of the placer districts Fairbanks was the most prosperous, but
here, as well as in other parts of the Yukon basin and in Seward
Peninsula, the drought during the summer months much curtailed
production. No discoveries of auriferous gravels have been reported
for 1908, though the productive areas in several of the districts have
been increased.

TRANSPORTATION.

The full development of the mineral wealth of inland Alaska must
await improvements in means of communication, which will need to
be of a very radical character. The expensive and uncertain mode
of reaching the Yukon placer districts by ocean and river boats or
long winter sled journeys places so heavy a tax on the gold-mining
industry as to make it in most places impossible to exploit anything
but the richest placers. The copper deposits of Copper River and
the coal fields of Controller Bay and the Matanuska basin must
remain unproductive untila transportation system has been developed.
. Thanks to the Alaska road commission, and in a lesser degree to

local enterprise, much has been accomplished in the way of road and
trail building. Much, however, remains to be done, for in this Terri-
tory, embracing nearly 600,000 square miles, there are only 452 miles
of wagon road, 397 of sled road, and 255 of trail.® The coastal serv-
ice of ocean vessels and the river transportation systems of the Yukon
and its tributaries are being much improved. In addition to this,

& Ann. Rept. Secretary of War, 1908, p. 97. Unimproved tralls are not included in this mileage,
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steamboats have been placed on Copper and Susitna rivers. Local
transportation facilities have also been greatly bettered by short lines
of railway, such as those at the White Pass, at Fairbanks, and in
Seward Peninsula. All these improvements in means of communi-
cation, together with the military telegraph lines, wireless stations,
and long-distance telephone systems, have done much to advance the
mining industry. They can, however, be regarded only as supple-
mentary to a system of railways, which alone can make available
the mineral wealth of extensive areas. 1In fact, they serve to empha-
size the inadequacy of the existing transportation systems. The
industrial demands for better communication can be met only by
railways which shall connect the mineral deposits with open ports on
the Pacific seaboard. The writer has discussed the matter of railway
- location at some length elsewhere,® but the matter seems to justify a
restatement of some of the salient features of the problem.

The known mineral wealth of inland Alaska is embraced in the two
copper-bearing belts of Copper River, lying 100 to 300 miles from
tide water; the Bering River coal field, 25 miles from the coast at
Controller Bay and 100 miles from & good harbor on Prince William
Sound; the Matanuska coal field, 150 miles from an ice-free port on
the Pacific; and the Yukon placers, from 400 to 600 miles by feasible
railway routes from the Pacific. This inland region is separated from
the Pacific tide water by high snow-covered ranges, broken, however,
by several river valleys. (See Pl 1.)

There are three possible routes of approach to these mining fields.
One leaves the coast at Lynn Canal and, crossing by a broad gap
from the Chilkat to the Alsek basin, finds there an easy route for
railway construction along the inland front of the St. Elias Range to
the head of the Tanana Valley, and thence into the heart of the
placer fields. Though such a mxlway would reach only one of the
copper belts and would not help to develop the coal fields, it would
traverse the Territory from southeast to northwest and make acces-
sible a large area.

A second route is via the Copper River va.l.ley to the Kotsina-
Chitina copper belt. A railway following this route is under con-
struction; it can reach the Bering River coal field by a branch line .
and can be extended to the placer districts of the Yukon basin
through a pass that connects the Delta and Copper basins, reaching
by a branch line the Nabesna-White copper-bearing area. There is
a choice of coastal terminals for this route—either Valdez Inlet, Orca
Bay, or Katalla. Each has some advantages, but after careful sur-
veys and investigations Orca Bay, with a terminal at the town of

o Brooks, Alfred H., Rallway routes: Bull. U, 8. Geol. Survey No, 284, 1000, pp. 10-17; Rallway
routes In Alaska: Nat Geog. Mag., March, 1907, pp. 164-190,
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Cordova, has been chosen by the line under construction. It is cur-
rently reported, however, that other projects for railway construction
from Valdez and Katalla have not been abandoned.

The third possible route is from Resurrection Bay across a low
pass to Turnagain Arm, thence up the Susitna Valley and across
another pass to the Nenana. This railway would serve the placer
district of the Kenai Peninsula and the Susitna basin, but, what is
more important from the standpoint of developed tonnage, would
tap the Matanuska coal field. A railway now under construction
over this route has its coastal terminal at the town of Seward, on
Resurrection Bay. (See Pl 1.)

The following table presents the available data regarding the rail-
ways of the Territory:

Mileage and terminals of Alaska railways, December 4, 1908,

Southeastern Alaska: Miles,
White Pass and Yukon Railroad, Skagway to White Pass (narrowgage).... 20.4
(Terminal at White Horse, Yukon Territory. Total mileage, 102

miles, )
Yakutat Southern Railway, Yakutat to Situk River (narrow gage). ....... 94
Copper River: '
Copper River Railroad, Cordova to Childs Glacier (September 17) (stand-
B0 RURE) . v svinssmm cunmssnnes pinEst e n s aTan s a R S A § was aeae 47

(Probably 11 miles have been built since September 17. The same
company has built a few miles of track at Katalla, where the Alaska
Pacific Railway and Terminal Company has also done some work.
At Valdez, a few miles of track of the Alaska Home Railway were
laid in 1907, and some work was previously done on the Copper
River and Northwestern Railway.)
Kenai Peninsula:
Alaska Central Railroad, Seward to a point near head of Turnagain Arm
(tandard page). v cuinissanssaiaa 4 R SR T R 53
Yukon basin:
Tanana Valley Railroad, Fairbanks and Chena to Chatanika (narrow gage). 46
Seward Peninsula:

Seward Peninsula Railway, Nome to Shelton (narrow gage).............. 80
Paystreak branch Seward Peninsula Railway (narrow gage)............. 6.5
Council City and Solomon River Railroad, Council to Penelope Creek

L T ) T 32.5
Wild Goose Railway, Council to Ophir Creek (narrow gage).............. 5

Portions of the Council City and Solomon River and the Alaska
Central railroads are out of repair and not in use.

From all accounts the various projects for railway construction
from Katalla and Valdez were dormant during 1908. In contrast
to these is the activity of the Copper River Railway Company, which
laid about 50 miles of track during the year. The same corporation
is also extending its steamboat service on lower Copper and Chitina
rivers, so that it is probable that in 1909 the Chitina-Kotsina copper
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belt may be reached by railway and steamers and thus the long
overland journey now necessary may be avoided. Surveys have
been made and some work done by the Katalla and Carbon Moun-
tain Railway Company on a project to build a line from Controller
Bay directly to the coal field across the broad flat of Bering River,
The distance will be about 25 miles.

During 1908 but little construction work was done on the Alaska
Central Railroad, which went into the hands of a receiver in the
summer. A reorganization of the company is reported to be under
way, A feature of importance to the transportation problem in this
region is the improvement of the steamboat service on the Susitna,
now planned for 1909, .

METAL MINING.

INTRODUCTION.

In spite of the decrease of the placer production and the increase
of the auriferous lode production in 1908 as compared with 1907, the
placers yielded over four-fifths of the value of the precious-metal
output. As complete statistical returns are not yet available, it is
impossible to give exact figures in regard to the sources of the metal
production for 1908. The following table, however, is believed to
be less than 10 per cent in error and will serve to show the relative
importance of the various sources of the gold, silver, and copper.

Sources of gold, silver, and copper in Alaska, 1908, by kinds of ore.¢

| Gold, Silver, Copper.
|
— T S
Quantity Quantity
(fne * | Value. | (fme . | Value, | ZUSMHL | yolue,
ounces), ounees), d
l = = | el
BIclons 0P8 . o vvrserairinsnaiiin. 172,553. 63 | 3,567, 000 28,000 | $14,840 |_
COPPEr OIS . - —w v ooevnsnenenoee 3,773. 78, 000 42,000 | 22,260 | 5,050,000 | §666, 600
PIROBIY. - ¢ s s e i 747,635, 62 | 15, 455, 000 70,000 | 37,200 [oeursrorennaaanennnn

023, 962, 50 10,100,000\ 140,000‘ 74,200 | 5,050,000 | 666,600

a This table (s based on proliminary estimates, before complete statistical returns are available.

The growing importance of the metal-mining industry is shown
in the following table, which exhibits the total production of gold,
silver, and copper since mining first began, twenty-eight years ago.
The figures for years previous to 1905 are not very reliable, as it is
only since that year that an attempt has been made to collect sta-
tistics of production from individual operators—the only source of
exact information regarding output.
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Production of gold, silver, and copper in Alaska, 1880-1908.

|
[ Gold. Bilver. I Copper.
Lo Quantlty l' Quantity |oommerctall Quantit:
(fine | Vaiue. (fine oen: | Value.
punees). '. ounees). 4
1
eﬂs{ - 520,000 |
1,935 40, (KK
Yha|  oorom |
14, ' <
9,728 501, 000 10, 320 $11,140
14,513 300, 000
21,575 446, 000
32, 0663 675, 000
41,119 850, 00D 9,420
43,538 000, 000 8,000
36, 862 762, 000 7,500
43,538 | 800,000 & 000
52,245 1,080, 000 &, 000
50,213 | 1,038,000 8, 400
61, 0 1,282, 000 22/ 261
112,642 | 2,328,500 67,200
138, 401 2, 861, 000 145, 300
18011 | 2,439,500 116, 400
121,760 | 2,517,000 92, 400
270,087 | 3,602,000 140, 100
345, 030 8, 166, 000 73,300
335,300 | 6,932, 700 47, 900
400,709 | & 283,400 42, 000
420,060 | 8 683,000 143, 500
443,115 | 9,160,000 | 108,700
536,101 | 15,630,000 | 132,174
1,066,030 | 22,036,794 203, 500
036,043 | 19,349,743 | 140,784
923 962 | 19,100, 000 140, 000
l esaasss| 142,035,297 | 1,817,159 | 1,120,562 | 25,893,352 | 4,265,136

NoteE.—Gold and silver production for 1880-1904 based on estimates of Director of Mint; for 1908, preumi-
estimate. Silver ueg ar: average commercial values for year and not coinage value, Copper
production for 1880 from Tenth Census (vol. 15, p SBD). for 1900-1904, estimated; for 1908, preliminary
estimate. Copper values are based on averages fo
In the following table the total gold production isdistributed accord-
ing to districts, so far as the information at hand will permit. The
error in distribution is believed to be less than 10 per cent, and it
is hoped in the future to eliminate it altogether. (See p. 17.) The
production from the Pacific coast belt is, for the most part, from the
lode mines of southeastern Alaska, but includes also a small placer
output, as well as the production from a lode mine on Unga Island.
The gold credited to the Cook Inlet and Copper River region is,
aside from the output of two small quartz mines, all from placers,
and includes the yield of the Nizina, Chistochina, and Sunrise dis-
tricts and of the productive creeks of the Susitna basin.
The gold output from Seward Peninsula and the Yukon basine®
is nearly all from placers, though there was a small preduction from
some lode prospects in Seward Peninsula.

o T'his refers, of course, only to the Alaskan part of the Y ukon basin, and does not include the production
of the Klondike and other Canadian camps.
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Value of gold production of Alaska, with approrimate distribution, 1880-1908.

. Copper
Poclflc | Riverand | Yukon Seward
Year. coast belt. | Cook Inlot | liasin. | Peninsula, [ Yot
reglon,

B 00 |oevisvisninelsvseriorans $320, 000
40,000 |- 40,000
160, 000 liiitayesion : 150, 000
300,000 |. N TN 301, 000
200, 000 | . , 1,000 |- 201, 000
275,000 | | o 25,000 . 300, 000
416,000 ... .l 30000 |C 446, 000
045,000 |-20 .. ol 30,000 | 675, 000
816,000 | | 35,000 | 850,000
860,000 |, .- (50,000 |- 800, 000
712,000 |... | s0j000 | 762, 000
800, 000 (... S| 100,000 1] 900, 000
970,000 |- 2 110,000 |- 1,080, 000
833,000 |.2-2-00o 0| 200,000 | 1,033, 000
882,000 (... 00000 400,000 | . 1,252, 000
1,560,500 | "850,000 | 709,000 |- 1TII1TI0 20328500
1,041,000 | 120,000 | 800,000 (_..._......[ 2,861,000
1,799,500 | 175,000 | 450,000 | 8150007 3,439,500
1,802,000 | 150,000 | 400,000 75,000 | 2,517,000
2,152,000 | 150,000 | 500,000 | 2,800,000 | 5,602, 000
2,606,000 | 160,000 | 650,000 | 4,750,000 | 8,166,000
2,072,000 | 180,000 | 550,000 | 4,130,700 | 6,932,700
2'546,000 | 375,000 | 500,000 | 4,561,800 | 8,283 400
2/843,000 | 375,000 | 1,000,000 4,485,600 | 8, 683,600
| 5,195,800 | 500,000 | 1,300,000 | 4164,600 | 9,160,400
4,430,000 | 500,000 | 6,000,000 4,800,000 | 15,630,000
8,454, 704 w,uwlm,m,un] 7,500,000 | 22,036, 794
2,891,743 | 275,000 | 9,183,000 ' 7,000,000 | 19,349,743
8,410,000 | 400,000 | 10,190,000 | 5,100,000 | 19, 100,000
43,721,937 | 3,742,000 | 45,204,000 } 48,362,700 ! 142,030, 637

a Prellminary estimate.,
LODES,

The first auriferous lode known in Alaska was discovered near Sitka
in 1877, but the first important production of gold was from the Tread-
well mine in 1882.¢ From 1882 to 1908 the auriferous lodes have pro-
duced about 1,958,000 fine ounces of gold, valued at $40,573,000, and
934,434 fine ounces of silver, valued at $576,500. The first attempt at
¢opper mining was made in 1881, when a few thousand pounds of this
metal were produced from deposits on Prince of Wales Island. Sys-
tematic development of copper deposits began on Prince William
Sound in 1900 and on Prince of Wales Island in 1905. Of the total
copper production up to the close of 1908, amounting to 25,893,352
pounds, 16,160,619 pounds came from the Prince of Wales Island
mines and the remainder from those of Prince William Sound.

The search for lode tin deposits began in 1902, since which time
some small shipments of {in ore have been made. However, most of
the tin output has come from the placers. Antimony, tungsten,
galena, and other ores have been found, but so far the production has
been insignificant.

Iron ores (magnetite) are known to occur in southeastern Alaska,
where they have been somewhat prospected, as well as on Prince Wil-

a Bome shipments of galens ore were made from the Omalik mine on Beward Peninsuls in 1881.



THE MINING INDUSTRY IN 1008, 29

liam Sound and at other localities. There has, however, been no iron-
ore production.

During 1908 auriferous-lode mining made considerable advances,
both in production and in the discovery of new ore bodies of possible
commercial importance. The copper-mining industry was less pros-

_perous as regards production and dead work accomplished; but, on
the other hand, probably more systematic prospecting of copper lodes
was carried on than in previous years. Though there was some pios-
pecting of tin, tungsten, antimony, and other kinds of ore bodies t##n
those above noted, there was no production from them and relatiwely
little was accomplished in proving the presence of commercially valu-
able amounts of ore. Worthy of note is the discovery of a small vein
of wolframite (tungsten ore) on Deadwood Creek, in the Circle pre-
cinct, Though not known to be of commercial importance, this is at
least a new locality for tungsten ore.

Twelve gold and silver lode mines were on a productive basis in
1908, as compared with thirteen in 1907. The increase in the output
of the auriferous lodes all came from the Treadwell group and other
mines of the Juneau district. The tonnage of the auriferous-lode
mines of Alaska for 1908 is estimated at 1,700,000 short tons, as com-
pared with 1,209,639 tons in 1907. The average values of the sili-
ceous ores for 1908 can not be computed until complete statistical
returns are at hand. In 1907 the average gold and silver values for
all the siliceous ore hoisted was $2.30 a ton; for the siliceous ores other
than those of the Treadwell group, $3.41 a ton. It will be evident,
therefore, that the productive auriferous-ore bodies of Alaska are of a
low grade.

Nine copper mines made some snipments of ore in 1908, as com-
pared with thirteen in 1907. The total tonnage of the copper mines
in 1908 is estimated at 50,000 short tons, compared with 98,927 tons
in 1907. Complete statistics being lacking, it is impossible to give the
average metal content of the copper ore. In 1907 the average of all
the copper ore mined in Alaska carried $1.30 a ton in gold and silver
and 3.18 per cent of copper. It is probable that the copper percent-
age of the ore mined in 1908 was somewhat higher than that mined in
1907, because, owing to the low price of copper, only the richer ores
could be mined at a profit.

All the important lode-mining districts are covered by special
reports in this volume, so that they need not be discussed here,

‘Among the features of these reports having special significance is the
auriferous lode on Prince William Sound, described by Mr. Grant (pp.
87-97), and the finding of gold values in an ore body in the Fairbanks
district, described by Messrs. Prindle and Katz (pp. 181-200). Mr.
Atwood’s report (pp. 148-152) also indicates the probability of the
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occurrence of commercial ore bodies in southwestern Alaska in addi-
tion to those already productive.

Mr, Grant has described some gold and copper prospects in the
vicinity of Seward, on the Kenai Peninsula (p. 98). In addition to
these there are other localities where ore bodies are reported. Through
the courtesy of Dr. H. O. Sommer, of the United States Coast and
Geodetic Survey, the writer received a sample of pyritiferous quartz
from Port Dick which carried 0.123 ounce of gold and 1.32 ounces of
silver to the ton. Thisshows a total value of $3.24 a ton for the ore,
a value which, considering the fact that the locality is near a harbor
that is open throughout the year, is not prohibitively low. No data
are at hand in regard to the dimensions and occurrence of the ore
body. There is said to be considerable prospecting in this district.

The extension of the Kenai Peninsula belt of metamorphic rocks is
to be sought on Kodiak Island, where, indeed, they have been recog-
nized, though but liftle geologic work has been done. Placer gold
has been found at a number of widely distributed localities in the
beach deposits of the island, indicating that the bed rock is auriferous.
According to Charles W. Fletcher, auriferous beaches have been found
at Uyak and Uganik bays, at Red River, at Sevenmile Beach, near
Kaguyak, and at several places on Afognak Island, lying north of and
adjacent to Kodiak Island. One small gold mine was in operation
for a number of years on Uyak Bay, but operations appear to be sus-
pended. Mr. Fletcher also reports the occurrence of copper in the
vicinity of Womens Bay, Kodiak Island. In view of the accessibility
of Kodiak Island, mining costs should not be great, and further pros-
pecting would appear to be justified.

Considerable activity has recently been shown in prospecting for
auriferous quartz on Little Willow Creek, a tributary of lower Susitna
River. Here a 3-stamp mill was installed in 1908 and a 5-stamp mill
was taken in, though its erection was not completed. Mr. Atwood
reports that he saw some specimens of quartz from this district which
carried a large amount of free gold. There is no information at hand
regarding either the occurrence of the ore bodies or their dimensions.
Discoveries of copper and gold bearing veins in other parts of the
Susitna basin are also reported, but no further information concern-
ing them is available.

There is an increasing interest in lode prospecting throughout the
Yukon placer districts,® yet but little work has been done toward
proving any particular locality. The finding of a wolframite-bearing
vein in the Birch Creek district and of stibnite and gold ores in the
Fairbanks region has already been referred to. According to S. J.
Marsh some promising auriferous quartz veins have been found on
Big Creek, in the Chandalar precinct. These veins are said to occur

a As this volume goes to press some very encouraging reporis have been received from the develop-
ment of lodes near Fairbanks,
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in mica schist near intrusives of porphyry and to carry high values
in free gold. Gold-bearing veins are also reported from the Koyukuk
district, but no information is -available in regard to them. The
writer has received some pyritiferous vein quartz from C. K. Snow,
said to have come from the Koyukuk, one piece of which on assay
yielded a value of $1.94 in gold with a trace of silver, while the others
showed only a trace of gold.

For several years the Kuskokwim Basin has attracted many pros-
pectors who have found some placer gold, but more commonly report
promising auriferous veins. The region is so difficult of access that
apparently but little attempt has been made to do sufficient work on
any of these ore bodies to prove their commercial value. Attention
has also been directed to some occurrences of cinnabar, long known
on the lower Kuskokwim.

The writer was fortunate in meeting C. Betch, of the Russian
mission on Yukon River, who has spent several years in prospecting
for lodes in a region lying southeast of the lower Kuskokwim Valley.
Mr. Betch describes this region as including some high mountains,
with & dominating country rock, where ores have been found, of
limestone intruded by granites. The ore bodies are said to be well
defined. Specimens collected by Mr. Betch show molybdenite,
pyrite, mispickel, and realgar in a matrix which is chiefly quartz.
These ores are said to carry gold values.

Placer gold has been known since 1898 to occur on Kobuk River,
and during the last five years there has been a small annual pro-
duction. According to the statement of Lewis Lloyd, of Shungnak,
there have been some promising discoveries of metalliferous lodes in
the upper Kobuk Valley and the adjacent parts of the Noatak River
basin. Mr. Lloyd reports the presence of copper, galena, and free-
milling gold ores in this district. One body of chalcopyrite and
bornite ore has been opened near the head of Cosmos Creek by a tunnel
70 feet deep. Picked samples of this ore are said to have yielded
about $2 in gold and silver and 28 to 58 per cent in copper. Assays
of other ores from this district show a copper content of 5 to 11 per
cent. Of importance also is the report by Mr. Lloyd of native copper
nuggets in the gold placers of this region. This region is a new field
for the occurrence of metalliferous lodes, and for this reason the data
have been given in more detail than is customary where they are not
collected by members of the Survey.

GOLD PLACERS.

INTRODUCTION.

The placer-gold production of Alaska for 1908 is estimated at
$15,455,000 in value, as compared with $16,491,000 in 1907. Nearly
two-thirds of this output was from the Yukon basin, a little less
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than one-third from Seward Peninsula, and the remainder from the
widely distributed smaller districts. The output of winter mining
for the entire Territory was a little less than half of the total. During
the summer of 1908 about 770 placer mines were on a productive
basis, but probably less than half of these were operated throughout
the open season. The data in regard to the number of placer-mine
operations in previous years are very incomplete, but it is believed
that the number of mines operated in the summer of 1908 was about
10 per cent less than the number operated during the summer of
1907. There is little information at hand in regard to the number
of mines worked during the winter of 1907-8, but it was probably
less than 500,

The best information available indicates that there were about
4,400 men engaged in productive placer mining throughout Alaska
during the summer of 1908 and about 3,400 during the previous
winter. In addition to these, at least 2,000 men were employed
during the summer in prospecting, installing plants, and other dead
work relating to the placer-mining industry. The winter work of
this character employed probably less than half as many. The
summer population of all the placer-bearing regions of Alaska is
estimated at 28,000 and the winter population at 17,000. The
above estimates, which are believed to be conservative, though not
very reliable, admit of some suggestive comparisons. In using these
figures it should be stated that, while they are only approximations,
the error in them is probably not sufficient to seriously impair the
value of the deductions to be presented.

The value of the average production of gold per placer mine for
the whole of Alaska during the summer of 1908 was about $10,000.
In the smaller Yukon districts the average was from $4,000 to $7,000;
the Fairbanks mines averaged an output of somewhat over $12,000
and those of Seward Peninsula over $16,000. These figures indicate
that in the last-named region the operations were conducted on a
larger scale. The average output of gold per placer miner engaged
in productive work in the whole of Alaska during the summer of
1908 was about $1,700, that for Fairbanks averaging $1,900, and for
Seward Peninsula $2,300. IFf, however, the men engaged in prospect-
ing and dead work are included, as well as the miners, the average
production for all Alaska is $1,200, for Fairbanks $1,600, and for
Seward Peninsula, $1,400. The higher average per capita produc-
tion at Fairbanks, compared with Alaska as a whole, is probably due
largely to the richness of the gravels exploited rather than to the
magnitude of single operations. On the other hand, the large output
per miner in Seward Peninsula is due to the facts that there many
labor-saving devices are in use, and that during 1908 most of the
small plants were closed because of lack of water.
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It is evident that the output per man of a single well-managed
successful dredge will be enormous as compared with that of an
ordinary pick and shovel plant. These estimates of production per
miner certainly appear very large, but they are less encouraging when
the very high cost of living is considered. It should also be remem-
bered that the bona fide miners and prospectors constitute hardly 25
per cent of the population, which is practically supported entirely
by the placer-mining industry of the gold-producing regions. On
the basis of the estimates of population presented, the per capita
production of Alaska is determined to be only $270 for the open
summer season and $690 for the entire year. On Seward Peninsula
the per capita production is $210 for the summer and $640 for the
entire year. This low per capita production is to be accounted for by
the fact that the population was determined by the successful results
of the previous year. On the other hand, the Fairbanks summer
output per capita is estimated at $590, whereas the annual output
per capita is over $1,100. In considering these figures it should be
remembered that subsistence, fuel, etc., cost from $500 to $300 per
man annually in most of the Alaska placer camps. The cost of sub-
sistence is somewhat less in proportion during the open season, but
the cost of traveling to and from Alaska, which averages from $100
to $300, must be included in the estimate for those who do not remain
during the winter.

It has already been stated that, considering Alaska as a whole, the
decrease in the value of the placer-gold output is chargeable for the
most part to the dry-weather conditions which prevailed throughout
the open season in both the Yukon and the Seward Peninsula districts.
It is unquestionably true that had there not been a shortage of water
for sluicing, the output for 1908 would have exceeded that of 1907,
Nevertheless, it can not be denied that even if the season had been
favorable the approaching exhaustion of some of the bonanzas,
such as the ‘‘third beach line’” at Nome and some of the older pro-
ducing creeks at Fairbanks, would have seriously reduced the pro-
duction were there not other rich deposits which would have been
mined had the water conditions permitted. In other words, the
maintenance of the present high placer-gold production is dependent
in large measure on the discovery of other bonanzas of equal richness
to those which have been exploited. This does not signify that a
large production is not to be expected from the gravels of low gold
tenor, but simply that relatively but little has been accomplished in
preparing to exploit these deposits. Therefore, unless some new
important finds are made, it will not be many years before the placer
output must decrease uniess the methods of exploitation are revolu-
tionized. By this statement it is not inténded to imply that the

79206—Bull. 378—00——3 '
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auriferous gravels of either the Yukon or Seward Peninsula are even
approaching exhaustion, for the low-grade material is almost un-
touched, but it is intended to point out that the time is not far distant
when the inevitable necessity of reduction in cost of operating must
be faced.

The discovery of new rich deposits does not change the problem,
but simply defers its solution. All placer districts must pass through
this period of evolution, and the sooner the fact is recognized the
easier becomes the transition from the bonanza camp, with its con-
stant business fluctuations, to the one where the exploitation of large
bodies of lower-grade material gives a lasting prosperity. It is
unfortunate to delay this transition until all the rich gravels are mined
out. Such a policy (and the Klondike is an excellent example of a
locality where it has been followed) leads to a long pertod of business
stagnation before the establishment of the new mining enterprises
revives activity.

It is only natural that the first comers to a new placer region should
devote themselves to the exploitation of the bonanzas in the aurifer-
ous gravel, for these give promise of quick and large returns on a rela-
tively small outlay of capital and time. Bonanza mining, however,
though it attracts a large population and brings about the rapid
opening of a new region, does not make for & permanent mining
industry. Usually a large percentage of the operators attracted by
this exploitation of bonanza placers have neither the experience, the
capital, nor the patience necessary for the economic exploitation of
large gravel bodies carrying lower values. Even where the bonanza
miner has the technical skill and capital, he is only too often made
careless by the expensive methods employed in mining the very rich
gravel beds. The pioneer miners, therefore, who must be credited
with the discovery and opening of new districts, often take but little
part in the development of large enterprises.

In both Seward Peninsula and the Yukon districts bonanza opera-
tors still predominate among the mining population. As a result,
with some notable exceptions, there has been but little progress in the
improvement of mining methods. Though considerable capital has
been brought into Seward Peninsula, mueh of it has been expended
on ill-advised or mismanaged schemes. Many of these enterprises
have failed because of the lack of proper technical supervision. To
prove this it is only necessary ta cite the miles and miles of expensive
ditches built on Seward Peninsula, the money on which has been
utterly wasted, because no proper measurement of the water was
made before their installation.

The effect of bonanza mining is well illustrated by the changes
brought about through the discovery of the ‘‘third beach line” at
Nome in 1905. At that time many of the miners were becoming
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attracted to the working of some of the lower-grade gravels in various
parts of the peninsula. The finding of this fabulously rich beach
line, however, led to the centering of all interests on its exploitation.
Much of the best technical talent and capital available for mining was
expended in exploiting this beach line or in searching for other similar
deposits. As a result there was a retardation, or even a retrogression,
in the development of other phases of the mining industry. Although
there is no case exactly comparable to this in the Yukon district,
yet the rich creek placers found near Fairbanks led to the neglect
of enterprises looking to the exploitation of the extensive gravel
deposits carrying lower values. It is gratifying to note, however,
that during the past season there was a marked increase of activity in
both Seward Peninsula and the Yukon districts in making prepara-
tions to mine deposits of this type.

Though new bonanzas will undoubtedly be discovered and new
eras of prosperity be inaugurated thereby, there can be no doubt
that the future advancement of the placer-mining industry in both
the Seward Peninsula and the Yukon camps will depend mainly on
an improvement in mining methods and a reduction in costs, which
will enable the operator to profitably exploit the lower-grade gravels.
The term low grade is, of course, only relative and is not intended to
include all deposits carrying values that might be profitably exploited
in the States. It is probably true that at present there is little placer
mining done in Alaska on ground which averages less than 82 to the
cubic yard, and that much the larger part of that now mined carries
values exceeding $3 or 84 to the cubic yard. These figures are only
approximate, because there arc but few operators who have any definite
knowledge of the values contained in the ground they are exploiting.
At Fairbanks it is generally conceded that ground that runs less than
a dollar to the square foot of bed rock can not be mined at a profit.
This ratio, interpreted in figures more familiar to the average min-
ing man, indicates values of about $3.50 to 84 to the cubic yard.
(See p. 199.) The cost of deep mining in Seward Peninsula is
probably somewhat less than at Fairbanks, because of the lower
freight rates. In Seward Peninsula, moreover, there are many min-
ing enterprises (such as dredging, hydraulicking, and probably also
some open-cut mining) where the cost of operation is far less than $2
to the yard. The above figures, though only rough approximations,
will serve to indicate at least how high operating costs are in Alaska
as compared with those in the States.

Evidently thereis a large field here for the introduction of improved
mining methods, but it is not so easy to forecast the direction these
improvements will take. This is, in fact, a problem for the mining
engineer and should be treated by him. As a rule each property
will have to be carefully studied by a competent engineer to deter-
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mine the best methods of exploitation. It is undoubtedly true that
the lack of experienced engineers in this northern field has been
responsible for the many failures which have been made in placer
mining. The pioneer is too prone to believe himself fully capable
of solving any problem that he may meet and is usually very ready
to experiment in spite of the high cost of such a procedure.

MINING CONDITIONS.

In last year’s report Mr. Hutchins * discussed at some length the
factors which control placer mining and dwelt on those conditions
which are peculiar to Alaska. It will not be necessary to repeat here
what he has already said; for the purposes of this discussion, how-
ever, certain conditions will be considered, but without attempting
to cover the entire field. This again is evidently a problem for the
engineer and not the geologist.

Analysis of the conditions affecting placer mining in Seward Penin-
suld and the Yukon districts shows one dominating feature common
to both regions—the inadequacy of the water supply at a sufficient
altitude for use under gravity. It appears that this fact has not
always been reeognized by those engaged in placer mining. .The
misconceptions prevalent in regard to the available water supply at
Nome are probably due to the fact that the rainfall during the first
few years of mining happened to be abnormally large. Unfortunately
the records of the last decade, incomplete though they are, all point
to the conclusion that seasons of low precipitation are normal and
seasons of high precipitation abnormal. (See pp. 223 and 397.)

In the Yukon region the precipitation is better known, though
actual records here also are exceedingly meager. The pioneer miners
in this region required only a relatively small amount of water, and
hence the scantiness of the supply available was not forced on their
attention. So long as operations were confined to the sluicing of a
few claims in a drainage basin, the water supply being adequate, the
semiarid climatic conditions were not always recognized. When,
however, a large number of operators began utilizing the water on
any one creek, it soon became evident that the water supply was
inadequate. This of course applies only to the dry seasons, for dur-
ing wet seasons there is usually ample water for mining operations,
though even then it is often only the larger creeks that will furnish a
supply sufficient for hydraulic mining.  The rainfall records of the
Yukon district, so far as they are understood, seem to indicate that
the rainfall is exceedingly local and that probably the total precip-
itation for the year does not exceed 10 to 18 inches. (See p. 223.)

o Hutchins, J. P., Prospecting and mining gold placers in Alaska: Bull. U, 8, Geol. Burvey No. 345,
1008, pp. B4-77.
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The general topographic condition has an important bearing on
the question of water supply. The absence of high mountain ranges,
which would be the centers of snow accumulation during the winter
and the loci of more abundant precipitation, is characteristic in the
placer districts of both provinces. In Seward Peninsula there are
several mountain masses where the precipitation is considerable. (See
p- 397.) The most prominent of these ranges are the Kigluaik and
Bendeleben Mountains, which form the most important source of
water supply of the peninsula. Though some of the mountains in
the Yukon basin are equally high, most of them are rounded domes
and lie far below the altitude of permanent snow. The only exception
is the Alaska Range, which bounds the Yukon basin on the south.
The streams that have their sources in this range are fed in part by
glaciers and in part by perpetual snow fields and furnish abundant
water supply. This water has not been utilized, because no consid-
erable placer mining for which it would be available has been done.

The relief and the character of the river valleys also affect the
conditions of placer mining. In both Seward Peninsula and the
Yukon basin the streams are characterized by very low gradients,
and this is also true in most places of the bed-rock floors under the
alluvium. These low gradients necessarily have an effect on the cost
of mining, because they increase the difficulties in the disposal of
tailings and decrease the cutting power of the water used for hydraulic
purposes. '

Undoubtedly the heaviest item of expense in all Alaskan placer-
mining operations is that of transportation. This affects not only
the cost of the initial installation of the plant, but also operating
expenses, including labor and fuel. It is difficult to make any gen-
eralization as to the cost of transportation to the various placer dis-
tricts. The freight rates to the various camps are easily obtained,
but these rates usually represent only a small fraction of the cost of
the transportation to the mines. Thus the freight rate to Nome is
about $15 a ton, but it often costs several times this rate to move the
supplies from Nome to the scene of mining operations. Again, the
cost of shipment of freight to the various camps on the Yukon is
about $75 to $110 a ton, but after the steamer has delivered the sup-
plies on the bank of the river the heaviest cost of transportation
often begins, for the amount paid for transshipping the supplies from
the steamboat landing to the mines varies from $60 to several hun-
dred dollars a ton, even under the best conditions.

The high cost of transportation also aflects the cost of labor. A
" laborer may be taken to Nome during the summer months for $30 to
$40, yet he can not be landed there until several weeks after the open
season has begun. Transportation for a laborer to Fairbanks costs
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about $100, but whereas the mining season begins in the latter part
of April, steamboat communication with the outside world is not to
be had until the middle of June. Moreover, though the mining sea-
son may last through October, the last passengers for the outside by
steamer usually leave Fairbanks by September 20. Hence, to utilize
the services of & man during the entire mining season in alther Seward
Peninsula or the Yukon district, it is necessary to employ him through-
out the year or to send him both in and out of the country by long
and expensive journeys over the snow. Therefore, if the wages of
$5 or $6 a day appear to be high, it must be remembered that the
working season is short and the laborer at a very large expense for
getting into and out of the country. At Fairbanks and to a certain
extent at Nome laborers are employed throughout the year, and
these men are to a less extent affected by the cost of transportation.
As, however, the force employed during the summer months is always
very much larger than that employed during the winter, the rate of
wages is determined to a large extent by the summer conditions.

In addition to the $5 and 86 a day wages, the laborer also receives
his subsistence, the cost of which is directly determined by the trans-
portation charges. It is probable that in some of the camps near
Nome the cost of subsistence does not exceed $1 or $1.50 per man per
day, but in most of the Yukon camps it is usually estimated at $2.50
to $3.

The high cost of transportation also affects the cost of fuel, which
is an important element in operating large plants. Seward Peninsula
has no local fuel supply except a scanty amount of timber in the east-
ern part and a small coal field in the northeastern part. Most min-
ing operations utilize coal brought from British Columbia or Wash-
ington or oil brought from California. This coal costs from 815 to
$18 a ton landed at Nome. To this cost must be added the price of
transporting the coal from the beach to the scene of mining opera-
tions. The Yukon camps, on the other hand, depend entirely on the
local fuel supply. Up to the present timeé the timber has been suffi-
cient to meet the demands, but the available timber is being rapidly
consumed, and it will not be many years until wood will have to be
brought a considerable distance or some other source of fuel found.
The cost of wood on the Yukon is variable, and no general figures
can be given. It is probably safe to say that it ranges from ‘§7 to
$12 a cord delivered at the mines. It must be noted that the Yukon
timber is all soft wood and of low fuel value.

Among the many factors that affect mining is the frozen character
of the ground. The permanent ground frost has been briefly de-
seribed in the various publications relating to Alaska, and its general
occurrence throughout the Yukon basin and Seward Peninsula noted.
As a matter of fact, however, the ground is not all frozen, though
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probably much the larger part of it is.. But the laws governing the
distribution of ground frost have not been determined. Where the
ground is permanently frozen the frost usually extends to bed rock,
which in one place in the Fairbanks district is known to be 325 feet
deep and on some of the benches at Nome more than 150 feet, This
ground frost, while it is advantageous to underground mining, in-
creases the cost of most, other forms of exploitation, especially dredg-
ing. However, although a few years ago it was considered impossi-
ble to dredge frozen ground profitably, experience has shown that
this is not always the case.

NOTES ON PRESENT COST8 AND METHODS OF PLACER MINING.

With the exception of the Fairbanks district and some parts of
Seward Peninsula, but a small percentage of the mining operations
in the central and northern portion of the Territory have progressed
much beyond the open-cut method, the work being done largely by
manual labor, but also by ground sluicing, horse and steam serapers,
steam hoists, etc. During the last three years the methods of mining
the deep gravels of the Nome and Fairbanks districts have been
much improved. Artificial thawing is carried on with a more com-
plete utilization of the fuel than formerly, steam hoists are in general
use, and in most places the buckets are self-dumping. In addition
to these simpler forms of equipment, dredges, steam shovels, and
hydraulic plants are being successfully operated in various parts of
the Territory. Hydraulicking has long been carried on in south-
eastern Alaska and in the Cook Inlet region and has recently been
introduced into the Nizina district of the Copper River valley. It
has been less extensively used in the Yukon districts, largely because
of the lack of sufficient water under head. In Seward Peninsula
also a number of hydraulic plants have been successful, though the
available water supply does not, as a rule, encourage this form of ex-
ploitation. In addition to these true hydraulic-mining operations,
the use of water under pressure for moving alluvium in combination
with other forms of extraction is a common practice throughout
- Alaska where conditions permit.

The dredging of some of the auriferous deposits in Alaska has long
been advocated and many experiments with this form of exploitation
have been made during the last decade. Up to-three or four years
ago most of these attempts were either total failures or met with little
success. This result discouraged even experienced mining men, and
there grew up a feeling of general skepticism as to the adaptability
of this form of recovery to the auriferous alluvium of the northern
placer fields. - The arguments for and against dredging in Alaska have
been set forth in the technical press, as well as in the publications of
the Geological Survey. In spite of the adverse opinions and the
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failures of the first attempts, many experienced engineers persisted
in the opinion that dredging was economically possible, though
experimentation to meet the local conditions must be carried on.
These men have now been proved to be in the right, for a number of
dredges are being successfully operated in Alaska and adjacent parts
of Canada.

At present the largest dredging enterprises in this northern field
are in the Klondike district, where conditions affecting operation are
similar to those in the Alaska part of the Yukon basin. Several
dredges have been in successful operation in the Fortymile region,
in both Alaskan and Canadian territory. In Seward Peninsula two
large dredges were operating during the summer of 1908, one of which
has been successfully used for three years. A number of small
dredges are in use in Seward Peninsula, and other dredges are in
construction or planned.

The above facts prove that dredges are to play an important part
in the exploitation of these northern placers, but it by no means
follows, as seems to be sometimes believed by those inexperienced
in their use, that all auriferous deposits which can not be economically
exploited by other methods are suitable for dredging. Unfortunately,
the success of these dredges may lead to many ill-advised dredging
enterprises promoted by inexperienced men, and a mania for dredge
construction may develop, similar to that for ditch construetion
which prevailed in Seward Peninsula a few years ago. If this proves
to be the case, much money will be wasted, and the placer-mining
industry will suffer. In spite of the failures that will undoubtedly
come, a legitimate dredging industry will nevertheless grow up under
the guidance of experienced engineers, for there can be no question
that there are large areas of auriferous gravel, both in the Yukon
basin and in Seward Peninsula, which can be profitably exploited by
dredging. Some of this gravel is thawed, but probably the larger
part is frozen. In the past the necessity of thawing the alluvium
has seemed to be prohibitive to successful dredging. It now appears,
however, that under favorable conditions the cost of thawing may be
low enough to permit the economical dredging of alluvium whose gold
tenor is so low as to prohibit any other form of exploitation. It must
be conceded, however, that so far the most successful dredging oper-
ations in Alaska have been in thawed ground.

During the first four or five years of extensive mining the cost of
artificial thawing was generally estimated at 25 to 40 cents a yard,
depending on the character of material, the price paid for fuel, ete.
Recent developments at Dawson, Fortymile, and elsewhere indi-
cate, however, a much lower cost for artificial thawing. T. A.
Rickard, who last summer made a comprehensive study of the more
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important placer districts of the North, reports the cost of thawing
dredging ground in the Yukon basin with steam at 9} to 12 cents a
yard.® These figures should not be exceeded in Seward Peninsula.
Wood for fuel in the Yukon district costs from $7 to $12 a cord,
which is equivalent to coal at about $18 to $24 a ton, whereas the
average price of coal in Seward Peninsula is only $15 to $18, and
petroleum is probably still cheaper per heat unit.

A still greater reduction in costs can be counted on where thawing
by exposure to the air and sun is possible. This practice has long
been in vogue in open-cut mining. For this purpose the noncon-
ducting surface mat of vegetation is removed by ground sluicing
when possible—by scrapers and manual labor when necessary—and
the frozen ground, thus exposed to the long Arctic day, rapidly thaws.
The depth to which such natural thawing will take place without
further stripping varies according to the character of the material.
Rickard states that on a property which he visited in the Klondike
natural thawing by this means will reach a depth of 14 feet in two
years. An improvement on this method is possible where sufficient
wadter is available. The plan formulated by O. P. Perry, the engineer
of the Yukon Gold Company (Klondike), is thus described by
Rickard:®

The method of using water in preparing the ground for dredging will be as follows:
First, stock lines will be laid along the edge of the creek carrying water under high
pressure, tapped from the main trunk line. The moss and muck will be stripped by
“'piping" (that is, the use of a Jarge volume of water under pressure), driving from
both sides to a longitudinal cut down the center of the claims. This work will be
carried forward about 2 miles ahead of the dredges. When the ground has been
stripped, the water will again be applied (ai the lower end first), so as to crosscut
the gravel with trenches at intervals of from 20 to 50 feet. The effect of this exposure
of faces of gravel to the air is to accelerate the natural thaw. After the cross trenches
have been made, the longitudinal trench will be deepened so as to drain the entire
area. The depth of the trenches and the extent to which this work is carried will
depend upon the depth to bed rock and the rate of thaw. Experience thus far indi-
cates that when the stripping has been completed, not much trenching is necessary
to carry the thaw to bed rock when the gravel is not more than 18 to 20 feet deep.
Each successive season will extend the thaw farther, so that the depth and amount
of trenching will depend upon the nearness of the dredge. By this method the total
cost of preparing the ground for dredging should not exceed 5 cents per cubic yard,
for there is no installation and maintenanceof sluices, and many of the other expend-
itures incidental to hydraulic mining are lacking. The actual work of mining is
done by the dredge, the amount of ground moved in the preliminary operation being
small compared to the yardage dug subsequently by the dredge itself. By thus
making the most of the natural thaw and preparing the ground for rapid dredging,
the total cost of mining the gravel should not average more than 20 to 25 cents per
cubic yard. The result obtained with artificial thawing in advance of dredging
actually shows a cost of 19 to 35 cents per yard.

a Rickard, T. A., Dredging on the Yukon: Min, and Bel, Press, vol, 97, 1908, pp. 200-203, 354-357.
b Op. cit., p. 355,
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There is every reason to believe that this method of natural thaw-
ing will be a success, though it has not yet been tried in a large way.
Its difficulty of general application to Alaska is the searcity of suffi-
cient water under head to permit any such extensive channeling as
is planned in the Klondike. This feature of the operations of the
Yukon Gold Company has probably less bearing on the dredging
problems of the Alaskan Yukon than have some others. It certainly
is of great importance to know, as Rickard points out, that the actual
cost of operating dredges in frozen ground is as low as 19 to 35 cents
a cubic yard.

Lest the above-quoted figures for thawing be considered applicable
to all forms of mining, it may be well to state that in Seward Penin-
sula the mean of the figures furnished by several experienced oper-
ators in drift mining was nearly 35 cents a cubic yard. It is generally
recognized that thawing for deep mining is far more expensive than
for dredging. There are no figures available on the cost of thawing
for dredging in Seward Peninsula, where, indeed, the frozen condi-
tion of the ground is generally regarded as a serious if not an insur-
mountable obstacle to dredging.

In Seward Peninsula the cost of dredging alone is generally placed
at 20 to 25 cents a cubic yard, with probably a considerable reduction
by the use of central power plants, either hydroelectric or using
imported or local coals. Rickard places the present cost of dredging
in the Yukon basin at 18 to 32 cents a cubic yard, with possible reduc-
tions to 10 or 15 cents.

Among the many important factors to be considered in dredge
mining is the character of the bed rock. The schists that form the
predominating country rock in many of the placer districts weather
deeply and are readily excavated. In some operations, however,
the fact has been overlooked that in the absence of definite knowl-
edge to the contrary, other types of bed rock, such as massive intru-
sive rocks or blocky limestones, may predominate. The difference -
between success and failure may rest solely on the character of the
bed rock. Of course, no dredging enterprise should be launched
without the exhaustive prospecting which will give definite informa-
tion as to the dimensions of the alluvial deposit, its gold tenor, the
character of the bed rock, etc. There appears to be no reason why
the speculative element should not be practically eliminated from a
dredge—rmnmg enterprise, prowded it be in the hands of a competent
engineer,

It has been shown that true hydraulic mining has been carried on at
comparatively few places in Alaska, though it has been extensively
used to supplement other forms of exploitation. Nor does it seem
likely that this method of mining will ever be extensively practiced
in the Territory. The low gradients make it difficult to dispose of
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the tailings, and the small amount of water available under head in
most of the important placer fields makes it probable that hydraulic
mining will never be an important feature in the districts which are
now productive. There are, however, exceptions to this rule. In
southeastern Alaska, in the Cook Inlet region, and in portions of the
Copper River district there are considerable bodies of gravel, which are
so situated that they can be economically handled by hydraulic
means, and water is also to be had. South of the Tanana, along the
northern slope of the Alaska Range, there are extensive bodies of
gravel, some of which are auriferous and are favorably situated for
hydraulic mining. It appears, however, that it has not been deter-
mined that these gravels carry values.

Bench gravels occur in most of the Yukon districts, as well as in
parts of Seward Peninsula, and for some of these deposits water for
hydraulicking is available, though in most places the water supply is
insufficient to assure continuous operation throughout every field sea-
son. Many of these gravel deposits can, however, probably be eco-
nomically handled by utilizing the water either directly during wet
periods or by storing it in small reservoirs, but this will mean mining
on & comparatively small scale. The possibility of hydraulic mining
by the use of pumped water is dependent on cheaper power than can
now be had, but, as will be shown, there are places where hydroelec-
tric or steam plants, using local fuel, can be developed. No data are
available on the cost of hydraulic-mining operations, which vary so
greatly in different parts of Alaska that, even if detailed facts were at
hand regarding the operation of successful plants, they would proba-

“bly have little general bearing. If allowance is made for difference in
wages, the cost of transportation, ete., there is no reason why the
handling of gravel by hydraulic methods should be more expensive
than in other regions of similar topography, provided sufficient water
is available during the open season.

The removal of the overburden by hydraulic means, such as ground
sluicing or elevators, has been a general practice. Hydraulic eleva-
tors have been considerably used in many parts of Seward Peninsula
and to a less extent in the Yukon basin. The cost of these operations
will not here be considered, but it is generally conceded by engineers
that it is not an economical use of water. It should be noted that in
Alasks the term hydraulic mining is often applied to operations in
which, as a matter of fact, water under head is used only to remove
the overburden. The gravels carrying the values are then handled
by open-cut methods, being shoveled or scraped into sluice boxes.
This is of course an expensive method of handling ground, yet its
extensive use among experienced men indicates that it has a legiti-
mate place in Alaskan placer mining.
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Deep gravel mining is confined chiefly to the Fairbanks district,
where the alluvial deposits range from 15 to 300 feet in depth, averag-
ing about 100 feet. In these gravels the high values are chiefly con-
centrated in the lower 4 or 5 feet, and hence they can best be mined
by stoping. Messrs. Prindle and Katz report (see p. 199) that the
lowest-grade ground now mined by this means yields about $3.50 to
the cubic yard. The chief criticisms to be made of the methods
employed are that the ground is usually not prospected except by
working shafts and that only the richest pay streaks are extracted,
leaving the ground in very poor condition for future exploitation.
During the last two years churn drills have been successfully intro-
duced for tracing the pay streaks, and by this means the cost of pros-
pecting is much reduced. The distribution of live water is another
feature to which little attention has been paid. Very often water is
encountered in sinking, and the workings have to be entirely aban-
doned, because no method has been provided for handling it. Hoist~
ing is done by steam, and automatic dumping buckets are generally
used. In many places the water pumped from the mine is used for
sluicing,.and this plan makes the operations independent of a surface
supply, though the necessity of using pumps much enhances the gost
of extraction. Similar methods have been extensively used on.ghe
ancient beach placers near Nome and to a small extent in other
districts.

Much of the mining in the Fairbanks district is done on borrowed
capital at an excessive rate of interest,® which largely increases the
operating costs. Another feature of mining at Fairbanks, and to a
less extent in Seward Peninsula, is that many of the operators are
working under leases or “lays,” as they are locally termed. These
men usually have little capital and some of them no great amount of
experience. Working, as they do, on borrowed capital with high
interest charges, they are compelled to leave untouched all but the
richest gravels. Moreover, as they have no interest in the future of
the mining claim, they pay small heed to the condition in which they
leave the ground. As a rule the leases are made for one or two
seasons only. The lessees as a class exploit only the bonanzas, and
after they get through their work the ground is so gutted as to make
the recovery of the remaining gold difficult and expensive. Mining
of this type, while it makes for rapid production, is ruining some of
the best properties in Alaska for future exploitation.

Operating costs can be roughly classed under three headings—labor,
supplies, and equipment. It will be at once recognized that the cost
of all these items is in a large measure determined by the transporta-
tion charges. Transportation is the most important factor in con-
sidering possible economies in mining methods. It not only deter-

@ 1n 1008 the usual rate of Interest wes 2 per cent & month.
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mines the direct cost of labor, supplies, and equipment, but also
indirectly affects the cost of these items because of the losses of time
frequently involved. This indirect influence of transportation on
cost may be illustrated by the course taken when a mining plant is to
be installed. After the equipment has been assembled at some con-
venient seaport on the coast, it is shipped by steamer and by river
boat to the nearest place to the property to be developed in Alaska
that is accessible by water communication. If the plant is a large
one, this transportation may take the best part of the first summer.
Where there are no local railways, the equipment is then transported
by horse sled to the mine during the following winter. A second
summer is usually consumed in installing the machinery. If, there-
fore, the plant, and then only if it be a small one, is ready for operating
at the beginning of the third season, its installation will not have
required much more time than is usual in such an enterprise. Time
aay be saved, however, in Seward Peninsula and at Fairbanks on
properties that are accessible to the railroad; such plants may be in
operation before the close of the second season. 1t is evident that the
loss on interest charges for a large investment is considerable under
the conditions outlined above.

The present price of labor in the more important placer camps in
Alaska varies from $5 to $6 a day, with board, making a total cost
per man per day of $6 to $8.50. This may appear to be a high
charge for manual labor—for much of the work requires little skall *—
yet it must be remembered that the price is largely determined by
the demand for laborers during the open season. On an awerage
twice or three times as much labor is required during the sammer
months as during the winter. As a result this labor either has to
be imported in summer, or must be supported during the winter by
the wages earned in the open season. It costs from $40 to $75 to
bring in a laborer for the summer work. Moreover, he can not
reach the camp until some weeks after the mining season has opened.
These conditions make it improbable that the cost of labor will be
reduced, unless there is a material change in the transportation
situation, or more encouragement is given to the individual miner
to prospect for himself for a part of the season. Railway com-
munication with the camps appears to be the only solution of the
labor problem. If a laborer could be brought from Seattle to Fair-
banks at the time he was needed, in four or five days, and returned,
when there was no more work for him, in the same length of time,
at a cost of, say, $50, he could afford to work for considerably less
than he now receives. The cost of food for the laborers would also
be reduced if railroad transportation were available. Such facilities

@ This statement applies more especially to open-cut work; the deep mining at Fairbanks requires skilled
miners.
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appear to be very remote for Seward Peninsula, but the outlook for
a railway to the Yukon is more hopeful.

It should be stated that the completion of a wagon road between
Valdez and Fairbanks, now begun by the Alaska Road Commission,
will in & measure tend to reduce the cost of labor. Even now, as
the winter trail is good, many men make their way to Fairbanks
late in the winter for employment when the open season begins.

If lode mines are developed in any part of the inland district of
Alaska or Seward Peninsula, they will furnish employment through-
out the year and thus materially help the labor situation. This
opportunity would attract a more permanent laboring population,
which is now almost lacking in the placer districts. The greatest
need of the Fairbanks district, as well as of others in the Yukon
basin, is a larger population. There are now hardly men enough to
work the developed placers, much less to prospect. Although it is
true that the deep placers of Fairbanks are operated throughout the
year, winter mining appears to be rather on the decrease, and it
seems probable that unless lode mines are developed, there will be
less employment during the winter months in the future than there
has been in the past.

The outlook does not appear very hopeful for a material reduction
of the percentage of manual labor employed in placer mining. This
statement, of course, does not refer to dredging, and, as has been
shown, the employment of labor-saving devices is constantly in-
creasing. Unfortunately, the water supply is not such as to encour-
age the outlook for hydraulic mining, though there are possibilities
of developing cheaper power. It appears, therefore, that in the two
important placer fields the most promising feature for the reduction
of cost is the introduction of dredges where their use is economically
feasible.

The high freight charges can best be appreciated when it is stated
that the cost of transportation of supplies delivered at the mine will
vary from $75 to $500 a ton, or even more in some of the isolated
camps. The reduction of these costs is dependent on additional
railways and wagon roads, and those already completed and now in
progress have materially lessened operating expenses in some of the
placer camps. Even were the cost of transporting a ton of supplies
by rail from the seaboard to Fairbanks as much as that of bringing
it by the long water route, yet there still would be a saving, because
of the saving of time and the certainty as to the date of delivery.
It is estimated that the transportation of supplies and equipment
to Fairbanks costs the district nearly $2,000,000 annually, and to
this must be added about $1,000,000 more for transportation of that
part of the freight which is sent to the creeks. In other words,
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about 30 per cent of the value of the entire gold production of the
Fairbanks district is required to pay the transportation charges alone.

Another direction in which economy in mining may be introduced
is by lewering the cost of power. There are two ways in which this
may be done—one by the utilization of water power and the other
by the reduction of the cost of fuel or, what amounts to the same
thing, greater economy in its use. The investigations made by the
engineers of the Geological Survey have shown that there are probably
available water powers both in the Fairbanks district and in Seward
Peninsula. (See pp. 227 and 373.) It is likely, however, that,
even if all the water powers available are harnessed, there will in
time still be demand for more power. Moreover, the utilization of
these water powers presents many difficult problems, some of which
have not yet been studied in detail.

The lowering of the cost of fuel does not seem feasible. At the
rate at which the timber is being used up in the Yukon region the
chances are that the cost of cord wood will continue to go up, as it
has during the past few years. Here, again, the item of transporta-
tion has added to the cost to a very large degree, and the improve-
ment of the wagon-road system and the introduction of railroads
may have a material effect on the price of fuel. This is especially
true in Seward Peninsula, where most of the fuel is imported from
Puget Sound and other places. The more economical use of fuels
is probably another direction of possible saving, but falls outside of
the present discussion.

Another method that might reduce mining costs is the utilization
of local deposits of lignitic coal for the production of electric power
to be transmitted to the mining camps. A plan has been under
consideration during the past year for using the Chicago Creek coal
in the northeastern part of Seward Peninsula in this manner. (See
pp. 362-364.) Similar coals occur south of the Tanana within 30 or
40 miles of Fairbanks. If Seward Peninsula and the Yukon districts,
as is believed, include considerable areas of dredging ground, it is
possible that such local supplies of lignite may furnish the needed
power. In any event, it appears that it would be more economical
to utilize the lignitic coal in a power plant located at the mine than
to attempt to transport it to the various districts. A company
undertaking such an enterprise will naturally make a careful study
of the possible competition of a coal-consuming power plant with
any water powers that may be developed.

MINERAL-LAND LAWS.,

The inadequacy of the public-land laws under which placer ground
is preempted and held is seriously retarding mining advancement.
At present large tracts of public land in regions believed to be aurifer-
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ous are located and held by individuals and groups of individuals
for purely speculative purposes, without any attempt at mining
development or even the proving of the mineral character of the
land. This is clearly an evasion of the spirit of the mineral-land
statutes, whose sole purpose was to bring about the discovery and
development of the mineral deposits. It is difficult to prove that
there are many cases of actual evasion of the letter of the law, though
it is generally conceded that some statements of annual assessment
work performed will not bear close scrutiny. )

To understand-the present conditions it is necessary to bear in mind
the fact that but a small percentage of the placer claims are ever
patented. Hundreds and thousands of claims have changed hands,
and in many of them all the gold has been extracted without any title
having been acquired, except through the original staking and the
annual assessment work required by law. In districts of mining
activity the annual assessment work is usually performed, for every
property is watched closely by a numerous class of so-called profes-
sional “claim jumpers.” In the more isolated districts, however,
many ‘claims are staked and restaked by the same individuals without
the slightest attempt at prospecting the ground. One instance may
be recited where, in an isolated district of no mineral production buf
possible values, the claim holders had a ““gentlemen’s agreement,’”” by
which they agreed to do no assessment work and not to jump each
other’'s claims, restaking the first of each January. If, however, a
stranger appeared in the district, each man betook himself to his prop-
erty and either restaked it or went vigorously to work.

Some years ago it became the established practice to take up
public land believed to be valuable for placers in so-called ‘‘asso-
ciation claims" of 160 acres, for it was found that the present law
allows the same amount of assessment work to hold the larger tract as
the individual 20-acre claim. As it is easy to obtain powers of attor-
ney for staking placer ground, either from residents or nonresi-
dents, and as there is no limit to the number of claims that such
an association of individuals can locate, there is nothing to pre-
vent one man preempting thousands of acres, provided he be first
in the field. As a consequence the systematic prospecting of sup-
posed placer ground previous to location and recording, is almost
unknown in Alaska. When a so-called ‘“stampede’ into a new
district takes place each man strives to be the first on the ground,
and to stake as many claims as his ability to travel across country
will permit. Having located the ground, the “claim staker’ is not
required to do anything, except to make record with the United States
commissioner, until a year from the first of the following January,
when he may continue to hold his 160-acre claims by doing $100
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worth of assessment work on each claim. As has been shown, even
this requirement is often evaded.

The bona fide prospector is usually later in the field, for he is bur-
dened by his prospecting equipment and supplies, whereas the claim
staker needs only a pencil and hatchet and a few days’ provisions.
These later arrivals are then given opportunity to prospect under a
lease the claims already taken up. If the ground proves to be
valuable, the claim staker and his associates, who may be thousands
of miles away, receive a royalty from mineral lands on which they
have usually expended nothing but a few days’ or weeks' time. On
the other hand, the man who prospects the claims under lease receives
nothing for his labor if the ground is found to be worthless, and at
best his reward is usually little more than the average wages of the
district. In an unproved field it is often difficult to find prospectors
to work under a lease, and as a consequence, though the lands are
taken up under mineral entry, no mining is attempted for a year or
two. That this account is not overdrawn will be admitted by all
who are familiar with the conditions. Mr. Maddren elsewhere in
this volume (pp. 234 and 238) describes the conditions in some of the
newer placer camps.

All this is clearly an evasion of the purpose of the statutes, but
it probably can not be rectified except by a change of law. As a
matter of fact, the laws under which the mineral lands of the public
domain are acquired by the individual are of a very general charac-
ter, and it was intended that they should be supplemented by state
and territorial statutes, or, in the absence of other forms of local
government, by the regulations of the “ miners’ meetings.”¢ Alaska
has, of course, no local government, but up to 1900 it was the general
practice for the miners of each district to elect their recorders and
make regulations with reference to size of claims, etc. These regu-
lations had a standing in law so long as they did not conflict with the
United States statutes. In the pioneer days, with the small popu-
lation of miners and prospectors, this system worked admirably.
With the sudden influx, during the Klondike and Nome excitements,
of a large population which had not been schooled to frontier condi-
tions, regulations by “miners’ meetings” were far less successful
and fell into disuse. The civil code of Alaska, enacted in 1900, still
recognizes the right of miners to make local regulations,® but advan-
tage is now seldom taken of this privilege, largely because miners
of the best class realize that it is no longer applicable to the present
conditions.

=Sea Rav. Stat., seo, 2324,
b See An act making further provision for a civil governmant for Alaska and for other purposes, Title T,
sec. 16, Btat, L., 56th Cong., 1st sess., p, 328.

79205—DBull, 379—09—4
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These conditions have undoubtedly discouraged systematic pros-
pecting in Alaska placer districts, and as a consequence the number
of real prospectors and miners appears to be decreasing. It is
unfortunate that in a region where there are such great fields that
should receive careful investigation by experienced men, such men
are not encouraged to prospect. There are hundreds of miles of
valley bottoms staked for placers where no attempt has ever been
made to excavate to bed rock. The nominal holders of many of
these claims are residents of the towns, if they live in Alaska at all,
and support themselves by other means, while the experienced
miner, if he desires to work for himself, is forced to seek very isolated
districts which the professional claim staker has not reached.

Of the necessity for a change in the statutes and regulations apply-
ing to the taking up of placer ground, nearly all familiar with present
conditions are agreed. There is, however, far from unanimity of
opinion as to the changes that should be made. It seems to be
generally agreed that the advantages of the association claim are
less than its disadvantages and that the former practice of taking
20-acre claims is best. There can be no doubt that for the encour-
agement of gold dredging the larger claims would be desirable. If,
however, in the statutes no difference is to be recognized between
ordinary placer ground and dredging ground, the larger claim would
best be abandoned. It appears also that a man should not possess
the unlimited right of staking claims for himself or his friends. If
only 20-acre claims were permitted and a more rigid assessment
law was enforced, attempts to preempt large tracts of the public
domain would be somewhat discouraged. The speculative feature
in an unproved district would, however, still remain and tie up the
supposed mineral land for a year or two. Possibly the difficulties
could be met by requiring the assessment work to be done within six
months or even three months from the time the claim is staked.
Any statute that reduces the time in which assessment work is done
should take cognizance of the fact that in some localities the work
can best be done in winter, in others only in summer.

In his recent report @ the governor of Alaska recommended that a
law be enacted defining the length of tunnel or depth of shaft which
shall constitute the assessment work.? Such & law has long been in
force in the Yukon Territory, where conditions of mining are prac-
tically the same as in Alaska. It should be noted, however, that
Canada maintains a regular force of trained engineers and inspectors
to see that the mining laws are obeyed. That an inspection of
assessment work would be desirable can not be doubted, but it can

@ Repart of the governor of the district of Alaska to the Secretary of the Interlor, 1908, p. 16.
b If this were enncted In a law, other methods of prospecting, as by churn drill, dredge, etc., should also
be recognized.
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hardly be expected that the few underpaid United States commis-
sioners, who are at present charged with a great variety of duties,
could undertake such an additional task, even when fitted for it by
training and experience.

SUMMARY OF PLACER MINING BY LOCALITIES.
PACIFIC COAST REGION.

For the purposes of this discussion, the Pacific coast region will here
be made to include not only the seaboard but also the drainage basins
tributary to it. No extensive placer fields have been developed in
this region, but there are a number of small districts whose aggregate
production in 1908 was valued at about $450,000, as compared with
$275,000 in 1907. The increase is to be credited entirely to the
Susitna basin, and for the most part to Valdez Creek. The placers of
the Copper River region included in this estimate of production are
described by Mr. Moffit on p. 156.

Southeastern Alaska.—The only placer-mining operations in south-
eastern Alaska during 1908 were on Gold Creek, in the Juneau district,
where some hydraulicking was done, and on Porcupine Creek, a tribu-
tary to Klehini River, in the Skagway district. In former years there
was considerable mining on Porcupine Creek and 30 miles northwest
of Haines, but since 1904 there has been only a small production from
this locality. In 1908, however, a flume 6,280 feet long, 38 feet wide,
and 7 feet deep was completed along the sides of the creek bed, and
through it the stream is diverted, thus giving access to theauriferous
creek gravels. A little sluicing was done at the close of the season,
and a small output is reported.

Beach mining.—Beach placers are widely distributed along the
Pacific seaboard, notably at Lituya Bay, Yakataga, Yakutat, Anchor
Point, Cook Inlet (see p. 148), at a number of localities on Kodiak
Island (see p.30),and on Popof Island,near Unga (see p. 149). So far
as these placers have been studied, they appear to be mere surface
concentrations due to wave action. Prospectors report that enrich-
ment of deposits of this type takes place after heavy storms. Under
such conditions the waves cut back into the coastal-plain sediments
and concentrate the heavy material as a surface layer. Several
attempts have been made to mine these beach deposits in a large way
with the use of machinery, but they have all failed, probably because
the quantity of material at any one locality is very small. It is
worthy of note that these deposits do not compare in bulk or richness
with the famous beach placers of Nome. Aside from the fact that
the mining of the Pacific beaches furnishes spasmodic employment
to possibly half a hundred men who are probably otherwise engaged
for most of the year, these placers appear to have no great economic
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importan-e. Their occurrence is of interest, however, because they
indicate that certain regions are auriferous which have so far yielded
no gold except from such deposits. The population engaged in beach
mining is so ephemeral in character that there is no means of obtain-
ing statistics of production. Yakataga still seems to be the chief
center of this industry, but some beach mining is also done on Kodiak
and Popof islands. The total output from the beach placers in 1908
is estimated at $20,000 to $30,000.

Sunrise district.—The Sunrise placer district, in the northern part
of the Kenai Peninsula, continues to be a small producer. Several
small hydraulic plants are operated, but most of the gold is taken by
more primitive methods. Mills, Canyon, Lynx, Gulch, East Fork,
and Sixmile are the productive creeks of the district. It is estimated
that about 50 men were engaged in mining during 1908, and that 10
claims yielded more or less gold. The value of the entire output of
the district is probably about $20,000.

Susitna basin.—The exploitation of some rich placers on Valdez
Creek, u tributary to the upper Susitna, and the continuation of
mining in the Yentna and Little Willow Creek basins has stimulated
prospecting throughout the Susitna River basin. Discoveries of
workable placers in various parts of this region are reported, but
details are lacking. Several small steamers are now used on the
Susitna, and a more complete water-transportation system is promised
for 1909. According to current reports, a number of large steamers
are to be placed on the Susitna and & comparatively easy route to the
Valdez Creek and Yentna placers is to be established. The Valdez
Creek placers are described by Mr. Moffit elsewhere in this volume
(pp. 157-160).

There is little information at hand regarding the Yentna district.
One or two hundred miners and prospectors were reported to be in
this district in 1908, and the value of the gold output is estimated at
$100,000.

YUKON BASIN.

The total output of gold from the Yukon region in 1908 is estimated
to have a value of $10,200,000, as compared with $9,183,000 for 1907.
This increase of a million dollars must be credited entirely to the area
tributary to Fairbanks, which is described by Messrs. Prindle and
Katz elsewhere in this volume (p. 181). Most of the smaller dis-
tricts showed a falling off in production as compared with previous
years, largely because of the scarcity of water for sluicing, but partly
because on certain groups of claims that have been consolidated for
exploitation in & large way the equipment has not yet been installed
and so there was no output. Outside of the Fairbanks district the
most important features of the mining industry in the Yukon basin
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were the successful operation of dredges in the Fortymile district,
some discoveries of placer ground in the Hot Springs district of the
lower Tanana Valley, the finding of auriferous gravels in the Beaver
Creek basin, and the exploitation of some deep gravels carrying a high
gold tenor in the Koyukuk district.

Fortymile district.—It has been found impossible to obtain com-
plete data on the gold output of the Fortymile district. Reports
received from 20 different operators show an aggregate output of
$66,000. It is believed, however, that there were at least twice as
many operators and that the value of the production was greater
than that of 1907, which amounted to $140,000,

Two dredges were operated for most of the season on Walker Fork
and are said to have been successful. A smaller prospecting dredge
was used for a part of the summer near the international boundary.
The dredge on Pump Bar, Fortymile River, installed in 1907, was
wrecked by the spring freshets of 1908. It appears that the Forty-
mile district was better supplied with water during 1908 than any
of the other Yukon districts, and this led to many small operations.
As in previous years the most work of this kind was on Wade Creek,
but the Ingle, Napoleon, Chicken, Lost Chicken, Berkshire, Meyers,
and Flat Creek placers also were productive. Some mining was done
on American, Nugget, Flume, and Barney creeks, near the town of
Eagle. These operations were all on a small scale, the total produc-
tion being about $10,000.

(lircle precinct.—Returns were received from only 14 operators in
the Circle precinct. It is believed, however, that about 30 different
mines were productive in 1908. This is another instance to show that
neglect of the individual operators to furnish statistics of production
is liable to result in injustice to the precinct in the Survey reports.
Fortunately the writer has had the cooperation of A. J, Childs,
Samuel Sim, and others in procuring general estimates of produc-~
tion, and these data indicate a total output for the precinet of
$175,000 in 1908 as compared with $200,000 in 1907. Nearly half
of the output was obtained by drift mining during the winter months.
The decrease is chargeable to the lack of water for sluicing during
the openseason. (Seep.216.) Itisestimated that 36 different mines,
employing 110 men, were worked during the summer af 1908, and
that during the preceding winter 24 mines, employing 64 men, were
on & productive basis. Winter work on Deadwood Creek was ham-
pered by the mild weather, as the seasonal frost did not reach bed
rock until February and the ground water prevented mining.

The completion of about 20 miles of wagon road from Circle, on
the Yukon, to Jenny Jump, Birch Creek, will help to solve the
transportation problem in this region. A wireless station, which
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has been installed at Circle, will put the precinct into telegraphic
communication with the outside world.

As in previous years, Mastodon Creek made the largest production
and Deadwood Creek was second. Some prospecting was done on
the lower part of Deadwood Creek to test the ground for dredging.
There has also been considerable prospecting in the Birch Creek dis-
trict, with a view of finding dredging ground. This district includes
considerable bodies of gravel 12 to 40 feet in depth that carry values
too low for operating by the open-cut method, and some of this
gravel is thawed. The small amount of water and the low grades of
the streams will probably make it impossible to hydraulic these
gravel deposits, but it seems possible that some of them may be
worked at a profit by means of dredges. In any event, it is certain
that parts of the main Birch Creek and Harrison, Deadwood, and other
creeks are worthy of investigation. The reported discovery of a
small vein of wolframite on Deadwood Creek (see p. 29), is of inter-
est, though not known to be of commercial importance.

A 6-mile ditch was completed in the late summer to bring water
from Bonanza Creek, a tributary of Porcupine Creek, to the placers
on Mammoth Creek. This ditch gives about 500 feet of working
head, and the water will be used to hydraulic an extensive tract of
auriferous gravels. It has long been known that the gravels of
Mastodon Creek carried values, but there has been practically no
mining on this creek since 1905, when a steam-shovel plant was used
experimentally on the upper part of the creek. These operations
showed that the ground carried gold, but the values were not suffi-
ciently high to permit profitable exploitation by this method.

A storage reservoir was completed on Mastodon Fork of Eagle
Creek during the summer, but the season was so dry that the water
was sufficient only to do some ground sluicing of overburden. Most
of the known productive part of Eagle Creek is now controlled by
one company, which has been engaged during the last two years in
installing its equipment. The ground formerly worked on Eagle
Creek carried values high enough to make it worth while to drift
thawed ground, a process which entailed the expense of timbering.
In addition to the above-mentioned operations, there was a small
production on Woodchopper, Coal, and other creeks tributary to the
Yukon above Circle.

An important feature of the mining development in this region
in 1908 is the discovery of gold on tributaries of Beaver Creek. It
is reported that good prospects are found on Loper Creek, a tribu-
tary of Preacher Creek. Here the ground is said to be thawed and
less than 8 feet in depth. Pick and shovel mining is said to yield $4
to $5 to the man. Encouraging prospects are also said to have been
found on Bachelor Creek, in this same general field. The bed rock
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t.hroughout. the district is said to be mica schist similar to that
occurring on the Birch Creek side of the divide.

Chena-Salcha- Tenderfoot region.—The reported dlacovery in 1907
of rich placers in the upper Chena basin has not been verified by
the later prospecting. There appears to be no doubt that the
region is auriferous, however, and as it lies in what would seem to
be the normal extension of the Fairbanks gold belt, there is good
reason to suppose it may yet yield commercial placers. It can not
be denied that the prospecting that has been done during the last
two years has not met with any great amount of success. Some of
the ereeks, however, have made a small production, and there are
still in this field a number of prospectors who are sufficiently encour-
aged to continue their work. The placers of the Salcha and Tender-
foot basins were hampered by the same dry-weather conditions that
prevailed at Fairbanks. In spite of this, the production has con-
tinued about the same as in 1907, which is estimated to have a value
of $300,000 to $450,000. On Tenderfoot Creek, the largest producer,
7 claims were worked by 100 men during the winter and 8 claims,
employing about 120 men, during the summer. Two claims were
worked on Banner Creek and 2 on Democrat Creck, a tributary of
Banner Creek.

Rampart district.—The Rampart district, as here defined, includes
the drainage basins of Minook Creek and of some other streams
tributary to the Yukon near the town of Rampart. Only seven
operators in this district replied to requests for statistical informa-
tion, giving a total production of $9,000. This, of course, represents
only a part of the total output of the district. It seems probable
that the production of 1907 was nearly twice as great as that of 1908.

Mining was almost entirely suspended in this district during July
and August because of low water. (Seep.226.) The moreimportant
operations during the rest of the summer included work with two
hydraulic plants on Hunter Creek and one with an elevator on
Hoosier Creek. Three automatic dams were in operation on Little
Minook Creek and one on Hoosier Creeck. A small amount of open-cuf,
manual work was done on Ruby, Slate, and Little Minook, Jr., creeks.
Some sluicing was also done on Quail Creek.

the last two years some prospecting has been done on
Morelock and Shevlin creeks, which flow into the Yukon from the
north about 20 miles above the mouth of the Tanana. The gravels
of these streams have been found to be auriferous, and some sluicing
was done in 1908 on a bench claim at the confluence of Morelock and
Bonanza creeks.

Hot Springs district.—The Hot Springs district is comprised in the
basins of Baker Creek and other tributaries of the lower Tanana.
This region was a focal point of interest during the summer of 1908,
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and there was a considerable influx of miners from other parts of the
Yukon basin. In 1907 good prospects were found on Sullivan Creek,
and in 1908 these placers made a considerable production in spite
of the low-water conditions. In addition, other workable deposits
of auriferous alluvium were found in the region lying between
Sullivan Creek and the northern tributaries of Baker Creek. The
auriferous belt thus roughly blocked out stretches from Sullivan
Creek to Elephant Gulch, being about 25 miles long and 5 to 10 miles
wide. Within this area some rich ground has been found, notably on
Glenn and Thanksgiving creeks, as well as on tributaries of Pioneer
Creek, and the district promises to become a large producer.

The low-water conditions of 1908 (see p. 213) prevented any very
extensive mining operations, but the total production for the year
is estimated to be about $150,000, about one-sixth of which was
taken out during the winter. It is estimated by W. B. Ballou,
United States commissioner at Hot Springs, that 4 claims were
worked during the winter by 8 men and 12 claims during the
summer by about 100 men, including those that were doing dead
work.

On Thanksgiving Creek a considerable area was stripped of moss
preparatory to ground sluicing and a bed-rock flume was excavated.
Water was almost lacking, so very little sluicing was done. On
Glenn Creek, Seattle bar, and What Cheer bar some open-cut
mining was accomplished. On Eureka Creek two open-cut plants
were in operation when water permitted, and an extensive system
of flumes was installed. A mile of ditch was built on Sullivan Creek
for open-cut mining on Tufty Gulch. Several smaller ditches were
also in part completed on Sullivan Creek, where during the winter
some deep mining was done, considerable ground was stripped, and
some bed-rock flumes were excavated.

Bonnifield and Kantishna region.—The Bonnifield and Kantishna
placer districts, lying along the northern margin of the Alaska Range,
continue to encourage a small mining population. Gold has been
found on six or seven creeks, and a small production is made annually.
No rich diggings, however, have been found except on a few claims
located the first year in the Kantishna region. The large bodies
of gravel, though known to be auriferous, have not been proved to
carry gold in commercial amounts, and the most encouraging feature
of the gold deposits of this district is their close proximity to the
high mountains, which will furnish a water supply for hydraulic
purposes—a condition almost unique in the placer-mining districts
of the Yukon region. It is estimated that the total value of the
gold output of these two districts for 1908 was less than $20,000.

Chandalar district.—According to S. J. Marsh, United States com-
missioner at Caro, 11 claims, employing 23 men, were worked in the
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Chandalar district during the summer of 1908. The largest production
came from Big Creek, but there was also a considerable output from
St. Marys Creek and a small amount of gold was obtained from other
streams in the course of prospecting.

As in the other Yukon camps, scarcity of water considerably
curtailed production. The district also labors under a great dis-
advantage because of the cost of taking in freight. All supplies must
now be brought by poling boat in summer or dog team in winter
from the head of steamboat navigation on the Chandalar, a distance
of 60 miles, or from Fort Yukon, a distance of 150 miles. Con-
sidering these disadvantages the production last year of about
$25,000 worth of gold is very creditable and exceeds that of the
previous season. Efforts are now being made to have a direct road
constructed from Yukon River, a distance of about 100 miles,
following a route along which a trail has in part buen established.
The reported discovery of auriferous lodes in this field has already
been referred to (p. 30).

Koyukuk district.—There is little information at hand regarding the
Koyukuk district beyond the fact of its general prosperity, in spite
of the low-water conditions that prevailed during the summer of
1908. This prosperity is due chiefly to the impetus given to pros-
pecting by the discovery of rich placers at a depth of 130 feet on a
claim on Nolan Creek. During the fall of 1908 an extension of the
rich ground on Nolan Creek is said to have been found. _

There were no changes in the cost of operating, which are still very
high. The low-water conditions not only curtailed mining, but also
disorganized the steamboat transportation service. In former years
steamers from the Yukon have usually reached Bettles by June 20, but
in 1908 the first boat did not arrive until July 4, and on account of
low water was forced to discharge its freight 6 miles below Bettles,

Only eight operators replied to requests for statistics on produc-
tion in 1908, and their total output aggregated $116,000. It is con-
fidently believed, however, that the output of the district exceeded
$200,000, and hence was more than twice as much as that of 1907,

Lower Yukon and Kuskokwim.—Mr. Maddren presents an account
of the gold placers of the Gold Hill, Ruby Creek, and Innoko regions
elsewhere in thisvolume (pp. 229-266). Theresultsof hisinvestigations
are of importance to the mining industry in indicating the presence
of what seems to be a southwesterly extension of the gold-bearing
rocks of the Yukon-Tanana region. Though the entire production
from these districts during 1908 was less than $100,000, yet the mere
presence of gold should give impetus to prospecting. In this con-
nection it may be noted that auriferous gravels have long been known
to occur on the Melozitna and also on the Anvik, though no workable
placers have been developed.
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During the past summer discoveries of rich placers were reported
on Tuluksak River, which flows into the Kuskokwim from the east,
about 60 miles above Bethel. It appears that some prospectors took
out several thousand dollars’ worth of gold from creeks in this region
with the aid of rockers alone. The information in regard to this find
is not very definite, but it is a significant fact that the reported locality
of this discovery lies in what would be the extension of the Innoko
gold-bearing belt. The district is at least worthy of further inves-
tigation. '

NORTON BAY.

So far as known, the only productive placers of the Norton Bay
region are those of Bonanza Creek, which flows into Ungalik River,®
the first large easterly tributary to Norton Bay, its mouth being
about 10 miles east of Cape Denbigh. The creek is reported to have
only a few claims on it, but these have been considerable producers
for several years. Gold is also said to have been found near the hot
springs in the Tubutulik River basin, but the amount has not been

determined.
BEWARD PENINSULA.

The mining conditions in Seward Peninsula during 1908 are fully
summarized elsewhere in this volume by Mr. Smith (p. 267) and
Mr. Henshaw (p. 355). Mr. Smith shows that the low-water con-
ditions and the approaching exhaustion of some of the ancient rich
beach placers largely curtailed the gold production. Great difficulty
has been experienced in obtaining accurate statisties of the gold pro-
duction of Seward Peninsula, owing to the neglect of many operators
to furnish statistical data of output, or even to reply to the commu-
nications sent to them. At this writing replies have been received
from only 77 mine operators, a number which is believed to be only
about 50 per cent of those who were producing gold in 1908. (See
p. 17.) KOBUK DISTRICT.

Mention has already been madoe (p. 31) of the reported discovery
of gold and copper bearing lodes in the Kobuk River region. This
district, in spite of its inaccessibility, has maintained a small placer-
mining population for several years. Supplies for this camp are sent
up Kobuk River by steamer to Shungnak, about 200 miles, and
thence freighted by poling boats or dog teams to the placer mines.
Another route of communication is up Dakli River, a northerly tribu-
tary of the Koyukuk, thence by an east portage through Zane Pass
and down Pah River to the Kobuk. Data in regard to the mining
development in this field are available through the courtesy of Lewis
Lloyd and M. F. Moran, of Shungnak.

o Locally known as Ungatalik,
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The area in which gold placers have been found is, roughly, about
10 miles square and drains into Kobuk River. Of the several streams
in this area, Shingnek ¢ and Dahl creeks have been found to carry
workable ‘placers. The bed rock in the mineralized area is said to be
mica schist, slate, calcareous schist, greenstones, and granite, and
the statement corresponds to the observations made by Mendenhall ®
during his hasty exploration of this stream in 1901.

There has been some mining on Shingnek Creek for nearly ten years,
and the entire production is estimated to have a value of about
$50,000. This gold has been taken out of seven or eight claims,
located about 9 miles from the Kobuk, The bed rock is mica schist
and greenstone schist, and the gravels are only from 1 to 3 feet in
depth. Most of the gold is fine, but one nugget has been found which
weighed 2§ ounces. In 1908 three or four men were mining on this
stream. The work is accomplished with the aid of wing dams, and
periods of high water interrupt operations.

Dahl Creek is about 10 miles in length and its productive placers are
distributed along the upper 6 miles of its course. The bed rock is
reported to be schist and the gravels from 2 to 8 feet in depth. The
gold recovered contains a large proportion of nuggets, and one of
these weighed 3} ounces. At the head of the ereek is found angular
gold that seems to be practically in place. The adjacent schist is
full of quartz stringers, some of which carry free gold. Mining on
this creek has been spasmodic. The total production is estimated at
about $40,000, taken chiefly from claims Nos. 1, 2, 5, 6, 7, and 8.
Values as high as 815 to the shovel are reported.

Placer gold has also been found near the head of the Noatak and at
other localities in this district, but not in paying quantities. The
occurrence of copper nuggets in some of the stream gravels of the
Kobuk district has already been noted (p. 31). The white popula-
tion of the district is estimated at about 20 men, and the annual gold
production at about $10,000 to $15,000. An interesting feature of
the mining is that Eskimo ¢ laborers are very largely employed, and
are said to make very good workmen. N

NONMETALLIC MINERAL DEPOSITS.

During 1908 the mining of nonmetallic deposits was confined to the
operating of a few widely distributed coal mines, some marble quar-
ries, and a gypsum mine in southeastern Alaska. There was also a
small production of mineral waters from southeastern Alaska. The
marble and gypsum deposits, described by Mr. Wright elsewhere in
this report (see pp.84-85), show a production valued at $70,000 ¢ in

@ Locally known as Shungnak,
b Mendenhall, W. C., Reconnalssance from Fort Hamlin to Kotzebue Bound, Alaska: Prof. Paper
U. B. Geol. Burvey No. 10, 1902, pp. 31-35,

¢ The native populstion of this part of Alssks is Eskimo and not Indian.
4 This is the estimated value of the rew product at the locality of production.
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1908, as compared with $63,908 in 1907, The following is a state-
ment of the value of these two products during the last eight years:

Value of marble and gypsum produced in Alaska, 1901-1908.

T @ $500
o VNP S S a 255
1908 . e e e e e e a 389
1 N 1,700
T 710
T N R S 11,995
1907 . - oottt b 63, 098
TR i 4 R SR B S TS 570, 000

148, 647

In 1908 four coal mines were in operation—the same as in 1907.
Preliminary estimates of production indicate that only about 4,000
short tons of coal were mined in 1908, as compared with 10,139 short
tons in 1907. The coal mined is used only for local consumption, and
the decrease is therefore not significant. One of the coal mines, the
largest producer,is on Seward Peninsula (see p. 362); the others are
on the Pacific seaboard (see pp. 116-145). In addition to these mines,
which are regularly operated and from which statements of produc-
tion are available, a little coal is extracted for domestic use at prob-
ably five or six other localities. One of these is on Wainwright
Inlet, in the extreme northwestern part of Alaska, where Eskimo
mine a little coal for their own use. Another is at Cape Lisburne,
where a little is probably furnished to the local shipping. There are
also several places in the Yukon basin and on the Pacific seaboard
where a few tons of coal are extracted each year.

The subjoined table shows the production of coal in Alaska for the
last twenty years:

Production of coal in Alaska, 1888-1908.

|

Amount Amount
Year. 15!:.0:1. Value, Year, (short | Value.

). tons). |

6,000 | $84,000 $7,225

2,000 28,000 13, 250

1,000 14,000 17,074

1,200 16,800 53,600

1,200 18,800 19,000

1,300 15,600 —

2,212 | 19,048 41,507 | 815,079

1,447 9,782

Nore,—The production for 1888-1806 {3 estimated on the best data nbt.ntmhle The figures for 1897 to
1907 are based for the most part on data supplied by operators; those for 1908 on preliminary estimates,

Mining developments in the Bering River coal field of the Con-
troller Bay region and in the Matanuska coal field of the Cook Inlet
region were practically confined to surveys for patents, assessment
work, and trail building. The most important features are connected
with the problem of railway construction, which has already been

o Estimated.
b The value for 1908 is in part based on statements from the producers, but the full returns are not obtain-
able at the date of the publication of this report.
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referred to (p. 23). Certain features of the coal-land law have
appeared to discourage capitalists from entering into projects of
developing these coal fields.

Little advancement was made in the Controller Bay region in
1908. Up to the close of the year no patents for coal land had been
granted, and this discouraged all mining and transportation enter-
prises. A few trails and telephone lines were constructed, however,
and a little prospecting of coal beds was done. The construction
of railways to the coal field appears to have been practically sus-
pended in the early part of the year, but a survey was made for a
new railway to connect the field with a wharf to be located on one
of the small islands in Controller Bay.

Some bituminous coal was mined on Bering Lake during the early
part of 1908 and shipped to the coast in barges. This output, with
$hat of the previous year from the same source, was important,
inasmuch as it made possible the commercial testing of these fuels.

It is reported that more coal has been found in the Matanuska
field south of Matanuska River. There was considerable prospect-
ing in this district during 1908, and the results are said to have been
encouraging. ;

The two oil wells near Katalla furnished a small production of
petroleum in 1907, which was used for fuel for the construction work
then going on in the vicinity. No further drilling has been done in
the oil fields, and probably none will be attempted until transporta~
tion facilities are improved.

Through the courtesy of E. De K. Leffingwell, who is engaged in
making geographic and geologic studies along the north coast of
Alaska, the writer has learned of the occurrence of what appears to
be a petroleum residue about 100 miles east of Point Barrow. Mr.
Leffingwell describes this material as occurring near Smith Bay, in
a mound several hundred yards in diameter and standing about 150
feet above the level of the tundra. The material resembles asphalt,
but contains considerable vegetable matter and silt. It would ap-
pear to be the residue from petroleum which had impregnated peat,
and the volatile constituent of which had mostly evaporated. David
T. Day made an examination of a specimen of this substance col-
lected by Mr. Leffingwell, and reported the following results:

Composition of petroleum residue from Smith Bay.

Water and water-soluble matter. ... ... .. ... ... . .. .. .. 22
Alcoholic extracts (resins and some 0il).....ooeoesooie oL 8
Naphtha extracts:
Lightoil. oo e 12
HEAVYOIE oo s AR R R 18
Benzol extract (asphaltic material}.__._____.. ... ... ... .. PORRR §
Clay and vegetable fiber. ... ..ccoui i i i 29
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This material resembles that described by Martin ¢ from Cold
Bay, Alaska Peninsula, which was formed by the soaking of a peat
bog in the emanations from a petroleum seepage. At Cold Bay,
however, the petroleum has a paraffin base, whereas that at Smith
Bay has an asphalt base. It seems probable, then, that the material
collected by Mr. Leffingwell owes its origin to a petroleum seepage.
Occurrences of similar substances have been reported by whalers
from the north coast of Alaska, but the localities are not definitely
known, So far as known, the region near Smith Bay is underlain
by Tertiary beds.

In this connection, it is worthy of note that W, Howard, U. S.
Navy, during his exploration of upper Colville and Chipp rivers,
reported a similar occurrence.? It seems worth while to quote
Dall’s deseription of this occurrence in full:°

Here they found on the surface rather abundanily scattered masses of a brown
material resembling powerfully compressed peat, recalling pitch in hardness and
weight, but not brilliant nor disposed to melt with heat, but making a clean cuf, like
“plug’’ tobacco, when whittled with a knife. This material was sufficiently inflam-
mable to ignite and burn with a steady flame on applying a match to a corner of it,

80 that in their cold and weary journey it formed a most welcome substitute for wood
or other fuel for the camp fire.

These fragmentary data point to the conclusion that there may be
a petroleum field in this extreme northern part of Alaska. Were the
region mot so inaccessible, it would certainly be worth while to
investigate these occurrences, but as it is, even if petroleum is found,
it could not now be brought to a market.

a Martin, G. C., Petroleum of the Pacific Coast of Alaska: Bull. U. 8. Geol. Burvey No. 250, 1905, pp.
56-57.

b The exact locality of Howard's observations is not kuown, but it is significant that he was also In
the neighborhood of Smith Bay during his journey,

¢ Dall, W. H., Report on coal and lignite of Alasks: Seventeenth Ann. Rept. U, 8. Geol. Burvey, pt. 1,
1896, pp. B18-816. +



THE POSSIBLE USE OF PEAT FUEL IN ALASKA.

By CmarLes A. Davis.

More than 10,000,000 tons of peat are prepared and used annually
for fuel in the countries of northern Europe, while in the United
States and Alaska not 1,000 tons were used in 1908. The high price
of coal and other fuel in Alaska, due to the fact that it has to be
taken from a distance to the more remote communities away from
water transportation routes, and the very general occurrence of peat
beds throughout the Territory make it especially pertinent to consider
briefly at this time the possibility of utilizing peat prepared by some
of the simpler and cheaper methods in use in Europe.®

Peat is partly decomposed vegetable matter that is intermediate
in character and fuel value between wood and coal. When properly
prepared and air dried it burns freely and gives off more heat than the
best wood, but not so much as bituminous coal of good quality.

It is of widespread occurrence in the moister parts of the earth
and, in a somewhat fibrous form, covers great areas in Alaska, espe-
cially in the regions where tree growth is sparse or lacking. In this
part of the world it is formed chiefly by the growth and partial decay
of mosses, grasslike plants, water plants, shrubs, and more rarely
trees. It develops only in places where the ground is covered by
water, is very wet, or is frozen, or where the air is very moist. One
of the forms of peat is the brown vegetable matter that covers the
great barrens and tundras of the northern part of Alaska.

The chief difficulty in using peat for fuel is that it is always saturated
with water, or nearly so, as it is found in the beds, and has to be dried
before it can be burned. The drying can be done most cheaply and
quickly by exposure to the wind and sun.

In northern Europe peat is used for heating and cooking by the
common people, and to a considerable extent also for producing
steam and for making gas for illuminating and power purposes.

a For & more detailed discussion of the uses of peat and the processes of preparing it, the reader is referred
to Bulletin 376 of the U. B. Geclogical Burvey, entitled ' Peat deposits of Maine,” and to a fortheoming
bulletin on the peat deposits of the eastern Coastal Plain of the United States. These may be had by
applying to the Director, U. 8. Geological Burvey, Washington, D, C.
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For these uses it is prepared and sold as (1) cut peat; (2) machine
peat, or pressed peat; (3) peat powder; (4) briquetted peat; (5) peat
coke or charcoal. Peat gas is also made, either in retorts, with coke
or charcoal and various chemical substances as by-products, or in
the gas producer, in which the peat is all converted into a low-grade
fuel gas, called “producer gas.” This gas may be used for power
production, by burning under boilers or, more economically and
with greater efficiency, in gas engines of the explosive type. Used in
this way, peat is a better fuel than the best grades of bituminous coal
burned under steam boilers of the ordinary types.

Peat is also used extensively in Europe and to a less degree in the
eastern United States as stock bedding, for which it is especially
adapted. Tt is also used in the manufacture of chemical fertilizers as
a filler.

As peat is successfully prepared and used for fuel as far north as
66° 30’ north latitude in Sweden, and in Iceland, where the season is
very short and the air very moist, there seems to be no reason why it
should not be used in Alaska, in places where other fuel is costly,
even if labor is high. In the expectation that the great stores of fuel
in the peat beds of Alaska may be used to some extent, the following
brief statement of simple ways of preparing the peat for use is given.

Cut peat is made by cutting out the denser layers of peat beds with
spades. The part of the bog to be used is drained, if necessary, by
ditches from 30 to 50 feet apart and 1 foot wide. The peat is cut from
a working trench started at right angles to and at the head of the
ditches. The cutting is done with sharp, straight, narrow spades in
regular courses, which are as wide as the bricks are long and as thick
as the length of the spade will permit. The courses are further
divided by horizontal cuts which regulate the thickness of the bricks.
The size of the bricks depends on the readiness with which the peat
dries and its density. Small bricks should be made if the climate is
moist and the peat dense. In Kurope the bricks are cut from a foot
to a foot and a half long and from 4 to 6 inches wide and thick. In
some localities the spade used for cutting has a narrow steel lug welded
at right angles to the point, so that two sides of a brick can be cut at
once.

As fast as the bricks are cut they are laid on the surface of the
ground near the opening, where they are left for one or two weeks
until dry enough to handle. They are then stood on end in groups of
six or seven, with two others laid crosswise on the top of the pile. At
the end of another two weeks, more or less, the bricks are turned and
piled into larger heaps, being laid up in crib or cob fashion. They may
be left in these piles until dry, or after a time piled into open stacks, the
tops of which should be covered with turf or other covering that will
shed water, as the bricks are very absorbent. The only tools needed
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for making fuel by this method are sharp, strong spades, or strong,
long-bladed knives. Coarse and poorly decomposed peat is not very
satisfactory fuel when prepared in this way. In Europe the diggers
are paid by the thousand pieces cut and laid out, and in the same way
for turning and drying. The cost per ton for the production of air-
dried bricks varies from as low as 53 cents to $1.75, according to the
kind of peat cut, the wages paid and the efficiency of the men.

Another form of peat fuel is machine peat, also known as pressed
or condensed peat. Coarse, fibrous peat makes a better fuel when
it is reduced to a pulp by grinding it with the addition of water, and
afterward shaping it into bricks and drying it as for cut peat. The
grinding may be done by throwing the peat into a hole in the bog,
mixing with water, and trampling it until the mass is reduced to a
thick porridge. Instead of the hole, a box or trough of wood or
metal may be used, and the trampling may be done by a horse.
Sometimes a shaft armed with knives, curved screw-fashion, is placed
lengthwise in the box, and by means of simple mechanical gearing
is turned by horsepower. The peat must be made very wet to be
successfully ground in this form of machine and the trough must be
at least 15 feet in length.

After the peat is reduced to a thin, fine pulp it is removed in bar-
rows and spread out on the cleared and smoothed surface of the
peat bed, in a layer 6 to 8 inches thick, and marked off into bricks of
the desired size with a knife or by hand. The bricks soon become
dry enough to handle, shrinking apart as drying goes on, and may
then be treated in the same way as the cut bricks.

A more modern way of making this product is with a peat machine,
which is, in effect, an iron cylinder, with a hopper for receiving the
peat at one end and a square nozzle for shaping the peat into a
prismatic strand as it is pressed out at the other. Inside the cylinder
is a revolving, knife-armed shaft, with the knives curved to form a
serew, as in a brickmaker’s pug mill or in some of the meat grinders
so commonly used. The bricks are fermed as the wet peat is forced
from the nozzle. Such machines are made in all sizes, from one
requiring a single horse for motive power and turning out from 3 to
5 tons of peat fuel a day (air-dry weight) to those run by powerful
steam engines and making 50,000 or more bricks a day.

Machine peat, in whatever way it is prepared, is more compact und
more easily handled, breaks up less readily, and dries more quickly
and thorough.ly than cut peat and is nearly waterproof after the
outside is once dry. The cost of making it in Europe varies from
85 cents to $2 a ton, but is generally about $1 a ton.

The other processes mentiored for preparing peat for fuel are prob-
ably not adapted to conditions existing in Alaska, although peat

79206—Bull. 379—09—5
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might be used as a source of producer gas in many localities where
electric or other power is required, as in mining operations. For
use in the gas producer, the peat should be machined and at least
partly dried.

The amount of fuel in a peat deposit may be roughly estimated by
finding the area in acres and average depth in feet, and multiplying
the product of the two by 200, the number of tons of air-dry fuel
which can be made from an acre of peat 1 foot in depth.

The proper time to make peat fuel is in the early part of the spring
and summer, the season running from the middle or last of April
until early September. If frozen while wet, the bricks are very
spongy and fall to pieces readily.

If peat is to make good fuel, it must be dried clear through to the
air-dry state; when it is in this condition it burns with a clear, bright,
long, nearly smokeless flame and gives out a strong and lasting heat;
if it smoulders and requires much draft to keep it afire, it has not
been properly dried, for dry peat burns in a common stove with but
a very slight draft, and a fire once started in it will not go out until
the last bit of the fuel is gone, even if the draft is cut off entirely.
Early cutting, thorough drying, and some protection from the heavy
rains are the chief secrets of success in making and using this material
for fuel.

Peat litter for bedding horses is made by drying and pressing into
bales the more fibrous kinds of peat. A bed of this material 6 inches
thick will last for months and is greatly superior in springiness and
absorbent qualities to the best hay or straw. The moss growing on
the top of many of the peat beds, when dried, is a good material for
packing all perishable articles of food, as it is strongly antiseptic and
serves also as a protection against freezing and breakage.



MINING IN SOUTHEASTERN ALASKA.

By Crarres W. WriGHT,

INTRODUCTION.

The year 1908 has marked but little advance in the mining industry
of southeastern Alaska as compared with previous years. At some
of the gold mines in the Juneau district—the Treadwell group and
the Perseverance and Kagle River mines—a substantial gain was
made and extensive mining and water-power projects have been
undertaken which promise well for considerable activity during 1909.
The copper mines of the Ketchikan district, on the other hand, have
suffered a considerable setback because of the decrease in the market
value of the metal, and some of the mines were idle throughout the
year.

As each successive year has added to the general knowledge of
the distribution of the rock formations and ore deposits in south-
eastern Alaska, it has been customary to give a résumé of the general
geology in the annual progress reports. This year a repetition of
these facts is deemed unnecessary in view of the fact that detailed
reports on the Juneau, Ketchikan, and Wrangell mining districts
have been issued. This summary report will therefore deal mainly
with the progress of the mine developments in southeastern Alaska
during the year and will include a preliminary statement regarding
the geology and ore deposits of Kasaan Peninsula and Hetta Inlet,
areas which were mapped in detail during the last summer.

GOLD MINES AND PROSPECTS,
GENERAL STATEMENT.

* There are a large number of prospects in southeastern Alaska on
which auriferous quartz veins have been developed to a greater or
less extent, and many of them yield high gold values. Many of
such deposits, however, lack the required tonnage of ore to make
mines, and only a few of these veins have been large gold producers.
The greatest output has been obtained from the extensive low-grade
lode deposits, and on these the future of the district as a gold producer
largely depends. The lode deposits have been found principally
67
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along the mainland in the Juneau district, and consist of the more
heavily mineralized portions of the country rock within the mineral
zone which has been described as the ““ Juneau gold belt.”* Many of
these mineralized bodies carry only valueless traces of the precious
metals, but there are doubtless some unexplored deposits that carry
sufficient valuable ore to make mines, and a greater effort should be
made to find and develop such ore bodies.

It has been shown at the Treadwell, Perseverance, and Alaska-
Juneau mines, where a large tonnage is available, that ore can be
mined and milled for about $1 a ton. However, the fact must not be
overlooked that a large daily production and a plant adequate to handle
it is necessary for such economical mining, The greater part of the
gold contained in the deposits mined is extracted by amalgamation,
though the sulphide minerals carry considerable gold and most of
the stamp mills are equipped with a concentration plant, the con-
centrates from the ores being shipped to the smelters for treatment.

GOLD PRODUCTION.

The production from the gold mines in southeastern Alaska for
1907 and an approximation of their output for 1908 are given in the
following table:

Production of the gold mines in southeastern Alaska.

Gold. . Bllver. Average per ton.,
Year, | Ore mined. Gold, 1 Bilver,

Amount.| Valve, |Amount.| Valwe. [—— S —— -
Amoum.‘ Value. | Amount.| Value,

Tons. Qunces. QOunces. Ounce. Ounce.
1007...1 1,206,630 | 132,300 | §2,734,885 22,208 | 814,053 0. 110 nn 0.18 $0.012
1008a_,| 1,650,000 | 165,844 | 3,428,000 3-%8“' 18,000 - 100 2.07 21 .o

o Estimated.

The increase in the production for 1908 is due to the greater out-
put from the Perseverance and Eagle River mines and the Treadwell

group.
JUNEAU DISTRICT.

MINES ON DOUGLAS ISLAND.

The only mining operations in progress on Douglas Island during the
year were at the Treadwell group. These mines are so well known
that only a brief mention of the recent developments will be made.
One of the principal features of economic interest has been the increase

sBull. U. 8. Geol. Burvey No. 247, 1906, pp. 22-38.
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in the power-producing facilities and the reduction in the cost of
power. Last year oil was introduced in place of coal, and this year
a considerable reduction of expense is reported because of this change
of fuel. The amount of water power has been increased during the
year by the completion of a new 72-foot dam across the basin at the
head of Fish Creek, and another 60-foot dam at an elevation of
1,200 feet on Ready Bullion Creek is nearly completed. These stor-
age basins will add considerably to the present water supply during
the winter months. A much greater engineering problem is the
development of the water power from Lake Turner on the east side
of Taku Inlet, which is being undertaken by the Treadwell Mining
Companies. Lake Turner is 7.9 miles long, averages half a mile in
width, and in places exceeds 100 feet in depth. With the completion
of a dam at the mouth of the lake an elevation of 65 feet above tide
water will be obtained, and it is estimated that 10,000 horsepower
can be developed throughout the year. The transmission of this
electric power across Taku Inlet will require a cable span of 2} miles,
and thence it is a distance of 18 miles to Treadwell.

The Treadwell mine has been opened largely on the 1,450-foot
level, which will be used as a base level for deeper exploration, and
to which the Seven Hundred Foot and Mexican shafts will be extended.
Below this level the shafts will be inclined to follow the dip of the
ore body. The ore mined during the year was principally from the
900-foot and 1,050-foot levels, and to some extent from the 600-foot,
750-foot, and 1,250-foot levels.

On the Seven Hundred Foot claim the 100-stamp mill was recon-
structed and put in operation early in February. A new shaft house
was built, the shaft was extended to the 1,450-foot level, and the
1,250-foot level was partly developed. The ore mined was derived
mainly from the 880-foot and 990-foot levels.

The main developments at the Mexican mine consist of the exten-
sion of the shaft which will eventually be connected with the 1,450-
foot level of the Treadwell mine. Work was continued on the 1,100-
foot level, and the ore extracted was principally from the 770-foot,
880-foot, and 990-foot levels. .

At the Ready Bullion mine the 1,500-foot level was opened and
developments were nearly completed. The 750-foot level was ex-
tended to explore the south ore body exposed on the surface. At
this level it was found to be separated from the middle ore body by
12 feet of slate country rock, but its lateral dimensions have not yet
been determined. The ore mined was from the 1,200-foot, 1,300-foot,
and 1,500-foot levels.

The production statistics for 1908 from these mines show an output
of 1,367,920 tons, yielding $2,999,420, or an average of $2.17 per ton.
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GOLD CREEK MINES,

There are three large lode mines on Gold Creek—the Perseverance,
Alaska-Juneau, and Ebner. These properties are all located along
the same mineral zone which has been described in detail in a pre-
vious report.®

Considerable progress was made at the Perseverance mine this year,
though operations were handicapped by a lack of sufficient power.
Development work was carried on throughout the year, and the main
ore body was opened at the tunnel level for a length of 1,500 feet,
its width varying from 60 to 100 feet. Twenty-five feet above this
level the intermediate level, from which the stopes are being started,
has been extended over a length of 1,400 feet, and chutes have been
driven at intervals of 20 feet to connect with the tunnel level. The
100-stamp mill on the property was started June 1 and was operated
continuously until the end of October. The mine developments will
be continued throughout the winter and 100 additional stamps are to
be added to the mill.

At the Alaska-Juneau mine mining was renewed the last of June
and continued until the middle of October. During this period 35
men were employed and the 30-stamp mill on the property was in
continuous operation. The ore milled was derived principally from
the open pits, and the mine developments consisted in extending a
raise from the upper-pit tunnel to connect with the upper pit. The
output was about the same as for 1907.

Operations at the Ebner mine were suspended throughout the year
pending a sale of the property.

At the Hallam group of claims, adjoining the Ebner mine on the
northwest, surface explorations were in progress during the summer,
and encouraging results are reported.

Placer mining was in progress in Silverbow Basin for several weeks
early in the summer, but a lack of equipment prevented extensive
operations and little was accomplished.

MINES NORTH OF JUNEAU.

The principal mining operations along the mineral zone extending
from Juneau to Berners Bay were at the Eagle River mine, where
developments were carried on throughout the year. The ore body
that is being mined is a well-defined quartz vein inclosed in the slates
and locally enriched by ore shoots. This vein- deposit is displaced
by faults which have caused much difficulty in its exploration. The
underground workings were extended on the four tunmel levels
through the main fault, which includes a width of 50 to 100 feet of

o Bull. U. 8. Geol. Burvey No. 287, 1906, pp. 56-85.
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crushed material, and the ore body was located. About 50 feet
beyond the main fault a second displacement was encountered with
about 6 inches of gouge along the fault plane, and further explora-
tions on the first, second, and third levels opened the vein deposits,
which had apparently been displaced about 70 feet to the north.
Most of the ore mined was derived from the upper workings above
tunnel No. 1. The 20-stamp mill was run to its full capacity during
the year, except in the winter months, when only 5 stamps could be
operated because of a lack of water for power purposes. This diffi-
culty, however, has been partly eliminated by the building aof a flume
to a creek near Eagle Glacier, from which it is believed a sufficient
water supply will be obtained to give ample power during the winter
months.

To the north of Eagle River, at Yankee Basin, a crew of men was
employed during the summer to develop the Dividend and adjoining
claims. The crosscut tunnel on the Dividend claim is 1,170 feet in
length, intersecting the lode at a point 990 feet from its mouth at a
depth of 350 feet. From this tunnel a drift has been extended for
250 feet to the southeast along the ore body, and considerable ore was
thus developed. On the Black Chief group the Gold Pan vein has
been developed by a crosscut 90 feet long intersecting the vein at a
depth of 75 feet and by a 22-foot drift along the vein. In the creek,
150 feet below this tunnel, a second vein from 2 to 5 feet wide has
been partly developed. On the B. C. claim, to the south of the Black
Chief, a 100-foot tunnel and 100 feet of crosscutting have been com-
pleted and a well-defined quartz vein has been developed. On the
other properties within this area assessment work is said to have been
done, and on some of them a small amount of development work was
done.

At Echo Inlet several men were employed to explore the Gold
Standard group of elaims, and considerable progress was reported.

The Jualin mine, the only property in the Berners Bay area where
mining was done during the year, was worked under lease by & small
crew during the winter and spring months. Early in the summer,
however, these operations were suspended, and the property has since
been idle.

On the numerous prospects on Salmon Creek, McGinnis Creek,
Montana Basin, Peterson Creek, and Windfall Creek work has been
carried on principally by the owners, and only in a few places have
the developments been in excess of the annual assessment require-
ments.

MINES SOUTH OF JUNEAU.

The mines south of Juneau have been inactive during the year,
except the Crystal mine, at Port Snettisham, where work was resumed
in April and 10 men were employed until November. During this
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period developments were extended from the upper level toward the
surface of the Crystal vein, which varies from 18 inches to 5 feet in
width, and considerable ore was stoped out. On the southeast end of
the Daisy Bell claim the vein was stripped along the surface for 200
feet, a tramway was built to the mill, and a small amount of ore was
mined. The 5-stamp mill was in operation for fifty days, and an
average of 15 tons of ore a day was treated during this time.

At the Holkham Bay group of claims, on the south side of Endicott
Arm, a little development work was done along the surface on the
main ore body, a quartz vein, and considerable advance was made in
the crosscut channel, which it is supposed will cut the vein 400 feet
from its mouth,

Explorations at Limestone Inlet have been advanced on the Enter-
prise and Arizona groups of claims. These properties are on the north
side of the inlet, at an elevation of 1,000 to 1,500 feet and from one-
half to three-quarters of a mile from tide water. The ore bodies are
auriferous quartz veins inclosed in a granitic rock, which intrudes the
slates and greenstones bordering the shores of the inlet. On the Enter-
prise claim a quartz vein from 3 inches to 9 feet wide and averaging 5
feet has been exposed by surface excavations for several hundred feet.
This vein strikes N. 25° E. and dips 45° NW.; its valuable content is
principally free gold. A similar quartz vein, averaging 1} feet in
width, occurs on the Arizona claims, and has been developed by sur-
face cuts for 800 feet. This vein is parallel in strike and dip to the
Enterprise vein and also carries free gold. On both of these proper-
ties other quartz veins have been discovered but have not yet been
developed. Galena, sphalerite, chalcopyrite, and pyrite are present
in the veins in small amounts.

Small developments on some of the properties in the vicinity of
Windham Bay and on the Sunny Day prospects, at the south entrance
to Endicott Arm, are reported, but no extensive mining operations
have been carried on in these sections.

ADMIRALTY ISLAND.

Little progress has been made in the development of the properties
on Admiralty Island. On the claims of the Mansfield Gold Mining
Company a few men were employed throughout the year in driving the
crosscut tunnel to cut the vein at a depth of several hundred feet.
This tunnel was reported to be 250 feet in length. Surface explora-
tions are said to have revealed other valuable vein deposits on the
property. Assessment work is reported to have been done on the
Mammoth group, the Portage group, and the prospects at Hawkes
Inlet.
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SITKA MINING DISTRICT.

The principal mining interests during the last few years in the Sitka
district have been in the vicinity of Klag Bay, on the west coast of
Chichagof Island, at the De Groffl mine and the Mills prospects.
These properties are apparently on the same quartz vein, which aver-
ages about 5 feet in width and in which the ore occurs in shoots from
40 to 60 feet long. On the De Groff property two such ore shoots
have been developed at three different levels by tunnels following the
vein. The 4-stamp mill on the property has been operated the greater
part of the year, and a considerable gold production is reported. On
the Mills prospects, located above and on the northern extension of the
De Groff properties, development work was advanced on the surface
and in the two main drift tunnels, and ore shoots are reported to
have been found within the vein, On the Hirst and Bahrt claims, at
Hirst Cove, just north of Klag Bay, prospecting was done during the
summer. :

The mines and prospects in the vicinity of Silver Bay on Baranof
Island have received little attention this year, and no important
developments are to be recorded.

WRANGELL MINING DISTRICT.

The mines and prospects within the Wrangell mining district have
been inactive during the last year, and except assessment work little
has been accomplished. On the Portage Mountain group, at the head
of Duncan Canal, a small crew of men was employed during the
winter to drive a tunnel to prospect a vein at an elevation of 900 feet,
and 60 feet of this work was accomplished.

On Woewodski Island no work was in progress at the Hattie and
Smith camps, properties of the Olympic Mining Company. One mile
above the Smith camp, on the east side of the lake, a quartz vein was
discovered, on which a 40-foot drift tunnel was extended, and encour-
aging results were reported.

KETCHIKAN MINING DISTRICT.

Little interest has been shown in gold mines and prospects in the
Ketchikan district during the year, and except the gold contained in
the copper ores the production of this metal was very small.

At Dolomi, on Prince of Wales Island, developments have been con-
fined to the sinking of a shaft on the Jessie claim to a depth of 226
feet. On the 125-foot level drifts were extended for 150 feet, and
considerable ore is said to have been developed. A 25-horsepower
hoist and boiler plant was installed, also a 2-drill air compressor. On
the Valparaiso, Amazon, and other claims only assessment work was
done.
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The prospects in the vicinity of Hollis, on Twelvemile Arm, have
been idle, except the Julia claim, at the mouth of Harris Creek. On
this property a pump and air compressor were installed and a small
amount of development work was done in the shaft. Assessment
work alone is reported from the other properties adjacent to Twelve-
mile Arm.

At the Goldstream mine and other prospects on Gravina Island no
work was done until late in the year, when the annual assessment
work was performed.

No developments were in progress at the prospects on Cleveland
Peninsula, except at the Old Glory group, where ore was mined and
milled in the 2-stamp mill during the spring and a small yield
reported.

No important mine improvements or new discoveries are reported
on Revillagigedo Island, and most of the prospects were idle through-
out the year.

COPPER MINES AND PROSPECTS.
GENERAL OUTLINE.

All the producing copper mines in southeastern Alaska are located
on Prince of Wales Island, in the Ketchikan mining district. During
1908 only five of the ten producers of 1907 made shipments, and one
prospect, the It, was developed to the producing stage. The metal
production from the copper ores was less than half of that for 1907,
but the grade of ore shipped was considerably higher than in previous
years. In general the mines are working low-grade copper deposits,
averaging from 50 to 80 pounds of copper to the ton, though, by sort-
ing the ores, it is possible at some of the mines to increase the grade
of the product. There has been practically no change since last year
in the cost of producing copper from these mines, but the market
value of the metal has decreased from an average of 20 cents to 13
cents a pound. The cost of mining ranges from $1 to $3.50 a ton;
haulage from the mine to the wharf from 15 to 50 cents a ton; trans-
portation from Alaska to the smelters at Tacoma or in British Colum-
bia from $1.50 to $3 a ton, including the cost of loading and unloading.
The smelters will pay approximately as follows for the ore: Total
copper values less 1 per cent and less 3 cents per pound refining
charges; 90 per cent of gold and silver values; 10.cents per unit bonus
for iron in excess of silica and 10 cents per unit penalty for silica in
excess of iron. The charges for treatment are from $1 to $3 per ton.
Thus, with the price of copper at 15 cents under existing conditions
a copper deposit of large tonnage on Prince of Wales Island should
contain at least 3 per cent of copper and $1 to the ton in gold to defray
the cost of production. However, some deposits of lower-grade ore
may be sorted so as to bring the ore content above 3 per cent of copper.
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Deposits containing a considerable excess in iron are more favorable
than those with a siliceous gangue. Where the ore is smelted in
Alaska the costs of transportation are less, but the expense for smelt-
ing is somewhat greater.

There are a large number of copper deposits on Prince of Wales
Island where small masses or veins of copper ore are exposed and
from which high assay values are obtained. On these the locator
performs the required assessment work each year, which often
amounts to very little, or even in some instances simply to a reloca-
tion. Most of the deposits lack the tonnage of ore which is the essen-
tial factor to make a mine, and the surface indications at many of the
prospects are unfavorable for the development of any considerable
tonnage. It is therefore advisable for the prospector, after he has
satisfied himself that some of his mineral claims lack the necessary
tonnage, to abandon them, even though they show some rich ore, and
to lend his efforts to the development of other more favorable prop-
erties, or to the search for new and more promising ore bodies.

PRODUCTION.

The following table shows the ore tonnage and its content of copper,
gold, and silver produced from the copper mines in southeastern
Alaska during 1907 and 1908:

Production of copper ore in southeastern Alaska.a

F :
Copper. ‘ Gold. Bilver,
Oro
Year. mined.
'Amotmt. Valoe, | Amount.| Value. [ Amount,| Valus,
Tons. | Pounds. Ounces, Ounees.
1007 csaenssssnssnnnnnannnnsass.] 79,982 | 4,758, B4 | 3951, 761 3,384 | 300,000 a4, 100 §20,148
100BD, . verienrrasscnnnnanenana.] 46,700 | 3,937,700 | 519,776 2, 800 58, 000 39, 622 21,000

aComputations based on a rice of eo $0.20 and stiver $0.67 unce for 1007, and
per $0,13 aud:llmm.aahrva - g s pound e fad Gop-
b 'The figures for 1908 are based partly on estimates.

KETCHIKAN MINING DISTRICT.

KASAAN PENINSULA.

GENERAL STATEMENT.

Kasaan Peninsula is a promontory 18 miles long and 3 to 6 miles
wide on the east side of Prince of Wales Island. It is a heavily tim-
bered, mountainous area, with dome-shaped summits reaching alti-
tudes of 1,000 to-2,800 feet and deeply dissected by narrow valleys
and gulches. The occurrence of copper on this peninsula was known
to the Russians as early as 1865, but not until 1900 were actual devel-
opments undertaken. Copper production began in 1905, and the
total output at the close of 1907 was approximately 7,000,000 pounds.
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The average content per ton of ore mined during this period was 48
pounds of copper, 0.035 ounces of gold, and 0.27 ounces of silver, or
an average fotal value of about $10 a ton. The copper production
for 1908 is considerably less than that for 1907, as some of the prin-
cipal producers were idle throughout the year.

GEOLOGY.

The geologic formations exposed on Kasaan Peninsula are made up
of stratified rocks, including those of sedimentary and voleanic origin,
and of intrusive granite and porphyritic rocks (PL. II). The strati-
fied rocks are of consequence to the prospector as the inclosing rocks
of the ore bodies, the occurrence of which depends on their compo-
sition; the intrusives are significant because they are referred to as
the original source of the ore deposits. It is therefore important to
know with which of the intrusives and intruded rocks the ore deposits
are most commonly found. The accompanying sketch map (Pl TI)
shows the distribution of the rocks and the location of the mines and
prospects.

The stratified rocks are principally graywackes interbedded with
limestones and conglomerates, all of which have been considerably
metamorphosed. The tuffaceous material occurs intermixed with
the sedimentary rocks in beds of considerable thickness. The gray-
wackes, which are the most widely distributed, are fine to coarse
grained rocks of clastic texture, composed largely of feldspar with
amphibole erystals scattered more or less abundantly throughout.
The bedded structure is lacking in many places and the rock closely
resembles a massive igneous rock, though on the weathered surfaces
the clastic texture may be readily recognized. The conglomerates
are composed of pebbles and cobbles of graywacke, quartzite, lime-
stone, and igneous rocks of granitic and porphyritic textures. There
is both a younger and an older succession of graywackes and con-
glomerates, the discussion of which is left for the detailed report.
Limestone beds are intercalated with the graywackes and conglom-
erates, but are generally crystallized to such an extent that all pos-
sible evidence of their age is obliterated. However, on Long Island,
which occupies the central portion of Kasaan Bay, limestone beds
carrying Devonian fossils occur, and these probably represent the
same geologic horizon as the strata on the peninsula.

The structure of the stratified rocks is that of a clasely folded
synelinorium with a general northwest strike and northeast dip.
This structure, however, is interrupted locally by the intrusive masses,
and at these places the bedding planes of the stratified rocks are
usually parallel with the lines of contact of the intrusives.

The intrusive rocks, which apparently make up the main mass of
the peninsula, are exposed over about one-third of the surface area
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represented on the map, the individual masses being elongated in a
northwesterly direction parallel with the structure of the etratified
rocks. The granitic intrusives include granodiorite, syenite, horn-
blende diorite, and a little granite, and probably represent several
minor epochs of igneous invasion during one general period, though
in some of the rocks this difference in composition may be attributed
to differentiations within the igneous magma during solidification.
At the contacts of these granodiorite batholiths various phenomena
are presented, such as masses of slightly altered and sheared grano-
diorite surrounded by unaltered granodiorite, showing sharp contacts
in some places, while in others the two phases merge gradually into
each other. This suggests a peripheral solidification of the igneous
batholith, fracturing of this outer portion, and subsequent introduc-
tion of molten rock into the interstices. Again, we find fragments
of highly metamorphosed stratified rocks forming angular inclusions
in the igneous mass. Some of these fragments are recognized as such
only by the presence of parallel lines of biotite flakes, the other por-
tion of the inclusion having been replaced by the intruding magma.
A related feature is noticeable in the schist strata adjacent to the
contact, which show an introduction of feldspar, quartz, and other
pegmatitic minerals along the bedding planes. Such occurrences
suggest a partial replacement of the invaded beds by igneous material.

The granodiorite and adjacent metamorphic rocks are intruded by
pegmatite dikes, but these are not plentiful. In composition they
are closely related to the granodiorites and were probably derived
from the same underlying magma.

After the intrusion of the granitic rocks, porphyritic dikes, many
of them several hundred feet wide, invaded the stratified rocks as
well as the granodiorite. This invasion, like that of the granitic
rocks, was accompanied by the introduction of ore deposits.

The most recent rock formations are represented by the numerous
smaller basalt and diabasic dikes which crosscut all the rock for-
mations and also the ore bodies.

ORE DEPOSITS.

The ore deposits on Kasaan Peninsula, unlike most workable copper
deposits in the States, consist of original or primary ores. Four types
of ore bodies, defined by their occurrence and mineral composition,
are recognized, as follows:

(1) Contact-metamorphic deposits occurring in irregular masses,
from 10 to 250 feet in dimensions, along the contacts of the intrusive
rocks (usually with limestones) and composed essentially of chal-
copyrite, magnetite, pyrrhotite, and pyrite in a gangue of amphibole,
orthoclase, epidote, garnet, and calcite,
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(2) Lode deposits occupying shear zones from 5 to 30 feet wide in
the stratified rocks and composed of chalcopyrite, pyrite, and usually
sphalerite with some quartz and calcite, the ore occurring in lenses
and disseminated in the inclosing rock.

(3) Vein deposits occupying fissures from 1 foot to 6 feet wide in
the limestones and locally along intrusive dikes and composed of
galena, sphalerite, chalcopyrite, and t.etrs.hedntem a gangueof quartz,
calcite, and barite.

4) Dlssemma.bed deposits occurring as irregular masses without
defined limits and composed of bornite and chalcopyrite in small
masses and particles disseminated in basic diorite intrusives and
associated with biotite, epidote, and calcite.

The contact-metamorphic deposits are by far the most important
and have been the principal copper pmducers A lode deposit has
been developed at the Rush & Brown mine, and from it a considerable
yield of copper has been derived. Deposits of the third and fourth
classes have been prospected at several points, but have not as yet
been developed into metal producers.

The copper deposits which are now being mined belong to the first
class and consist of low-grade base ores containing high percentages
of iron and lime. They yield, therefore, a desirable product for flux-
ing purposes at the smelters in British Columbia and at Tacoma.

MINE DEVELOPMENTSH.

The mines on Kasaan Peninsula were inactive during the winter,
and some were idle throughout the year. Early in the summer the
Mamie and Stevenstown mines were consolidated under one manage-
ment and a lease on the smelter was obtained. During August the
smelting plant was reconstructed and improved so as to treat a larger
tonnage more economically than had been done in previous years,
and at the mines the underground workings were pumped out, nec-
essary repairs made, and ore developments extended. Karly in Sep-
tember the smelter was put in operation, and from that time until the
first of November an average of 360 tons of ore was treated daily.
The lack of siliceous ores necessitated the suspension of operations in
November, and the smelter was to be closed during the winter of
1908-9. At the mines development work will be in progress through-
out the winter in the search for and opening of new ore reserves.

The Mount Andrew property, which adjoins the Stevenstown on
the northwest, was not operated during the year.

The It Mining Company, which was organized early in 1908, has
been actively engaged in developing the It and adjacent prospects.
The copper deposit on the It claims has been explored by a tunnel,
crosscuts, and a 66-foot raise to the surface, mostly through ore, and
a small body of ore has been developed, the dimensions of which have
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not been determined. This is a contact deposit with diorite to the
southwest and limestone to the northeast, forming the hanging wall.
The mineral zone is about 100 feet wide at this point, and along its
northwest extension similar deposits are being explored on the Alarm
and Reed claims. The ore consists of chalcopyrite, pyrrhotite, and
pyrite in a gangue of garnet, epidote, and calcite. The lack of mag-
netite in these deposits, though that mineral dominates in most of the
other deposits on the peninsula, and the presence of pyrrhotite, which
is lacking in most of the other deposits, are of interest. Work was
not begun on this property until May, but by the end of September a
surface tramway 1 mile long, ore bunkers, and a wharf were com-
pleted. The first ore shipment was made October 5 to the Hadley
smelter, and in November shipments were made to the Tyee smelter
at Ladysmith, British Columbia.

The Rush & Brown mine was idle, except for the assessment work,
which was accomplished during the summer. However, at the close
of the year ore from the bunkers at the wharf, which had been filled
in 1907, was shipped to the Tacoma smelter.

At the Goodro, Venus, Copper Center, Brown & Newell, Poor Man,
Ouray, Hole in the Wall, and other prospects on Kasaan Peninsula
assessment work was reported to have been done, and in some places
small developments were in progress.

HETTA INLET.
GENERAL STATEMENT,

Kasaan Peninsula on the east coast and Hetta Inlet on the west
coast of Prince of Wales Island constitute the two most important
copper-mining areas in southeastern Alaska. The mines and pros-
pects adjacent to Hetta Inlet are included within an area of 50 square
miles, at the center of which is Copper Mountain, and during the last
year the production from this area exceeded that of the mines on
Kasaan Peninsula. During the summer the Alaska road commission
constructed a trail from Sulzer, the principal town, to the head of
Hetta Inlet, a distance of 3% miles, thus connecting the town with the
wagon road which leads across a portage to the head of Cholmondeley
Sound, on the east side of Prince of Wales Island, and affording a short
route for travel and mail to Ketchikan. A customs office was also
established at Sulzer early in the year.

Copper Mountain, which occupies the central portion of the area,
has an altitude of 3,961 feet and is the highest peak on Prince of Wales
Island. The surrounding topography is abrupt and shows the char-
acteristics of glacial erosion, such as pyramidal peaks, domed summits,
amphitheaters, and scooped basins now occupied by lakes, These
lakes are important as reservoirs of water for power, which has been
developed for both mining and smelting purposes.
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GEOLOGY._

The general geology of this area has been described in previous
reports, but in view of the additional data obtained while mapping
the area in detail during the last summer a restatement of the salient
facts pertaining to the geology and ore deposits may be of interest.
To present these more clearly a sketch map (PI. ITI) is given, showing
the general distribution of the rock formations and the positions of
the mines and prospects. The most striking geologic feature is the
irregular granitic intrusive mass which occupies the central portion
of the area. From this mass spurs or dikes, from 30 to 600 feet in
width, branch out into the surrounding bedded rocks. In composi-
tion this granitic rock varies from a granodiorite to a peridotite, the
average rock being an albite diorite. The periphery of the intrusive
mass is in places more basic or richer in femic minerals than the cen-
tral portion, and these minerals, as well as the feldspars, are to some
extent replaced by epidote, garnet, sulphides, and other minerals.
The granite is surrounded by a succession of metamorphic schists
with interstratified limestone beds, the latter being entirely marmo-
rized. These schists are much wrinkled and sheared, "and include
both calcareous and siliceous varieties. Nearer the intrusive contact
they are further altered to a hornstein or amphibolite, which is usually
banded with parallel beds of epidosite and rarely garnetite. Locally
they are commonly termed greenstones because of their compact,
indurated character. These schists are impregnated with the sul-
phide minerals pyrite and pyrrhotite, which in places form massive
bodies, though the amount of copper in them is rarely sufficient to
make ore. The limestones are economically of greater importance,
as they have assisted materially in the formation of the ore bodies.
The principal limestone belt extends from Hetta Mountain north-
westward over New York Mountain and into Jumbo Basin; another
belt occurs on Green Monster and Cowslip mountains. Narrow
bands of schist are interstratified in these limestones, and in turn
narrow beds of limestone are interstratified in the schists. Overlying
and to the west of the main limestone belt is a considerable thickness
of altered siliceous schists which are conformable on the limestone
and grade upward into a succession of amphibole and chlorite schists
interstratified with quartzites and showing no limestone. These
chlorite and amphibole schists, with interstratified quartzites and
slates and a few beds of a massive greenstone, probably representing
an ancient lava, constitute the slate and greenstone formation which
borders the shores of Hetta Inlet. ‘

ORE DEPOSITS,

There are two classes of ore deposits in the Copper Mountain area—
contact deposits, occurring between the granite and limestone or
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schist, and vein or shear-zone deposits, occurring along the bedding
planes of the greenstone schist and quartzites.

The contact deposits, which are the most important, occur prin-
cipally in Jumbo Basin, where they have been extensively mined,
though smaller deposits of the same type have been prospected at
many points around the contact of the granitic mass. The ore
bodies consist of sulphides of copper and itdbn in a gangue of garnet,
epidote, calcite, and some quartz. Certain deposits are associated
with much magnetite; in others this mineral is lacking and pyrrhotite
is present. The contact rock or gangue within which these deposits
oceur, like the ore bodies themselves, is sporadic in its occurrence.
Locally in Jumbo Basin mineralization is developed across a width of
several hundred feet, but at other places the granite and limestone
lie close together, no contact minerals having been developed. The
character of the deposits also depends on the adjacent country rock.
Where limestone occurs the copper sulphides and gangue minerals
are present in large masses and veins of ore following the original
channels extend into the limestone. Where the schists constitute
the eontact rock, the mineralization is less concentrated and the
sulphides are disseminated along the bedding planes for a consider-
able distance from the contact, only locally forming small masses.

The vein or shear-zone deposits occur principally in the green-
stone schists and quartzites, and as a rule are parallel with the bedding
planes. They consist of pyrite, chalcopyrite, and small amounts of
sphalerite, and these minerals occur in massive veins from a few
inches to a few feet wide and disseminated in the altered inclosing
rock. Such deposits have been developed at the Corbin and Red
Wing mines, which, however, have been only small copper producers.

MINE DEVELOPMENTS.

The mines and prospects of the Hetta Inlet region have been fully
described in previous reports, and it remains only to discuss the
latest developments. The Jumbo mine has been the principal copper
producer during the year, and most of the development within the
area has been done at this mine. The mine is located at an eleva-
tion between 1,500 and 2,000 feet on the north slope of Copper
Mountain. An serial tramway, 9,000 feet long, connects it with
ore bunkers of 2,000 tons’ capacity at the wharf. At the mine
developments were extended along the main sulphide body, which
is now exposed over a length of 120 feet, averaging 30 feet in width.
On and above this same level a second sulphide body, separated
from the main deposit by 70 feet of contact rock, was opened early
in the year, and from it a large tonnage of ore has been mined. The

79205—Bull. 379—09——=86
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No. 4 level, which was started just above the upper terminal of the
tramway, was extended for 320 feet, and two small ore bodies were
crosscut, from which & small tonnage has been derived. This level
is now being advanced to undercut the raise in No. 3 tunnel, and it
will eventually serve as a passageway for all the ore mined from the
workings above, thus doing away with the necessity of the auxiliary
600-foot tram. Surface &plorations on the northeast side of Jumbo
Basin, between the magnetite deposit and the mine, have revealed
new deposits of chalcopyrite associated with magnetite, and it is
planned to develop these ore bodies during the winter.

At the property of the Cuprite Copper Company, which adjoins
the Jumbo claim on the east, developments were extended during the
winter. Two tunnels 80 and 130 feet long were driven in the contact
'zone and small masses of ore were exposed. The general results were
not satisfactory, and the work was stopped during the spring.

Considerable prospecting was done on Hetta Mountain during the
summer, and a number of mineral claims were surveyed for patent.
Other claims extending southeastward from Copper Mountain were
also prospected and surveyed.

The properties of the Alaska Copper Company, including the
smelting plant, and the Corbin mine, owned by the Alaska Metals
Company, were idle throughout the year. |

Operations at the Red Wing mine were resumed in August and
small ore shipments were made. The ore body is & vein deposit
inclosed in greenstone schists and quartzites which parallel the shore
line. It lies close to tide water and at the lower or 100-foot level salt
water was entering the mine workings in small amounts along the
walls of a crosscutting diabase dike. During the summer the ore
was mined from the stopes above the lower level, and careful inves-
tigations were made in regard to the practicability of extending these
workings farther in depth.

On the Texas, Russian Bear, Gould, and other prospects within the
area small amounts of development work were done, but no important
discoveries are reported.

NIBLACK ANCHORAGE.

The Niblack mine, at the head of Niblack Anchorage, an embay-
ment on the east coast of Prince of Wales Island, was operated from
April 15 to October 30. During this period the shaft was sunk to a
depth of 360 feet and developments were extended on the 300-foot
level, where two ore bodies were opened. A raise was made in one
of these deposits to connect with the 225-foot level, and most of the
ore thus developed was mined. Several shipments to the Tacoma
smelter were made during the summer,
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NORTH ARM.

Developments at the Cymru mine, on Mineral Creek, three-quarters
of a mile from the head of North Arm, on the east side of Prince of
Wales Island, were in progress early in the spring. A vertical com-
partment shaft was started in the foot wall of the ore bodies, to
replace the incline shaft, and surface improvements were begun and
partly completed. In July, however, it was found necessary to sus-
pend all operations.

OTHER PROSPECTS.

In the vicinity of McLean Arm, near the south end of Prince of
Wales Island, prospecting for copper has been done in recent years
and many claims have been staked. The Johnson & Gouley prospect
is located at a point 1,500 feet in elevation and 2 miles from the beach
on the south side of McLeans Arm, 4 miles from its entrance. Small
masses of chalcopyrite are reported to have been found on this pros-
pect, and have been developed by surface cuts.

Just south of McLeans Arm at Mallard Bay are the Daly-West and
Thompson copper prospects, on which small amounts of development
work were done during the summer. Prospecting on the north arm
of Mallard Bay revealed a brecciated vein deposit carrying copper ore
inclosed in greenstone schists and exposed on the beach with a
westerly strike. This vein is said to have been followed to a point
1,200 feet from the beach and 150 feet in elevation, where a similar
ore occurs. The property is located as the Veta group, and the
developments consist of surface cuts and a short tunnel.

At Sea Otter Harbor, on the west side of Dall Island, considerable
prospecting has been done on the Shellhouse claims, which extend
from the beach on the south side of the bay to the top of the mountain,
at an elevation of 2,400 feet. Here several bodies of chalcopyrite-
pyrrhotite ore in a quartz-calcite gangue inclosed in limestone and
siliceous schist have been found and prospected on the surface. The
Miller claims are adjacent to the Shellhouse property, and on them
similar deposits are exposed by surface cuts.

On the south end of Gravina Island, at Seal Bay, a tunnel was
started late in the summer to crosscut the rock formations in the
endeavor to locate ore bodies, some of which are exposed on the sur-
face. In October this work was being rapidly advanced, and it was
planned to extend the tunnel to a length of 2,000 feet. No improve-
ments are reported from the prospects at Dall Head or Vallenar Bay.

SILVER-LEAD PROSPECTS.

At only a few localities have deposits of silver-lead ores been found
in southeastern Alaska, and none of these deposits were productive
during the year. The Moonshine prospect, the property of the
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Alaska Galena Company, was idle except for assessment work and
small developments carried on by three men employed during the
year. The main 200-foot tunnel was extended, and in the fall a body
of galena ore was reported to have been found in it, thus encouraging
further developments. The silver-lead prospects in Groundhog and
Glacier basins, at the head of Mill Creek on the mainland east of
Wrangell, were idle except for the assessment work which is reported
to have been done.

New discoveries are reported on a creek entering the north end of
* Blake Channel east of Wrangell Island. Veins of silver-lead ore were
found at points 3 and 4 miles from the mouth of this creek and located
as the Mount Wedar group and Mount Berg group. Most of the
developments were made on the Mount Berg claim and consist of a
150-foot crosscut tunnel and surface cuts. These deposits are said
to be similar to those at Glacier Basin and occur in the metamorphic
schist country rock.

BUILDING STONES AND MATERIALS.

The principal building stones of southeastern Alaska are marble
and granite, and the building materials are gypsum and cement rock.
The distribution, quality, and market for these products were dis-
cussed in last year’s report,® and here it is necessary only to consider
the recent progress of developments. Marble is the only building
stone ‘that has been placed on the market and gypsum is the only
building material that is being mined.

MARELE.

The principal marble quarry in southeastern Alaska is located at
Calder Bay, on the north end of Prince of Wales Island. At this
quarry, the property of the Alaska Marble Company, developments
have been carried to an average depth of 45 feet, the area of the floor
being 60 by 90 feet. At this level a tunnel has been started under
the hill, the plan being to excavate a large room underground. This
room will be gradually enlarged and eventually the quarry operations
will be protected from the weather by a roof of stone, and can thus be
carried on throughout the winter. The marble at this depth is
reported to be better than that near the surface, being comparable
with the best grades of Italian white marble. Large shipments were
made during the year to Seattle, Tacoma, and San Francisco, and a
much greater prodyction is planned for 1909.

The Ham Island marble properties, in the Wrangell mining district,
were bonded early in September, and a crew of men was employed to
determine the extent of the deposits on this island.. The work con-

—

o Bull. U, 8. Geol. Burvey No. 345, 1908, pp. 116-126.
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sisted of surface excavations and diamond-drill explorations. Except
small blocks for local use, there was no production from this locality.

Small explorations are reported to have been made on the Marble
Island and Tokeen Bay marble deposits in Davidson Inlet.

GYPSUM.

The only locality in southeastern Alaska at which gypsum is being
mined is Iyoukeen Cove, on the east side of Chichagof Island. The
geology and occurrence of gypsum in this vicinity were discussed in
Jast year’s progress report (Bulletin 345) and need not be taken up
here. At this mine deposits of gypsum of large dimensions have been
developed, though as yet their extent has not been determined. The
mine workings consist of a 190-foot shaft from which two levels, at
points 90 feet and 160 feet in depth, have been extended. During the
year the work has consisted in opening stopes and putting in raises
. and chutes to facilitate the extraction of the rock. At a point 225
feet east of the shaft a raise was made from the lower level to the
surface, thus forming a passageway for the men and giving better
ventilation in the mine. A large tonnage was produced during the
year and shipped to the plaster plant at Tacoma to be prepared for

market,
CONCLUSIONS.

The metal mines in southeastern Alaska which have yielded the
greatest output have been those mining the low-grade gold deposits.
Their production has been gradually increased from year to year, and
the possibilities are that a still greater output will be made in future
years. The ore reserves are large, and the amount of ore developed
is kept well in advance of that mined. The copper mines, on the other
hand, are operating on relatively small ore bodies, which can be
extracted in a short time, and the development of new ore reserves is
a serious problem at many of the localities. It is therefore a question
whether the present copper production will be largely increased in the
future.

On Kasaan Peninsula and in the vicinity of Copper Mountain some
of the copper mines are developing copper ores rich in magnetite,
which constitute a desirable product for the smelters at Tacoma and
in British Columbia, and because of their iron content are of increased
value. There are in this region large bodies of magnetite ore which
contain from 0.5 to 1.5 per cent of copper, but at present they ean not
be mined with profit as copper ore. They would, however, be of value
asiron ore if there was a market for iron ore on the Pacific coast. The
copper content could be readily separated from the magnetite mechan-
ically by fine grinding and magnetic concentration, and thus the cop-
per values could be won. Such treatment, however, would necessitate
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a briquetting of the ground magnetite before it could be used for
reduction to pig iron. - The electric process of smelting has been used
on similar magnetite ores in California, and future developments may
find it applicable in the Ketchikan district. At present about
2,000,000 tons of magnetite are developed on Prince of Wales Island,
and a much greater tonnage is possible. These ores for the most. part
contain practically no phosphorus or detrimental impurities.

Other deposits of iron ore, as yet undeveloped, occur as magmatic
segregations along the mainland adjacent to the Coast Range intrusive
rocks. These deposits are being explored in the vicinity of Haines
and other points on the mainland coast.



COPPER MINING AND PROSPECTING ON PRINCE
WILLIAM SOUND.

By U. 8. Grant and D. F. HicGins, Jr.

INTRODUCTION.

In 1898 two geologists of the United States Geological Survey
visited Prince William Sound ; one examined the extreme northwest-
ern part of the district,” and the other made an examination of a con-
siderable part of the sound and described several copper prospects.®
In 1900 further information concerning the geology and copper deposits
was obtained.c In 1905 a more detailed reconnaissance of the
general geology and mineral resources was made, a preliminary
report of which has been published.? In 1907 further information
concerning the progress of mining and prospecting was obtained.c
In 1908 the writers continued the work of 1905 and completed a
detailed topographic and geologic map of part of Latouche Island.
A report on the general geology and mineral resources of the sound
is now in preparation.

Prospecting for copper on the shores of Prince William Sound
dates back for some years, but.it was not continuous until 1897,
when the recent period of activity may be said to have begun with
the staking of the claim on which is now situated the Ellamar mine. -
Prospecting was especially active from 1903 to 1907, but declined in
1908, after the fall in the market value of metallic copper, compara-
tively little development beyond the necessary assessment work being
undertaken except at some properties on Knight Island, on Fidalgo
Bay, and in the vicinity of Copper Mountain.

The following descriptions are confined chiefly to properties on
which considerable development work has been done since the report

6 Mendenhall, W. C., A reconnaissance from Resurrection Bay to the Tanana River, Alasks, in 1898
Twentleth Ann. Rept. U. 8. Geol. Burvey, pt. 7, 1900, pp. 265-340.

b Schrader, F. C., A reconnalssance of a part of Prince William Sound and the Copper River distriet,
Alaska, in 1898: Twentieth Ann. Rept. U, 8. Geol. Burvey, pt. 7, 1900, pp. 341-423.

¢ Schrader, F. C., and 8pencer, A. C., The geology and mineral resources of the Copper River district,
Alaska; a special publication of the U, 8. Geol Survey, 1001, 94 pp

d Grant, U. 8., Copper and other mineral resources of Prince William Sound: Bull. U. 8. Geol. Buryey
No. 284, 1006, pp. T8-87.

¢ Moffit, F. H., Notes on the copper prospects of Prince Willlam Sound: Bull. TU. 8. Geol. Survey No.:
345, 1008, pp. 176-178, 87
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of 1905. There are, however, numerous prospects which are not
mentioned in that report nor in the present one. In 1906 and 1907
many claims were staked at various places on the sound, especially
on Knight Island. New discoveries were made on the south side of
Fidalgo Bay and on and to the east of Cordova Bay, but on the latter
little work was done. Only two properties—the Ellamar mine, at
Ellamar, on Virgin Bay, and the Bonanza mine, on Latouche Island—
are making regular shipments of ore. Each of these mines has been
in operation for a few years.

A preliminary map of the mineral resources of the Prince William
Sound region constitutes Plate TV of this volume.

LATOUCHE ISLAND.

Bonanza mine.—This mine has continued shipping since 1903,
steadily increasing its output. A dock, ore bunkers, an office, and
mess and bunk houses have been constructed, and two tramways
have been built from the dock to the mine, about half a mile distant.
The mine is in the main a large, open hill face, from which the ore
is quarried and run down to two tunnels, one 30 feet and one 120 feet
below the quarry floor. The ore is then trammed from these tunnels
to the dock. Aside from the open quarry the development work
includes about 3,700 feet of tunnels.

Latouche Copper Mining Company.—This company’s property is
situated about half a mile north of the Bonanza mine. A dock, ore
bunkers, mess houses, and a tramway from the dock to the tunnel, a
distance of a quarter of a mile, have been built. The property has
been developed by numerous shallow pits and trenches, and by a
700-foot tunnel which strikes the ore-bearing ground 200 feet below the
surface. The ore is rock charged with chalcopyrite and some pyr-
rhotite and pyrite. Most of the ore removed has come from one
stope, which is 45 by 15 feet in area and 5 to 10 feet in height. Several
hundred tons of ore are reported to have been shipped in 1907, and
there is some ore remaining in the bunkers.

Chicago-Latouche Mining and Power Company.—At the head of Wil-
son Bay this company has installed a pipe line and an electric power
plant and is engaged in running a tunnel east-southeastward, with
the expectation of cutting a continuation of the Bonanza ore bed to
the south-southwest. In July, 1908, this tunnel had reached a length
of about 1,400 feet.

Reynolds-Alaska Development Company.—On Horseshoe Bay this
company has built a small town, installed a pipe line and electric
power plant, and constructed over a mile of corduroy road from its
dock eastward to its shaft and tunnels. The shaft, reported to be 100
feet deep, with a crosscut at its bottom to an ore body, was full of
water at the time of the writer’s visit. About half a mile northeast
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of the shaft and 400 feet above sea level 2,000 feet of tunneling has
been done, most of which is on the Duchess claim. Here a body of
ore has been encountered which strikes north-northeastward and
dips 70° W, Tt is only a few inches thick where first encountered at
the south-southwest, but thickens gradually. toward the north for
500 feet along the strike until a thickness of 45 feet is reached ; beyond
this point exploration has not gone. The ore body consists of pyrite
and some chalcopyrite mixed with bands of slate and graywacke.
Considerable sorted ore is on the dump, and small shipments are
reported to have been made from this tunnel.

Other prospects.—The above-mentioned properties are on the north-
west side of Latouche Island. Other but much less extensive work
has been done elsewhere, especially by the Latouche Consolidated
Copper Company, which has sunk a few pits near the southeast end
of the island; by the Seattle-Alaska Copper Company, which has
installed a steam plant and begun the sinking of a shaft on the south-
eastern shore of the island, a mile and a half from its southeastern
point; and by the Latouche Island Copper Mining Company, which
has sunk a 60-foot shaft and run a 100-foot tunnel near the southeast-
ern shore of the island, about 4 miles from its northeastern point.

ENIGHT ISLAND.

On Knight Island a considerable amount of development work has
been done, mainly in 1906 and 1907. Much of this work was done
on or near Drier Bay, on the west side of the island.

DRIER BAY.

Knights Island Consolidated Copper Company.—This company,
locally known as the Hubbard-Elliott Company, has installed a wharf,
offices, ore bunkers, and a steam power plant at the northeast corner
of Drier Bay. Work has been done on a number of claims, but the
main development has been on two tunnels called the Monarch end
the Bald Eagle. At the Monarch, a mile and a half northwest of the
dock and about 600 feet above sea level, about 350 feet of develop-
ment work has been done. At the Bald Eagle tunnel, which is about
900 feet above sea level and three-fourths of a mile northeast of the
dock, is a northwestward-facing cliff with an iron-stained surface.
The rock is greenstone with irregular schistose zones that wrap
around masses of nonschistose rock. The schistose zones carry
chalcopyrite and pyrrhotite, and in some of them these sulphides are
abundant and form ore bodies, from one of which a few hundred tons
of ore have been : iined. Connecting the Bald Eagle tunnel with the
dock is a wire ropc aerial tramway, the upper station of which was
unfortunately somewhat damaged by a snow slide in the early part of

-



90 MINERAL RESOURCES OF ALASKA, 1908.

1908. Shipments of ore have been made from this tunnel, and some
ore remains in the ore bunkers.

Knights Island Alaska Copper Company.—About 900 feet above
sea level and half a mile northeast of Northeast Cove of Drier Bay,
this company is running a tunnel to intercept a vein which outcrops
on the hill 360 feet above the mouth of the tunnel. In July, 1908,
the tunnel had reached a length of 300 feet, and it was thought that
the vein would be reached 100 feet beyond. The vein consists of a
schistose zone in the greenstone, carrying quartz, pyrrhotite, and
chalcopyrite.

Twentieth Century Enight Island Copper Mining Company.—This
company has staked nine claims south of Northeast Cove of Drier
Bay. The property is developed by a small floating wharf, a bunk
house, and two tunnels. The lower tunnel is about 250 feet above sea
level and has been driven for 30 feet in greenstone and chlorite schist.
A few stringers of chalcopyrite have been revealed. The upper tun-
nel is about 350 feet above sea level and in July, 1908, was 390 feet
long and was still being extended. It follows a 6-foot shear zone
containing numerous lens-shaped bodies and stringers of chalcopyrite.
At 230 feet from the entrance a raise of 70 feet has been made on this
shear zone. The upper tunnel is expected to cut several ore-bearing
zones whose outeroppings appear on the hill above.

Knights Island Copper Mining Company.—Development work has
been done by this company half a mile southeast of Barnes Cove of
Drier Bay. Sidney Paige examined this prospect in 1905 and reported
a lens of ore (chalcopyrite and pyrrhotite in greenstone) approxi-
mately 30 feet wide and 40 feet high.* A tunnel, about 100 feet
below this lens, is now being run with the expectation of cutting it.
Another tunnel, over 100 feet in length, has been run along a schistose
zone carrying quartz, chalcopyrite, pyrrhotite, and pyrite.

Russell Buall Copper Company.—This company’s prospect is located
on the south side of Drier Bay, between Barnes Cove and Mallard
Bay. The company has located six claims, four on Drier Bay and
two over the ridge from Drier Bay toward Snug Harbor. The prop-
erty on Drier Bay is developed by four openings. A wire-rope aerial
tram operated by a windlass has been rigged from the upper tunnel
to the shore. This tunnel is 520 feet above sea level and is 60 feet
long on a vein of nearly solid chalcopyrite with a little pyrrhotite.
The vein averages 8 inches in width. Good outcroppings were reported
above at an altitude of about 1,000 feet, but these were covered with
snow when visited in July, 1908. The other three openings are below
and vary from 12 to 30 feet in length. They are intended to cut the
vein mentioned above, but have not been driven far enough to strike

oBull, U, B. Geol. Burvey No. 284, 1006, p. 85.
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it. Some ore is sacked ready for shipment, and a small amount was
shipped in July, 1908.
MUMMY BAY.

Mummy Bay is on the southwest side of Knight Island. At H. J.
Harvey's prospect, near the northwest corner of the bay, some strip-
pings near the shore have exposed irregular quirtz lenses carrying
pyrrhotite, chalcopyrite, and pyrite. Three-fourths of a mile from
the shore are a few small areas of diabase containing disseminated
pyrrhotite and chalcopyrite. These have been prospected by two
tunnels, each about 150 feet in length. Near the center of the north
shore of the bay, at Charles Schultz's prospect, is an opening 10 feet
wide and 30 feet long on a schistose zone containing chaleopyrite and
a little pyrrhotite. A few tons of ore have been taken from this

opening.
EAST SIDE OF KNIGHT ISLAND.

Happy Jack Copper Mining and Development Company.—This
company’s property is located on the south side of Hogan Bay, just
at the entrance. A steam plant, an office, and mess and bunk houses
have been constructed. The main work has been done on a tunnel
at the shore, which in July, 1908, had reached a length of 986 feet. It
is being run to intersect a vein that outcrops higher up and to the
southeast and extends along a fissure, cutting across the strike of
the country rocks, which are slates, graywackes, and greenstones.
The vein, where examined, varies from 1 foot to 4 feet in thickness
and contains quartz, chalcopyrite, and pyrrhotite. Two tunnels have
been run on this vein, one 398 feet and the other 535 feet above sea
level. The upper tunnel is 85 feet in length and the other, with its
branches, is about 450 feet in length. A number of tons of ore are
now on the dumps from these two tunnels, and some ore has been
shipped.

Wilcoz prospect.—This prospect is located near the head of Iogan
Bay, Knight Island. It is being opened by the James Mullins Coal
Company, of Cleveland, Ohio. Six claims and a fraction are staked.
The property is developed by four substantial log buildings and three
tunnels. The longest of the tunnels is 1,500 feet from the head of
Hogan Bay, at an elevation of 315 feet. Itis about 500 feet in length
and has one side drift of 50 feet on which work was being done in July,
1908. A few veins and some disseminated chalcopyrite are shown.
The second opening is about three-fourths of a mile up the main left-
hand guleh at the head of Hogan Bay and about 1,000 feet above sea
level. This tunnel is 70 feet long and is designed to crosscut leads
whose outeroppings appear in the hill above. Several small veins
of solid chalcopyrite were encountered. The third opening was not
visited, as it was small and difficult of access.
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Hogan, Hemple & Egan prospect.—This prospect is one-fourth mile
west of the head of Hogan Bay and has about 130 feet of tunnel,
which reveals an irregular vein of chalcopyrite with & little pyrrhotite.
Other showings, on which very little work has been done, occur on the
mountain side above this tunnel.

Discovery Bay.—On the north side of the entrance to Discovery
Bay J. J. Bettles has a prospect on two iron-stained zones that
appear at the water’s edge. These zones strike north-northeastward
and apparently reappear on the south side of the entrance to Delight
Bay. The eastern zone is 12 feet in thickness and has on its hanging-
wall side 10 to 15 inches of fairly solid ore consisting of pyrrhotite
and chalcopyrite. Northeast of Snug Harbor, at the head of Dis-
covery Bay, Graham & Harrison have a 60-foot tunnel in greenstone.
Higher up, on the divide between Snug Harbor and Delight Bay, and
about 1,300 feet above sea level, they report a vein from 4 to 11 feet
in thickness, which has been traced for several hundred feet. The
ore shown to the writers from this vein.is brecciated and schistose
greenstone carrying chalcopyrite and a little pyrrhotite.

Copper Bullion claims.—These claims, locally known as Rua's
claims, are situated on the east side of Knight Island, and the devel-
opment, work consists of a tunnel, which had reached a length of 360
feet in July, 1908. This tunnel is about half a mile from the east
shore of the island and a mile and a half north of the entrance to
Marcia Harbor. The rock excavated in the tunnel is greenstone with
a few stringers of pyrrhotite and chalcopyrite, but at the end a brec-
ciated zone cemented by quartz and these two sulphides has been
encountered. As far as the workings show, this zone is about 60 feet
in width and strikes in a northeasterly direction. About 400 feet
above this tunnel, at the base of a southward-facing cliff on the south
side of Iron Mountain, is an exposure of ore 65 feet in width. All of
this width, except about 10 feet of mixed ore and rock, is practically
solid pyrrhotite with a small percentage of chalcopyrite. About
200 feet farther up the cliff the ore body appears to be 30 feet in width,
and at the top of the ridge, 150 feet still higher, there is reported to be
12 feet of ore. It seems probable that the tunnel cuts this same ore
body.

Bﬂy of Isles.—Near the northwest side of the Bay of Isles is the
Snowstone group of claims, and west of the head of the south arm
of the bay is the Pandora group of claims. On the Snowstone group
are two tunnels, 55 and 25 feet in length, a fourth of & mile from the
shore and about 200 feet in elevation. On the Pandora group, half
a mile from the water and about 500 feet above sea level, a schistose
zone in the greenstone is exposed along & small ereek. This zone
is 50 feet in width and contains scattered through it a few small
stringers of ore and three smaller zones, 5 to 24 inches in width, in



COPPER ON PRINCE WILLIAM SOUND, 93

which the ore stringers are abundant. The ore i1 chalcopyrite with
some pyrrhotite. A tunnel here intersects three ore-bearing zones,
2 to 6 feet in width, in the larger schistose zone. A small shipment
of ore has been made from this place.

NORTH END OF KNIGHT ISLAND.

Near the head of Louis Bay there are a few prospects. At one of
them, controlled by the Knights Island Mining and Development
Company, a small steam sawmill and electric plant have been
installed at the extreme southeast corner of Louis Bay. From this
plant electric drills have been worked in two tunnels 1} miles south of
the south end of this bay. One of these tunnels is 85 feet in length
and cuts five schistose zones, 2 to 18 inches in width, in greenstone.
These zones carry pyrite, chalcopyrite, and pyrrhotite. The main or
lower tunnel was started to intersect these and several other ore-
bearing schistose zones, and is 160 feet in length. This company is
constructing a small sawmill to be run by water power.

HERRING BAY.

Herring Bay is the large bay at the northwest corner of Knight
Island. At the head of its southeastern arm the Crown Copper Com-
pany has built two bunk and mess houses and a small floating dock.
A quarter of a mile to the south is a tunnel 25 feet in length; and
about a mile from the camp and on the east side of a lake is another
tunnel 100 feet in length, in greenstone, which was run to intersect
some veins that outcrop on the ridge to the northeast. Other pros-
pects are situated on the same arm of Herring Bay, and also on the
northeast arm. At the latfer locality there is a tunnel 50 feet long in
greenstone with cracks filled by quartz, pyrite, sphalerite, and chal-
copyrite, which is also disseminated to a small extent in the country
rock. .
GALENA BAY.

Near the head of Galena Bay the Galena Bay Mining Company has
built a small town, constructed a dam that gives a 52-foot head of
water, and installed an electric power plant. The electric power is
transmitted about 3 miles southward and used to run an air com-
pressor at the mouth of a Jong tunnel. This tunnel, which is about
750 feet, above sea level, is being driven to intersect a large shear zone
that outerops to the east 800 feet or so above the tunnel. In 1905 this
tunnel was about 300 feet in length, and in August, 1908, it had
reached & length of over 1,500 feet. It is expected that when the
tunnel strikes the ore zone an aerial wire-rope tramway will be in-
stalled from the tunmel to tidewater, a distance of about 18,000 feet.
The material for this tramway is now on the ground.  °
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BOULDER BAY.

Reynolds-Alaska Development Company.—This company has twenty
claims located on the east side of the head of Boulder Bay. The
property is developed by a wharf, an electric plant, an air compressor,
office, and bunk houses, a supply house, a superintendent’s house, and
about 2,100 feet of drift in the main tunnel and 200 feet of drift in a
smaller opening. The main tunnel is at tide water, and is composed
of a rather complicated system of crosscuts, winzes, and raises, driven
through interbedded greenstones, slates, and graywackes. It is
electrically lighted on the main drifts. A few veins of chalcopyrite
were encountered. About 150 feet above this system is the smaller
tunnel mentioned above. It is in greenstone having locally small
quantities of disseminated chalcopyrite. Veins 2 to 3 inches wide
also occur, and on the face a foot of ore was present. Just to the
right of the main adit is a small excavation from which it was reported
. several tons of shipping ore were procured. Several hundred tons of
ore are said to have been shipped from this property. Some of this
ore came from two large bowlders, composed mainly of iron and cop-
per sulphides, which were found on the beach at the mouth of the
main tunnel.

Fielder & Hemple prospect.—The claims of this prospect lie at the
head of Boulder Bay, and are practically surrounded by the property
of the Reynolds-Alaska Development Company, described above. A
tunnel and several small crosscuts, aggregating about 200 feet in
length, have been run at an elevation of 400 feet and a quarter of a
mile from the bay. Some ore is ready for shipment, most of it having -
been obtained within 20 feet of the surface. Two small excavations,
120 feet above the tunnel, uncover surface shuwmgs of chalcopyrite
stringers in sheared greenstone.

ELLAMAR.

The Ellamar mine, formerly known as the Gladhaugh, continued
shipping in 1908, but the amounts were materially decreased from the
customary output The earlier shipments were derived from &
rather poorly defined ore shoot in which the chalcopyrite was more
abundant than the pyrite and pyrrhotite, and the later shipments evi-
dently came, in part at least, from outside this ore shoot. It is
reported that there is still a large tonnage of this lower-grade ore in
the mine. The ore body is a lens-shaped mass of these copper and
iron sulphides and has been opened in the 100, 200, 300, 400, and
500 foot levels of the mine. On the 500-foot level the ore body hag
decreased in size to about 40.by 70 feet, and it pinches out before
reaching the 600-foot level. Prospecting for other ore bodies in the
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strike of this ore lens is now being carried on by diamond drilling
southeast of the mine.

LANDLOCKED BAY.

Standard Copper Mines Company.—This company has constructed
a wharf, ore bunkers, an office, etc., on the north side of Landlocked
Bay. From the wharf a wire-rope aerial tramway, 2,526 feet in
length, leads up the south side of Copper Mountain. Above this
tramway is another, 923 feet long, leading to the mouth of a tunnel
about 2,000 feet above sea level. This tunnel is run to intercept
three ore-bearing zones that outcrop on the mountain above. In
August, 1908, it had reached a length of 420 feet. The lowest ore
zone is intersected near the mouth of the tunnel, and from this con-
siderable ore has been mined and most of it has been shipped. The
second zone is not clearly cut by the tunnel, which at the time of visit
was thought to be entering the third zone. These zones are schistose
areas in the greenstone of Copper Mountain and they carry lens-
shaped bodies of ore. The property has also been developed by sev-
eral smaller tunnels and strippings,

Three Man Mining Company.—This company has a considerable
number of claims, locally known as the Dickey claims, about the
head of Landlocked Bay. Most of the development work has been
done on the north side of the bay, where numerous tunnels have
been run, strippings made, and several veins revealed. Much of the
work has consisted of drifting along the veins or of short crosscats
that intersect the veins. The veins are in greenstone, graywacke,
and slate, and consist of schistose shear zones carrying chalcopyrite
and pyrrhotite, These sulphides occur to some extent in solid,
more or less lens-shaped bodies within the schistose rock, The
sulphide bodies, which are in places composed very largely of chal-
copyrite, vary from a few inches to a few feet in thickness. Small
shipments of ore have been made from these claims, and more is now
ready for shipment. Most of the work, however, has been devoted
to uncovering the veins, and not to getting out ore.

Hemple prospect.—This prospect is located west-northwest of the
head of Landlocked Bay. A good trail has been opened to the mess
house, 1,500 feet from the shore. At 400 feet above sea level is a
tunnel 125 feet in length, the first 40 feet of which is in broken green-
stone with numerous small veins of chalcopyrite. A second tunnel,
600 feet in elevation, is about 400 feet long and crosscuts three ore-
bearing zones. Some sorted ore is on the dump. Extending 1,200
feet west from this upper tunnel is a series of fifteen to twenty small
strippings and pits on a schistose zone in greenstone. Several of
these openings show veinlets of ore.
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FIDALGO BAY.

Whalen & Nelson prospect.—On the south side of Fidalgo Bay,
7 miles east of Fish Bay, is a smaller bay called Whalen Bay. Two
miles east from its head and about 700 feet above sea level are some
strippings and a small tunnel. The country rock is a hard black to
greenish slate, and the ore is a hard band of nonslaty rock containing
irregular stringers and disseminated grains of chalcopyrite and pyr-
rhotite. This band of ore is 2 to 4 feet in thickness where examined,
and it is reported to have been uncovered at intervals for a consider-
able distance, in some places being 12 feet thick,

Fidalgo Mining Company.—The prospect owned by this company
is located on the south side of Fidalgo Bay, a mile southwest of
Whalen Bay. Twenty-four claims, known locally as Blakney's
prospect, have been staked. A supply house at the beach, a bunk
house, and & tunnel are the main developments on this property.
The tunnel is 2,800 feet from the shore and 450 feet in length. It
follows a well-defined shear zone. Two rather definite lens-shaped
ore shoots, each about 5 by 50 feet in cross section, have been struck
at 200 and 300 feet from the entrance, and many small stringers of
ore, which is chiefly chalcopyrite, ocecur throughout the tunnel. A
small crosscut beyond the second ore shoot shows a 20-inch vein of
nearly solid chalcopyrite. Several small strippings have been made
on the shear zone, which has been traced for about 3,000 feet. Some
ore is ready for shipment.

Fidalgo Alaska Copper Company.—This company’s property is on
the south side of Fidalgo Bay, south of Fish Bay and half a mile east
of Irish Cove. The main development work has been done near the
top of a hill which rises about 1,000 feet above the sea. A large
amount of stripping has been done, and several short tunnels and
two longer ones have been run, The main tunnel has over 400 feet
of workings. The country rock is a hard black to gray slate, with
a little graywacke. The ore, which is chalcopyrite with a little
pyrite, occurs in hard, fractured zones in the country rock as a cement
to the fractures, as irregular stringers, as disseminated grains, and as
larger replacements of the country rock. These fractured zones are
irregular in size and extent; some of them have been proved not to
continue far, but the extent of others is not yet shown by the devel-
opments. Altogether there is a considerable amount of ore exposed
in the strippings and in the tunnels, and some ore is ready for
shipment.



GOLD ON PRINCE WILLIAM SOUND.
By U. S. Granr.

Placer gold in small amounts has been found in a few of the streams
flowing into Prince William Sound. Some of these localities are as
follows: Solomon Gulch, on the south side of Port Valdez; Mineral
Creek and Gold Creek, on the north side of Port Valdez; streams near
the front of Shoup Glacier; King River, at the extreme southwest
corner of Port Nellie Juan. Only a small amount of work has been
done on these placers, and on none of them has the work proved really
profitable.

For several years there have been reports of the finding of * float”
_ore, carrying considerable values in gold, on the shores of Jackpot
Bay, west of Chenega Island. Recently (1908) one vein carrying
ore of this character has been located on the east side of this bay
near its head (the south end). The country rock at this locality is
graywacke and graywacke slate, with a general north-northeasterly
strike, parallel with the axis of the bay, and a dip of 40° to 60° WNW.
A quarter of a mile from the shore of the bay and approximately 770
feet above sea level an opening has penetrated 8 feet info a quartz
vein and runs up the cliff side for 12 feet. The vein strikes N. 52°
W. and dips 67° W. It is, as here exposed, 20 to 28 inches in width
and has a fairly well defined central zone which is rich in metallic
sulphides—arsenopyrite, galena, and sphalerite. This central zone
is 6 to 11 inches in thickness. Three samples for assay were taken
across the outer parts of the vein, and three across the central sul-
phide zone. The first samples showed 0.5 ounce per ton of gold and
0.3 ounce of silver, or a total value of $11.89 per ton. The second set
gave 2.5 ounces per ton of gold and 5.9 ounces of silver, or a total value
of $54.73 per ton.® Though this vein is small and its extent is not
known, still its gold content should encourage further search for gold-
bearing veins in this vicinity.

o Assays by W. H. Coghill and D. F. Higgins, jr., of Northwestern University.
79205—Bull, 379—09—7 97



NOTES ON THE GEOLOGY AND MINERAL PROSPECTS IN
THE VICINITY OF SEWARD, KENAI PENINSULA.

By U. S. Graxt and D. F. Hiceins, Jr.

INTRODUCTION.

Seward is situated on Kenai Peninsula at the north end of Resur-
rection Bay, in west longitude 149° 27’ and north latitude 60° 6'.
This bay (fig. 1) lies between Prince William Sound on the east and
Cook Inlet on the west, and extends farther north than any of the
other bays facing the Gulf of Alaska between these two large inlets.
Seward is of importance as the tide-water terminus of the Alaska
Central Railway and the outfitting point for gold fields to the north.

The rocks in the vicinity of Seward have been examined by two
geologists of the United States Geological Survey—W. (. Menden-
hall,* who visited this district in 1898, and F. H. Moffit,>* who was
there in 1904. In August, 1908, the writers spent three days at
Seward and in the vicinity examining copper prospects and inci-
dentally obtaining information on the general geology.

GEOLOGY.

Previous descriptions.—Mendenhall® has described the Sunrise
“‘series” as consisting of interbedded fine blue-black slates and dark-
gray arkoses, which form the country rocks from Seward northward
to Sunrise, on Turnagain Arm of Cook Inlet, and from Sunrise east-
ward to Passage Canal (or Portage Bay) and Port Wells, in the
northwestern part of Prince William Sound.

Moffit4 has described the same ‘““series” of rocks as extending
from Seward northward to Turnagain Arm, and stated that it holds
a few conglomerate beds containing well-rounded pebbles chiefly of
argillaceous rock and granite, with less numerous pebbles of quartzite
or quartz; that the cleavage of the Sunrise ‘“series” near Resurrec-

a A reconnaissance from Resurrection Bay to the Tanans River, Alaska, In 1808: Twentieth Ann, Rept,
U. 8. Geol. Survey, pt. 7, 1900, pp. 265-340,

b Gold fields of the Turnagain Arm region: Bull, U, B. Geol. Burvey No, 277, 1006, pp. 7-52.

<0p. cit., pp. 305-307

40p. cit., pp. 17-18

98
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tion Bay is in general parallel with the bedding, which is about N.
10° E.; that several massive quartzite beds, from 4 to 6 feet thick,
are conspicuous in the vicinity of the glacier east of Seward, about
2 miles from Resurrection Bay; and that the beds at this last locality
lie in immense folds slightly overturned to the east.

Below are given some further descriptions of the geology (1) at
Seward, (2) from Thumb Cove southward along the east shore of
Resurrection Bay to & point opposite the south end of Renard Island,
and (3) on Renard Island. These localities are shown on the accom-
panying map of Resurrection Bay (fig. 1).

Seward.—The town of Seward is beautifully situated on an alluvial
fan formed by a stream that comes from the mountains to the west.
The eastern mountain just north of this stream is apparently com-
posed of easily disintegrated slates, and the pebbles in the stream
bed are mainly of slate and graywacke. On the shore, and also a few
rods back from the shore of Resurrection Bay for about a quarter of
a mile southwest of the railway dock at Seward, are exposures of
graywacke, which varies from coarse to fine in grain and has inter-
bedded with it a small quantity of dark-gray slate. The bedding is
not distinct, but apparently the strike is north and south and the
dip about 65° W.

Thumb Cove and the shore to the south.—On the north side of Thumb
Cove, just west of the main stream near the head of the cove, there
are exposures of graywacke somewhat similar to that at Seward.
The rock here is much fractured and broken and the fractures are
healed by quartz veins of very fine grain, almost chalcedonic in
appearance. The strike is N. 18° E. and the dip 40° W. Along the
north shore of this cove, west of the above-mentioned locality, gray-
wacke with a little slate exists in several exposures which were not
closely examined. The general direction of the dip here is west-
northwest, at an angle of 20° to 50°.

The country rock for a mile northeast of Thumb Cove is green-
stone, chiefly in flows, which are commonly ellipsoidal # and in some
places amygdaloidal. The ellipsoidal greenstones consist largely of
more or less spherical masses which vary from a few inches to
10 feet in diameter. Here there are a few glaciers, the moraines of
two of which were examined and found to contain, in addition to the’
common greenstone, a number of varieties of coarser-grained igneous
rocks, mostly basic. At the mouth of the valley that runs north-
northeastward from the northeast corner of Thumb Cove lie many
bowlders of rocks similar to those in the moraines, such as medium-
grained diabase with red jasper-like veinlets; medium-grained dia-
base with porphyritic feldspar erystals; light-colored greenstone with

aClements, J. M., The Vermilion iron-bearing district of Minnesota: Mon. U. 8, Geol. Survey, vol. 45,
1003, p. 144,
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quartz amygdules; coarse-grained diabase with red stains; fine-
grained gray granite, or aplite, in dikes in greenstone; coarse-grained
diabase with large plates of augite; medium-grained diorite with
veins of diorite-pegmatite. It is thus probable that the high moun-
tains east and northeast of Thumb Cove are composed of basic igne-
ous rocks, both extrusive and intrusive, and that the lower mountains
north of the bay and west of the valley above mentioned probably
consist of slate and graywacke.

Graywacke with a little slate is seen along the shore between
Thumb Cove and Sunny Bay. The general dip is from 40° to 60°
NNW. On the northwest side of Sunny Bay black slate, in many
places highly fractured, alternates with greenstone in ﬂows undoubt-
edly interbedded with the slate. Some of these flows are ellipsoidal
in structure. At the extreme north end of Sunny Bay greenstone
becomes the country rock, and it extends southward along the east
side of Resurrection Bay as far as the present examination went—
that is, to a locality opposite the south end of Renard Island; thence
this rock was traced eastward across the point on the east side of this
bay. This greenstone varies in character, but is in general a fine-
grained, altered diabase or basalt, which as a rule occurs in flows that
are commonly ellipsoidal in structure. The dip ranges from 20° W.
to vertical. Cutting the greenstone are a few diabase dikes, usually
less altered than the main country rock. In one locality, about an
eighth of a mile north of the Iron Mask claim (prospect No. 10), is a
layer of black slate about 15 feet thick interbedded with greenstone
and dipping about 35° W.

Renard Island.—On the east side of Renard Island, just south of
the long sand spit which projects northeastward, is an eastward-
facing cliff consisting of black slate overlain by rather soft green and
gray schistose rocks of at least two varieties. The rocks have a
marked cleavage, which runs about parallel with the bedding; the
strike is N. 7° W. and the dip is 45° W. The gray rock is fine grained,
except for small crystals of feldspar, rarely of quartz, around which
the matrix of the rock seems to have flowed or been sheared. This
rock is possibly a water-laid tuff or perhaps a sheared trachyte or
andesite. Higher upin the cliff are fine-grained green schistose rocks,
which are probably sheared greenstones or tuffs. At the base of the
cliff and probably coming from it are fragments of coarse-grained
diabasic greenstones and coarse-grained graywackes.

Summary and conclusions.—Most of the east side of Resurrection
Bay from Thumb Cove southward is occupied by basic igneous rocks,
which occur chiefly in the form of flows of ellipsoidal greenstone.
The same rocks, with their intrusive coarser-grained equivalents,
undoubtedly make up the mountainous highland between Resurrec-
tion Bay and Day Harbor and extend northward for an unknown dis-
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tance. The flows in general dip to the west and are overlain by a
series of graywackes and slates, which on Renard Island contain
probably water-laid tuffs or sheared extrusives. The graywackes and
slates have been compressed into folds whose axes strike a little east
of north, and these rocks undoubtedly make up the east shore of
Resurrection Bay northward from Sunny Bay. They also probably
form the western mountainous ridge which runs from Thumb Cove
northward to and beyond Godwin River.

The rocks on the east side of Resurrection Bay appear to belong
to one general period, which began with numerous basic lava flows,
in part, at least, submarine. These were followed by clastic sedi-
ments, which were deposited on and locally interbedded with the
later lava flows. With the sediments some tuffaceous material was
probably deposited.

The mountains immediately west of the northern half of Resur-
rection Bay are probably composed of graywackes and slates, and in
some of these mountains the slates are soft and easily disintegrated.
The relation of the rocks on the west side of the bay to those on the
east side is not clear.

The Sunrise ‘“‘series,” as heretofore described, does not include
igneous rocks, except near the mouth of Knik River, at the head of
Knik Arm of Cook Inlet, where greenstone tuffs, rhyolites, and
rhyolite tuffs have been described as included in this ‘‘series.”’®
The presence of conglomerates in the Sunrise ‘‘series’’ and the find-
ing of a considerable terrane of surface igneous rocks in connection
with the slates and graywackes on the east side of Resurrection Bay
seem to indicate the possibility of the separation of the rocks in the
vicinity of Resurrection Bay and northward into two unconformable
groups. One of these would contain, at least locally, much contem-
poraneous igneous material and is extremely similar in lithology and
general characteristics to the Orea ‘‘series,” which is extensively
developed to the east on Prince William Sound. The relation, if the
separation above suggested can be made, of the igneous rocks and
associated sediments to the rest of the Sunrise ‘‘series” is not clear.
From analogy with the district to the east (Prince William Sound),
where a ‘“series” (Orca) containing contemporaneous igneous rocks
is younger than a “series” (Valdez) of more metamorphosed sedi-
ments, it might be concluded that the same relation held in the
Resurrection Bay region, but convincing evidence for such a conclusion
is not at hand. At the present time the relation of the Sunrise
““series” to the Valdez “‘series” and to the Orca ‘““series” has not
been determined. .

1"

a 'uige, Bldney, and Knopt, Adolph, Geological i fn the Matanuska and Talkeetna
basing, Alaska: Bull, U, 8, Geol, SBurvey No. 327, 1907, pp. 13-15.
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The age of these rocks is likewise uncertain. The Sunrise has been
assigned to the Paleozoic and to the Mesozoic, as has the Orea,
which is possibly Mesozoic; the Valdez is probably Paleozoic.

COPPER PROSPECTS.

Comparatively little work has been done on the copper prospects
in the vicinity of Seward, most of them having been staked recently.
They are all, so far as known, located east of Resurrection Bay.
In the following paragraphs they are described in order from north
to south, the numbers in the descriptions referring to localities on
the accompanying map (fig. 1).

Prospect No. 1.—This is just north of the glacier at the head of
Godwin River and about 2,400 feet above séa level. It was staked
by L. F. Shaw, John Deubruel, and G. Bouchaert, of Seward. Little

work has been done here. Specimens from the prospect are nearly
solid pyrrhotite with a little chalcopyrite, and there is said to be
one large bowlder here, about 700 pounds in weight, of similar ore.
An 8-foot vein carrying both copper and gold is also reported as
occurring near this same locality.

Prospect No. 2.—This prospect, staked by W. L. Redman and
Samuel Guyot, of Seward, is just south of the glacier at the head of
Godwin River and about 2,700 feet above sea level. The vein here
is reported to be 9 feet in width, and the epecimens shown the writers
are composed of porous, heavily iron-stained gossan carrying mala-
chite, azurite, and chalcopyrite. No work has been done at this
locality, '

Prospects Nos. 8, 4, and 5.—At these localities are the Real Thing,
Copper Chief, and Iron Cap groups of claims, staked by S. E. Likes
and A. H. Frazer, of Seward. There are twenty-three claims in
these groups. At the time of visit (August, 1908) the Real Thing
and the Iron Cap groups were covered with snow. Each is located
at the foot of a high cliff forming the edge of the gathering ground
of a small glacier. It is reported that the magnetite in connection
with the chalcopyrite at the Real Thing group extends along and
up the cliff in a northwest-southeast direction for a horizontal dis-
tance of 500 to 600 feet. The lead has been traced three-quarters
of a mile. The vein is reported to be as wide as 9 feet, having
chalcopyrite on one side and magnetite on the other. Specimens
presented by Mr. Likes show the magnetite to be fine, uniformly
grained, massive, and blue black in color. Much of it is pure, but
more commonly minute grains of chalcopyrite are scattered through
it. The contact of the main part of the chalcopyrite and the mag-
netite is very abrupt. Thé specimens show veinlets of chalcopyrite
0.03 inch wide, extending for 0.3 to 0.4 inch into the magnetite.
With the chalcopyrite is pyrite in irregular patches—possibly im-
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perfect crystals—and in elongated patches that may be veinlets.
The Iron Cap lead was reported to have been traced for 4,500 feet
along the glacier. Magnetite is reported to oceur below, giving away
to chalcopyrite and pyrite farther up the cliff.

A part of the showings of the Copper Chief group of claims was
seen. The lead consists of a brecciated and sheared zone, about 6
feet wide, in partly ellipsoidal greenstone, This zone strikes N. 37°
W. and dips 35° S. Pyrite, chalcopyrite, hematite, and a little
epidote occur distributed through the numerous quartz veinlets and
through the part of the greenstone nearest the shear zone. The
hematite occurs only in the quartz. The greenstone is fine grained,
dense, and of a leek-green color when fresh.

Prospect No. 6.—This lies to the south-southeast of those last
described, and is reached from Day Harbor. There are several
claims here, staked by the Reynolds-Alaska Development Company.
They are reported to carry chalcopyrite in shear zones in the green-
stone.

Prospects Nos. 7 and 8.—E. F. Pitman and A. C. Gould, of Seward,
have staked a group of six claims, called the Feather Bed group,
running eastward from the northeast corner of Sunny Bay. At the
shore a small amount of digging has been done and some pieces of
float containing pyrite and a little chalecopyrite have been encoun-
tered. The chief claims of this group are about 1} miles east of the
shore and were not visited because they were reported to be covered
with snow. These claims are said to contain a shear zone which
holds four stringers of nearly pure chalcopyrite; the stringers vary
up to 7 inches in thickness and are reported to carry 14 to 19 per
cent of copper. The zone strikes a little east of north and is about
vertical; it has been traced from an elevation of about 2,500 feet up
to 3,500 feet.

Prospect No. 9.—This prospect, called the Peterson claim, is
located at the water’s edge on the east side of the north part of the
south arm of Sunny Bay. The country rock is a rather fine grained,
fairly fresh diabase. A tunnel, 35 feet in length, has been run along
a brecciated and vertically sheeted zone, which is 5 feet in width,
strikes N. 32° W., and dips 68° W. The cement of the breccia is
composed of quartz, calcite, sphalerite, pyrite, epidote, and chal-
copyrite. About 200 feet to the southwest of this tunnel is another,
35 feet in length, extending along a similar brecciated zone which
carries less vein material. This zone is 6 feet wide, strikes N. 12° W,
and is vertical.

Prospect No. 10.—This prospect, called the Iron Mask claim, is on
the east shore of Resurrection Bay, opposite the south end of Renard
Island, and was staked by H. E. Ellsworth, of Seward, and the
Reynolds-Alaska Development Company. A small opening has been
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made here at high-tide level in a brecciated mass of greenstone. The
breccia, as exposed, is 12 feet in thickness and has been traced for 100
feet or more along the shore. It is overlain by nonbrecciated green-
stone, the junction between the two striking N. 27° W, and dipping
20° W. This appears to be the strike and dip of the flows at this
locality. The rock of the breccia is a very fine-grained diabase in
fragments varying from a few inches to less than a fourth of an inch in
size. The material between the larger fragments is composed of the
small fragments and a greenish cement. The original breccia, which
is probably a flow breccia mixed with tuffaceous material, has been
slightly broken and the fractures have been healed by quartz and
pyrite, with a little calcite and chalcopyrite. These minerals have also
penetrated and locally replaced the original cement and some of the
fragments. A very little sphalerite occurs here. Assays across this
12-foot brecciated zone are reported to show 1.1 per cent of copper,
and some small streaks carrying more chalcopyrite gave 7 to 8 per
cent of copper.

Prospect No. 11.—This is about a mile east-southeast of No. 10, and
was staked by E. F. Pitman and A. C. Gould, of Seward. There are
three claims here, called the Fairview group, running eastward from
the shore. A cliff a short distance from the water shows considerable
iron stain, which is not accessible. The main showings are about
three-quarters of a mile east from the shore, along a cliff on the south
side of a mountain which rises to an elevation of about 2,500 feet.
At the base of this cliff is a brecciated zone in the greenstone somewhat
similar to that described above. This zone is 8 to 10 feet, in thickness,
strikes N. 78° E., and is vertical. Higher up and about 300 feet to
the east is another similar zone (possibly the same one faulted a little
to the north), from 8 to 10 feet in thickness. Fragments in the brec-
cia are from 1 inch to 12 inches in diameter and consist of a medium
to fine-grained diabase. This breccia seems to have been again
fractured, the fractures filled, and the original cementing substance
replaced, in part or wholly, by quartz, pyrite, marcasite, and chalco- -
pyrite. Many pieces of the breccia are rounded and split in con-
centric layers when weathered. The cement is soft and much
weathered and is now usually in the form of gossan, and the whole
zone is much iron stained, although it has not been impregnated with
these sulphides through its entire thickness. In one place there is a
band 6 feet thick where the cement is fairly rich in sulphides; an
assay of this material is said to have given 9.8 per cent of copper.
This brecciated zone has been penetrated by a tunnel 10 feet in
length, but the tunnel could not be reached at the time of the writer's
examination on-account of snow.

About a quarter of a mile to the northeast of this point, on the east

side of the ridge, there are poor exposures of an irregular quartz vein
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perhaps 10 feet in width, standing vertical and running approximately
east and west. No work has been done here. The rock contains
much quartz and is commonly free from sulphides, but locally holds
pyrite and & little chalcopyrite.

Prospect No. 12.—This is on the east shore of Resurrection Bay,
about half a mile from Cape Resurrection. It was staked by W. R.
Lietzke, of Seward. Specimens reported to come from this place
consist of quartz containing some fragments of diabase, pyrite, and a
little chalcopyrite. It is probable that this prospect is in a brecciated
zone similar to those at Nos. 10 and 11 described above. Mr. Lietzke
also has a prospect about a mile northeast of Cape Resurrection, near
the shore.

Summary and conclusions.—The copper prospects examined are on
veins in basic igneous rocks, chiefly in flows of ellipsoidal greenstone.
These veins occur (1) as shear zones, (2) as brecciated zones where
there has been little shearing, and (3) as brecciated zones parallel with
the flows of greenstone. The first and second varieties of veins cut
across the flows indiscriminately, and the third are apparently flow
breccias which have been further fractured by movements due to
folding. The first variety includes prospect No. 4, and probably also
Nos. 3, 5, 6, and 7; the second, prospect No. 9; and the third, pros-
pects Nos. 10 and 11, and probably also No. 12.

The copper-bearing mineral of these prospects is chiefly chalco-
pyrite, a sulphide of iron and copper, carrying when pure 34.5 per cent
of the latter metal. The pyrite and pyrrhotite may carry very small
amounts of copper. Locally, at or very near the surface, the chalco-
pyrite has altered to the carbonates, malachite and azurite. The
copper in the veins has undoubtedly been derived from the surround-
ing greenstones probably at no great depth from the surface.

At the time of visit (August, 1908) little development work had
been done on these copper prospects, and little ore had been revealed.
At none of the prospects examined (Nos. 4, 8, 9, 10, and 11) had the
existence of a good thickness and a considerable extent of merchant-
able ore been demonstrated. Some of the prospects could not be
examined, for lack of time, and some because they were high up in
the mountains and covered with snow, which lay on the ground much
later than usual in tho summer of 1908. The most encouraging
statement concerning the copper veins on the east side of Resurrection
Bay that can be made with the present information is that they occur
in essentially the same manner and in the same kinds of rocks as the
copper deposits to the east, on Prince William Sound, where there are
two producing copper mines and some promising prospects.

From analogy with other copper veins of similar character else-
where, there is no good reason to expect that ore bodies which may be
found in the area under discussion will necessarily increase in size or
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in richness with depth. Tn fact, the opposite is more likely to be the
case. Thus in developing a prospect.it is good practice to follow the
ore and not to run long crosscuts to intersect veins in depth. Under
present conditions a copper prospect in this district, to afford encour-
agement for further work, should show a reasonable probability of the
presence of several thousand tons of ore carrying at least 4 per cent
of copper, or, if this metal is less in amount, sufficient values in gold
or silver to offset the deficiency.

GOLD PROSPECTS.

Two tunnels have been run westward into the ridge along the shore,
one at Seward and one a quarter of a mile south. The south tunnel is
about 50 feet above the water, 60 feet long, and runs S. 73° W. along
a zone of brecciated graywacke. This zone is 3 feet wide, strikes
with the tunnel, dips 70° N., and is due to breaking along parallel
joint planes. The rock has been cemented by quartz, containing a
little pyrite, chalcopyrite, sphalerite, and pyrrhotite. The northern
tunnel is 100 feet above the water and about 40 feet long, on a similar
brecciated zone in graywacke. This zone strikes N. 47° W. and dips
80° N.; it shows from 6 inches to 2 feet of nearly pure quartz. Assays
from each of these veins are reported to have shown small amounts
of gold.

A few gold prospects are reported to occur in the valley of Falls
Creek, about 25 miles north of Seward and 5 miles east of the Alaska
Central Railway. Some of these claims were staked by C. E. and
J. W. Stevenson, and others by ¥. P. Skee and John Lechner, all of
Seward. Messrs. Skee and Lechner report that they have one vein
on which a tunnel 100 feet in length has been run. A winze 40 feet
deep has been sunk in this tunnel, and at the bottom of the winze the
vein is 3 feet 10 inches wide. In the tunnel itself the vein is 2 feet
wide. The vein consists of quartz, carrying free gold near the
surface and probably a telluride of gold lower down. Twenty tons
of ore are said to have been shipped from this vein in 1906 and 11
tons in 1907, the ore averaging $35 per ton in gold. Specimens from
the vein contain considerable native gold.

Other gold-bearing quartz veins have been discovered near Moose
Pass, which is about 12 miles northwest from milepost 33 on the
Alaska Central Railway. Several claims have been staked at this
locality and some prospecting was done on them in the summer of
1908, ¢

o Personal communjeation from W, W. Atwood.




MINERAL RESOURCES OF SOUTHWESTERN ALASKA.

By W. W. Arwoob.

INTRODUCTION.

It is proposed to summarize briefly® in this paper the mineral
resources of Alaska Peninsula and the adjacent islands—the region
usually termed southwestern Alaska. (See Pl. V.) As the lignitic
coal fields which border Cook Inlet form a part of the same general
. province, they also will be briefly considered.

Most of the data to be presented were collected during the months
of June to September, 1908, much of this time, however, being spent
in examining the Unga, Herendeen Bay, and Chignik Bay coal fields.
A part of the results of a study made in 1906 of the Cook Inlet coals
is also incorporated. Free use has been made of the work of previous
investigators in this field, to whose reports reference will be made,
In this study H. M. Eakin rendered efficient aid, both in the field and

in the office.
TOPOGRAPHY.

Cook Inlet occupies a broad synclinal depression bordered on the
east by a low escarpment from which a gravel-floored plateau slopes
up to the western margin of the Kenai Mountains. These mountains
stand 5,000 to 6,000 feet above the sea and give rise to several small
glaciers. The southwestern extemsion of the Kenai Mountains is
found in the highlands of Kodiak and Afognak islands, which rise to
elevations of about 3,000 feet.

West of Cook Inlet there is another escarpment marking the sea-
ward face of an inland gravel-floored plateau, which slopes up toward
rugged unexplored mountains that form a southern extension of the
Alaska Range. From the West Foreland of Cook Inlet to the lati-
tude of Cape Douglas the Chigmit Mountains, 3,000 to 3,500 feet in
altitude, parallel the coast and are broken by several broad gaps.
The Aleutian Range begins at Cape Douglas and stretches to the
southwest, forming the axis of Alaska Peninsula and, in its submerged
portions, the Aleutian Islands. These mountains vary greatly in alti-

a A more complete report is In preparation.
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tude, in some places being only 2,000 to 3,000 feet high and in others
rising to 5,000 to 6,000 feet above the sea. They include several
active volcanoes exceeding 10,000 feet in altitude. Northwest of the
Aleutian Range there is a belt of lowlands which extends from the.
base of the mountains to Bering Sea.

The coast line of southwestern Alaska exhibits extreme irregularity,
along the Pacific and great simplicity along the western shore of Cook
Inlet and the shores of Bering Sea. The Pacific seaboard is marked
by numerous indentations and wave-cut cliffs and affords many har-
bors. The northwest margin of Alaska Peninsula, on the other hand,
has an even coast line bordered by numerous sand bars and sand reefs,
with many tidal lagoons.

CLIMATE. .

This provinece lies in about the same latitude as the British Isles,and
except in the northern part does not suffer from severe climatic con-
ditions. The rainfall varies from about 100 inches annually in the
western portion of Alaska Peninsula to about 16 inches along the
shores of Cook Inlet. At Coal Harbor (Unga Island) the average
annual rainfall is 48 inches. During the summer rain falls at frequent
intervals, but does not usually interfere with out-of-door work.

The mean winter temperature on Alaska Peninsula and Kodiak
Island is about 30° but in the northern portion of Cook Inlet it is
about 12°. Ice forms in the upper portion of the inlet, preventing
navigation from early in November until May. During the summer
most of the snow disappears from the Kodiak group of islands and
from the lowlands of Cook Inlet-and Alaska Peninsula. The mean
temperature from May to October, inclusive, varies from 49.3° in the
Cook Inlet region to 49.1° at Kodiak and 45.5° at points farther west.

VEGETATION.

The lowlands bordering Cook Inlet and the lower slopes of the
adjacent mountains are clothed with forests of spruce and hemlock.
These trees range up to 16 inches in diameter. The alluvial lands
are overgrown with grasses and forms of marsh vegetation. South-
westward from Cook Inlet, on the islands of Afognak and Kodiak, the
trees become smaller and less numerous, and west of Kodiak and on
Alaska Peninsula there are no trees. The largest forms of plant life
on Alaska Peninsula, except near the head of Bristol Bay, are stunted
alders that in places reach 15 feet in height, but more commonly are
but 6 to 8 feet. Willow bushes border the rivers and the more marshy
places in the lowlands. The vegetation in this western portion of the
peninsula consists chiefly of mosses and grasses. The grasses are
exceedingly Juxuriant and by the end of the season are 5 feet or more
in height.
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TRANSPORTATION.

Seward, Kodiak, and Seldovia may be reached by steamer from
Seattle. At Seldovia connections may be made for other Cook Inlet
ports, and at Seward for all points to the west, including Iliamna and
Cold bays, Afognak, Kodiak, Chignik, Unga, Sand Point, Balbosa Bay,
Coal Harbor, Unalaska, and, from June to September inclusive,
Nushagak. Small schooners or launches may be engaged at several
of the above ports, and the local boatmen may be trusted to take
parties to intermediate and less-frequented parts.

Inland travel is not more difficult in this region than in most moun-
tainous districts. After the zone of alder bushes and tall grasses has
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F1GURE 2.—Geologic sketch map of Cook Inlet region.

béen passed the climbing is comparatively easy. In portions of the
area pack horses could be used to advantage during the summer.
GEOLOGY.
KENAI PENINSULA.
The general geologic features of Kenai Peninsula (see fig. 2), as
determined by Moffit,* are as follows:

A monotonous succession of slates and arkoses, together with scat-
tered beds of conglomerate or quartzite, are believed to be the oldest

o Moffit, F. H., Mineral resources of Kenal Peninsuls, Alaska: Bull. U. 8. Geol. Burvey No. 277, 1906,,
pp-16-28.
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rocks. Some granitic intrusives are found cutting these rocks, which
are probably of Paleozoic age and were termed the Sunrise ‘‘series”
by Mendenhall.# This series probably dominates throughout the
Kenai Mountains. A succession of closely folded cherts and green
diabases cut by acidic porphyries occur south of Kachemak Bay
and are provisionally referred to the Triassic. Their relation to
the Sunrise formation is not known. In the same general region
are some gently folded tuffs and agglomerates which are of Lower
Jurassic age. Resting unconformably upon these rocks are the
lignite-bearing sandstones and shales of the Kenai formation, only
slightly disturbed. These Kenai beds are present at Port Graham,
Kachemak Bay, and thence stretch northward along the eastern
shore of Cook Inlet. In addition to the consolidated rocks there are
extensive deposits of Quaternary silts, sands, and gravels, as well as
glacial bowlders and till.

The geologic conditions in the islands southwest of Kenai Penin-
sula are probably similar to those in the peninsula. Kodiak, the
largest of these islands, is known to contain considerable thicknesses
of slate that are probably either of Triassic or of Paleozoic age, and
coal-bearing rocks, probably of late Eocene age, are known to outcrop
at several places on the islands. (See P1. V.)

ALASKA PENINSULA.

The geologic conditions on the west shores of Cook Inlet ana
Shelikof Strait have been studied by Stanton and Martin.®

The Alaska Peninsula contains a coarse crystalline core of granite or of similar
rocks, flanked on the eastern side by Mesozoic sediments and on the western side by
late Tertiary or post-Tertiary beds. The Mesozoic beds are overlain in places by
early Tertiary formations. DBoth the Mesozoic and the Tertiary beds are cut by
andesite and basalt. The intrusion and voleanic overflow have continued from late
Jurassic time until the present, the region containing several active volcanoes.

* * * * * * ®

The general relations of the formations may be epitomized in the following section:

Tertiary.—Kenai formation. Shales, sandstones, and conglomerates, with several
beds of coal. The entire formation nonmarine and characterized by a large flora.
Thickness, 2,000 feet.

Unconformity.

Upper Cretaceous.—Lithologically similar to the Kenai, but including some marine

ghales and sandstones, with an Upper Cretaceous fauna. Thickness, 1,000+ feet.
Unconformity.

Lower Cretaceous (not seen within the area studied). Shales and sandstones, with

Aucella crassicollis,
Unconformity (?).

a Mendenhall, W. C., Reconnaissance from Resurrection Bay to the Tanana River, Alasks: Twentieth
Ann. Rept. 1. B, Geol: Burvey, pt. 7, 1900, p. 305.

4 Stanton, T. W., and Martin, G. C., The Mesezole section on Cook Inlet and Alasks Peninsula: Bull.
Geol. Soc. America, vol. 16, 1005, pp. 393, 410.
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Upper Jurassic—Naknek formation. Conglomerate, arkose, sandstone, and shale,
with interstratified andesite lows. Thickness, about 5,000 feet.

Middle Jurassic.—Enochkin formation. Shales and sandstones, with some conglom-
erate beds. Thickness, 1,500 to 2,000 feet.

Unconformity. (Possibly conformable on Lower Jurassic when that is present.)
Lower Jurassic.—Tuffs and sandstones. Thickness, 1,000+ feet.

Unconformity.

Upper Triassic—Thin-bedded cherts, limestones, and shales, usually much folded
and contorted and with many intrusive masses. Thickness, 2,000-- feet.

Base not seen.

From Chignik Bay westward to Pavlof Bay, in the district exam-
ined by the present writer during the summer of 1908, the general
structure of the peninsula is anticlinal. For nearly 200 miles the
central mountain belt is made up of a great series of sedimentary
beds. In the Chignik area the main fold is composed of Upper
Jurassic and Upper Cretaceous rocks. No Lower Cretaceous has as
yet been identified in this region. Bordering the main anticlinal
fold there are gently folded strata including sediments of Upper Cre-
taceous and Eocene age. Post-Eocene intrusions of granite and
Recent basaltic flows are associated with the sedimentary formations
south of the main fold at Chignik Bay.

At Balboa Bay and northward across the peninsula to Herendeen
Bay the structure is well exposed. There the central fold includes
some Upper Cretaceous beds and a great thickness of Eocene sedi-
ments, with possibly some sediments of Oligocene age. Laccolithic
intrusions and faulting have modified the main anticlinal fold so that
there are domical structures in the midst of the fold and crystalline
rocks are exposed at several places. Intrusive sheets appearing as
sills and dikes are also common in this portion of the range.

To the north and south of the central fold in the Herendeen and
Balboa Bay district there are minor anticlines®and synclines. On
the north or Herendeen Bay side these minor folds are composed of
sediments that range in age from Upper Jurassic to Miocene. On
the south side the sediments are of Eocene and Miocene age.

The middle and western portions of Alaska Peninsula have been
and continue to be a region of active volcanism. Vast quantities of
lava have been poured out at various places, and fragmental mate-
rials from the voleanoes blanket large parts of the area.

The islands near Alaska Peninsula, so far as they were examined,
are composed chiefly of igneous rocks. Small areas of sedimentary
formations appear on certain of these islands, but the wide range of
stratified deposits exposed in the peninsula have not yet been recog-
nized on the islands. Recent volcanic material mantles a large por-
tion of Unga and the neighboring islands of the Shumagin group.
The following table gives the geologic column as exposed in the
western portion of Alaska Peninsula:
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Geologic sequence in western part of Alaska Peninsula.

Age. Geogmp&l]%fﬁstﬂbu- Lithologic character. T?{,gﬁkgm Remarks.
Recent.............| Stream valleys........ Sands]‘ muds, and |...ciaiiaai.-
VEIS.
Plelstocone. ... .....| Lowlands and along | Unconsolidated clays, [.....cocvennes
valleys. sands, gravels, and
glacial drift.
Post-Miocene.......| UngaIsland, PopofIs- | Tuffs, apgglomerates, [..............| Many voleanic de-
land, boa Bay, brecelns, and Hows. | posits still show
Port Moller, and cone structire.
Chignik Bzy. |
Miocene............| Unga and Popof is- | Loosely cemented .............. These depesits vsu-
lands, Balboa and clays, sands, gravels, ally occur in very
Herendeen bays, and conglomerates. small areas.
and Port Moller, Some beds furnish |
abundant marine
fossils. |
Eoeene........_....| Chignlk Bay, Ungale- | 8hales, sandstones, | Up to 5,000 | Carries workable Heg-
land, eenter of Alas- | grits, and conglom- nite bed st Coal
ka Peninsula, and | ecrates. Locally car- Harbor. Occupies
Herendeen Bay re- ries lignite, a vory la.tige part of
m. Alaska Peninsula
in Herendeen Bay
| ragion.
Upper Cretaceous. .| Chignik and Heren- | Conglomerate, sand- 600+ | Contains valuahle
deen bays. stome, and shales, coal beds at Chig-
with conl seams, gik and Herendeen
ays.
Lower Crataceous. .| Herendeen Bay....... Shale, sandstone, and 1,800+
caleareous sandstone.
Upper Jurassie. ... Chignik and Heren- | Sandstones, conglom- 1, 000+
deen bays. erates, and arkose.

The Upper Jurassic sediments are exposed along the shores of
Chignik Bay, Chignik Lagoon, and Chignik Lakes. They also out-
crop in the central portion of the mountain area northwest of Chig-
nik Bay and west of Hook Bay. In the Herendeen Bay region
Upper Jurassic strata are exposed south of Mine Harbor at Crow
Point, in the base of Pinnacle Mountain, and on the west shore of
Herendeen Bay. These sediments consist of dense, fine-grained sand-
stones of bluish color, conglomerates, shales, and arkose. They are
the oldest sedimentary rocks exposed in either the Chignik or the
Herendeen Bay districts. In the Chignik area they are associated
with the central part of the main anticlinal fold of the peninsula.
In the Herendeen Bay district these rocks outerop north of the main
axis in minor folds exposed along the shores of Herendeen Bay. The
Chignik localities have yielded several collections of invertebrate fos-
sils whose age has been determined by T. W. Stanton.

The Upper Jurassic beds in Pinnacle Mountain, Herendeen Bay,
are overlain by Cretaceous rocks and both have been folded, trun-
cated, and in part covered by volcanic material, which issued from
the summit of Pinnacle Mountain. The exposures on the west shore
of Herendeen Bay are near the beach and consist chiefly of fine-
grained blue sandstones. The fossil material procured from these
localities has been examined by Mr. Stanton, who reports that within
the Upper Jurassic of Herendeen Bay two horizons are represented.
At the upper horizon are forms related to Aucella pallasi. The beds

79205—Bull. 379—09——38
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at this horizon are best exposed in Crow Point. At the lower hori-
zon are forms related to Aucelle bronni. The beds at this horizon
are typically exposed near the base of Pinnacle Mountain.

Among the collections procured from the Chignik Bay region there
are no fossils of Lower Cretaceous age. In parts of this region,
at least, the Upper Cretaceous beds unconformably overlie the
Upper Jurassic, and it may be that there is no Lower Cretaceous in
the region In the Herendeen Bay district the Lower Cretaceous
appears in three belts extending through the Herendeen Bay coal
field, coming to the surface on the flanks of the folds. The fossil
mat.eml procured from these formations indicates that there are two
horizons within the Lower Cretaceous. At the upper horizon are
forms related to Aucella crassicollis, and at the lower are forms re-
lated to Aucella piochii. One of the collections contains some forms
related to those of the upper horizon and others related to those of
the lower horizon. The sediments of this period consist of sand-
stones, shales, and conglomerates.

Upper Cretaceous sediments are exposed in the mountains north-
west of Chignik Bay and west of Chignik Lake. They are also pres-
ent in the Herendeen Bay district. They are exposed in the cen-
tral portion of the main anticline below a great laccolithic intrusion
and in the syncline at the south margin of the Herendeen Bay coal
field. They also appear on the flanks of the adjoining anticline to
the north, on the south side of Pinnacle Mountain, and in the hills
west of Herendeen Bay. The Upper Cretaceous sediments consist
of sandstones, shales, conglomerates, a little limestone, seams of bitu-
minous coal, and some lignite. Upper Cretaceous fossils were pro-
cured by Paige® from the coal measures in the Herendeen Bay field
and by the present writer from the several other localities above-
mentioned in this district and in the region of Chignik Bay.

Eocene, Miocene, and post-Miocene formations are exposed in this
portion of the peninsula. The Eocene strata include at least 5,000
feet of sandstones, shales, conglomerates, and seams of lignite, and
form the central portion of the Aleutian Range in the Balboa-Heren-
deen Bay district. They extend westward at least as far as Pavlof Bay
and eastward to the Chignik Bay region. Several collections of fos-
sil shells and plants have been procured from these beds. The shells
are those of marine invertebrates and have been determined by W. H.
Dall to be of upper Eocene age. Mr. Dall reports that some of the
material from these strata may be upper Eocene or Oligocene. The
plants, as determined by F. H. Knowlton, are all of Kenai age. They
were procured from beds that are interstratified with those from which
the shells were obtained. Kenai plants from Alaska have been deter-
mined by Mr. Knowlton to be of upper Eocene age and the harmony

a Paige, Sidney, The Herendeen Bay coal field: Bull. U. 8. Geol. Burvey No. 284, 1006, p. 103.
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between the age determinations of the plants and animals is exceed-
ingly satisfactory. The nature of the Eocene deposits indicates that

the area of sedimentation was several times just below sea level,

probably near to shore, and at other times above sea level, receiving

wash from higher lands, or overgrown by dense growths of vege-

tation.

Miocene sediments appear in Unga and Popof islands and at sev-
eral places on the north and south sides of Alaska Peninsula. They
consist of sandstones, shales, and conglomerates that represent off-
shore, shallow-water deposition. An abundance of fossil material
was procured and has been identified by Mr. Dall. At Coal Harbor,
Unga Island, the Miocene strata conformably overlie the Kenai for-
mation (upper Eocene), but at other localities the Miocene sediments
appear to rest unconformably upon different formations and to have
been restricted to local basins. They are but little disturbed.

One collection of fossil plants, from the Herendeen Bay district
but from a lithologic unit that occupies a very small area, seems to
indicate post-Miocene age. The most extensive post-Miocene for-
mations consist of volcanic tuffs and basic lava flows. They are
widespread on the mainland in the vicinity of the Balboa-Herendeen
Bay district, and cover many square miles in the islands to the south
and in the region about Chignik Bay.

Much of the volcanic material just described may be of Pleisto-
cene or even post-Pleistocene age, and there is little doubt that some
of it is. Glacial drift mantles the lowlands on the north side of the
Alaska Peninsula and is irregularly distributed in the mountain
valleys.

Since Pleistocene time the land has risen, relative to sea level, and
the terraces bordering the coast are covered with Recent alluvium.
In the valley bottoms and at the heads of bays there are other allu--
vial deposits of post-Pleistocene age.

DISTRIBUTION OF KNOWN MINERAL DEPOSITS.
GENERAL OUTLINE.

The known mineral wealth of southwestern Alaska consists of
coal, petroleum, gold, and copper. The distribution of these deposits
is shown on the accompanying map (Pl V). The important coal
fields are located in Matanuska Valley, on the shores of Cook Inlet,
near Chignik Bay, and near Herendeen Bay. Less important deposits
of coal and lignite have been found at various places in Alaska Penin-
sula and neighboring islands.

The oil seepages occur in the vicinity of Cold Bay and on the west

shore of Cook Inlet.

Placer gold has been found in paying quantities in the creek
placers of the Sunrise district of Cook Inlet and in the beach placers
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on Popof and other islands. Some placer gold occurs also on the
north shore of Kachemak Bay near Anchor Point, and in the lower
part of the valley of Cooper Creek near Lake Kenai. Some develop-
ment work has been done on gold-bearing ledges about 25 miles
north of Seward, near the line of the Alaska Central Railway; at
Moose Pass, south of the head of Turnagain Arm; and at several
points in Kodiak Island. A goldsbearing quartz ledge has heen
located on Dry Island, north of Kodiak. Several locations for gold
have been made on Popof Island, and on Unga Island lode mining
has been conducted successfully for & number of years.

Copper claims have been located on the east shore of Resurrection
Bay opposite Seward and southward to Cape Resurrection. In the
vicinity of Lake Clark and Lake Iliamna some copper has been found,
but as yet little work has been done in this district. On the west
shore of Prospect Bay, a small reentrant a few miles west of Chignik
Bay, there are evidences of copper, and on the east shore of Balboa
Bay there is an abandoned copper prospect. In this report only the
coals of Cook Inlet and the coals and other mineral deposits of Alaska
Peninsula and Unga and Popof islands will be described.

COAL.

COOK INLET.

INTRODUCTION.

Coal is exposed on the shores of Cook Inlet at Port Graham, in the
vicinity of Homer, and near Tyonek. Port Graham is an indentation
in the east shore of Cook Inlet about 8 miles southwest of Seldovia.
The extent of coal-bearing rocks at this place is somewhat less than
1 square mile. The Homer field includes the land bordering Kache-
mak Bay and northward to Cape Kasilof. (See fig. 2.) There are
at least 1,000 square miles in this field. The coal near Tyonek is
exposed along the beach, beginning at a point about 3 miles south
of the town and extending southward for nearly 4 miles, and in
several of the valleys north of Tyonek at least as far as Beluga River.
This field contains about 150 square miles.

Each of these coal fields is in a lowland area. A sea cliff forms
the shore line, and the upland surface has a rolling topography, with
low hills and shallow depressions characteristic of areas mantled by
glacial drift. At Port Graham the coal is on the north side of the
bay, just within the entrance. It is limited at the east and west by
masses of igneous rocks that form bold headlands at the margin of a
small bay. From Cape Kasilof southward to Anchor Point and
thence eastward for several miles beyond the Homer Split the shores
of Cook Inlet and Kachemak Bay are bordered by a cliff that ranges in
height from 50 to 400 feet, in which the coal beds occur. (See
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fig. 2.) Near Tyonek a sea cliff forms the
shore line where the coal measures outcrop,
but along the shore to the north there is low
alluvial land, which extends inland to the
margin of the coal belt.

GEOLOGY.

The geology of the Cook Inlet coal fields is
relatively simple. The coal measures rest
unconformably upon the pre-Jurassic diabase
and cherts and Lower Jurassic tuffs, sand-
stones, and calcareous beds. The coal-bear-
ing formations are slightly deformed and
are overlain unconformably by Pleistocene
deposits and later alluvium. Fossil plants
have been procured from various localities
in this field, and they have all been grouped
with the Kenai. The type areas of the Kenai
formation are at Port Graham and on the
shores of Kachemak Bay. The age of the
Kenai plants was at first thought to be
Miocene, but later they were assigned to the
upper Eocene. Marine invertebrate shells
of upper Eocene age have been found in close
association with Kenai plants in Alaska Pe-
ninsula, and there can be little doubt that
the coal-bearing beds bordering Cook Inlet
are upper Eocene also.

The Kenai formation consists of sand,
sandstone, clay, shales, conglomerate, and
seams of lignite. Much of the material is
but loosely cemented. Several sections of
the coal measures are given in Plate VI and
figure 5.

The north-south section through the Homer
field (fig. 3) shows the structural relations of
the coal measures in that portion of the
region. The distribution of outerops along
the beach at Tyonek is shown in figure 4.

COAL NEAR TYONEK.

The coal exposed near Tyonek is a tough
woody lignite. TIuge trunks of trees, now
partly changed to lignite, are exposed at sev-
eral places and suggest by their arrangement
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the drifting of logs into a big swamp or pond, or a group of fallen
trees in a forest. A measured section in the coal-bearing series is
given in figure 5. The entire series appears to be conformable and
represents conditions of sedimentation similar to those existing to-
day in the large deltas. The sediments indicate frequent changes in
the conditions of deposition. They are such as are handled by
streams of low grade and consist of sands, clays, gravels, and frag-
ments of wood, showing a marked absence of coarse material. Most
of this material is unconsolidated, or but partly cemented. Fossil
leaves procured from this series have
been determined by F. H. Knowlton
to be of Kenai age.
Many of the seams of lignite have
been on fire, and the clays associated
- with them have been burnt to a bril-
liant red color. Certain seams are
known to have been burning for at
least ten years. Near the base of the
measured section (fig. 5) there is a bed
of conglomerate in which the matrix
is sand and the pebbles lignite. The
lignite pebbles are very well rounded,
and when broken the fresh fracture
faces are exceedingly brilliant. They
break with a conchoidal fracture.
The streak from these pebbles is dark
brown or black, and the material ap-
pears to be of much better grade than
that outcropping as seams in this
- vicinity. It is difficult to believe that
oo Mg this great number of lignite pebbles
Frovss 4—Map showing distributionofeost  18Y De accounted for ‘as drift wood
* croppings along the Tyonek beach, Cook along a beach, and an alternative hy-
Tolet: pothesis is that they were derived
from a lower coal-bearing series, or possibly from some seam in the
lower portion of this series. This hypothesis would imply that there
was a distinet unconformity in the series, and that the lower portion
of it became exposed, in portions of the field at least, while sedi-
mentation was continuing in adjoining areas. A similar conglom-
erate horizon was found near Beluga River and also in the section
along the north shore of Kachemak Bay.
Figure 4 shows in detail the distribution of the outcrops, together
with some data on the position of the beds. At the northernmost
outerop the section on page 120 is exposed.
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Section al northernmost coal outerop near Tyonek.

Ft. In
BRERNAHIE. .. v cosmmsmnimmnmssirm e A R 10-15
BIUE CIAY .ot eteteeet e ettt e 5
TAEDIS . coviuiyici v s i s S S e RS S 10 4
Blue clay....coouemii e 16
Libntte. o i R e S i 16 6

The lower or larger seam was sampled and the analysis is given in
the table on page 126. There are at least 36 seams of lignite, large
and small, exposed along the beach. Several of them are from 8 to
10 feet thick, but most of them vary from 3 to 4 feet.

Each year 400 to 500 tons of low-grade lignite are taken from the
Tyonek beach. This material is used for domestic purposes and as
fuel on local steamboats.

Northwest of Tyonek, in the area where Beluga River crosses the
coal field, the beds in general continue to dip to the northeast, and in
following the valley upstream the entire section may be examined.
(See Pl. V.) From these exposures it is evident that the lignite
seams in the upper portion of the section are of much poorer grade
than those near the base. The strike varies from N. 17° E. to N, 22°
W., and the average dip is about 55°. The sediments are of the
same character as those exposed along the beach south of Tyonek,
cousisting of loose sands, sandstones, clays, shales, conglomerates, and
seams of lignite. Near the base of the section there are two seams of
lignite 10 and 12 feet thick, which are more brittle and harder and
appear to be of much better grade than any exposed elsewhere in the
field. They outerop 10 miles above the mouth of the Beluga, meas-
ured along the stream, and about 2 miles above a belt of dangerous
rapids. The analysis of a sample taken from the larger of these
seams is given on page 126.

Near the base of the section and not far from the western margin
of the coal field there has been some minor folding and faulting, and
heavy beds of conglomerate are exposed. These conglomerates are
separable into three beds. The lowest is at least 200 feet thick and
consists of fine gravel and cobblestones, grading up to 6 inches in
diameter. All of this material is well worn by water. The pebbles
consist of quartz, granites, basalt, schist, lignite, and various fine-
grained igneous rocks. The general color of the conglomerate is dark
brown. The intermediate conglomerate consists of similar material
and is separated from the heavy conglomerates above and below by
thin beds of sandy shale. The uppermost bed of conglomerate con-
sists of sands and gravels, the larger pebbles of which grade up to 2
inches in diameter. White quartz pebbles are exceedingly abundant,
and as the sand is of a grayish color the outerops of this conglomerate,
on account of their general light-gray color, are very conspicuous.
Associated with the quartz are pebbles of schists, granites, basalts,
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greenstones, and various other igneous rocks. The thickness of this
conglomerate is about 300 feet.

Below the conglomerate series there is a great thickness of shales
and sands, in which lignite seams occur. A few fragments of dicoty-
ledonous leaves were procured from this locality, but the material
was not such as could be identified. :

The heavy conglomerates outcropping along Beluga River, together
with the contrast between the poor lignite above and the better
lignites below, suggest a subdivision in the coal-bearing series. The
fact that these conglomerates, as well as that exposed along the
Tyonek beach and on the north shore of Kachemak Bay, contain
lignite pebbles seems to indicate that there was at least a somewhat
widespread change in the general conditions of deposition in the
midst of the period. The examination along Beluga River was made
without the help of an accurate map, and no unconformity was deter-
mined, but the exposures suggest that structural unconformity may
exist there. .

Some coal has been taken from the seams outeropping on the banks
of the Beluga and carried downstream in small boats, but the diffi-
culty of handling the boats in the narrow portions of the river and at
the rapids makes this work dangerous.

COAL ON EACHEMAK BAY.

The coal measures outcrop at intervals along the north shore of
Kachemak Bay, from the vicinity of Anchor Point to the head of the
bay. The remaining space is filled in with glacial drift, which occu-
pies the valleys of the preglacial surface and mantles the entire area
of the coal fields. (See fig. 2.)

About 1} miles southeast of Anchor Point seams of lignite appear
in the beach at extreme low tide. These seams vary from 12 to 20
inches in thickness, strike about N. 50° E., and dip from 10° to 15°
SE. The lignite is bright and clean and breaks with a cubical frac-
ture, but lignite in such thin seams is not of much economic value.
Southeastward to Troublesome Gulch several more thin seams of
high-grade lignite outecrop. The strike remains about the same as
that farther west, but the dip is toward the north, or into the bluff.
This change in the direction of the dip indicates a gentle fold in the
strata. Between Troublesome Gulch and the mouth of Diamond
Creek a low anticlinal fold appears along the beach. About 14 miles
east of Troublesome Gulch a lignite seam with the following section

outerops:
Section of lignite near Troublesome Gulch.

Coarse gand, Ft. In.
RO o ccvams i e i i e e R SR S SR S 2
Carbonaceous shale. .. ... iaaeaa. 3
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The analysis of a sample from this seam is given in the table on
page 126. Three-fourths of a mile west of Diamond Creek a seam of
lignite 3} feet thick was sampled and the analysis of this sample also
is given in the table. The section here is as follows:

Section of lignite near Diamond Creek.

The next important outcrops are at Bluff Point, near the old coal
- mines of the Cook Inlet Coal Fields Company. This part of the field
and the area extending eastward to the head of the bay have been
examined by Stone,* to whose report the reader is referred for details.
In this part of the field 2,000 to 3,000 feet of coal-bearing rocks are
exposed; these include an aggregate of over 60 feet of workable coal
beds, the thickest bed of which is about 7 feet. Detailed sections of
the coal-bearing strata are presented in Plate VI and figures 6 and 7.
Though some mining has been done at Kachemak Bay for many
years, the entire production probably does not exceed a few thousand
tons. During the summer of 1906 the coal lands northwest of Homer
were surveyed for patents in 160-acre claims. This work included
all the land bordering the shore from the mine camp, near tunnel
No. 1, westward to a locality within 2 or 3 miles of Anchor Point,
and inland throughout this coastal belt for about 3 miles. In 1907
patent surveys were continued in this field and one shaft was sunk
on the McDougal property, a recently staked claim, to a depth of 141
feet 6 inches. The following record from the surface downward is
reported at this shaft:

Record of shaft on MeDougal property, Kachemak Bay.

) Ft. In
Drift, probably glacial material and recent alluvium............. 85
Bemlistons. . ..ol e i sbusvaiae Fei e s e s AR 45
BORPBEODD . o.c oo avaiim sivsams oo o e s n'a s b e s b lem dw s i 5
o e e N e i e P N Sl A e e A 6 6

No very definite report of progress in this field has been received
for the season of 1908, but there does not seem to have been much
activity.

COAL AT PORT GRAHAM.

At Port Graham, a few miles south of Kachemak Bay, there is a

small area of sandstones, clay shales, and lignitic coal beds, which are

o Btone, R. W., Coal fields of the Kachemak Bay region: Buil. U. 8. Geol. Survey No. 277, 1906, pp. 60-66.
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of Kenai age.® There are probably several coal beds, but only two
were accessible at the time of Stone's visit in 1904. One showed a
thickness of 8 to 9 feet of coal, including some bone. This coal is
black, brilliant, and clear.

Curtis MeNeil Creek,
Kachemak Bay oot Kachemak ‘l_y
2" )
1% Lignite Ly 2"
" L1 m‘.
1% partings) . Ll
m Cooper seam, Ih;,h
24" Bony coal and clay
36" Lignite
2" "
21" Lignite
30" Lignite W
! 17" Lignite
13" Lignite
Btuf! Pelnt,
Upper seam, s Lower seam, l:,hu.
10" Lignite snd shale
11" Lignite 30" Lignite
9" Lignite 2"
¥ Upshe 16" Lignie

15" Lignite
FIoURE 7.—Sections of coal sams at Kachemak Bay.

Mining was carried on by the Russians at Port Graham from 1855
to 1867, and since that time there has been some production, amount-
ing lately to 1,000 to 2,000 tons annually. This lignite is used for
domestic purposes and on local steamboats.

COMPOSITION OF COOK INLET COALS,

The following analyses will give a fair idea of the character and fuel
value of the coals of the Cook Inlet region, which must all be classed
as lignites. The samples taken in the field were sealed in air-tight

# Stone, R. W, op. cit., pp. 06-68,



MINERAL RESOURCES OF SOUTHWESTERN ALASKA. 125

cans and sent to the laboratory. The results of the proximate
analyses of the coals as collected have been recalculated to give the
analyses on the air-dried basis. The samples were obtained at the
following localities:

4458. North shore of Port Graham.

4457, North shore of Kachemak Bay, 3 miles east of Homer Spit.

4429. North shore of Kachemak Bay, 1 mile west of Homer Spit; 6-foot bed.

4426. North shore of Kachemak Bay, three-fourths of a mile west of Diamond Creek,
several miles southeast of Anchor Point.

4432, North shore of Kachemak Bay, 14 miles east of Troublesome Gulch, several
miles southeast of Anchor Point.

4425. Loose lignite pebbles from a conglomerate on west ghore of Cook Inlet, about 4
miles eouth of village of Tyonek. )

4465, Near south end of Tyonek beach, west shore of Cook Inlet, about 4 miles south-
west of village of Tyonek.

4464, West shore of Cook Imlet, first outcrop south of “Tyonek, about 3 miles from
village.

4434. Northwest of Tyonek, 10 miles up Beluga River, above canyon and rapidas.

4456. Northwest of Tyonek, 10} miles up Beluga River, above canyon and rapids.
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Anolyses of Cook Jnlet coals.
[4nalyzes by ¥, M. Stantgn, U, 8, Oeological Survey.)
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REPORTED OCCURRENCES OF COAL ON KODIAK ISLAND AND ALASKA
PENINSULA.

There are a number of localities on Kodiak Island and Alaska
Peninsula where lignitic coal beds have been found, some of which
may have future commercial importance for local use. (See Pl. V.)
Dall@ reports three occurrences of Kenai strata carrying coal beds—
on the east side of Kodiak Island, at Uyak Bay, Eagle Harbor, and
at Kiliuda Bay. He also states that coal occurs at the mouth of
Red River, near the westernmost point of Kodiak Island, and at
two localities on Uganik Island, and a 10-foot bed of lignite is re-
ported on Sitkinak Island. On Alaska Peninsula, besides the Chignik
Bay and Herendeen Bay fields, which will be described below, the
reported occurrences of coal are as follows: Near Amalik Harbor
Dall ® noted an 18-inch bed occurring in a sandstone and conglom-
erate series 250 feet thick. Stone ¢ described a section in this same
region made up of sandstones and fine conglomerates, with some
shales, in which occurs a 5-foot bed of coal. There are also less
well authenticated accounts? of the occurrence of coal at Ugashik
Lake and Aniakchak Bay.

CHIGNTK BAY.
INTRODUCTION.

Chignik Bay lies on the Pacific side of Alaska Peninsula, in longi-
tude 158° west and latitude 56° 20" north. (See PL. V.) The coal
belt, which includes at least two workable beds, stretches from
Chignik River on the southwest to the northeast beyond the head
of Hook Bay, paralleling the western shore of Chignik Bay for a
distance of at least 30 miles. (See fig. 8.)

On the south shore of Chignik Bay there -is a small reentrant
known as Anchorage Bay, an excellent harbor, where the town of
Chignik is located. A small steamer from Seward calls at this port
once each month. To the west are Chignik Lagoon and Mallard
Duck Bay, nearly cut off from the larger body of water by a sand
and gravel spit. At the entrance is a sand bar which makes the
inner harbor unavailable for boats drawing more than 12 feet of
water. An irregular channel leads through the lagoon to the mouth
of Chignik River, but the larger portion of the lagoon is dry at low
tide. There is a water route up Chignik River to a chain of lakes
in the central part of the peninsula, and thence after a short portage
small boats may descend to Bering Sea. Boats drawing more than

a Dall, W. H., Coal and lignite of Alaska: Beventeenth Ann. Rept, U. 8. Geol. Burvey, pt. 1, 1896, p. S00.
& Op. cit., p. 798,

¢ Btone, R. W., Coal In southwestern Alaska: Bull. U, 8, Geol, Burvey No, 259, 1005, p. 161.

d Stone, R. W ., op. cit., pp. 162-183,
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2 feet of water can not safely navigate the Chignik. At high tide
small launches drawing barges can ascend the river as far as the
coal mine.

Hook Bay lies near the north entrance to Chignik Bay. It is
bordered in part by alluvial lands and in part by rugged clifis. On
the south side of Hook Bay there are sheltered waters and an excel-
lent harbor.

The area underlain by coal west of Chignik Bay is on the south-
east slope of the main mountain belt of the peninsula. The summits

R Coal mine

CHIGNIK BAY

FioUREe 8.—GOeologlo msp of Chignik Bay coal field.

reach elevations of about 2,500 feet and the broad anticlinal structure
gives long, gentle slopes to the mountains, A series of nearly
parallel valleys, of open U-shaped forms, cross from the summit
region to the margin of Chignik Lagoon and Chignik Bay. In these
valleys and on the intervalley areas, above the heavy covering of
grasses and mosses, the formations are well exposed.
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The winter snows do not leave the lower lands until April or May.
During the summer there is considerable rain and much cloudy
weather, and by the latter part of September fresh snows begin to
appear on the mountains. The climatic conditions from April to
October are not, however, such as to interfere with out-of-door work.

The Alaska Packers Association has a cannery in this region, on the
south shore of Chignik Lagoon, and the Northwestern Fisheries Com-
pany one at Anchorage Bay.

GEOLOGY.

The central mountain area consists of a great series of sedimentary
rocks (fig. 8). These beds apparently continue far to the northeast
and southwest and they border the southern shore of Chignik Bay
to Castle Cape. South of a line passing through Chignik Lagoon
and west of Anchorage Bay there is a great mass of igneous rocks,
chiefly andesites and basalts. Basaltic dikes are common in the
area bordering these igneous rocks. South of Anchorage Bay there
is a huge granite boss and apparently associated with it are great
granite sills. Several such sills are well exposed on the north shore
of Anchorage Bay. In the vicinity of Hook Bay there are other
masses of granite and large areas that are mantled with volcanic
tuffs and basic lava flows, Only in the extreme northeastern and
southwestern parts of the coal belt do igneous rocks come into close
contact with the coal, and there the coal does not appear to have
been affected by the igneous activities.

The sedimentary series is known to include both Upper Jurassic
and Upper Cretaceous formations, together with others that are
probably of Eocene age. The absence of Lower Cretaceous fossils
in the collections procured in this region is surprising, inasmuch as”
that horizon is well represented at Herendeen Bay, about 100 miles
to the west. A description of the sedimentary formations of this
portion of the peninsula is given on pages 112-115,

The structure of the central part of the peninsula is that of a broad
anticline, the axis of which extends at least as far southwest as
Pavlof Bay, thence stretches northeast through the Balboa-Heren-
deen bays region, northwest of Chignik Bay and through Chignik
Lake, thus following the crest line of the Aleutian Range. East-
ward from Chignik Lagoon and along the south shore of Chignik
Bay the sedimentary strata are gently folded and somewhat faulted.
Toward the upper limit of the sedimentary rocks more and more
intruded sheets of lava appear, and the last of the sediments is sue-
ceeded by vast flows of lava. In the vicinity of Hook Bay there
have been two or three centers of volcanic eruption. Great quan-
tities of fragmental material were erupted, lavas were outpoured,
and large blocks of sedimentary formations were disturbed.

79205—Bull, 379—09—9
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THE COAL.

Coal beds have been opened at four localities in the Chignik Bay
field, all in sedimentary rocks of Upper Cretaceous age. (See fig. 8.)
Outcrops of coal are also known in other localities in the region, and
some of these are included in the Eocene beds. The developed coals
are at Chignik River, Whalers Creek, Thompson River, and north-
west of Ilook Bay. Some detailed sections of these coals are given

Chignik River
Upper tunnel
» Thompson Valley, Chignik Bay
36 Coal 2"’ = 4"0“‘
==
16" ==
22" Coal (clay partings) o coal
18" Coal i
80" H. G. bit. coal,
Lower tunnel,
Thompeon Valley, Chignik Bay
22" Coal
27 48" H.G. bit. coal
30" Coal
| i E B'TBDM
# 6, Coal 6" Coal
1, Bone 57|
2" Coal B 5 Bony coal
Conl Harbor,
Unga Island
13" Lignite Johnston tunnel,
s Herendeen Bay
8" H.G. lignite 16" Coal
[ ==
14" Lignite

Lower tunne),
Herendeen Bay
| 60" Coal

Fi1oure 9.—Sections of coal seams In the Chignik Bay and Herendeen Bay fields and at Coal Harbor.

in figure 9, and an account of each locality will be given in the fol-
lowing paragraphs.

Chignik River—Coal was discovered in the bluff of Chignik River
in 1885,% but active mining was not undertaken until 1893. Since

a Dall, W. H., Cosl and lignite of Alaska: Seventeenth Ann, Rept. U. 8. Geol. Survey, pt. 1, 1896, p.
802.
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that time the Alaska Packers Association has operated its mines to
procure fuel for the cannery on Chignik Lagoon and for the steamers
engaged in the fisheries. The coal bed that has been worked out-
crops on the river bluff 3 miles above the head of Chignik Lagoon,
and has been traced inland for a little more than half a mile. At
this locality it strikes N. 2° E. and dips 24° E.

Two 6-foot drifts about 40 feet apart have been carried in on the
coal bed. The upper drift is about 250 feet long and has been widened
to 40 feet in the clear at places; it has a single crosscut to the lower
drift. The upper drift is now abandoned, and work is being done
only in the lower drift, which runs in nearly straight for 500 feet,
At the face of the drift there is a roll in the floor which cuts out the
greater part of the coal. Rooms have been opened on the upper
side of the drift as far as the roll, which runs diagonally to the tun-
nel. In the first room, which is about 150 feet from the entrance,
the roll is 75 yards from the drift, in the second room about 50 yards,
and in the third room but 20 yards. The coal is carried from the
rooms to the drift in chutes and taken out in tram cars, from which
it is dumped directly on the barge. A section of the bed measured
in the drift is as follows:

Section of Chignik River coal bed.

5 2

The roof of the bed, which is shale with thin layers of coal, is very
even and is overlain by sandstone. The floor, however, is not so
regular, and the roll or swelling in it reduces the thickness of the
bed at the end of the drift from 5 feet to 9 inches. It is possible
that the roll, which is known to be rather long, may be narrow, and
that a short tunnel driven through it would discover the full thick-
ness of the coal bed on the other side.

The coal is solid and bright and comes out in good-sized pieces.
When used under a boiler it has to be stoked very frequently to keep
it burning freely. Properly handled it is a fairly satisfactory steam-
ing coal, although it makes a large amount of ash and the fires have
to be cleaned often. An analysis of this coal is given on page 146.

The Chignik River mine is worked throughout the year by two
men without machinery, the coal being undercut by hand and shot,
down. Coal outcrops at several other places on the north bank of
Chignik River east of the coal mine, but these beds have not yet
been worked, and at the surface do not appear to be of as good grade
as that at the mine. '
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Whalers Creek.—Whalers Creek is a small stream entering Chignik
Lagoon from the north a short distance below the mouth of Chignik
River. Coal is exposed for 600 feet along the northernmost of the
three main branches cf the creek. This exposure is a]ong the strike
of the coal measures, which outcrop at the coal mine on Chignik
River. The strike of the coal is N. 5° E., and the dip is 22° E. The
section of the coal is as follows:

Section of Whalers Creek coal bed.

Shaly sandstone roof. Ft. in.
3 onlyr MR - e L A S e S i e e e i i 10
2 BBRlE G icncvamiin s D R R R 8
R 1
- Unaly BRRIR. v s e g R S L R U S 4
5. Sandyshale..... .. .. . . ... ... .. .. 7
6. Conl with slate partings.............................. sosies 9
L2, 0T S 6
8. Bandstone.........o ... eee 108
B D0l c s ssavi v s me e R e S S S T 1 10
10. Shaly coal......... ... oo ... o
Lk OOl s e A A R R R P R e e S .. 3 4
Sandy shale floor. .

A slope has been driven for 130 feet and the coal is reported to
hold its thickness uniformly except at two places, where there are
slight rolls. The slope follows the lower part of the bed, including
Nos. 8 to 11 in the above section. The coal bed including Nos. 9 to
11 was sampled in the usual way and analyzed with the result given
on page 146.

The coal is bright, black, and blocky, bemg much the same as that
mined at Chignik River, but at this locality the section of the coal
is better in that the partings are thin. About 500 feet downstream
from the mine opening there is a nearly vertical fault, which proba-
bly cuts off the coal bed. On the upstream side, about 40 feet from
the opening, there is a vertical fault, which throws the coal down
6 feet. At 115-feet upstream from the mine another fault which
cuts off the coal has been reported. This upper portion of the val-
ley was filled with snow when the region was visited by the writer.

Although faults have disturbed the coal somewhat, there appears
nevertheless to be a very considerable body of good coal available.
The location of this coal is favorable for shipment on small boats
down Chignik Lagoon, or by a railway that might be built across
Chignik River a short distance above the mouth, and thence across
a lowland area to the head of Dorenoi Bay, where excellent harbor
facilities are reported. The distance from Whalers Creek to the head
of Dorenoi Bay by the proposed railway route is about 10 miles.

Coal has been reported to outcrop at several places high on the
mountain slopes northeast of the outerops of coal in Whalers Creek.
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The localities pointed out in the field by prospectors are along the
general strike of the coal measures, and presumably contain the
same beds that are exposed elsewhere in the field.

Thompson Valley.—Thompson Valley lies northwest of the north-
ern portion of Chignik Bay, and is a broad, open, flat-bottomed val--
ley, heading among the high mountains at least 10 miles from the
beach. Coal is exposed on the northeastern slope 1 miles from the
beach and 300 feet above the valley floor. The strike of the beds
is N. 61° E., and the dip is 21° NW. Two workable coal beds are
exposed for at least a mile and their extent is probably much greater.
Where the tributary streams to Thompson Valley cross these coals
there are falls or cascades in their courses. The detailed measure-
ments of these beds are given below:

Sections of coal beds in Thompson Valley.
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A short tunnel has been driven into the upper bed A sample
was taken from beds numbered 6, 8, and 10 in the foregoing section
of the upper coal, and the a.nalysia is given on page 1486.

There is a large body of good coal available at this locality. The
conditions for mining are favorable, and the space at the base of
the bluff is ample for mine buildings and mine bunkers. The chief
difficulty in the way of exploiting this coal is in making arrangements
for shipping. The beach at the mouth of Thompson Valley is
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exposed to the severe storms from the Pacific Ocean. A railway
from the valley to Chignik Lagoon could be easily built, for the
route would be over a lowland area and not more than 9 miles in
length. The conditions in Chignik Lagoon, however, are not favor-
able for loading large ocean-going vessels; hence it would probably
be necessary to continue the railway along the northwest shore of
the lagoon and then by the same route as that from Whalers Creek
to the head of Dorenoi Bay, already described. :

Hook Bay.—Hook Bay is in the northern part of the field examined.
The coal in this vicinity occurs near the headwaters of the right-
hand branch of the stream entering Hook Bay from the west and
in the foothills of the main mountain range. Here the general
strike of the beds is N. 11° E., and the dip is 34° E. The section
of the coal is as follows:

Section of the Hook Bay coal bed.

Firm sandstone roof. Ft, (n.
1. High-grade bituminous coal. . . ................ .. ......... 13
R ) 8
ol s TG SR e SRR S e i i 4
RN - v vt e S B R R 6 7
S - Y S 1 6%
G Clay PR <o sncqeviisis i s i T S e da e e R e 2
Yo BOY COE o« o s e e S S e T RS 5
e B T e e T U e o e 1 54
B BOOG. ..o cimns s e e s R L s e e e b S 1

Shale floor

Above this bed is an 8-foot bed of sandstone overlain by a thin
layer of coal. Below the main bed of coal lies 4 feet of shaly sand-
stone, underlain by a 3-foot bed of coal, in the middle of which there
is & 6-inch parting of shale. The claims have been prospected at
a number of places, and one tunnel has been driven in on the main
seam for a distance of 40 feet. The exposures in this tunnel show
the coal to be uniform in thickness and quality.

In sampling this bed a cut was made across Nos. 5 to 8 inclusive
in the above section. The analysis is given on page 146. .

The strike, so far as the beds could be examined, is uniform and
appears to continue without notable break for at least half a mile
to the northeast. The tunnel opening is 50 feet above the stream
bottom, where there is space for mine buildings. At present there
is & wagon road from Hook Bay to the coal croppings, along a stream
bottom where the general gradient and space would be favorable to
railway construction. Hook Bay is an excellent small harbor,
and is bordered by favorable sites for wharves and bunkers. The
distance from the harbor to the coal is about 8 miles. At present
four claims are staked out in this field, and development work is
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being done under the auspices of the Alaska Peninsula Mining and
Trading Company.

HERENDEEN BAY.
INTRODUCTION.

Herendeen Bay, the western arm of Port Moller, is on the north-
west side of the Alaska Peninsula at abotit 160° west longitude and
55° 30’ north latitude. (See PL. V.) The head of the bay is near
the central portion of the peninsula, and is only 8 miles from the
head of Balboa Bay, a reentrant on the Pacific side. The portage

N Point Divide

Jurassic Ignecus
IIOrniIu

Alluvium Miocene

| i
FIGURE 10.—Geologic msp of Herendeen Bay coal field. A -B, lino of section, figure 11,

from one of these bays to the other is made by an excellent trail
over a pass not more than 500 feet above sea level, which connects
two broad, flat-bottomed valleys.

The coal which has been opened and is now being developed is
found in a small peninsula between Herendeen Bay and the main
or eastern arm of Port Moller. (See fig. 10.) Within that area the
coal-bearing formations occupy at least 40 square miles, and coal
is exposed at various localities. Some beds of lignite outerop on
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the western shore of Herendeen Bay and are reported to extend
several miles to the west. In the central portion of the Alaska
Peninsula, in the mountain slopes east of the trail to Balboa Bay,
other beds of lignite outcrop.

Within the coal field the topography is that of gently rounded hills
and low mountains. The highest points are a little over 2,400 feet
in altitude, but the portiong above 2,000 feet constitute but a small
part of the area. The largest valley is that of Coal Creek, which is
located in the central portion of the field. This valley is a broad,
open, flat-bottomed trough leading northward through the coal
field and westward to Herendeen Bay. The smaller valleys drain
westward into Herendeen Bay and eastward into Port Moller. They
are somewhat rugged, and travel is easier on the intervalley ridges
than through the gorges.

Throughout the summer season, from June to October, the mean
temperature is about 46° F. During the winter months, from Octo-
ber to May, the mean monthly temperature ranges from 13° F. to
39° F. The annual precipitation during 1903, when records were
kept at the Herendeen Bay mine camp, was 46.22 inches. In the
summer the number of clear days ranges from five to ten a month.
During the three years from 1902 to 1904, inclusive, there were
twenty-seven days when the minimum temperature was below zero
and four days when the maximum temperature was below zero.
Mine Harbor was frozen in the years from 1902 to 1906, inclusive,
during the following periods: December 18, 1902, to May 6, 1903;
December 29, 1903, to May 26, 1904; January 3, 1905, to May 25,
1905; January 15, 1906, to March 17, 1906.

In 1908 Herendeen Bay could be reached by way of Bering Sea by
private means of transportation from Unalaska or Nushagak. The
more common route is by regular steamer to Balboa Bay and thence
by trail across the peninsula to the head of Herendeen Bay.

GEOLOGY.

This coal field is located in the minor folds northwest of the main
anticlinal arch of Alaska Peninsula. The sedimentary formations
exposed range in age from Upper Jurassic through Lower and Upper
Cretaceous to Eocene. (See fig. 10.) Pleistocene deposits mantle a
small part of the area, and in the valley bottoms and along the shores
there are alluvial deposits of post-Pleistocene age. The description
of the geology of the western portion of Alaska Peninsula, given on
pages 114 to 115, is based chiefly on work done in the vicinity of
Herendeen Bay. A few details may be added here.

In the western part of the field, where the coal locations have been
made, the formations have not been modified by voleanic intrusions
or extrusions, but at the eastern margin of the field there are numerous
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dikes, vast quantities of voleanic tuffs,
and extensive lava flows. Four vol-
canic centers, from which lava flows and
fragmental material issued, are situated
near the eastern margin of the field.

At the northern margin and along Her-

endeen Bay there are voleanic tuffs,

but they are not so associated with the
coal as to be significant. The north-
western portion of the small peninsula
in which the coal is located is mantled
in part by glacial material and in part
by recent alluvium.

The central part of the field has a syn-
clinal structure, with the axis plunging
westward. To the north of this fold
there is a broad anticline. Several small
faults were noted within the coal field,
and at the southern margin there is a
fault contact indicating a throw of no
less than 1,000 feet. These faults may
be detected by the shifted outerops
(see fig. 10) exposed in the higher por-
tions of the field, where there is little
or no vegetation. In the mine tunnels
may be recognized numerous minor
faults of the same general nature as the
major faults detected on the surface.
Figure 11 shows the general structural
conditions along a nearly north-south
line through the coal field.
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W

water front by a steam motor on a small tramway, and several hundred
tons were taken out in 1890, of which the U.S. 8. Albatross used between
200 and 300 tons.? At that time there was no immediate market for
the coal, as the Western States and Territories were fully supplied
from the Washington and Vancouver mines. The field was therefore
abandoned and no further work was done until 1898, when C. A.
Johnson relocated the coal land and started what is known as the
Johnson tunnel. In 1902 the property passed into the hands of a
company that did very little work, and in 1904 this company for-
feited all its rights. The present claimants made surveys of the field
and did some careful prospecting, which included a small amount of
core-drill work. This work has been done under the supervision of
Philbrick & Foster, as agents for the present claimants.

Within the coal field the best-known outcrops are near the head of
Coal Valley and in the valley of Mine Creek. Coal is exposed also
near the head of the next valley east of Coal Valley and at several
places about the margin of the volcanic tuffs a little farther east.
Outerops of coal have been reported in tributaries to Lawrence Creek.
The main coal measures outcrop about 5 miles north of Mine Harbor,
on the east shore of Herendeen Bay. This locality is known as Coal
Bluff. On the north coast of the coal-bearing peninsula and 9 miles
east of Point Divide there are two beds of lignite, and on the west
shore of Herendeen Bay nearly opposite Coal Bluff several others are
exposed. Columnar sections of these coals are given in figure 9.

The following section in the coal measures was obtained on the
south slope of the Mine Creek valley:

Section in the coal measures, Mine Creek valley, Herendeen Bay.

Ft. In,
Conplomerate. s e S s 300
Coarse sandstone, cross-bedded, with huge sandstone concretions
weathering brown from abundance of limonite............... 50
Bandy Bhalf. oo cvvirns i asiam e evas deiR T AR S e e 20
Coal seam, medium grade. ... .. ... il 3
Firm cross-bedded sandstone, fossil leaves.. . ... .. ... ... 3
BT B e oo s o e O P S S M AN TR 5
Coal, bitUmInous. . coo o oo 10
BREIE . o oo o s o R R S seweseramas 2 8
Shaly coal.. . .. L 6
Shale, with sandstone cones. ... ... il 3
Coal, bituminous. ... .. . i 1
BRaleasccio sorssiinnsiluiis s e s nipricws s av s 4

a Dall, W. H., Raport on coal and lignite of Alaska: Seventesnth Ann, Rept. U. 8. Geol. Burvey, pt. 1,
1806, p. BOS,
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Ft. In.
OoRL, BEDERION, vov s ponvenomnmermmpen gt e v mp s s nmi i 1 2
Shaly sandstone, with sandstone cones........................ 4
Coal, bituminous........ A A A R D A R S 10
L e o P S Ay S R b P e S +
IRy AR oo v v i A R AR R R R e e S R S B 1 6
BBAlE8. o s e et e e s 3
Crbobatectl ABRINS. . i it osiiaayevesddisnanily 1
T 1 2
Coal, bituminous.......cocveeiiiiiiiiiiiieiiiiiieniennn. 1
BT i i, e i 4 A B A B ST S 2
Oallyuha!as,ml.h-hdepl.rungn e e mn i e R B
Coal, with bony partings and -luly bed ........................ 7
Bhﬂu .................................... e 1 B8
Bhaly ooal .. ... uive s i s e e S b Y 1 2
T L 2 6
Qoal. BRUMIDONE: oo i i v v eanatniiiiy s iidd gy b nasiid S Tw i 11
T L 3
Coal, bituminous.................. S B S 2
BIRIRE oo irinsim e i o ey St o o 06w 0 ST e S 3 6
Coal, bituminous. ... ....ooovemi i 1 2
BRI o isisur s sn s S S R T e g TR ]
Oonl, DIUERIONE. ... »-o s = s tormsmmmv b s samvassos smmrvs s sos 1 6
Shales, with sandstone cones.................. ... ... 4
Oonl, DROMIROUS, «ovaoneisomsvsianis sanivwsss sanvesessie s 1 8
Shales and sandstone interbedded. ... ... ... ... . ... ... 15
Coak, BItumInous:.c..c. cinasnviisvisins iasicpmgassaiss s aas 8
IO, ettt e e e i b
Shaly sandstone. 2
T L T 50
Coal....... 7 1 2
RN .. o i o o o M 8 6
Oonly sl <o cimin i rd s T e Rt e s i e 4
BIRAOR i i 6 v v T T A R R S R R e S 7
Coal, DItWIIDOUS + - ..+« e oo et e 1
BRIy oo vvviivsamsiie viin e e TR TR SR b s a
Coal, BItWminous. . ... .. .ooooem e 1
Bhalel,mthunduonocones svaaslaaivays M
Coarse cross-bedded sandstone md conglomer;te ............... 15,
Shales and sandstones,

Dip, 30° N.; strike, N. 91° E.
On the left fork of Mine Creek Paige ® measured the following
section:

Section of coal beds on left fork of Mine Creck,

Ft. In
Conl, orthed; ciic s i s RS T A T e 7
BRI o vcwnem vimwrsis s v s RN R 9
Dokl ORI .. oo s s i S e IR e Kb mm moms 8 GBI Ve 1
Bhalo 5o d DAREDS .o c o i:s consm b vimsdasb b ssisss e ravasis Rhsets 6 6
Coal, crushed.............c.ooininiiiininiineeimanaanaaas 8
Coal, fairly solid (partly obacnred by slde); . oioocsaniiain e 10

« Paige, Bidoey, Bnll U. 8. Geol. Burvey No. 284, 1906, p. Iﬂ'l’
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Ft. In
Shale, carbonaCeous.. .. ... ..o 3 4
Oovered by iHde: ... ooouisvisuisviviis i s sty avveasasva 20
Coal with bone (details not observed)........................ .
Bhale and CoRl. ...ooiiie e 4
OoRL covamsmimmiiiave s svsi iy e Py SRR B Sy 2 8
T 6
L Y S R 3

Remainder hidden by slide,

The detailed section of the conl exposed in the lower tunnel on
Mine Creek is as follows:

Section of lower tunnel coal bed, Mine Creek, Herendeen Bay,

Shale roof. Ft. in.
1. Shaly coal 11
e BB i i v i i s R Y SR e 2
3. Coal, bituminous. .....oovuveeniieineeineniainaennnnnneanaae 11
5. Coal, high-grade bituminous..............cooiiiiiiiiananns 1 4

Firm sandstone floor,

Strike, N. 01° E.; dip, 30° N.

A section of the coal at the Johnson tunnel, which is on the south
slope of the Mine Creek valley about 870 feet above sea level, is as
follows:

Section of the Johnson tunnel coal bed, Mine Creel, Herendeen Bay.

Shale roof. FL. In.
L s i s e R e R e AR SR T S A 1 4
L 6, S S SO S i
8. Coal, high-grade bituminous...........coviiiiiiieiniiennnnnn b

Clay floor,

Strike, N. 101° E.; dip, 34° NE.

Samples of coal were taken from each of the above beds, and
the analyses appear on page 146. No work had been done in the
lower tunnel during the ten months preceding the examination, but
the sample was procured by crosscutting near the farther end of the
tunnel, where work had been done most recently. Material from
beds 1 to 5 in the above section was included -in this sample. The
Johnson tunnel also had been closed for fully ten months, but a
sample was procured from bed No. 3 in the above section by first
cleaning the face of the seam and then making a crosscut.

The Johnson tunnel is about 100 feet long. The coal continues for
about 75 feet, becomes much broken, and finally disappears. Some
prospecting has been done to find the continuation of this bed, but
it has not yet been located. In drifting it has been necessary to
use timber to support the roof. The coal which has recently been
mined here has been entirely for local consumption and has amounted
to but a few tons each year.
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The lower tunnel, near the stream bed and at an elevation of 275
feet above sea level, has been driven for 150 feet along the strike
of the coal. At this place the roof is firm, and no timbering was
necessary beyond the entrance. During 1907 about 20 tons was taken
from this drift for use in drilling and for domestic purposes. The
walls of the drift indicate that there has been some minor faulting
at various places, the movement ranging from a few inches up to a
foot. This is typical of the distributive faulting associated with
the larger movements in the field ana is of the same general character.

Three drill holes have been put down in the lowlands near the
mouth of Mine Creek. The deepest reached a depth of 350 feet and
some coal was found. The other holes were sunk 150 feet and 28
feet. The work was unfortunately delayed by the loss of tools. As
yet no coal of minable thickness has been found by drilling.

In the portion of the field where work has thus far been done the
mining conditions are not especially difficult. The coal beds dip at
angles varying from 25° to 35° and they are well exposed in the
valley bluffs. The faulting that has disturbed the formations has not
been on a large scale, and when the structure is worked out in detail
there should not be much difficulty in locating the coals in the dif-
ferent fault blocks. From the lower drift coal may be easily taken
to tide water. At present a good horse trail reaches the mouth of
this tunnel, and it would not be difficult to construct a wagon road
or a railroad to that point. The Johnson tunnel, at an elevation of
870 feet, is less favorably located for transporting the coal. The
horse trail, which reaches the lower tunnel, continues to this higher
opening, but the ascent is in part difficult. Coal has, however, been
packed out on horses over this trail. The construction of a road to
this opening would be expensive, but the coal might easily be han-
dled by tramways to more accessible places in the valley.

The coal exposed at Coal Bluff has the appearance at the surface
of being of as high a grade as that outcropping at several other
places. The coalexposed near the headwaters of Coal Creek, in certain
of the tributaries from the west and in the continuation of the coal
belt in which the Johnson tunnel is located, but in the opposite side
of the syncline, appears to be of good grade, and in this part of the
field faulting has not so greatly disturbed the formations. During
the writer’s visit this part of the field contained so much snow that
the coals could not be satisfactorily examined.

The absence of forests will make it necessary, in the development
of the field, to ship in timber. If these coals are mined on a large
scale, they should be carried by railway to Balboa Bay for shipment.
The route from Mine Harbor to Balboa Bay is about 16 miles long
and an easy one for railway construction. Mine Harbor is well
protected and is sufficiently deep for comumercial purposes, but
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during several months of each year the upper part of Herendeen
Bay is locked in ice. During the summer months coal could be
shipped by way of Herendeen Bay to Bering Sea, and thus to the
Alaskan ports farther north. If coal is mined from the head of Cosal
Valley, the problem of taking it to tide water on the Pacific side of
the peninsula is a little more difficult. A railroad could be con-
structed along Coal Valley and connected with Mine Harbor by a
route which would add about 15 miles to the airect route, or double
the haul to the Pacific. At Balboa Bay there is an excellent harbor
and good bunker sites are available.
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Froure 12—Gealogle map of Coal Harbor conl flald, Unga Island.

COAL HARBOR.
INTRODUCTION,

Unga is the largest and westernmost island of the Shumagin group,
which lies southeast of Balboa Bay (Pl. V). Coal-bearing strata
outcrop on the west shore of Coal Harbor, at the north end of the
island. These coal measures appear to underlie the northwestern
portion of the island and to include about 40 square miles, (See
fig. 12.) )

At the eastern margin of this coal field the upland surface is a
little more than 600 feet above the sea; it declines gradually to the
west, reaching sea level at the western shore of the island. The
entire field is therefore in a lowland area. The streams flow to
the west over the gentle slopes of the upland surface and through
shallow valleys. Bordering the field at the east is a steep bluff, 600
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feet high, which becomes lower to the north and south and incon-
spicuous at the northwestern and western margins of the field. The
topography of the upland surface is varied somewhat by a mantle of
glacial drift, in which there are numerous small depressions containing
lakes or swamps.

Unga Island enjoys a milder and more equable climate than the
mainland to the north. Practically all of the winter snow disappears
during the summer, and the number of clear days exceeds that for the
mainland.

The northern portion of the island is overgrown by grasses and
shrubs. A few patches of alder bushes are scattered on the valley
slopes, but there are no trees on the island.

GEOLOGY.

The distribution of the formations in and near the coal field is
given in figure 12, The coal-bearing rocks are of upper Eocene age
and are overlain conformably by Miocene conglomerates, The Eocene
sediments consist of sands, sandstones, clays, shales, conglomerates,
and seams of lignite, and much of the material is but poorly cemented.
A section was measured a short distance north of the coal mine on
the west shore of Coal Harbor. The base of the section is 50 feet
above mean tide level. This section is given graphically in colum-
nar form in figure 13. The upper 200 feet represent Dall's Unga

W wm e s

FIGURE 13.—Vertical section at Coal Harbor mine, Unga Island.

conglomerates, determined by him to be of Miocene age. These beds

rest conformably upon the lower coal-bearing series, which are of

upper Eocene age and have been correlated with the Kenai formation.

The base of the Eocene is not exposed. The coal-bearing beds are
" nearly horizontal, the dip being to the west at about 9°.

Miocene beds outcrop on the northeast coast of Unga Island and
on the north shore of Popof Island. Fossils procured from these
localities have been reported by Dall to represent an upper Miocene
horizon.

The igneous rocks in the north end of Unga Island (fig. 12) consist
of granites, basalts, and volcanic tuffs. In the northeastern portion
of the island basalts and tuffs overlie the Miocene beds unconform-
ably. Coarsely crystalline rocks oceur also south of the coal field,
in the central portion of the island.
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Glacial deposits are present in the mountain valleys south of Coal
Harbor and on lowlands at the northwestern shore of the island.
Along the coast line and in valley bottoms there are recent alluvial
deposits, and near the north and northeast shores lie small areas of
sand dunes.

THE COAL.

Previous to 1882 there had been no mining in this field except that
by Russians, who are reported to have taken some coal from out-
crops near the beach. From 1882 to 1884 & company was engaged
in mining at this locality and is reported to have kept twenty men
at work throughout that period and to have supplied with fuel small
steamers engaged in seal hunting. Some of the coal was used for
domestic purposes, and two cargoes, amounting to about 700 tons,
are reported to have been sent to San Francisco in 1883. The prop-
erty is now under the control of the Tide Water Consolidated Com-
pany. Several drifts have been opened and one mine put into opera-
tion on a shipping basis. (See fig. 13.) Bunkers have been built
about 100 feet from the shore, and a steel conveyor connects them
with the mine. The developed coal bed outcrops about 200 feet
above tide water. The detailed measurements of the upper part of
the coal bed as now exposed in the mine are as follows:

Section of coal bed in Coal Harbor mine.

Firm, coarse grit and conglomerate roof. Ft. In
Elpnito s coimmsinivesier i sisianiiseivaniians 1 1
TODORNE BNTICE i 5 E m A 6
LdpOib. o sassnrarromiresnsnasereadnissssatodorsoatsie cnns 8
Coaly MRL0 . conssvn savimmmsm es vaas e s e e e A 2
Clay..-..... 3
| e Y T U ey 10
TR .. st s b o B0 4

310

Strike, N. 12°'W.; dip, 8° W.

The bed was sampled in the usual way, the sand and shale, which
could be readily separated in mining, being excluded. The analysis
of this sample is given on page -146.

There are no special difficulties associated with the mining or
shipment of this lignite, and if mined with sufficient care to keep it
clean it may be able to compete with the somewhat better coals that
are being shipped to this part of Alaska. It will at least continue
to be of value to the natives and to the few white people living on
Unga and the neighboring islands.
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COMPOSITION OF CHIGNIK BAY, HERENDEEN BAY, AND UNGA ISLAND
COALS.

The following table gives the results of the proximate analyses of
some of the coals from the Chignik Bay, Herendeen Bay, and Unga
Island fields. The samples were sealed in air-tight cans as soon as
collected and then sent to the laboratory. The analyses of the coal
as received have been recalculated to obtain the analyses on the air-
dried basis. The samples were obtained at the following localities:

6952. Coal bed on west side of main stream, 7 miles northwest of Hook Bay, east
side of Chignik Bay, Alaska Peninsula.

6956, Chignik Bay, Thompson Valley, three-fourths mile above mouth of stream,

6955. Chignik Lagoon, Whalers Creek, three-fourths mile above mouth,

6953. Chignik River, north side, 2 miles below Chignik Lake.

6957. Herendeen Bay, Mine Creek, three-fourths mile above mouth.

6951. Herendeen Bay, Mine Creek, 1} miles ahove mouth.

6954. Unga Island, Coal Harbor, 1§ miles west-northwest. of Gull Island.

70205—Bull. 370—00—10
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Analyses of Clignik By, Herendeen Bay, and Unga Tslund coals.

[Analyses by F, 3. Stanton, U. 8. Gedloglcal Burvey.]
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COAL AND PAVLOF BAYS.

Coal and Pavlof bays are indentations on the south coast of Alaska
Peninsula, about 50 miles west of Unga Island. The main anticlinal
axis of the peninsula continues southwestward from the Balboa-
Herendeen Bay region to the eastern shore of Pavlof Bay. The fold
is here composed chiefly of the upper Eocene beds, which have yielded
fossils of invertebrates and some plant remains. On the north shore
of Coal Bay and on the east shore of Pavlof Bay there are thin beds
of coal which have been worked for the local markets. The bed at
Coal Bay is from 15 to 18 inches thick. On the shores of Pavlof Bay
there are two beds of lignite, each of which is less than 12 inches thick.

PETROLEUM.

Petroleum is known to occur at two localities in southwestern
Alaska—in the Enochkin Bay district and in the vicinity of Cold
Bay. These fields were not visited by the writer, but both have been
examined by Martin,* and the following account is abstracted from
his reports. The map (fig. 14) published by Martin, chiefly from
data furnished by A. G. Maddren, is here reproduced.

The Enochkin Bay oil seepages and so-called ‘‘gas springs’are in
an area of shales and sandstones of Jurassic age, which are thrown
up into a long anticline. This dominant structure parallels the
coast, bending from an east-west strike at the south end of the fold
to a northeast-southwest strike at the north end. Several wells were
driven at this locality between 1898 and 1904, the deepest being
about 1,000 feet deep, but no flow of oil was obtained.

At Cold Bay there are many large seepages and several wells were
drilled in 1903 and 1905, but yielded no flow of oil. Here the rocks
are chiefly Jurassic shales and sandstones and the structure is similar
to that at Enochkin Bay.

.GOLD,
INTRODUCTION,

The gold placers of the Sunrise district have been deseribed by
Moffit,> and the recent mining developments are summarized else-
where in this volume (p. 52). The gold deposits of Kodiak Island
were not studied by the writer, but a brief account of this district is
given on page 30. U. S. Grant describes the gold prospects in the
vicinity of Seward on page 107.

During the summer of 1906 a few miners were at work on the
Anchor Point beach placers, using rockers or small sluice boxes, and

o Martin, G. C., Petroleum of Pacific coast of Alaska: Bull. U. 8, Geol. Burvey No. 250, 1005, pp. 37-60
Notes on the petroleum flelds of Alaska: Bull, U, 8. Geol. Burvey No. 258, 1005, pp. 133-138,
b Mofiit, ¥, H., Gold fields of Turnagain Arm region: Bull, U, B. Geol. Survey No, 277, 1000, pp. 1-62,
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they reported that they were making ‘‘fair wages.” The gold which
they obtained was very fine and the deposit exceedingly shallow,

*ppg umatenad Leq pro) jo dvnr qoeys—F1 IRA0g
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making it necessary to move frequently to different parts of the

beach.
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POPOF ISLAND.

Placer gold was discovered by Louis Herman in the beach about
14 miles south of Sand Point post-office on Popof Island in the summer
of 1904. (See Pl. V.) During 1904 and 1905 active work was in
progress, and it is reported that gold amounting in value to about
$12,000 was taken from these beach placers. The productive belt
is about three-fourths of a mile long. From twenty to forty men
were at work during the summer of 1904 with rockers, washing the
coarse sand and gravel. All the gold that was found was below mid-
tide, and most of it around large bowlders at about the level of low
tide. Little work has been done on this beach since 1905. In 1908
but one man was engaged in rewashing the sand and gravel from time
to time, and he is reported to have found it unsuccessful and finally
to have abandoned operations.

During 1908 most of the interest on this island was centered on
four lode claims that were staked on the hills immediately adjoining
the beach placers. No distinct quartz ledges have been located on
the claims of Louis Herman and G. C. Duchen, but the rock there
exposed contains some free gold. Specimens in which free gold is
plainly visible may be found in the surface zone of oxidation and
weathering. This zone varies from 5 to 10 feet in thickness. Several
samples were taken from the weathered material and when crushed
and panned they yielded some free gold. The owners of this property
have had several samples assayed and reported values up to $20 a
ton. On the Louis Herman property a short tunnel has been driven
and four shafts sunk below the zone of surface weathering. Ore
samples were taken from three openings on this property, and though
they vary greatly in their content of gold one sample was exceedingly
rich: The rock in which this gold occurs is an andesite similar to
that in Unga Island where the Apollo mine is located. The unweath-
ered rock appears as a light-gray lava, containing an abundance of
small pyrite crystals. In an adjoining claim one small quartz ledge
has been discovered and some development work has been done.

UNGA ISLAND.

Gold-bearing ledges have been found at a number of places in Unga
Island. (See Pl. V.) In the southeastern portion of the island,
about 1 mile from the head of Delarof Harbor and 4 miles from the
town of Unga, are located the Apollo and Sitka mines. A third mine
has been opened on the Shumagin group of claims near the head of
Baranof or Squaw Harbor. Several locations for gold lodes have
been made on the ridge south of the Apollo mine, in the valley west
of the Shumagin mine, and at points about 2 miles south of Coal
Harbor,
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Apollo Consolidated mine.—This mine was on & productive basis
from 1891 to 1904, and was reopened during the summer of 1908,
when 40 of the 60 stamps in the mill were put into operation and ore
that had already been mined was run through the mill. The occur-
rence at this locality has been described by Becker® and by Martin,
who visited it in 1904, gathering some additional data.?

The deposlt as described by Becker is a reticulated vein or zone uf
fracture, in a country rock of andesite and dacite. The ores include
free gold,.pynte, galena, zinc blende, copper pyrite, and native cop-
per. The ore is free milling, a large part of the gold being carried in
the native state. The gangue minerals are quartz and subordinate
amounts of calcite and orthoclase. The ore body strikes N. 20° E.
It is from 5 to 40 feet wide and forms a shoot that pitches northward.
At the south end of the workings the shoot comes to the surface
at an elevation of 600 feet, and at the north end it narrows and be-
comes of low grade at a depth of about 800 feet. Several attempts
have been made to reach the ore body at lower levels by shaft and
tunnel, and long crosscut tunnels have been driven in prospecting the
adjoining areas. The ore body was exceedingly rich in places, car-
rying up to $50 a ton. The average for the main ore body was per-
haps about $8. The main shoot has now been worked out. Some
ore has been taken from minor zones of fracture in the crosscut tun-
nels, but this material has not been found in sufficient quantities to
]ustlfy a continuation of the work. The country rock has been min-
eralized to a certain extent on either side of the main ore body.

Becker concluded that the country rock is Miocene or post-Miocene
from its lithologic similarity to andesite, which is supposed to overlie
the Miocene at the north end of the island. He would accordingly
make the mineral veins of very recent Tertiary or post-Tertiary age.
The present writer believes the post-Miocene andesites at the north
end of Unga Island to be distinct in sge’'from the country rock in
which the gold ledges occur. The younger andesites cover a portion
of the south end of the island and irregularly overlie the gold-bearing
formation. The age of the rock in which the gold-bearing ledges
occur is not definitely known, but it is believed by the writer to be
Mesozoic, or older.

Sitka mine.—This mine is located across the valley from and north
of the Apollo mine. The ore body is associated with a shear zone
which strikes at right angles to the Apollo ore body. The rock in
which this ore occurs is of the same general type as that at the Apollo
mine. The ores consist of free gold, galena, zinc blende, and pyrite.
The gangue minerals are quartz and subordinate amounts of calcite.

o Becker, G. F., Reconnaissanoe of the gold fields of southern Alaska: Elghtsenth Ann. Rept. U, 5. Geol.

Burvey, pt. 3, 1888, pp. 12, 83-85,
b Martin, G. C., Gold deposits of the Bhumagin Islands: Bull. U. 8. Geol. Burvey No. 250, 1905, pp.

100-101.
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The ore is of low grade and has never yet paid for the working. Dur-
ing the past summer some of the material in the dump was run
through the mill and the superintendent believes that the ore could
now be mined and milled at a profit. This mine is connected by a
tramway with the Apollo plant, so that the ore may be handled at
the Apollo mill.

Shumagin mine.—Three claims have been staked out along two
ledges which strike N. 60° E. and outcrop in a low ridge one-half mile
southwest of the head of Baranof Harbor. The southern ledge is
about 50 feet thick, but the ore has not proved sufficiently rich to
encourage mining. The other ledge varies in width from 2 to 3 feet
and is reported to carry values between $4 and $5 to the ton and no-
where to run below $2. These quartz ledges are in shear zones and
are interrupted by many horses of country rock. The present work-
ings consist of a lower tunnel, which has been driven 363 feet, passing
through the wider quartz ledge and within a short distance of the
second ledge. At the end of this tunnel a crosscut 75 feet long has
been made. The upper tunnel is 79 feet long and at the end there
is a crosscut running 116 feet to the east and 53 feet to the west
along the ore body. The two tunnels are separated in elevation by

150 feet.
UNALASKA ISLAND,

The island of Unalaska is off the western extremity of Alaska
Peninsula, near one of the most frequented routes from the Pacific
Ocean to Bering Sea. It is important chiefly on account of its
splendid natural harbor, on which are located two coaling and trade
stations, Dutch Harbor and Unalaska. Several years ago an unsuec-
cessful attempt was made to develop and mine some gold-bearing
quartz veins near the village of Unalaska. A 3-stamp mill and a
couple of tramways to connect the mill with the mine were erected,
but these are now in a state of ruin. Quartz veins of economic value
are reported by prospectors on several of the islands farther west.

The following notes are quoted from a report on this district made
in 1905 by Collier.e

The hard rocks of the islands are volcanic and consist of interbedded tuffs and

flow that are cut by numerous dikes. The most common rocks are dark-gray andes-
i"e..o - & &

South of Dutch Harbor for several miles the rocks are cut by a system of nearly
vertical joint planes which extend approximately east and west. Mineralization has
occurred along these joints, and in some instances quartz veins have been formed.
Several such quartz veins are exposed in the bluff west of Unalaska, where they have
heen prospected by short tunnels. The best example, however, is found at the gold
mine located 1} miles south of Unalaska and about a quarter of a mile from the shore
of Captains Bay, where a number of small veins of this kind are contained in compact

a Colller, A. J., Auriferous quartz veins on Unalaska Island: Bull, U, 8, Geol. Survey No. 259, 1905,
pp. 102-108,
b Emerson, B, K,, Harrilman Alaska Expedition, vol. 6, Geology, 1004, p, 20,
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gray andesite. The largest of these forms the main ore body of the mine and has been
opened for about 200 feet. It has a maximum width of 6 or 7 feet, but thins out in
both directions from the widest part and at the ends of the tunnels is not over 1 or 2
- feet wide. The samples oblained here consist of kaolin and cellular quartz, heavily
stained with iron in the form of limonite. Samples obtained on the dump and around
the mill indicate that a considerable portion of the ore originally contained unweath-
ered pyrite and sulphide minerals. A sample taken by the writer from the face of
the drift at the principal ore body was assayed by E. E. Burlingame & Co., of Denver,
who reported 0.02 ounce of gold to the ton and a trace of gilver. It is reported that
before the mill was built assays promised very high values, which were not realized
from the ore when milled.
COPPER.

INTRODUCTION.

There are no copper mines in southwestern Alaska, but several
locations have been made for copper in the Turnagain Arm district,
in the vicinity of Seward, in the region of Lake Clark and Lake
Tliamna west of Cook Inlet, at Prospect Bay, and on the east shore
of Balboa Bay. Reference to the copper in the Turnagain Arm dis-
trict may be found in Moffit’s report on the mineral resources of the
Kenai Peninsula.® The Lake Clark and Lake Iliamna region was not
visited by the writer, but the occurrence of copper ores is reported
by mining men who examined this district during the summer of 1908.

PROSPECT BAY.

* Prospect Bay is a few miles west of Chignik Bay, on the south
shore of Alaska Peninsula. (See PI1.V.) The copper property here
has attracted some attention, and various reports regarding it have
appeared in Alaskan and Pacific coast papers. The ore body is
located at the west shore near the head of Prospect Bay, and for-
tunately near an excellent little harbor behind a sand and gravel
hook. The zone that is staked is about 50 feet wide and consists of
crushed rocks in which there are numerous small cavities containing
minerals in the crystalline form. The minerals include pyrite, galena,
sphalerite, chalcopyrite, and quartz. The crystalline development is
in places of the geode type. The country rock to the southwest is
coarsely crystalline and of a granitic type. The contact to the
northeast is not well exposed. When visited during the early part
of the past season, no large body of high-grade ore had been devel-
oped, as currently reported. Hand specimens which are fairly rich
in copper minerals may be procured from the fracture cavities.

BALBOA BAY.

On the east shore of Balboa Bay, in the midst of the andesitic lava,
there is a shear zone in which some copper occurs. There are sev-
eral prospects in this vicinity and one short tunnel was driven some
years ago, but has now been entirely abandoned.

e Moffit, F. H., Bull. U, 8. Geol. Survey No. 277, 1906, p. 48.
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MINING IN THE KOTSINA-CHITINA, CHISTOCHINA, AND
VALDEZ CREEK REGIONS.

By Frep H. MorFrT.

EOTSINA-CHITINA REGION.a
INTRODUCTION.

The notes here given do not present a full account of progress in the
Kotsina-Chitina region in 1908, for some of the important copper
prospects receive no mention. No property is omitted intentionally,
however, and where claims or work are not mentioned it is because
an opportunity for collecting the facts did not present itself.

This region has been recently described in some detail,® and these
notes are intended to be merely a report of progress since the ma-
terial for that description was collected.

Copper prospecting in the Chitina Valley was seriously hindered by

‘the low price of copper and the financial depression of 1907-8. It

was difficult to raise money for prospecting or for development, so
that some claim owners made no attempt to do more than the assess-
ment work necessary to hold their ground. This condition was
notic&able in the early part of the year, for it was said in Valdez that
the quantity of provisions and other freight carried in over the snow
in the months from January to March was considerably less than
usual. On the other hand, considerable effective development work
has been carried on that seems likely to be of more value in showing
the possibilities of the region and the nature of its ores than most of
the work done in previous years. Such work has probably been
stimulated in part by the fact that construction work on the Copper
River Railroad is being pushed and that better transportation facili-
ties are to be expected in the near future.

COPPER PROSPECTS.
BONANZA MINE.

A force of men was employed by the Kennicott Mines Company
during the year 1908 in preparing the Bonanza mine for shipping ore.
Intheearly part of the year provisions and equipment werestarted from

a Dan Creek, Chititu Creek, and the Bonanza mine wers visited by members of the Geological Survey
in the early part of Beptember, 1008,  The noteson other streams of the Kotsina-Chitina area were obtained
from prospectors seen in Valdez later In the month.

b Moffit, F. H.,and Maddren, A. G., The mlneral resources of the Kotsinaand Chitina valleys, Copper
River region: Bull. U. S. Geol. Survey No. 345, 1007, pp. 127-175.
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Valdez, but owing to the early opening of Chitina River a part of this
freight did not reach its destination and was left near McCarthy’s
cabin, about 7 or 8 miles above the Chitina's mouth., This misfor-
tune did not interfere with work, however, for most of the equipment
left behind will not be needed till the work is further advanced. Con-
struction of an aerial tramway from the camp on National Creek to
the mine was begun and about half of the necessary towers were
erected. A sawmill, a bunk house, and & blacksmith shop were built
and a tunnel was started to cut the ore body about 40 or 45 feet below
the bottom of the winze in the old tunnel, or about 75 feet below the
old tunnel itself. This tunnel had been driven 137 feet in September,
and it was expected that 90 feet more would be required in order to
reach the winze. The wagon road leading to the mine was widened
and graded, so that supplies can now be sledded almost to the mine.
Furthermore, construction work on a short piece of railroad from the
camp and ore bunkers to Chitina River was started. This road will
extend from the mouth of National Creek to a point not far from the
junction of Lakina and Chitina rivers, and will make it possible to
ship ore and supplies before the Copper River Railroad is completed,
as one or two steamboats in addition to the Chitina will be placed on
Copper River by the spring of 1909 and will form a connection be-
tween the lower part of the railroad at Abercrombie Rapids and the
upper part at Lakina River.

M'CARTHY CREEK. -

The shear zone in which the copper ores of the Bonanza mine are
deposited has been traced by prospectors northeastward across the
ridge to its McCarthy Creek side, where it is intersected by other shear
zones. The vicinity of these intersections is in places marked by the
deposition of copper minerals, and the ground has been staked for
copper. The occurrence of copper minerals differs here from that at
the Bonanza mine in that deposition has taken place well up in the
Chitistone limestone instead of near its base. Igneous intrusions are
present in the limestone also and give another point of difference
from the occurrence at the Bonanza mine.

The largest exposure of ore known on this “extension of the
Bonanza lode,” as it is called, was found on the Marvelous claim. It
consists of two bodies of chalcocite about 6 feet apart, with surface
exposures approximately 5 by 8 feet and 4 by 7 feef, joined by
stringers. A tunnel was started 100 feet below the outcrop on the
east side of the shear zone to cut the ore at depth. A second tunnel
100 feet below the first was also started, but the work was discon-
tinued. On the Hero claim chalcocite in small amount is found near
a porphyry dike, but whether there is a genetic relation between the
two is not known.
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The Houghton Alaska Exploration Company has, besides other
property, twelve lode claims on or near the “Bonanza fault” and a
160-acre placer claim on McCarthy Creek. These claims have been
surveyed for patent, and patent proceedings are pending. Two of
the claims are on the Bonanza fault. Others lie on cross faults inter-
secting the main fault at a large angle. A tunnel was started on a
claim known as Slide No. 3 on the east side of the Bonanza fault, and
is being driven in a nearly westerly direction to intersect the fault.
At the close of the season (1908) 113 feet of tunnel was completed.
An incline raise on a gouge seam was started in the tunnel and con-
tinued for 12 feet. It is believed by the operators that this tunnel
will have to be continued for about 1,000 feet before striking the
Bonanza fault zone. Besides work on the claims, a trail was built
from the camp on MeCarthy Creek to the tunnel, and sufficient work
was done on the placer claim to satisfly the $500 patent requirement.
The claims on the ‘“Bonanza fault extension’ lie at elevations ranging
from 3,000 to 3,500 feet above McCarthy Creek, and consequently
could be mined to that depth by an adit tunnel if ore is found in suffi-
cient quantity. Under present conditions the cost of mining is great,
and it is not intended to undertake any considerable development
work until the railroad has cheapened transportation rates.

There was also some prospecting on the lower part of MceCarthy
Creek, but it was not learned just what work was done or what
success was met.
' NUGGGET CREEK.

Two tunnels were projected on the Valdez claim in the summer
of 1908, One, a little more than a quarter of a mile northeast of
the old Valdez tunnel, on a fault plane believed to be the same as
that exposed in the old tunnel, showed a well-marked plane of move-
ment but did not disclose any considerable amount of copper min-
erals, The second tunmel was southwest of the old tunnel and
lower down on the hill slope. It had been advanced 100 feet north-
westward to strike the Valdez fault, but was not completed. The
tunnel was driven in amygdaloidal greenstone, and the rock in
places was found to be mineralized. It was believed that the ore
body of the Valdez tunnel would be encountered within a few feet.

ELLIOTT CREEK.

The most important work of development on Elliott Creek was
that done on the Elizabeth claim. It consisted of an extension of
the main adit and the driving of drifts, which now have a total
length of about 475 feet. A winze also was started in one of the
drifts. Two calcite veins, one carrying iron and copper sulphides,
were cut in the adit tunnel and probably represent the Elizabeth
vein exposed at the surface.
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KOTS8INA RIVER.

Work was carried on in the Kotsina River valley hy a number of
companies, but information concerning the development of all the
properties is not at hand. The most extensive operations were
those of the Great Northern Development Company, which con-
tinued the work begun in the previous year. The four tunnels on
Kotsina River west of Ames Creek were extended, as were also those
on Ames Creek itself. No considerable bodies of ore are reported
to have been cut, however. Work was continued at Iron Mountain,
west of Strelna Creek, where the company has two tunnels with a
total length of not less than 635 feet, in the larger of which there is a
raise of 159 feet. At Copper Mountain, on Clear Creek, the com-
pany has done a little work on a vein of chalcopyrite 2 feet wide in
mineralized country rock.

PLACER MINING.

Placer mining in the Chitina Valley is still confined to Dan Creek
and Chititu Creek. Prospecting on Young Creek has shown the
presenee of gold in the gravels, but not in sufficient quantity to be
of commercial value, at least with the present cost of mining.

TheDan Creek Mining Company, which holds the creek claims:
below the canyon of Dan Creek, employed the summer in preparing
ground for the installation of a hydraulic plant and in prospecting
its claims. The improvements on the property include a bobsled
road 16 feet wide and 5,800 feet long, from the site of the proposed
sawmill to Nizina River, and a wagon road 8,500 feet long, from the
sawmill to the canyon. All the rock and gravel cuts were made
12 feet wide, and a bridge 14 feet wide, with a span of 30 feet, was
constructed over Dan Creek. A site was cleared away on Boulder
Creek for a power plant which will use the water of that stream for
generating electric current to run the sawmill and for other purposes.

Ground and timber were also prepared for a dam above the can-
yon of Dan Creek to furnish water for hydraulic mining. About
50,000 feet of logs were cut for mining purposes. Besides this 11
shafts, with a total depth of 188 feet, were sunk to determine the
amount and gold tenor of the gravels on certain claims.

Operations on Chititu Creek were in continuation of those of the
previous year. Two hydraulic plants were in operation, but neither
one completed a full season’s run, for trouble was expérienced in
procuring labor and work was suspended probably two weeks earlier
than the weather required. In consequence the output of Chititu
Creek was smaller than the amount which other conditions justified
the operators in expecting. The two hydraulic plants are now in
good condition, and there is every reason to believe that the summer
of 1909 will see a marked increase in the production of the stream.
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CHISTOCHINA RIVER REGION.

The Chistochina region is situated in the southern foothills of the
Alaska Range. It includes the streams tributary to the head of
Chistochina River and adjacent to the glacier of the same name,
and lies 35 miles north of Copper River, or 225 miles by trail from
Valdez. Its early history and the oceurrence of the gold have been
described by Mendenhall,® and little can be added to his description.
The country rock is slate, and the gold occurs in gravels consisting
principally of slate but containing also a small proportion of the
porphyritic and diabasic intrusives that cut the slate, as well as
granite cobbles: from some foreign source. The streams that have
been productive during the last summer (1908) are Slate Creek,
Miller Guleh, Middle Fork, Eagle Creek, and Chisna River. It is
estimated that about 100 men have been engaged in work during
the season, and that the production of the streams enumerated above
is $68,000. Development on Chisna River and Daisy Creek has
consisted of prospecting and ditch construction, but the regular
pick and shovel work was done on the other streams. It was found
that some of the bench gravels of Daisy Creek are frozen and that
steam points will be required in winning the gold from them. A
thawer and an hydraulic plant for exploiting ground on both Daisy
Creek and Chisna River will be installed in 1909.

VALDEZ CREEK.?V

Valdez Creek is one of the small headwater tributaries of Susitna
River. (See fig. 15.) It rises in the foothills of the Alaska Range
and flows in a general southwesterly direction for about 12 miles.
It is approximately 160 miles north-northwest of Valdez, or 120
miles directly south of Fairbanks. It lies in a region difficult of
access and consequently not well known.

Although the creek is a tributary of SusitnaRiver, the trails most
frequently used for reaching it approach the stream from the Copper
River valley. Two trails are in use. One leaves Copper River at the
mouth of Gulkana River and follows that stream to the head of its
western fork. Crossing the divide to the Susitna drainage basin, it
descends McLaren Creek to Susitna River and then turns northward,
going up the river to the mouth of Valdez Creek. This trail traverses
a broad, flat area, swampy and dotted with lakes so that traveling is
difficult at many places. The second trail follows the southern foot-
hills of the Alaska Range westward to Valdez Creek from Paxton’s
road house, between Gulkana and Summit lakes on the Valdez-Fair-

s Mendenhall, W. C., Geology of the central Copper River reglon, Alaska: Prof. Paper U. 8. Geol. Bur-
vey No. 41, 1905, p. 107.

b The notes here given were obtained {rom prospeciors who came out from Valdex Croek to the coast
fn September, 1008,
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banks trail. This trail was used during last summer (1908), and is
said to offer many advantages over the more southern one. Food
and mining equipment for Valdez Creek have usually been taken in
over the southern trail in winter, but in 1908 contracts were made for
the delivery of freight by boat at the head of navigation on Susitna
River, whence it was to be taken overland to Valdez Creek with horses.
The trip from Valdez Creek to the mouth of Indian River was made
in the fall of 1908 in eleven days with horses, the distance being
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FicuRE 15.—8ketch map showing looation of Valdes Creek.

approximately 90 miles. Eldridge has stated® that Susitna River is
probably navigable for light-draft stern-wheel steamers for a distance
of 130 miles above its mouth, which would be to a point near the
mouth of Indian River. In July, 1898, the little steamer Duchany,
drawing about 2 feet of water, ascended the Susitna to a point within
12 miles of Indian River. It is believed, however, that this would
not be possible later in the summer. A light steamer drawing 2 feet
of water could probably reach the Talkeetna, 87 miles from Cook

o Eldridge, 0. H., Amﬁmﬂmummsuumnmmmmm,mmu: Twen-
Heth Ann. Rept. U, B, Geol. Burvey, pt. 7, 1598, p. 10.
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Inlet, at nearly all stages of open water, but it could traverse the
remaining 35 miles to Indian River only on high water. When once
established, this more direct route will doubtless result in a great
saving of both money and time. -

The excessive cost of freighting supplies into the region has hin-
dered the development of mining and has prevented prospecting to a
great degree. The average cost of supplies under present conditions
is not far from 50 cents a pound, and the price paid for labor is $1
an hour without board.

The present importance of Valdez Creek lies in its gold placers, dis-
covered in 1903. It is estimated that these placers have produced
between$175,000 and $200,000. Mining is practically restricted to two
localities on the creek—Lucky Gulch and the vicinity of Discovery
claim at the mouth of Willow Creek. The productive area is a small

] Yz 1mile
- '

FioURE 16.—Sketech map of Discovery and neighboring elafms on Valdez Creak.

one, and though a large number of claims have been staked, only a
few have contributed to the estimated output given above. Figure
16 shows the relation of the better-known claims.

Valdez Creek has cut its present channel through deep gravels and
has intrenched itself in the underlying schist bed rock. On claim
“No. 2 above'’ the bench bordering the creek has a height of 170 feet.
The lower 60 feet is rock, leaving a thickness of 110 feet of gravel.

Gold is found in the creek gravels and in the bench gravels. A con-
siderable portion of that in the creek is probably derived from the
benches and is therefore a product of secondary concentration. Gold
is not distributed in paying quantity throughout the bench gravels,
nor uniformly over the bed rock, but occurs in a well-defined pay
streak—an old channel occupied by the stream before its present
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rock-walled channel was cut. The two channels intersect each other
on claim ‘‘No. 2 above,” the old channel being 60 feet above the
present one. The portion of the pay streak or old channel on claim
“No. 2 above" is mined directly from the face of the bench, but the
values of the Tommy claim are recovered through a tunnel starting
from the bench face and crossing low-grade or barren ground of ‘‘No.
2 above.” The entrances to these workings are of course 60 feet
above the creek. Gold is found in paying quantities in the lower 5
feet of gravel and in the upper 2 feet of the schist bench on which the
gravel rests. The average width of the pay streak is 40 feet, and it
has been exploited for a distance of about 400 feet from the face of
the bench.

A hydraulic plant was installed on Valdez Creek below Willow
Creek in 1908, but until that time most of the work of washing the
gravels had been done by hand methods. = This plant includes a pipe
line with two giants and an elevator. For the most part Valdez
Creek affords good dumping ground for tailings, but unfortunately
an elevator is required at the locality where this plant is in operation.

The gravels of Lucky Gulch are shallow, averaging about 43} feet
in depth. There is much coarse gold in the product of this gulch,
nuggets ranging from $5 to 350 being frequently obtained. The
largest yet discovered had a value of $970. Lucky Gulch is reported
to yield about $40 a day to the man,

The total number of men engaged in mining on Valdez Creek during
the summer of 1908 is estimated to be about 120, of whom 20 expected
to remain on the creek during the winter. With better facilities for
carrying in supplies, the number of men employed by the operators
will doubtless be increased.



MINERAL RESOURCES OF THE NABESNA-WHITE RIVER
DISTRICT.”

By Frep H. Morrrr and Aporra KnoPF.

INTRODUCTION.

The district of which this paper treats lies on the northeast side
of the Wrangell Mountains and includes the headwaters of Copper,
Tanana, and White rivers, Nearly all of the area is within the
rectangle formed by parallels 61° 40’ and 62° 40’ north latitude and
meridians 141° and 143° 20’ west longitude. Like the district south
of the Wrangell Mountains, it has attracted the attention of pros-
pectors and miners through reports of wonderful copper deposits.
These reports have originated partly in stories told by Indians and
partly in accounts of ornaments and implements found in their
possession by the early explorers.

The region is difficult to reach, and supplies are not easily obtained,
yet the search for valuable minerals has been carried on by a few
men since shortly after the discovery of gold in the Klondike, and
it was to aid in the development of the mineral resources that the
surveys of 1908 and of previous years wers undertaken.

The work on which this paper is based was a continuation and
extension of the work begun by F. C. Schrader and D. C. Wither-
spoon, of the United States Geological Survey, in 1902, and Mr,
Schrader’s field notes and maps have been used freely in the field
and office studies. During the course of the summer all the better-
known prospects on the northeast side of the Wrangell Mountains
and in the Alaskan portion of the White River valley were visited,
and the geologic and topographic mapping begun by Schrader and
Witherspoon was extended down White River to the international
boundary. In this work the writers were assisted by S. R. Capps,
whose time was given chiefly to topographic mapping, but who also
helped in geologic work during the earlier part of the season.

The party consisted of seven men and was equipped with a pack
train of eleven horses and the usual camp outfit. Supplies for the

@ This paper is o preliminary statement of the results of a geologic and topographic reconnaissance survey
made in 1908, concerning which 8 more comprehensive report is in preparatlon.

79205—Bull. 379—09——11 161
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summer’s needs had been taken in over the snow and stored at
“Sargent’s cabin,” on Nabesna River, late in February, 1908, so that
when the party left in June it was necessary to carry only provisions
sufficient for the trip into the interior. Field work began on Nabesna
River, July 8, and was ended on Whits River, August 25, when
Skolai Pass was crossed and the return trip to Valdez was begun.
Thus only forty-seven days were available for field study on the north-
east side of the Wrangell Mountains, but ten days additional were
spent on Nizina River before the season’s work ended.

GENERAL DESCRIPTION OF THE DISTRICT,
GEOGRAPHIC FEATURES.

The Nabesna~-White River district lies in a region of rugged topog-
raphy, as it includes not only the northeast slopes of the Wrangell
Mountains and the north slope of that part of the St. Elias Range
which lies between Skolai Pass and Mount Natazhat, but the Nut-
zotin Mountains also. (See Pl. VII.) The principal peaks within
the area range from 6,000 to 12,000 feet in elevation, but on the
whole those of the Nutzotin Mountains are lower than those to the
west and south, Furthermore, they do not possess such great snow
fields and their valley glaciers are much less prominent, both in
number and extent. Between the head of Copper River on the
northwest and the international boundary line on the southeast three
principal streams with sources in the Wrangell and Skolai mountains
cross the Nutzotin chain in a northeasterly direction to the lowlands
beyond, and there join the Tanana or the Yukon. They are the
Nabesna and Chisana,® which unite to form Tanana River, and the
White, which empties into the Yukon about 75 miles above Dawson.
The valleys of the Nabesna and Chisana are narrow and canyon-like.
That of the White is broader and less shut in by the mountains, for
though it is limited by the lofty snow-covered St. Elias chain on the
south, the Nutzotin Mountains immediately north of the river are
made up of low rounded and flat-topped hills with summits for the
most part less than 3,000 feet above the valleys., The valley floors
are broad gravel flats ranging in width from a quarter of a mile or less
to 8 or 9 miles, as on White River, near the boundary line. These
streams have thelr sources in the broad snow fields of the Wrangell-
St. Elias chain, and like all glacial streams are exceedingly change-
able in the amount of water they carry, rising and falling with a daily
variation, as well as that depending on season and the irregularities
of precipitation, They are heavily burdened with débris brought

a The name of the river called Chisans on Witherspoon’s map of 1902 Is usually pronounced by the pros-
pectors as if it were spelled Bhushans. Its exact pronunciation as glven by the natlves Is difficolt to
determine.
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down by the glaciers, and the deposition of their overload has built
up the wide gravel flats of the valley floors.

In the late fall of 1908 the surveyors sent out by the United States
and Canadian governments located the position of the international
boundary line on White River. It proved to be a short distance
east of the mouth of Kletsan Creek, or about 3 miles farther west
than it was formerly supposed to be, During the summer of 1909
the line will be permanently marked with the usual monuments, and
the custom of recording claims in both Alaska and Yukon Territory
when their location is doubtful will no longer be necessary.

TRAILS.

There are three routes by which the Nabesna-White River region
may be reached. Prospectors usually approach Nabesna River
from the northwest by a trail that leaves the military trail from
Valdez to Eagle near the mouth of Slana River. It ascends Copper
River to Batzulnetas, whence it continues southeastward to the
heads of Jack Creek and Platinum Creek, either of which leads
directly to the Nabesna, although Platinum Creek offers the better
route for summer travel. After leaving Batzulnetas the trail bears
to the east and follows the ridge northeast of Tanada Creek. This
portion of the trail is a little hard to pick up at Batzulnetas because
of the presence of numerous Indian trails, but when once found it
can be followed with little difficulty except that much of it is ex-
ceedingly swampy, although possibly no worse than some stretches
of the government trail between Tonsina and Copper Center, or
between Gakona River and Chistochina. The distance from Slana
River to ‘“Sargent’s,” on Nabesna River at the mouth of Camp
Creek, is approximately 40 miles by way of Platinum Creek, and a
few miles farther by way of Jack Creek.

The customary route of travel followed by prospectors in enter-
ing the White River region is either from the east through Canadian
territory or, less commonly, from the Chitina Valley on the south-
west by way of Skolai Pass, There is a choice of two Canadian
routes, dependent on the means of transportation which it is desir-
able to use. White River may be ascended from the Yukon in small
boats, or the overland trail may be followed from White Horse by
way of Kluane Lake. This last-named trail is probably the easiest
and best way of reaching either White or Nabesna River with stock
in summer, and the best way of reaching White River with stock
at any season, A wagon road leads from White Horse to Kluane
Lake, a distance of 142 miles, and thence a good trail approximately
120 miles long leads to “Canyon City,” on the north side of White
River a few miles below the boundary line. Prospectors often bring
their supplies up White River from Dawson in poling boats or by
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tracking, and most of them leave the country by boat in the fall,
as it gives them an easy and quick method of reaching the Yukon.
The route from Chitina River by way of Skolai Pass is not regu-
larly traveled, but is used by a few prospectors who have claims in
both the Chitina and the White valleys and cross over from the
south to do their assessment work. During the earlier days of its
use the trail extended over the lower end of Nizina Glacier from a
point on the west side about 4 miles above the head of Nizina River -
to the mouth of Skolai Creek, whose north bank it followed to the
pass. At present this trail along Skolai Creek is not used, as Nizina
Glacier is so traversed with crevasses as to be_practically impassable,
and though horses have been taken high on the mountain around the
east side of the small lake formed by the damming of Skolai Creek
by Nizina Glacier the climb is so great and so difficult that it has
been attempted but a few times. Travelers now ascend Chitistone
River to its head and cross a broad, high pass with abrupt northern
slope to the foot of Russell Glacier, which occupies Skolai Pass, and
thence reach the head of White River, This trail will be described
in a little more detail, in the hope that such a deseription may possi-
bly benefit some one who has occasion to use it. It must be borne
in mind, however, that the condition of a glacier changes from year
to year and that a route followed this year may be impassable next
year. In crossing with horses from White River to Skolai Creek,
the north side of the glacier should be followed as closely as possible.
The top of the “moraine,” the débris-covered east end of the glacier,
is gained by ascending one of two or three narrow gulches that drain
the surface. These gulches are located somewhat north of the cen-
tral front of the moraine and lead with an easy grade to the summit.
When once fairly on top, the traveler Will not find it difficult to fol-
low the ill-defined trail or to pick & way across the moraine to the
bare ice, a distance of 2 or possibly 3 miles. Little direction can be
given for crossing the bare ice further than to follow as closely as
possible its north side and not to get out on the middle. The lobe
of the glacier at the head of Skolai Creek is greatly crevassed and
terminates in an abrupt face or wall not less than 25 feet high at
the lowest point. With a little difficulty horses can be taken off
the glacier at a point a short distance east of the source of Skolai
Creek, but they could not be taken on there without a great deal of
work. A better way is to leave the glacier at some point farther
east, along the side of Castle Mountain, but it is difficult to describe
the proper place where this may be done. From six to eight hours’
time are required in crossing the glacier. After leaving it the trav-
eler should immediately cross to the south side of the Skolai Creek
valley, being careful to avoid quicksand. If it is needed, a camping
place with feed for horses and willows for firewood is available on
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the low bench above the river flat, at the foot of the steep 1,400-
foot climb to the pass between Skolai Creek and Chitistone River.
For the first mile or two after crossing the summit traveling is easy,
except that care must be taken to avoid soft ground. The greatest
difficulty to be overcome on Chitistone River is encountered sev-
eral miles below the summit, where a high climb over loose talus
slopes is necessary to avoid the deep canyons of the river's northern
tributaries. This portion of the trail, as well as the glacier in Skolai
Pass, should not be attempted after the first winter snows have fallen.
Only light packs should be carried, and two days should be allowed
for completing the trip, unless the traveler is perfectly familiar with
the trail.

The trail from Nabesna River to White River traverses the de-
pression between the Wrangell and Nutzotin mountains. It ascends
Cooper Creek, following its eastern fork to the head of Trail or Notch
Creek, down which it leads to the Indian village on the south side
of Copper or Cross Creek, and thence southeastward across the low
timbered point to Chisana River and the mouth of Gehoenda Creek.
From Chisana River the trail follows Gehoenda Creek to its head
and, keeping close along the lower slope of the mountains on the
west, crosses a broad, open divide to the head of Sclo Creek, and
thus to White River,

Supplies intended for use in this region should be taken in during
the winter unless it is intended to bring them up White River in
boats. The cost of freighting either from Valdez to Nabesna River
or from White Horse to Canyon City is probably not less than 35
cents a pound when conditions are favorable, and may be consider-

ably more.
WORKING SEASON.

The climatic conditions here are those of interior Alaska. Sepa-
rated from the Pacific by a broad belt of lofty mountains, the region
is outside of the immediate influence of the ocean, with its tendency
to increase precipitation and minimize the temperature variations.
The rainfall is moderate in summer and the winter snows are not
excessive. Feed for horses is good in May or early June. On some
of the river bars there is an abundance of grass, particularly on upper
Nabesna and White rivers. For several years horses have even win-
tered on the White River bars. Prospectors using stock leave
Nabesna River for Valdez at the end of a summer's work about
August 25, or not later than September 1, but those on White River
remain till October without danger of lack of feed on the trail to
White Horse. Thus the working season on White River is consider-
ably longer than on the Nabesna or anywhere in the Copper River
basin,
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GAME.

Game is plentiful throughout this area. Sheep can be found at
the heads of almost any of the streams. In the early spring they
feed in the main valleys, but as the summer season advances they
wark farther and farther back into the higher mountains and seem
to choose especially the vicinity of the glaciers. Caribou, although
not present in such great numbers as in the Tanana-Yukon country,
are frequently seen on the low hills north of White River, and can
often be got with little difficulty, Moose in considerable numbers
range the flats bordering White River. Black and grizzly bears are
numerous, and the natives take a quantity of furs each year—fox,
lynx, marten, and mink. A few ptarmigan are found in the higher
untimbered valleys.

NATIVES.

The total native population of the area extending from the head of
Copper River to White River is probably not far from 45 or 50, The
natives are divided between three villages, if such they may be called—
one at Batzulnetas on Copper River, one at the mouth of Cooper
Creek on Nabesna River, and a third on Cross Creek opposite the
mouth of Notch Creek, in the Chisana Valley. The Batzulnetas and
Nabesna natives seem to rely on the white men for a considerable
portion of their food, but the Chisana natives are more independent.
Their more isolated position has brought them less into contact with
white men, and they have retained their own manner of living to a
greater extent. They depend almost entirely on game for food, and
lay up a good supply each fall for the winter’s use. All these natives
wear clothing obtained from white men, except their moccasins,
which they make themselves. Tea and tobacco also are in great
demand and can always be used in trade.

GENERAL GEOLOGY.

Both igneous and sedimentary rocks are present in the Nabesna-
White River region. In a broad way it may be said that the rocks
of the Wrangell and Skolai mountains are prevailingly igneous,
although they are associated with important water-laid rocks, and
that those of the Nutzotin mountains are prevailingly sedimentary,
although igneous rocks are locally prominent. Thus the depression
between these two mountain chains separates an area on the south-
west characterized chiefly by the results of volcanic activity from
one on the northeast characterized chiefly by the accumulations due
to sedimentation. The following table gives the important features
of the stratigraphic column so far as they are known:
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Gleneralized geologic section of Nabesna-White River district.

Quaternary. . ............. Gravels, till, and other unconsolidated deposits.
Ny T R Volcanic rocks.
Lignitiferous formation including shales, sandstones, lig-
nite beds, ete.
Favammio. ;- v cerrerraea Shales of Jacksina River.
Shales, slates, and graywackes of the Nutzotin Mountains,
Triassic. ... .._...........Thin-bedded limestones of Cooper Creek.
Carboniferous or later. ... Lavas and pyroclastic rocks, tufis, ete.
Shales,
(Carboniferous. . . .. .......Massive limestone.
Shales,

Basic lavas and pyroclastic rocks,

These rocks are not known to be present in a continuous section at
any one locality, and the table as given is made up from data col-
lected at various places. All the consolidated rocks are cut by dikes
and sills of basic igneous rock, mostly of a basaltic or diabasic nature.
The Carboniferous sediments have been further intruded by large
masses of quartz diorite and by diorite porphyries and andesites.
Whether these more acidic intrusions extend into the Triassic and
Jurassic sediments was not determined. In other words, the quartz
diorites and diorite porphyries are known to have been intruded after
the deposition of the Carboniferous shales and limestones, but it is
uncertain whether they were intruded before or. after the Triassic
beds were laid down.

As is shown by the table, the oldest known rocks of the region are
of Carboniferous age. The most conspicuous member of the Car-
boniferous succession is a massive limestone, highly fossiliferous,
ranging in thickness from not less than 200 to 500 or more feet. It
is exposed on the mountain sides south of White River and is seen at
various places along the northeastern slope of the Wrangell Moun-
tains from Skolai Pass to the head of Jack Creek. It should be
stated, however, that the correlation of some of the limestone areas
of the Wrangell Mountains is based on field relations rather than on
fossil evidence. The massive limestone is underlain by fossiliferous
shales or slates of Carboniferous age and by lava flows. Immediately
above it, as seen at Skolai Pass, are about 300 feet of shales with
intruded diabase sills. These shales, from which no fossils were col-
lected, appear to lie on the limestone conformably and are overlain
in turn by a great thickness of tuffs and lava flows. About 4 or 5
miles north of Skolai Pass this succession of voleanic rocks includes
water-laid tuffs and conglomerates, as well as diabasic and andesitic
flows, and is intruded by light-colored diorites. The evidence for
the age of the shales overlying the limestone is not conclusive, but
they are nevertheless included provisionally with the Carboniferous
sediments because of their seeming conformity with them.
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The Carboniferous beds are folded and locally are highly meta-
morphosed. This difference in the amount of metamorphism at
different localities is noteworthy, for in some places, as at a few of
the exposures on White River, the limestone seems scarcely to have
suffered change, whereas in others, as on Notch Creek, it is com-
pletely altered to a fine white marble. This extreme alteration can
readily be explained, however, as an effect of the diorite intrusion
with which it is associated. The effect of this intrusion is further seen
in the region of Orange Hill and at the Fjeld gold property on Jack-
sina River, where mineralization of contact-metamorphic order is one
of its immediate results.

The known Triassic sediments consist of thin-bedded limestones
occupying a single small area in the ridge between the two forks of
Cooper Creek. They have been greatly disturbed both by folding
and by faulting, and their relation to the near-by Carboniferous lime-
stones and the Jurassic shales was not determined.

The Jurassic sediments comprise banded slates and shales, together
with smaller amounts of arkose or graywacke, conglomerate, and
thin limestone beds. In places they are intruded by basic igneous
rocks, principally diabase, in the form of dikes and sills. A small
area of fossiliferous Jurassic shales was found near the mouth of Jack-
sina, River, but Jurassic sediments are developed mainly in the
Nutzotin Mountains, where, so far as known, they make up the
greater part of the chain. In most places the bedding of the Jurassic
rocks is easily distinguishable. The beds are folded and are locally
metamorphosed, with the production of a slaty cleavage. Small
veins of calcite and quartz are numerous, and some of them are known
to carry gold. The succession of banded slates and arkoses exhibited
in the Nutzotin Mountains, even when allowance is made for possible
reduplication of beds due to folding, must have a great thickness, for
it is exposed in a belt whose average width is not less than 15 miles.
The sediments are only slightly fossiliferous, and the fossil localities
found are few, so that the presence in this range of rocks other than
those of Jurassic age is entirely possible.

The Tertiary sedimentary deposits, so far as they are known, are
confined to a small area near the international boundary, a few miles
north of White River. They comprise sandstone, shale, and con-
glomerate with thin lignite beds, all lying in a nearly horizontal posi-
tion and cut by basaltic dikes. Furthermore, they appear to be
covered locally by lava flows. No fossils were collected from them
and their age was not deﬁmtely determined.

To the Tertiary period is also assigned a vast quantity .of the
younger volcanic rocks, chiefly dark vesicular lavas that are best seen
in the northern part of the area, These flows are most abundant
on the slopes of Mount Wrangell and Mount Sanford, but are less well
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developed to the southeast and seem to be present only in the highest
parts of the mountains. They differ from the older lavas in being
entirely fresh and unaltered. Their extrusion is thought to have
begun some time in the Tertiary period and to have continued to
very recent time,® for in places they rest upon unconsolidated gravel
deposits.

The Quaternary deposits include the unconsolidated materials
occurring throughout the region, and also a part of the lava flows
mentioned in the preceding paragraph. The unconsolidated deposits
consist principally of stream gravels, till, and other rock material
deposited by the glaciers, volcanic “ash,” and unassorted débris
resulting from rock weathering. In this region much of the material
composing the broad gravel flats built up by the streams was origi-
nally laid down by glaciers, but has since been transported and rede-
posited by water, so that indirectly a very large part of the uncon-
solidated deposits may be considered as of glacial origin. Glacier
and stream deposits together constitute the major part of the Quater-
nary. A conspicuous member of the unconsolidated materials is
made up of white volcanic ash and is best developed in the White
River region, where it forms immense drifts on the lower slopes north
of Mount Natazhat and is present in a bed 30 inches thick overlain
by 8 feet of peat on the gravel benches bordering the river. It is
found in an easily distinguished bed from 6 to 10 inches thick as far
north as Chisana River, but was not noticed on the Nabesna. It con-
sists chiefly of fine white pumice, inclosing a large number of tiny
hornblende crystals and biotite. Occasionally pieces of pumice
several inches in diameter are found on the river bars, but in the
undisturbed beds pieces hall an inch in diameter are exceptional.
The source of this material is not known, but it is thought to have
come from a volcano somewhere to the south of White River.

The Nabesna-White River region is one of profound glaciation,
whose existing glaciers are but small remnants of those that have
gone before. Till and other glacial deposits high above the valley
floors give abundant evidence of a former ice extension which was
far greater than that of the present and during which most or all of
the valleys were filled by the ice and many hills of considerable height
were buried beneath it.

MINERAL RESOURCES,
INTRODUCTION.

The mineral resources of the upper White-Nabesna region that
have attracted the attention of the prospector are copper and gold,
and, in an incidental way, zinc, lead, and lignite. The probable

s Mendenhall, W. C., Geology of the central Copper River reglon, Alasks: Prof, Paper U, 8, Geol. Burvey
No. 41, 1805, p. 57.
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occurrence of native copper has long been surmised from the reports
of the Indians. As early as 1891, the year in which the upper White
River country was first penetrated by white men—an exploring party
of three, one of whom was C. W. Hayes, of the United States Geolog-
ical Survey—astonishing Indian stories concerning the enormous
quantities of native copper found in that region were told to the
members of the expedition while at Fort Selkirk, on the head of the
Yukon.® During the trip up White River and over Skolai Pass,
which was made by back packing and which consequently allowed
but a casual examination of the line of travel, nothing, however, was
seen to support the exaggerated statements of the Indians; but it
was definitely ascertained that some placer copper was present on
Kletsan Creek near the international boundary. From 1898 onward,
in response to Indian reports which had in popular esteem invested
the upper White River country with mineral wealth of a vastness in
proportion to its remoteness and inaccessibility, prospectors kept
coming into the region in search of native copper and gold.

The first published description of copper as a prospective resource
was given by Brooks,> who hastily traversed this belt in 1899 as
geologist accompanying the Peters exploring expedition and who
came to the conclusion from the abundance of copper indications
““that this upper region is one that is worthy of careful investigation
by the prospector and the capitalist.”

In 1902 a placer-gold stampede brought an influx of prospectors
into the upper White River country, but as no paying quantity of
precious metal was discovered the majority soon left for more prom-
ising fields. The few that stayed turned their attention to the
copper resources of the region, many of them being incited to this
search by the prevalent Indian reports of large deposits of native
metal.

In 1905 reports of fabulously rich deposits of metallic copper in
the headwater region of Nabesna River were widely circulated in the
public press. Examination in the field shows that these statements
rest on but a very slender basis.

COPPER. '
GENERAL CONDITIONS OF OCCURRENCE.

The reported presence of native copper in vast quantities was, as
already pointed out, the original incentive that drew the pioneer to
the White-Nabesna region. Prospecting in search of these deposits
has shown that copper in its bed-rock sources is widely distributed in

aHayes, C. W., An expedition through the Yukon district: Nat. Geog. Mag., 1892, pp. 117-162.

b Brooks, A. H., A reconnaissance from Pyramid Iarbor to Eagle City, Alaska, including a description
of the copper deposits of the upper White and Tanana rivers: Twenty-first Ann. Rept. U. 8. Geol, Sur-
vey, pt. 2, 1900, p. 382
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the form of sulphides (chalcocite, bornite, and chalcopyrite), and on
the basis of the facts revealed by the little development work that
has been done it may be stated that most of the native copper found
in the region is an oxidation product of those sulphides. In mode of
occurrence the copper ore shows two different habits, geologically
distinct. In one,so far the better known, it occurs associated with the
Carboniferous basaltic amygdaloids, and in the other it is found in
limestone at or near the contact with the dioritic intrusives.

Native copper occurs as nuggets in the gravels of many of the
streams, and green-coated lumps of metal up to 5 pounds or more in
weight are occasionally found in the wash of creeks draining areas of
amygdaloid bed rock. This stream copper was the source from
which the Indians obtained their supply when it was an object of bar-
ter among them. From the accounts of Iayes and Brooks, Kletsan
Creek appears to have been the placer locality best known to the
natives.

Metallic copper oceurs also in the surface croppings of sulphide
deposits in the amygdaloids, where it is undoubtedly an oxidation
product of the sulphides that appear in depth. In such places it is
directly associated with the dark-red oxide (cuprite) and more or less
green carbonate. At the prospect known as ‘‘Discovery,” which is
located in Canadian territory on White River a few miles below the
international boundary, a large slab of native copper averaging 8 by
4 feet by 4 inches thick and weighing probably close to 6,000 pounds
has been uncovered in the slide rock. A number of other sheets of
copper up to several hundred pounds in weight have been found in
the near vicinity. On account of the stimulus that this find has
exerted on the prospecting of the adjacent American territory, the
occurrence merits some description in this report. The stripping of
the bed rock near the great nugget exposes a face of green basaltic
amygdaloid 20 feet high and 15 feet wide. The rock is traversed by
numerous seams of native copper along fractures and slickensides,
but toward the bottom of the open cut stringers of chalcocite begin
to appear. About 150 feet from this prospect an opening on an
independent occurrence shows stringers of cuprite with admixed
copper, stringers of glance and calcite, and chalcopyrite disseminated
through the amygdaloid country rock. From these features it is
clear that the metallic copper of this deposit is a superficial oxidation
product of sulphides, that its downward extension is small, and that
the prevailing sulphide at greater depth will probably turn out to be
chalcopyrite.

At a few localities native copper is associated with certain highly
amygdaloidal portions of the Carboniferous basalts and intergrown
with the white minerals that fill the former steam cavities in the
ancient lava flows. Slaggy-looking portions produced by the weath-
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ering and removal of the amygdules from the lava and amygdaloid
that is cut by small irregular veinlets filled with the same minerals as
those forming the amygdules appear to be the most favorable places
for metallic copper. The copper in the vesicles and stringers is asso-
ciated with calcite and delicately spherulitic prehnite, but in some of
the veinlets calcite, prehnite, quartz, a black lacquer-like mineral,
partly combustible, and chalcocite, instead of metallic copper, are
associated together.

At"a number of places throughout the region narrow stringers of
chalcocite cutting the ancient basalts are encountered, but so far
as kriown none have any great persistence. Near the head of Cross
Creek, locally known as Copper Creek, a thin quartz-chalcopyrite
vein cutting the bedded volcanic rocks has been discovered. At other
localities some irregularly disseminated sulphides, in some places
chalcocite, in others bornite, occur in the basalts, but these do not
appear to be connected with definite vein or lode systems and are
consequently of an unencouraging character. Oxidation of these sul-
phides and disintegration of the containing rock give rise to the nug-
gets of cuprite and -native copper that are found in the talus slopes
at several places in the region.

In contrast to these occurrences, which, as shown by the foregoing
discussion, are limited to the ancient basalt flows, copper is found as
bornite and as chalcopyrite intergrown with contact-metamorphic
rock in limestone adjoining diorite intrusives. In deposits of this
type the ore mineral is associated with garnet, coarsely crystalline
calcite, epidote, specular hematite, and scattered flakes of molyb-
denite. The garnet is commonly crystallized in dodecahedra and is
intimately intergrown with the bornite and chalcopyrite. On account
of its weight and especially its appearance, which is not unlike that
of cassiterite, it was mistaken for tin ore by some of the early pros-
spectors. Only two deposits of this character were seen in place,
but evidences of energetic contact metamorphism were detected at
a number of other localities. An extensive contact zone has been
produced along the junction of the diorite and the massive limestone
exposed on the ridge west of Copper Pass. Various contact-
metamorphic rocks, pyritiferous as a rule, are present in this zone,
and these rocks on oxidizing give rise to large iron-stained outcrops,
which contrast strongly with the surrounding white limestone. In
connection with the discussion of the contact-metamorphic deposits
it may be stated that the writers were shown some specimens of
copper ore containing abundant large octahedra of magnetite and
blebs of chalcopyrite in a gangue of coarse calc spar. This ore was
undoubtedly obtained from the vicinity of an intrusive diorite-
limestone contact, but whether commercially valuable ore bodies of
this character exist in this region, which is so remote from transporta-
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tion facilities, is yet to be demonstrated, in view of the fact that copper
deposits of contact-metamorphic origin are characteristically bunchy
and low grade.

NABESNA RIVER.

Near the head of Nabesna River and below Nikonda Creek some
work has been done on a prospect (the Shamrock claim) situated 2,000
feet above the floor of the valley. The stripping of the talus from
the base of the massive Carboniferous limestone has disclosed a large,
irregular body of massive garnet rock containing some disseminated
bornite and chalcopyrite. Here and there a little molybdenite can
be detected. Veinlets of garnet traverse the surrounding coarsely
crystalline white limestone. At the time of examination the best
exposure of visible ore was a body of solid bornite 4 or 5 inches thick
and perhaps a foot long.

On Jacksina Creeck the same limestone is intruded by diorite
and cut by a large number of diorite dikes. Considerable contact
metamorphism has resulted and large garnet masses, locally rich in
chalcopyrite, were produced. The metamorphic action was of selec-
tive character, certain limestone beds being converted into garnet,
whereas others were changed to tabular masses of white silicates.
These relations are exposed with diagrammatic clearness in the lime-_
stone cliffs. The copper-bearing rock, in typical specimens, consists
of garnet, much of it finely crystallized in dodecahedral form, calcite,
chalcopyrite, and some specular hematite. The present indications
show that the ore occurs rather in a number of scattered bunches
than in a single large workable deposit.

CHISANA RIVER.

At the head of Cross Creek, several miles above the lower end of
the glacier, a thin quartz-chaleopyrite vein cutting the andesitic
lavas and breccias has been discovered, but most of the information
concerning it is derived from fragments of ore found in a talus slope
600 feet high. A little galena is associated with the copper mineral.
In the same vicinity some outcrops of zine ore, a resinous sphalerite
with scattered galena, have been found, but the exposures are poor
on account of the covering of slide rock.

Native copper can be found in some of the streams in the amygda-
loid area between Cross Creek and the Chisana. There are also in-
definite Indian reports that rich deposits of native metal occur in the
mountains bordering Chisana Glacier, but the exact locality has not
vet been discovered.
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WHITE RIVER.

At the head of the middle fork of White River, a large tributary
entering from the northwest 5 miles below the head of the main
stream, some claims have been staked on outcrops of rock carrying
native copper. Two small open cuts 1,450 feet above the stream
were seen on the Copper King claim. The country rock at this
locality consists of stratiform basalts of Carboniferous age intercalated
with beds of breccia and brick-red tuffs, striking N. 85° E. (magnetic)
and dipping 18° S. into the mountain. Native copper is apparently
limited in its occurrence to a certain definite volcanic sheet—a reddish
lava that is locally amygdaloidal to a high degree. For 200 feet along
the outerop of this sheet metallic copper intergrown with prehnite,
calcite, and zeolites can be found here and there in encouraging
amounts. The thickness of the cupriferous portion of the amygda-
loid appears to be about 6 feet, but as almost no development work
has been done on the property figures of this kind have little value.
The copper occurs as irregular reticulating masses of metal several
inches long and as small lumps and minute particles embedded in
the minerals that fill or line the former vesicles in the lava flow. In
places these minerals ramify in the shape of small veinlets through
the body of the rock surrounding the amygdules, or form irregular
masses, and such places are eminently favorable for metallic copper.

This oceurrence is the only one seen during the summer in which
the native copper appears to be of undoubted primary origin. If the
ore shown on the surface has any downward extension, a fact which
can be established only by actual exploration, it can be predicted
with a high degree of confidence that metallic copper also will persist
downward. To this extent the surface indications are distinetly
favorable. Some doubt as to the probable amount of ore may well
be entertained in view of the character of the deposits. It is well
known that native copper associated with zeolites filling amygdules
in basaltic lavas is found throughout the world in widely separated
localities—the Faroe Islands, the trans-Baikal region, Brazil, Queens-
land, and Lake Superior—yet only those from the Lake Superior
region have yielded ore bodies of commercial value.

On Moraine Creek, a small stream in a glacier-filled valley on the
east side of Russell Glacier, a number of claims were staked during
1907 and 1908. The bed rock here also consists of green and reddish
amygdaloids, with associated breccias striking N. 85° W. (magnetic),
but dipping 55° 8. at an angle considerably steeper than on Middle
Fork. In some places it can be seen that the upper portion of a
lava sheet is more highly amygdaloidal than the rest of the flow.
Malachite-stained fragments of rock can readily be found in the
talus slopes. Copper occurs in place in small seams cutting the
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amygdaloid, the veinlets consisting of spherulitic prehnite and cal-
cite, flecked with red metal and chalcocite. There are also small
stringers composed of quartz, prehnite, a black combustible mineral
(a solid hydrocarbon?), and chalcocite. It seems probable that the
native copper and chalcocite are of contemporaneous origin. At
another point on Moraine Creck the lava, in addition to containing
white amygdules of zeolite, carries irregular blebs of chalcocite,
which give the rock somewhat the appearance of a glance-bearing
amygdaloid. Such development work as has been done on Moraine
Creek indicates that the amygdaloidal phases of the basalts here,
too, are the most favorable, and are likely ‘to be found along the
contacts of successive lava flows. As the superimposed sheets of
lava commonly differ in color and texture the contacts can easily
be located.

Near the head of White River similar Carboniferous voleanic rocks
form the west wall of the valley. They consist of basaltic tufls,
breccias, amygdaloids, and porphyritic sheets, dipping 10° N. The
colors of the lavas are dark red-browns and greens. A number of
prospects have been located on chalcocite croppings a few miles below
the edge of the moraine of Russell Glacier. In the main, these out-
crops consist of small bodies of shattered amygdaloid permeated
with seams of chalcocite. At one prospect a thin glance stringer an
inch or so in thickness cuts vertically across the nearly horizontal
volcanic rocks. It is adjoined by sheared amygdaloid walls, and
veinlets of white earthy material ramify through the adjacent rock
to great distances. A few hundred feet below this Jocality, on what
is thought to be the same vein, is another open cut on a glance
stringer about 3 inches wide, largely solid sulphide, which is inter-
grown to some extent with a zeolite mineral, probably laumontite.
The cliff above the cutting shows that the stringer pinches out verti-
cally within 6 feet.

On Rabbit Creek, at a point near the international boundary and
about 7 miles north of White River, an adit 20 feet long has been
driven on a shattered zone in basalts, presumably of Carboniferous
age like those prevailing throughout the region. At the mouth of
the adit the zone, which is about 40 feet wide, is iron-stained and
variegated with blue and green carbonates of copper. The unoxi-
dized rock carries sparsely disseminated chalcopyrite.

The copper deposits on Kletsan Creek were not visited on account
of lack of time at the end of the field season. The placer copper,
according to Brooks,” “‘as far as observed, is confined to a distance
of about half a mile above the point where the creck leaves its rocky

= Brooks, A. 11, A reconnaissance from Pyramid Harbor to Eagle City, Aluska, Including a description
of the copper deposits of the upper White and Tanaps tivers: Twenty-first Ann, Rept, U, 8. Geol, Burvey,
Pt. 2, 1900, p. 381.
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canyon.” It is traceable up to the glacier from which the creek is
discharged. In 1902, a number of years after this examination,
which was necessarily of a hasty character, some attempt was made
by interested capitalists to test the placer copper posalblhtms'of the
locality. On account of the glacial ice and snow in the high ranges
at the head of the creek and a number of other adverse conditions,
unfavorable conclusions were reached. Some bed-rock occurrences
of native copper were described by Brooks @ as consisting of au
irregular system of veins traversing joints in the greenstones. The
filling of the veinlets consists of calcite, and careful search showed
that some of them carried native copper. The deposits on which
prospecting is being done at present consist, however, of chalcocite,
as seen from specimens purporting to have come from Kletsan Creek.
It is stated that a good trail has been built from Generk River ® to the
deposits and that considerable work has been done on them.

GOLD.

At the present time prospecting for gold in this region is confined
to lode deposits, as placer gold has proved to be present in the streams
in unremunerative amounts. The stampede from Dawson in 1902
was directed toward Beaver Creek and its tributaries in the vicinity
of the international boundary, and the surrounding territory was soon
staked far and wide by the stampeders. A few holes put down in
the gravel bench of Beaver Creek are now the only tangible signs of
their former activities. It is reported by participants in the stam-
pede that some coarse colors of gold were found in the creek gravels.
The wash of the streams is rather coarse, consisting mainly of well-
rounded cobbles and bowlders of diorite, and the bench gravels also
are coarse, as, for example, in the 50-foot bench of Beaver Creek,
where bowlders of diorite up to 6 feet in diameter are not uncommon.

NABESNA RIVER.

At the Royal Development Company’s property on Jacksina Creek
a number of cuts have been opened on a gossan derived partly from
the oxidation of a pyritized sheared diorite and partly from the oxida-
tion of the adjoining pyritized contact-metamorphosed limestone.
The trend of the deposit is N. 45° E. (magnetic), and it ranges in
width from 4 to 15 feet. The surface ore consists in part of cellular
quartz, iron stained and carrying free gold. A 3-stamp mill was
erected in 1906 and about 60 tons of surface ore was crushed, yielding,
it is reported, $12 a ton in gold. During the summer of 1908 the mill
was not in operation, inasmuch as the work of the season was directed

a Op. clt., pp. 350-381.
b This name conforms to official Cansdian usage; on older maps the stream was called *‘ Klutlan.”
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toward crosscutting the deposit about 200 feet below the outerop.
At the time of visit (middle of July) the crosscut was expected to
strike ore within 25 feet. Three men were employed on the property.

" WHITE RIVER.

Near the base of the gravel bench on Beaver Creek, about 1 mile
upstream from the mouth of Ptarmigan Creek, an outcrop of sulphide
ore 2} feet by 5 feet in surface exposure protrudes through the gravel.
Tt consists of solid pyrrhotite, admixed with a little chalcopyrite and
minor amounts of quartz, and is reported to carry $18 to $40 a ton in
gold. An adit 30 feet long has been driven 10 feet to the east of
the outerop, but encounters no ore, showing only shattered diorite
country rock traversed by narrow quartz seams. As the gravel bench
is grown over with moss, the single cropping furnishes the little that
is known concerning the lode. -About 200 feet downstream the bluffs
show that the diorite is intrusive into hard massive shales,

At the head of Eureka Creek, near the international boundary, a
number of strong quartz ledges have been discovered. Eureka
Creek is situated about 30 miles north of the mouth of the upper
canyon of White River, where a small settlement, (“Canyon City")
has grown up on the north side of the stream. The bed rock at the
head of Eureka Creek consists of shales interstratified with limestones
and dark-violet andesitic breccias. Locally the limestones are highly
tuffaceous and crowded with fossils. The rocks are practically stand-
ing on edge and trend N. 87° E. (magnetic). A lenticular bed of
limestone 200 feet in maximum thickness and several thousand feet
long forms bold crags projecting above the more easily weathering
shales that inclose it. The sedimentary rocks are pierced by a large
number of porphyritic dikes and intrusions, of which at least four
varieties were seen during the very hasty reconnaissance of the region,
These include green dioritic and andesitic porphyries and, in the
vicinity of the Violet claim,a more siliceous porphyry containing small
feldspars and quartzes embedded in a flinty-looking matrix. From
the prevalence of diorite bowlders in the gravel of Eureka Creek it -
can safely be inferred that irruptive masses of diorite, such as were
found in neighboring areas, are present in the vicinity. The quartz
lodes form prominent outerops ranging in thickness from 4 to 12 feet,
and many of them can be traced for considerable distances. As a
rule, the quartz is nearly barren to the eye, showing only a small
amount of chalcopyrite and surface stains of azurite. The values are
believed to lie in gold, but information on this point is scanty as yet.

The most development work, however, has been done on the Eureka
claim, where an argentiferous galena-sphalerite ore has been discov-
ered. Values close to $30 a ton are claimed. The mineralization

79205—Bull. 379—09——12
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follows a zone of crushing 6 to 8 feet wide apparently in a porphyry
dike crosscutting the shale country rock. The trend of the deposit
is N. 25° W. and the dip 74° E. An adit 60 feet long has been driven
on the lode. .

On the other side of the divide at the head of Eureka Creek a small
stream named Anaconda Creek flows eastward to Beaver Creek.
Near its head a quartz lode on what is known as the Beaver claim has
been staked. It ranges in thickness from 6 to 12 feet of solid quartz
and strikes north and south, crosscutting the strata of the country
rock. A number of large outerops expose the ledge for several hun-
dred feet, and it probably extends for several thousand feet. Chal-
copyrite and azurite are the only visible ore minerals. Assays are
reported to have yielded $1.50 a ton in gold and 14 per cent in copper.
It is possible that the apex of an ore shoot carrying profitable amounts
of gold may yet be found in a vein of this size and persistence, and
further prospecting with this possibility in view is certainly to be
recommended.

Near the head of Fourmile Creek, a large western tributary of
Eureka Creek, a considerable number of quartz outcrops have been
discovered, and some of these, it is stated, give encouraging returns
in gold from panning of the crushed ore. Along the crest of the ridge
2,500 feet above the stream a great number of quartz veins from
8 to 30 feet thick are exposed. The Jumbo quartz vein, approxi-
mately 30 feet thick, forms towering pinnacles emerging through the
slopes of loose talus. 1t represents a zone of brecciation and silicifica-
tion and includes large angular fragments of country rock several
feet in diameter. - The quartz shows to the naked eye nothing but
small sporadic amounts of chalcopyrite. The wall rock of this great
quartz mass is a siliceous feldspar porphyry which forms a large
intrusion in the surrounding shales and argillites. The porphyry
. itself is cut by green dikes which are noteworthy on account of the
numerous large crystals of hornblende, 2 to 3 inches in size, scattered
through them.

The Husky lode is situated in a more accessible place than the
Jumbo. The cropping forms a 15-foot stream bluff on the north side
of Fourmile Creek and shows that the lode is a zone of silicification,
approximately 30 feet wide, in a crushed feldspar porphyry. The
top of the bluff reveals the fact that considerable unsilicified porphyry
oceurs within the lode, Only one wall of the lode is exposed, and this
is not sharply defined, but is a zone of imperceptible transition from
quartz to unsilicified porphyry country rock. The lode carries a
small tenor of chalcopyrite and an undetermined amount of gold.

Along the middle course of Fourmile Creek some desultory pros-
pecting has been done in the tributaries entering from the south side.
The geologic features are essentially similar to those on Eureka Creek.
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Intrusive masses of a gray medium-grained hornblende-biotite diorite
appear here, and large areas of this rock are shattered and reticulated
with veinlets of gypsum, a very unusual mode of occurrence for that
mineral, The gypsum is fine grained and crystalline and many of
the stringers carry considerable pyrite, but are of no economic impor-

tance,
LIGNITE.

A formation consisting of sandstones, shales, and conglomerate
lying nearly horizontal is developed in the region of Coal Creek
near the international boundary, but its areal distributioh is not
known. Fragments of lignite can be found in the slide rock of stream
cuttings on Coal Creek, but at the point examined by the writers
they did not appear to come from thick or continuous beds. In
addition to these unfavorable features the strata are pierced by
large vertical dikes of basalt, Toward the head of Coal Creek the
lignite-bearing formation appears to be covered under a heavy
series of voleanic flows. Petrified wood is common as float in the
gulches cutting the formation. The lignite has a woody, fibrous
texture, but on cross fracture shows a brilliant black glossy surface.
The subjoined analysis, furnished by the courtesy of Mr. John Sin-
clair, shows that it is well within the lignite class of coals.

Analysis of lignite from Coal Creek.
[By Athelstan Day.]

T R e AP ULt 14. 85
Yolatila TORIEET o o v o e e e A R AN 47,20
Fizod carhan:c:ou s asima s s ai s smiu s 29, 15,
R o v iy e s e S R R S S R 8.80
100, 00

CONCLUSIONS.

The White-Nabesna region can be more easily prospected in some
respects than many other parts of Alaska, on account of the relative
abundance of bed-rock exposures. Most of the showings of ore
found thus far are situated well up on the mountain sides, generally
beneath walls of rock cliffs and above the encumbering talus slopes.
This is, of course; to be expected in a region that is incompletely
prospected, but it entails the disadvantage that the prospects are
located far from timber. The greater number of the copper pros-
pects are found in the Carboniferous basaltic amygdaloids, a relation
" which is also essentially true for those of the Chitina country. The
geologic investigation of the region has established the fact that
these volcanic rocks have a considerable distribution and underlie
the greater part of the Wrangell Mountains, Much of this territory,
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however, is unfortunately not accessible on account of its numerous
glaciers and extensive ice fields.

The main interest of the White-Nabesna region has centered in
the occurrences of native copper. No phenomenal ore bodies have
vet been discovered, but it has been shown that primary native
copper occurs in the amygdules of zeolitic amygdaloids, a mode of
occurrence unknown on the Chitina side of the Wrangell Mountains.
This discovery is sufficiently encouraging to warrant further devel-
opment, and it is to be hoped that the nature and extent of the
deposit will soon be demonstrated.

From the deseriptions given in the preceding pages it will be appar-
ent that a lode-quartz region of some promise has been discovered
in the Nutzotin Mountains, near the international boundary, and
that as yet it has been but imperfectly explored by the prospector.
It was shown that the intrusion of quartz diorite produced a number
of contact-metamorphic bodies of copper sulphides, and the occur-
rence on Jacksina Creek suggests that the magma was also capable
of effecting an auriferous mineralization. From the meager data at
hand it is perhaps unsafe to venture on generalizations, yet it is
probable that the quartz veins are genetically related to the intru-
sion of the post-Carboniferous quartz diorites and that, therefore,
the intruded areas are those most likely to be mineral bearing. Such
areas are known to occur throughout the Nutzotin Mountains at a
number of localities, especially along the northeastern flanks. Brooks
has mapped a large area of granular intrusive on the lower Nabesna.
It is probable that in the vicinity of such masses the search for lode
quariz may be prosecuted with the most hope of success.



THE FATRBANKS GOLD PLACER REGION.

By L. M. Prixore and F. J. Karz.

INTRODUCTORY STATEMENT.

The Fairbanks region, notwithstanding strikes of the miners in
1907 and an unusually dry summer in 1908, produced during the
year approximately $9,200,000 in placer gold. The importance of
the region and the demand for accurate maps by miners, prospect-
ors, and others operating or having interests in the region led to the
mapping of the most productive area by the Geological Survey iu the
field season of 1907, The results of this work were published in the
summer of 1908 as the Fairbanks special map. The area covered by
this map lies in about the central part of Alaska. It is about 35
miles long from northeast to southwest and 16 miles wide. Most of
it lies diagonally between parallels 64° 45" and 65° 10’ and meridians
147° and 148° 15’. The map is on a scale of 1 to 62,500, or about 1
mile to the inch, and has a contour interval of 25 feet. Topographiec
data, such as the shape of the surface and the drainage areas and
grades of the streams, are thus clearly visualized and rendered avail-
able for utilization by miners and engineers.

This map was used as a base during the summer of 1908 for the
work of a Survey party that was engaged in studying the geology and
mining developments. The results of this work will be embodied in
a report that is now in preparation. The present preliminary state-
ment includes only those facts which seem most appropriate for em-
phasis at the present time. To illustrate this statement the accom-
panying geologie sketch map (PL. VIII), including the area covered
by the Fairbanks special map, has been prepared.

GEOGRAPHIC SKETCH.

RELIEF.

The surface of this area is predominantly one of ridges alternat-
ing with wvalleys ‘of corresponding size, limited on the southwest
by the northern edge of the Tanana Flats. The main ridges trend
northeast and southwest, but this general trend is obscured some-
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what by numerous bulky lateral spurs, trending in various directions,
that add to the uniformity of altitude so characteristic of the region.
The ridges are crowned locally by flattened domelike prominences
of somewhat greater height, and the greatest altitude above sea level
is approximately 2,700 feet. The main valleys also trend northeast
and southwest and are occupied by southwestward-flowing streams
whose waters ultimately reach Tanana River. The numerous lateral
tributaries flow in diverse directions corresponding to those of the
lateral spurs. The valleys exhibit a uniformity of depth below the
level of the even-topped ridges, and the northern edge of the Tanana
Flats is about 500 feet above sea level.

DRAINAGE.

The distribution of surface drainage is shown on the accompanying
geologic sketch map (Pl. VIII). With the exception of Tanana and
Chatanika rivers, most of the drainage of the area is of local origin
and the supply of water is dependent on local climatic conditions.
The creeks where mining is in progress are small, their drainage areas
are of moderate extent, the perennially frozen character of much of
the materinl gives but scant capacity for what little water might
otherwise be stored in it, the deforestation as a result of mining and
the removal of moss by fires diminish still further the storage capacity
of the surface, and the quantity of water in the streams is brought
through the interaction of all these factors into very close dependence
on the rainfall.

The large number of unsluiced dumps of pay dirt that accumulated
during the summer of 1908 bore testimony to the unfavorable effect
on mining operations of such conditions. A quantitative discussion
of the water supply will be found in the paper by Mr. Covert
(pp. 201-228).

CLIMATE AND VEGETATION.

The climate of the region, that of north latitude 65°, has naturally
influenced its economic development.

No temperature records for Fairbanks are available, but the tem-
perature at Tanana, in about the same latitude, 120 miles farther
west, for the period from August, 1901, to December, 1902, ranged
from —76° F. in January to 79° F. in August. The winter of 1907-8
was unusually mild, and December temperatures in that period, ac-
cording to reporf, ranged from —36° F. to 20° F., with an average
for the month of —3.4° F. Two critical periods for the region are
the times of closing and opening of navigation.  The last boats from
Fairbanks in 1906 for Dawson and St. Michael are reported to have
left on September 24 and October 2, respectively; in 1907, on Septem-
ber 22 and October 2. The earliest and latest dates reported for the
closing of navigation at Fairbanks for the years 1901 to 1907, in-
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clusive, are October 14 and November 23; at Fort Gibbon, on the
Yukon, for the same period of years, October 15 and November 9.
The Yukon and Tanana break up at dates varying in different years
from May 10 to May 15, and a few days later they are generally open
to navigation.

The region being one of semiaridity, the snowfall is not excessive.
The lakes and larger streams may freeze to a thickness of about 6 feet,
but there is a considerable amount of water in circulation throughout
the winter. Overflows are frequent and their repeated freezing,
particularly in the smaller valleys, forms constantly accumulating
deposits of ice known locally as “glaciers.” Such overflows of the
larger streams are a source of delay in travel, and such accumulations
of ice in the headward portions of small valleys, where they may lin-
ger till late in summer, are a source of delay in mining. Under
the operation of factors that are not clearly understood much of
the superficial portion of the area is permanently frozen to depths
that, so far as revealed by mining in the alluvial deposits, may ex-
ceed 300 feet. Differences in the material and in the position of the
material with reference to drainage, however, have exerted a modify-
ing action on the processes of freezing and there are considerable areas
of deep deposits that are unfrozen.

The shortness of the summers is compensated by the length of the
days. There are generally o killing frosts until about the first of
September. '

The mean annual precipitation, including both snow and rain, is
not large. Observations taken at Tanana at intervals from 1882 to
1886 gave an annual average of 15.45 inches. The rainfall, therefore,
although in some seasons more than sufficient for the needs of mining,
is more likely to supply less than the amount required.

Vegetation increases in amount gradually toward the southern part
of the region and is most abundant on the slopes adjaceat to the
Tanana. In this area there is a luxuriant growth of spruce, birch, and
poplar on the valley slopes and lower ridges and of large spruce fringing
the major streams and sloughs. A scrubby growth of small spruce
with scattered larch covers the valley floors. The tops of the higher
. ridges throughout the region are covered only with a scanty growth
of grass, moss, and low bushes. Inroads upon the fine growth of
birch and spruce on the slopes of valleys where mining is in progress
are resulting in a rapid deforestation of these slopes and the timber
is being replaced by an abundant growth of grass and in places clumps
of red-raspberry bushes. It has been demonstrated that vegetables
can be grown successfully in this area, The lower slopes facing the
Tanana Flats and adjacent portions of the flats are favorable for
cultivation and such land is being taken up as ranches.
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TRANSPORTATION,

The transportation of freight from points on the Pacific coast to
the Fairbanks region is being accomplished as heretofore by way of
Dawson and the upper Yukon and by way of St. Michael and the
lower Yukon. Freight and passenger rates from Seattle remain
about the same, averaging in 1908 about $75 a ton on ordinary sup-
plies and for first-class passengers $125 to $140. Freight shipments
to Fairbanks up to the close of navigation in 1908 approximated
15,000 tons. The supplies are brought by steamer to the towns of
Chena and Fairbanks. The areas of greatest present importance are
all within about 30 miles of these supply points, with which they are
connected by wagon roads and the Tanana Valley Railway.

Through the agency of these means of transportation the high
freight rates formerly prevalent on supplies from Fairbanks to the
creeks, about 5 cents a pound in the winter and 25 cents a pound in
the summer, have been reduced to a few cents a pound for summer
freights to the most extreme points. Besides Fairbanks and Chena,
which together have a population of several thousand, a number of
small towns of a few hundred population each have developed on the
creeks. The region has been in communication with the outside
world by means of the government telegraph system for several
years and during 1908 additional service was rendered available by the
successful installation at Fairbanks of a wireless station operated by
the Government.

GEOLOGIC SKETCH.
BED ROCK.

The Yukon-Tanana region lies in the interseetional area of the two
dominant structural trends of Alaska—southeast - northwest and
northeast-southwest—and includes a variety of formations possessing
complicated structures. It has been a field of sedimentation, dias-
trophism, widespread metamorphism, abundant intrusion, and vol-
canic action. Mantling the products of all these processes are prod-
ucts of weathering and alluvium.

A formation composed predominantly of schists, mostly of sedi-
mentary origin and regarded provisionally as pre-Ordovician, has a
wide distribution throughout the central and eastern parts of the
Yukon-Tanana region. Paleozoic rocks, including phyllites, lime-
stone, etc,, predominate in the western part of the region. The
boundary line between these two groups extends northeast and
southwest between Chatanika and Beaver rivers. The placers of the
Birch Creek district, many of those of the Fortymile district, and
those of greatest present importance in the Fairbanks district are
located in areas occupied by rocks of the older group.
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The rocks of this group, in the area covered by the Fairbanks
special map, include rather massive quartzites, quartz-mica schists,
carbonaceous schists, garnetiferous mica schists, lenticular bodies of
crystalline limestone, and highly metamorphosed rocks derived
partly, at least, from calcareous sediments. A few small bodies of
granitic gneiss are present.

The most common types of rock are quartzitic and quartz-mica
schists that oceur in thin alternating beds. These schists form the
predominant bed rock in the valleys where the placers are located
and their varying resistance to the process of weathering results in
alternating hard and soft bed rock that has an important influence on
the distribution of the placer gold. The soft, decomposed bed rock
is impermeable to placer gold, which may, on the other hand, sink to
a depth of several feet along the cracks and crevices of the hard,
blocky bed rock. The general structure has a northeast-southwest
trend. Carbonaceous schists with associated calcareous beds,
crystalline limestone, and hornblende schists are present, mostly in
a zone extending northeast and southwest along the line of the Gold-
stream Valley. Garnetiferous altered calcareous rock occupies an
interrupted zone along the northwest side of the main ridge and is
there most common in lenticular masses in the schists of the upper
parts of the valleys of Vault, Dome, Cleary, and Captain creeks.
Chiastolite schists are limited to the northern portion of the area
shown on the map, in the upper valleys of Captain and Alder creeks
and the intervening ridges. A small patch of conglomerate and
sandstone of comparatively recent date caps Fourth of July Hill,
near the eastern limit of the area.

The region is one of close folding, and in some places the rocks have
been-folded so far upon themselves that the folds are in a recumbent
position. The schists are jointed with two prominent sets nearly at
right angles. Minor folding and crumpling are rather general, and
therq is a local development of cleavage and cleavage banding. Quariz
veins are common,some of them having been folded with the schists and
in places reduced to lenticular fragments and another system having
crosscut the schists. Quartz veins up to 8 feet in thickness were
observed. The schists and quartz veins have at many localities
undergone intense brecciation and these brecciated zones have been
recemented with quartz and ferruginous matter which has also pene-
trated the substance of the schists.

Igneous rocks have played an important part in the geologic his-
tory of the Yukon-Tanana region. These rocks are usually distin-
guishable from the rocks of sedimentary origin with which they are
associated, and betray in the characteristics that render them dis-
tinguishable the different process to which they owe their origin.
Differences in the composition of molten material have resulted in
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rocks of widely varying mineral composition. Differences also in
the conditions under which consolidation has taken place cause great
differences in the resultant products. Material that has been intruded
into other rocks in & molten condition at great depths below the con-
temporaneous surface of the earth and has gradually consolidated
there forms ultimately a completely crystalline rock which is entirely
different in appearance, though having nearly the same composi-
tion, from the rock formed of the same kind of material that has
been poured out over the surface of the earth as lava and then sub-
jected to rapid cooling. Through the processes of metamorphism
to which all rocks are subject the igneous rocks of deep-seated origin
and those poured out at the surface may depart far in composition
and structure from the original rock. The Yukon-Tanana region
contains representatives of three different groups of igneous rocks—
intrusive rocks of various kinds formed at various depths below the
surface, extrusive rocks formed from igneous material that has welled
out upon the surface, and metamorphic igneous rocks formed by the
alteration of either of the other groups through the processes of
metamorphism.

Igneous rocks may have a far-reaching influence in fracturing and
altering the rocks into which they have come and introducing into
them many products not originally present, among which are ores of
metals or metals themselves. Igneous rocks are common in all the
gold-placer areas of the Yukon-Tanana region, and the available evi-
dence points to them as being, indirectly at least, the cause of the
gold occurrences from which the placers have been derived. The
distribution of igneous rocks, their delimitation from the sedimentary
rocks, and detailed information as to their mode of origin and the
part they have taken in the geologic history of the region are there-
fore of prime importance to those interested in mining. For these
reasons the main areas of igneous rocks in the Fairbanks district have
been roughly outlined on the accompanying sketch map (Pl. VIII).
It is noticeable from the map that although there are no very large
bodies of these rocks and they occupy but a small part of the total
area they nevertheless have a wide distribution throughout the district
and occur somewhere in all the valleys where productive placers have
been found.

Most of the igneous rocks of the Fairbanks district are unmeta-
morphosed intrusives of the granodioritic group; they comprise
quartz diorite, porphyritic biotite granite, and persilicic rocks. There
are a few small areas of granite gneiss. Fresh-basalt is found on
Fourth of July Hill, where it occurs most probably as a small flow,
and it is present also in the lower valley of Alder Creek. A few
small, inconspicuous basic dikes occur in the district. The quartz
diorite forms the main mass of Pedro Dome. It has intruded the
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schists, and in the surrounding area there are small dikes derived
from the same magma. Small inclusions of quartzite schist are to
be found in the marginal area of this rock, particularly on the north-
west side of Pedro Dome. The quartz diorite shows but little altera-
tion or mineralization, and the contact effect seems to have been
limited to a slight alteration of the schists, expressed principally by
the development of biotite.

Porphyritic biotite granite is more abundant than the quartz dio-
rite and forms the largest intrusive mass in the district—that of the
ridge between Gilmore and Smallwood creeks. A considerable mass
of it occurs also on Twin Creek, in close relation with the quartz dio-
rite of Pedro Dome, which is intruded by related dikes. There are
numerous persilicic dikes throughout the district, and these seem on
superficial study to be referable to the same magma. The biotite
granite is in places heavily mineralized with iron pyrites, which is in
some localities distributed along the joint planes of the granite and
in others embedded in the mass of the granite itself and surrounded
by rusty areas due to the alteration of the pyrites. Small rusty dikes
so heavily charged with ferruginous matter that their original char-
acter is obscured are of common occurrence throughout the district.
They are generally covered by & thick mantle of moss and muck, and
their presence in a valley may be revealed only by a small proportion
of this material in the heaps of tailings from the placers. One of the
largest areas of these highly altered rocks is on the west side of Pedro
Dome at the head of Dome Creek; here practically the only original
mineral that has escaped alteration is quartz, whose distribution in
the rock shows an original graphic relation to feldspar. The altered
granitic dikes at this locality, as well as the schists in which they are
found and the quartz veins in the schists, have been brecciated and
impregnated with secondary quartz and ferruginous matter. In the
narrow belt of schists separating the quartz diorite of Pedro Dome
from the porphyritic biotite granite of Twin Creek auriferous quartz
veins have been found along joint planes, and it seems highly prob-
able that the intrusion of the granitic rocks has been accompanied or
followed by the deposition of gold in the surrounding schists.

The extent of mineralization in the Fairbanks region is shown also
by the common presence of stibnite (antimony sulphide), either inti-
mately associated with granitic dikes in the schist, as at the head of
Cleary Creek, or in quartz veins in the schist, as in the ridge at the
head of Ready Bullion Creek, a tributary of Ester Creek. On Chat-
ham Creek gold has been found in a quartz vein with stibnite, zine
blende (zine sulphide), and iron pyrites.

Native bismuth has been found locally in the gravels, and some
pieces are intergrown with gold. Concentrates from the placers are
still under investigation and have been found to contain galena,
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amsenopyrite, wolframite, and cassiterite. Cassiterite is of rather
common occurrence in the concentrates, notably in those from Cleary,
Twin, and Eldorado creeks.

Neither the age of intrusion nor that of mineralization is known.
The nearest similar intrusive rocks whose age is rather definitely
determined are those of the Rampart region, 80 miles to the north-
west, where Upper Cretaceous rocks have been intruded. The unal-
tered intrusives of the Fairbanks region may have been intruded at
the same time as those of the Rampart region.

The greatest part of the auriferous material has probably been
deposited subsequent to most of the intrusive masses, and the deposi-
tion may have accompanied an extensive shattering of the schists
and a part of the intrusive rocks. This shattering would have fur-
nished abundant avenues for widespread distribution through the
schists of the materials resulting from intrusion.

Many of the nuggets found in the placers have quartz attached, and
it seems probable, from the general occurrence of placer gold and the
manner of its distribution in the valleys and from the fact that it
has been found in place in quartz veins in the schist, either alone or
in combination with sulphides, that the greatest part of the gold in
the placers has been derived from quartz veins in the schists.

Although the distribution of gold is rather general, the fact that it
is found on certain creeks while others in the immediate vicinity have
up to the present time proved unproductive shows a localization of
its accurrence. Moreover, although it has apparently been rather
widely distributed in the bed rock of the valleys that have proved
productive, as shown by the fact that gold can be detected so gener-
ally en the valley slopes, recent work of prospectors indicates that
even-in such valleys there has been a concentration of gold in the
bed rock within narrow limits. If there are any localities in the area
where the concentration of gold in the bed rock has been carried so
far as to produce bodies of auriferous quartz of economic value such
localities are most probably to be found in the vicinity of the igneous
intrusives, especially in those valleys which have yielded placer gold.

During the later part of the season of 1908 there was considerable
interest in quartz prospecting in this region, and auriferous quartz had
been found in place at several localities. Surface material was taken
for assay at many localities other than those where gold has been found
in place in the quartz veins in such form as to be visible to the eye,
and while the greatest part of the material assayed was found to con-
tain only negligible quantities of gold the specimens from a few
localities showed amounts of gold which, although small—$11.02,
$1.24, and 83 cents to the ton being the highest—were yet sufficient
to indicate a rather widespread mineralization. It may be stated in
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this preliminary discussion that the assays reaffirm the close asso-
ciation of gold and stibnite observable at some localities in hand

specimens.
UNCONSOLIDATED DEPOSITS.

The bed rock of this region is for the most part covered with a deep
mantle of residual and transported material. The evidence available
indicates that this material has been deposited in an area where gla-
ciation was absent under conditions predominantly fluviatile. The
noteworthy characteristics of these deposits are their thickness and
their consolidation by ice. The maximum thickness that has been
revealed by mining operations is over 300 feet, and, so far as known,
the greatest depth to which the ground may be fnlmd frozen has not
yet been reached. Although most of the ground is frozen, in some
localities unfrozen ground and circulating waters complicate the min-
ing problem. The unconsolidated material includes slide rock, muck,
sarid, silt, clay, barren gravels, and the gmvels in which the gold is
found. These deposits are generally separable, in the vertical section
from surface to bed rock, into three divisions, designated by the
miners muck, barren gmvals, and pay gravels or pay dirt. The term
“muck’ has been applied by the miners to all the fine material over-
lying the main body of gravels, with a thickness up to 100 feet, and it
includes not only material derived from the decomposition of vegeta-
tion, but also elay and sand that oceur either intimately mixed with
the organic matter or in beds and lenticular masses. There are also
intercalated beds of ice up to 40 feet in thickness.

Where the productive gravels are more or less continuous in a valley
they form the “pay streak” of the miners. So far as has been deter-
mined the position of the productive gravels in the vertical section of
the unconsolidated deposits is almost without exception next to bed
rock. They include from a few inches to 6 or 8 feet of gravel and
clay and a foot, or in some places several feet, of bed rock where this
is of a blocky character. The gravels are composed predominantly of
schist fragments, generally subangular, and the proportion of bowlders
issmall. The productive gravels as a rule contain a considerable pro-
portion of fine material, termed by the miners “sediment,” made up
of minute rock fragments, quartz and other minerals resistant to
alteration, and much clay derived from rock decomposition. There
is in some places a sharp line of demarcation between these sediment-
containing gravels and those above them, and this is further empha-
sized by difference in color. In other localities these gravels grade
impearceptibly upward into gravels free from sediment. The pro-
ductive gravels, under present costs, are mined to an average width
for the entire region of about 200 feet, but in exceptional cases the
width of gravel mined is much greater. The value of the gold recov-
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ered from the ground that is being mined ranges from less than $1 to
$8 or more to the square foot of bed-rock surface. The average value,
as estimated from a preliminary study of the available data, is about
$1.25 to the square foot of bed rock, or about $5.25 to the cubic yard
of pay gravels. Some of the gold is coarse and nuggets worth over
$500 have been found; most of it, however, occurs in small flattish
pieces. Assay values ranging from about $16 to more than $19 per
ounce have been reported. The most common mineral associates of
the gold are garnet, black sand, and rutile.

The total length of ground along which productive areas are scat-
tered at the present time is approximately 75 miles, and the proportion
of this distance where the depth to bed rock is less than 40 feet is
probably not more than 20 per cent. The areas that have been pro-
ductive of placer gold are indicated on Plate VIII. The valleys that
have proved most productive during 1908 are those of Ester, Dome,
Vault, Cleary (with the adjacent portion of the Chatanika Valley),
Goldstream, Pedro, Engineer, and Fairbanks creeks. During the fall
of 1908 promising discoveries were being made in the lower part of the
Eldorado Valley and on the Chatanika Flats.

The valleys are narrowly V-shaped at the heads and gradually open
out, the valley floors widening from 100 or 200 feet near the head to
half a mile or more in the largest valleys. The grades range from 150
feet to the mile near the heads of the valleys to 25 feet to the mile in
the wide, flat portions. The cross sections of the valleys are as a rule
unsymmetrical, one side being steep and the other a gradual slope
that merges into the base of the ridge slopes. The bed-rock surface
on which the alluvial deposits have been laid down is in many places
flatter than the present surface of the valleys. The course of the
streams is generally close to the steeper slope. The location of the
productive gravels is only in part coincident with that of the present
streams. In many valleys they occupy a position far back from the
stream on the side of the gradual slope and rest on a bed-rock surface
at about the same level as the bed rock underlying the present stream
bed.

The following tabular statement summarizes the entire thickness
of the unconsolidated deposits, the thickness of the muck, and the
width of the valley floors in the productive valleys:
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Depth to bed rock, thickness of muck, and width of valley floor at claims in Fairbanks
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MINING DEVELOPMENT.
PRELIMINARY STATEMENT.

The mining operations in this region will not be described in detail
in the present paper, but the ‘development in mlmng methods which
has taken place since the last report on the region ® will be briefly
summarized.

During the summer season of 1908 about 300 mining plants were
in operationon the placersof the Fairbanksdistrict, 85 per centof these
being used in drift mining and the remainder in various methods of
open-cut work. Mining. practice in this district has been determined
largely by the great depths of the placer ground and operations have
been facilitated by improvements in transportation from the supply
towns, Fairbanks and Chena, to the producing creeks. The Tanana
Valley Railway, a narrow-gage road about 50 miles long, was, in 1907,
finished to Chatanika, at the mouth of Cleary Creek, and wagon-road
improvement and construction had so far advanced by the close of
the season of 1908 that large and heavy loads could be conveniently
laid down at the workings on all the creeks of present importance
except Treasure Creek, the lower few miles of Vault Creek, and Eldo-
rado Creek. A large portion of the road building was made possible
by the voluntary and substantial cooperation of the Fairbanks citi-
zens with the Alaska road commission. The resulting system of
public roads is highly creditable to so young a community. The
development has been furthered also by the establishment in Fair-
banks of foundries and machine shops, excellently equipped and

a Prindle, L. M., The Falrbanks and Rampart quadrangles, Yukon-Tanana region, Alaska: Bull, U, 8,
Geol. Burvey, No. 337, 1908. See also Purington, C. W ., Methods and costs of gravel and placer mining in
Alaska: Bull. U, B, Geol, Survey No. 263, 1905,
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under the direction of clever mechanics and foresighted business
men., Much machinery that is especially adapted to the mining con-
ditions of the district has been devised and entirely constructed in
these local shops. :

PROSPECTING.

The prospector, as a rule, still heavily taxes his funds and energies
in sinking shafts to bed rock. A great advance over the hand-windlass
method, which is barely practicable on ground approaching 200 feet
in depth, is offered by an outfit now furnished in Fairbanks, consisting
of a 4-horsepower boiler, hoisting engine, automatic self-dumping
carrier and ‘bucket, cable, pipe, steam points and fittings, etc., at a
cost of about $600. This equipment is compact and light enough
to be transported by dog team. The prospector is in the main still
unable to cope with live water in hisshaft. The method of prospect-
ing by drilling promises, however, to increase in favor. A small-sized
modification of the well-known churn drill was designed and built
in Fairbanks to be supplied, with complete equipment, to prospectors
for approximately $1,600. This machine is readily transportable
and thus overcomes the chief obstacle to the use of the larger drills.

OPEN-CUT MINING.

Forty' open-cut plants in actual operation were visited during the
course of the present investigation. Of these, nine were working
without mechanical or hydraulic equipment, on Pédro and Fox
creeks. Hoisting by steam power appears to be the favorite method
of handling gravels in open cuts, 23 such plants being in operation.

The cuts are generally opened by cutting off the vegetation and
ground sluicing the muck and barren gravels in the spring or late fall.
Occasionally, as on Discovery claim, Cleary Creek, steam scrapers are
used for stripping; on ‘“No. 5 below,” Pedro Creek, horse plows and
scrapers are used. In ground sluicing, the overburden is washed into
a previously worked-out cut; in scraping, the material is earried to
a waste pile. For draining the pits, bed-rock drains, pulsometers,
centrifugal pumps, and ram pumps are in use, and on two claims
China pumps were seen. On Pedro Creek, where most of the open-
cut work is done, bed-rock drains are preferred when any consider-
able amount of water is to be removed. Cuts are opened on the
lower end of the block of ground, claim, or series of claims to be
mined, and are carried upstream as the work progresses, thus facili-
tating drainage and waste disposal. Artificial thawing is usually
not necessary when stripping is far enough in advance of the handling
of the auriferous gravels. At one plant, however, steam points were
set vertically and 6 feet apart. On a few claims gravels are handled
by hand shoveling from the cut directly to the sluice boxes, or are

79205—Bull. 379—09—13
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carried short distances in wheelbarrows to the sluice boxes. Much
more commonly, however, the gravels are hoisted by steam power in
buckets on self-dumping carriers. One such plant, using two buckets
dumping to the same sluice box, had a capacity of nearly 1,000 square
feet of bed-rock surface in twenty-four hours. The use of derricks and
rock pumps has been abandoned in this district. The method of
handling gravels with steam &crapers was employed with marked
success on three claims during 1908. Where bed rock is not too
hard, is not deeply creviced, and is not broken into heavy blocks this
is probably the most advantageous system for open-cut mining. The
auriferous gravels are scraped directly to the sluice boxes, where the
scraper automatically trips and dumps itself. Where the gravels
and bed rock are too firm to be scraped they are loosened up by a
grading plow rigged in place of the scraper. Plowing was done at
night on the one claim where it was found necessary. Plants thus
equipped can handle as much as 135 cubic yards of pay gravels a
day, employing 5 or 6 men—the equivalent of the duty of 15 to 20
men working with pick, shovel, and wheelbarrow. The greatest
depth worked by open-cut methods ig 20 feet, on ‘“No. 7 above,”
Fairbanks Creek. This is in ground whose rich portions had been
drifted out.

The cost of open-cut mining is materially less than that of drift -
mining, Even where work is exceptionally hindered by heavy,
blocky, deeply creviced bed rock, rather thick overburden, and the
necessity of artificial thawing, open-cut work costs no more than
drifting. Operating expenses are reported on various claims to be
25, 28, 32, and 60 cents, and exceptionally $1, to the square foot of
bed rock cleaned.

Conditions in the Fairbanks district are unfavorable for hydraulic
mining. Only five hydraulic operations were seen. On First Chance
Creek two small plants working with a scanty water supply under
low head were practically ground sluicing into boxes set in bed-
rock cuts. On Gilmore Creek, at the junction of Tom Creek, a small
outfit was working with a monitor on the point between the creeks,
where about a sluice head of water was available under a pressure of
45 feet. On Twin Creek a more efficient plant was installed during
1908, ditches, pipe line, and bed-rock cut being made ready for work
in 1909.

DRIFT MINING.

The methods of drift mining have materially improved, with the
result that plants are larger, capacity and efficiency are increased,
and values are extracted from ground formerly regarded as unprofit-
able. During the last season not more than 20 outfits engaged in
drift mining were equipped only with a hand-windlass hoist, and sev-
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eral of these outfits were either just opening ground or were taking
out “pillars” left in the course of larger operations. Nearly all the
produetive mining is done with large steam-power plants averaging
about 40 boiler horsepower. The usual mine equipment comprises
boiler, hoist, steel bucket, automatic carrier, trolley cables, poles,
blocks, etc., a small ram pump, steam points with pipe hose and fit-
tings, and blacksmith’s, carpenter’s, steam fitter's, and machinist’s
outfit and tools. Such an equipment costs about $7,000. To it must
be added the gold-washing apparatus, consisting generally of a dump
box and string of sluice boxes on a light trestle 10 or 15 feet high and a
ditch or flume for bringing water to the plant. Each plant is also
generally provided with housing and mess for 15 or more men. The
initial investment further includes the cost of transportation to the
claim and installation of the plant, together with that of sinking a
working shaft and blocking out the ground by prospect tunnels. The
total first cost to the operator of a modern drift-mining plant amounts
to about $12,000. This sum is in some plants further increased by the
installation of a pumping plant for sluicing (about $1,000), and of an
underground car system (about $1,000). Where the latter is used
there is usually a corresponding increase in size and cost of boiler
and hoist capacity,

The average plant of this description employing 15 men will hoist
about 80 cubic yards of pay streak or clean about 360 square feet of
bed rock to the shift of ten hours. Several plants on Ester, Vaul,
Dome, Cledary, and Goldstream creeks have twice and some even
three times that capacity. Itis common practice in the larger plants
to hoist from two shafts simultaneously, dumping to one string of
sluice boxes erected between the two holes. One such plant on
Ester Creek employed 45 men in two ten-hour shifts daily and could
hoist 270 cubic yards (the equivalent of about 1,250 square feet on
bed-rock gurface) a day.

The operating expense of these plants is estimated by the oper-
ators at 50 cents to $1 for every square foot of bed rock mined. It
would be difficult to strike a fair average, as conditions vary greatly,
even from claim to claim on the same creek. Chief among the
factors affecting the operating expenses are the character of the bed
rock and the readiness with which the ground thaws and can be
handled with pick and shovel—conditions which affect the duty per
man per day—and the amount of live water in the ground.

‘Working shafts range in depth from 20.to 260 feet in this district,
the more common depths being from 100 to 180 feet. The usual
cross section is square, 6 by 6 feet in the clear, though many of the
small operations in shallow ground use smaller shafts, and some of
the larger plants in deep ground hoist through 7 by 7 feet openings.
The cost of sinking and timbering a shaft 7 feet square in the clear
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is about $15 a foot. Shafts are cribbed with 4 to 6 inch spruce poles,
dovetailed at the corners and chinked with moss, and a filling of
gravel and moss is put in behind the cribbing. Heavy upright spruce
posts are used as underpinning at the bottoms of the shafts. A
small chamber is usually excavated and timbered at one side of the
shaft and in it a pump is set up over a sump. Main tunnels, or run-
ways, are driven upstream and downstream from the shaft along the
pay strealk. These runways are timbered with square sets of native
spruce and lagged overhead and on the sides with spruce poles, the
side lagging being carried from the ceiling preferably only halfway
down the sides. The pay streak is crosscut at the ends of the tunnel,
and sometimes also at a few places between the shaft and the ends
of the main tunnel. In this way the ground is prospected and blocked
out. From these end crosscuts the ground is breasted out, a face
being worked back from each end toward the shaft. Where the
distance from face to shaft does not much exceed 125 feet the shov-
elers carry the gravels in wheelbarrows to the shaft, where the bucket
is lowered into a sump so that its rim is flush with the floor. Greater
wheeling distances cut down the capacity, so that it becomes eco-
nomical to install dump cars on rails in the tunnels. Some operators
run the cars direct to the face; others wheel from the face to a plat-
form at the end of the tunnel and there dump into cars. The face
is carried back rapidly, so that there is usually no danger from caving
of the unsupported roof. In unusually favorable ground, chambers
200 feet in diameter can be excavated without timbering. Some-
times unthawed pillars are left as supports, to be “pulled” as the
face is carried far enough back, or cribs of birch poles filled with
waste gravels and bowlders are built.

Thawing is done with steam points. The use of wood fires and of
hot-water hydraulicking has been abandoned in ‘the Fairbanks dis-
trict. Points of 7, 8, 10, 12, and 16 feet length are used, and excep-
tionally 20-foot points in' driving tunnels. Local manufacturers have
designed and patented an improved connection for the steam supply
hose and an implement to facilitate the ‘‘pulling” of the points after
thawing. In the drifts the points are driven at about bed-rock sur-
face and usually from 2} to 3 feet apart, depending on the amount
of moisture in the gravel, a factor that governs also the time required
for a thaw—eight to forty hours. The usual duty of a steam point
is to thaw about 3 to 3} cubic yards. Water from the sump, heated
by the exhaust from the pump, is forced through the points while
they are being driven. Then dry steam at a pressure of about 25
pounds at the point is admitted. Where many points are set in
a long face, it is a growing practice to withdraw the points after
driving and replace them with light iron pipes termed ‘‘sweaters.”
Skillful operators carefully plug the holes around the points or
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sweaters with cotton waste or sand and always try to allow the
ground to cool after thawing before they remove it, in order that the
air in the drifts and tunnels may remain cold and dry and that in
consequence the roof and walls of the working may not thaw and
“slough,” causing inconvenience and extra handling of waste. For
this reason thawing and excavating are done on alternate days in the
drift on each side of the shaft.

In some of the deeper workings it is difficult to maintain drainage
and keep clearance for cars in the tunnels because the floors rise as
the pressure on them is relieved by the removal of the gravel, 12-inch
to 15-inch spruce timbers being bent inward and broken. This
trouble is known as ‘“‘swelling ground.” It is mitigated somewhat
by omitting the lagging from the lower half of the tunnel walls, thus
relieving side pressure on the timbers. However, the difficulty can
not be entirely avoided, and it is necessary to watch the timbers
closely, replacing them when they show signs of failing. Fortunately,
the timbers bend and break slowly and no sudden failures have been
experienced. Trouble with the shaft cribbing is due primarily to
thawing around the shaft and can be minimized only by careful pack-
ing of the steam supply pipes and the prevention of steam leakage
in the workings.

The length of time tunnels and shaft will remain in working con-
dition—that is, the ability of the ground to stand up—governs the
size of the block of ground worked with one “set up’’ of the plant.
The utmost limit thus far reached by the larger plants is about
700 feet along the pay streak worked from one shaft. Commonly
500 feet is the length of pay streak leased to individual operators.

Drift mining has recently been extended to the working of unfrozen
ground containing live water on Ester Creek, with some promise of
success. The cost of pumping is offset by the facts that the water
so raised is used for sluicing and that thawing is mostly or entirely
obviated. On one claim the shaft was sunk in frozen ground, the
main tunnel was driven on the lower side of the pay streak, and the
pay streak was crosscut at short intervals and on the upper side was
to be drained by a drainage tunnel parallel with the main tunnel
A sump 5 by 7 by 9 feet in bed rock collected the water and two
3-inch pumps raised it over 100 feet to the surface. The operating
expense of the plant was about $2 a square foot of bed rock, or twice
the average cost in frozen ground.

In the recovery of gold from the gravels there has been no essential
advance in the Fairbanks district. The miners have so far not con-
sidered it necessary to save a larger proportion of the gold than has
been possible by the methods hitherto in use. With a few exceptions
all the operators use nothing but a string of sluice boxes with
riffles of rough peeled spruce poles. The head box into which
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the gravel is dumped (hence called the “dump box") is longer,
broader, and deeper than the other boxes and provided with pole
rifles. One man is stationed on the dump box, armed with a fork
with which he removes large bowlders and pieces of bed rock, and
thus keeps the gravel running freely through the boxes. At a few
plants dressed poles with iron straps on the upper surface were seen
in use, and on one claim an undercurrent was used which, though
crudely constructed, was doing good service in saving fine gold. The
12-foot boxes are given a grade of 9 to 12 inches,

It is hardly necessary to point out the inefficiency of the gold-
saving devices at present in use in comparison with the machinery
employed on modern dredges. At plants of large capacity otherwise
expensively equipped, the additional expense of gold-saving machinery
would not be prohibitive and would probably be entirely offset by
the saving of the expense involved in the maintenance of strings of
sluice boxes and by the larger returns resulting from more thorough
handling of the tailings and increased recovery of gold. Gold-saving
machinery is especially to be commended for this region, where fine
sticky sediment is abundant in the auriferous gravels and where the
water is scanty in amount and, through repeated use, frequently
overloaded with sediment.

When gravels are hoisted and piled in dumps in the winter or
during droughts, the practice of carefully clearing shrubbery, moss,
ete., from the ground and of setting strings of boxes under the dump
in shallow cuts in the ground wherever feasible should be more widely
adopted. By this procedure the bottom of the dump can be easily
and completely taken up and the boxes will still hold their alignment
and grade.

The hydraulicking of dumps into sluice boxes set beneath, by
means of a pulsometer or centrifugal pump delivering water under
pressure to a nozzle, has been successful and economical on several
claims.

FUEL AND POWER.

Wood is still the only fuel and source of power of this district.
Near the towns and mines the hills are consequently being rapidly
stripped of their birch and spruce groves, so that the price is likely
to rise with the distance fuel has to be hauled. In 1908 the average
cost per cord delivered on the ground was $10. Not only is the
fuel supply of Cleary Valley and nearly all of that in Dome and Ester
and parts of other valleys almost exhausted, but through forest fires
the covering of underbrush and moss also is being rapidly destroyed.

The power station in operation at the mouth of Poker Creek was
designed as a hydro-electric plant, but on account of the insufficient
water supply it is being run part of the time by steam power with
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wood fuel, Ten or twelve plants on Dome and Cleary creeks use
power from this station for driving pumps and lighting. It has been
suggested in a previous report® that the coals south of the Tanana
might be used for the development of electric power for the Fair-
banks district.

COSTS.

The data at hand on the cost of mining in the Fairbanks district are
not as abundant as could be desired, but the following statements are
believed to be warranted and conservative. The lower limit of the
operating expense of drift mining under the usual present conditions
is about 75 cents a square foot of bed rock, or about $3.50 a cubic
yard of pay gravels; for open-cut mining, by means of steam scrapers,
about 25 cents a square foot of bed rock, or about $1 to the cubic yard
of pay gravels.

The common practice of the operators in the district is to lease
from the owners portions of claims in blocks 500 to 1,000 feet in
length measured along the pay streak, or from 50,000 to 200,000 square
feet of workable ground. Individual 20-acre claims 1,000 to 1,320
feet long are usually worked by two and sometimes by three inde-
pendent plants, and on group claims of 160 acres, extending 1 mile
along the pay streak, as many as eight leases have been let. Over 65
per cent of all the 1908 operations were on leases or ‘‘lays,” the lessees
or ‘“laymen’’ paying royalties of 20 to 50 per cent of the gross pro-
duction. On a ‘‘lay” of 200,000 square feet of workable drifting
ground the operator would expend about $175,000 on plant, installa-
tion, blocking out ground, and extracting the auriferous gravels, so
that a gold content of $1 to the square foot, the lowest limit of value
of drifting ground under the conditians prevailing in 1908, would just
permit him to pay his royalties. Wages in 1908 were $5 a day and
board, and the usual length of a shift ten hours, but a small number of
operators were paying $5 for eight hours, or $6 for ten hours.

LENGTH OF WORKING SEASON.

The weather at best permits ordinary sluicing from about the last
week in April until the middle of September—at the most, 150 days.
Open-cut operators can not get in as many days as this unless they
adopt artificial methods of thawing during the early part of the season.
Drift mining can, of course, be conducted continuously through the
year. An attempt at winter sluicing was made in 1907-8 on Ester
Creek, where a sluice head of water was running all winter. This
water was warmed by the exhaust from the hoisting and pumping
engines and pumped to the sluice boxes. Sluicing was continued into

@ Prindle, L. M., The Bonnifield and Kantishna regions: Bull. U, 8, Geol. 8urvey, No. 314, 1906, p.;
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January. That this experiment was satisfactory is indicated by the
fact that several operators were preparing for winter sluicing during
1909.

PRODUCTION.

The total and annual production of gold from the Fairbanks district
for the years 1903 to 1908, inclusive, is approximately as given in the
following table:

Production of gold from Fairbanks district,

1908, e ettt e $40, 000
. 600, 000
-, A S 4, 000, 000
900, e e oo e e e e 9, 000, 000
W s v R L S s B AN R A YR 8, 000, 000
908, e eeee et e e 9, 200, 000



WATER SUPPLY OF THE YUKON-TANANA REGION,
1907-1908.

By C. C. Coverr and C. E. ELLsWORTH.

INTRODUCTION.

It is the purpose of this report to summarize the water-supply
investigations of the Yukon-Tanana region during 1907 and 1908.
The work in this region was started in 1907, when streams in the
Fairbanks district were gaged and general conditions affecting the
water supply and its development were considered, the investiga-
tions covering a field season from June 20 to September 15. In
March, 1908, in order to procure data concerning the spring break-
up, C. C. Covert, of the Geological Survey, went to the field of opera-
tions and made such preparations as seemed practical for collecting
data regarding the high-water flow. Records were kept in three
drainage basins—those of Chatanika River, Little Chena River, and
Washington Creek. In June the engineer in charge was joined by
C. E. Ellsworth as assistant engineer, one field assistant, a cook, and
a packer, with four pack horses, and the work was extended to the
Circle and Rampart districts.

The records of 1908 covered the period from May 1 to October 21
and an area of about 4,200 square miles. The work was continued
along lines similar to that of 1907. A few regular stations were
established at convenient points in the different drainage basins, and
daily records were kept at these stations, miscellaneous measurements
being made in the surrounding country. This plan afforded the best
opportunities for procuring comparative data. In this country,
without storage, daily records are an important factor in determining
the amount of water available, and. it is difficult to obtain such rec-
ords over an extended area. Outside of the gold-producing creeks
the country is practically a wilderness, where it is almost impossible
to get observations other than those made on the occasional visits of
the engineer. In such localities no daily or even weekly records
could have been assured, and the results obtained from occasional

a Henshaw, F. F., and Covert, C, C., Water-supply investigations In Alaska, 1906-1007: Water-Supply
Paper, U, B. Geol. Burvey, No. 218, 1908,
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measurements furnish no comprehensive idea of the actual daily
run-off of the stream throughout the open season.

Among the many who rendered valuable assistance in procuring
the data given in the accompanying tables, acknowledgment is due
to Mr. John Zug, superintendent of the Alaska roads commission;
Mr. C. W. McConaughy, chief engineer of the Chatanika Ditch Com-
pany; Mr. Falcon Joslin, president of the Tanana Valley Railroad
Company; Mr. Herman Wobber, Fairbanks Creek; Mr. Martin
Harrais, of the Chena Lumber and Light Company, Chena; Mr,
W. H. Parsons, general manager of the Washington-Alaska Bank; Mr.
Frank G. Manley, Baker Hot Springs; Mr. A. V. Thorns, general
manager of the Manley mines; Mr. M. E. Koonce, Rampart; and
numerous miners who are personally interested in the work.

GAGING STATIONS.

Discharge measurements were made in 1907 at 45 points in the
Fairbanks district, and in 1908 at 39 in the Fairbanks district, 33
in the Circle district, and 56 in the Rampart district. These gaging
stations are given in the following lists:

Gaging stations in Fairbanks district, 1907-5.

Little Chena River above Elliott Creeck.
Elliott Creek above Sorrels Creek.

Rorrels Creek near mouth,

Fish Creek above Fairbanks Creek.

Bear Creek below Tecumseh Creek.
Fairbarks Creek.

Miller Creek near mouth.

Miller Creck below Heim Creek,

Miller Creek above Heim Creek,

Charity Creek 1 mile above Hope Creek.
Hope Creek near Zephyr Creek.

Faith Creek near mouth.

MeManus Creek above Montana Creek,
McManus Creek below Montana Creek.
MeManus Creek 1 mile below Idaho Creek.
MeManue Creek 500 feet above Smith Creek.
McManus Creek below Smith Creek.
MeManus Creek at mouth.

Smith Creek below Pool Creek.

Smith Creek above Pool Creek.

Pool Creek at mouth.

MeManus Creek near mouth, : .
Chatanika River dear Faith Creek.
Boston Creek at elevation 800 feet.
McKay Creek at elevation 800 feet.

Belle Creek at elevation 800 feet,
Crooked Creek near mouth.,

Kokomo Creek near mouth,
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Poker Creek near mouth.

Poker Creek near elevation 800 feet.

Little Poker Creek at mouth.

Caribou Creek above Little Poker ('reek.

Chatanika River below Poker Creek.

Cleary Creek near Cleary.

Eldorado Creek above trail to Dome Creek.

Dome Creek near Dome.

Goldstream Creek near Claim ‘' No. 6 below.”

Fox Creek near elevation 900 feet.

Beaver Creek above East Branch.

East Branch of Beaver Creek near mouth.

Nome Creek near mouth.

Bryan Creek at elevation 1,800 feet.

Trail Creek about 4 miles above mouth,

Brigham Creek near mouth.

Fossil Creek near mouth.

Liitle Chena River below Fish Creek.

Fish Creek below Miller Creek.

Fish Creek at mouth.

Pedro Creek at claim ““No. 1 above.”

Murphy Creek above McCloud Creek.

Washington Creek below Aggie Creek.

Washington Creek above Aggie Creek.

Aggie Creek at mouth,

Chatanika River below Murphy Creek.

Cleary Creek above Chatham Creek.

Chatham Creek at mouth.

Wolf Creek at mouth.

Belle Creek at elevation 1,200 feet.

Ophir Creek at mouth.

Nome Creek above Ophir Creek.

Beaver Creek above Nome Creek,

Flat Creek below 3d Pup.

Sourdough Creek 1 mile above mouth.

West Fork of Chena River at elevation 1,600 feet.
Gaging stations in Circle district, 1908.

Twelvemile Creek at elevation 2,500 feet.

Twelvemile Creek above East Fork.

Twelvemile Creek at mouth.

East Fork at Twelvemile Creek near mouth.

North Fork Birch Creek above Twelvemile Creek.

North Fork Birch Creek below Twelvemile Creek.

Tributary of North Fork Birch Creek from north.

Ptarmigan Creek at mouth.

Eagle Creek at mouth.

Eagle Creek below Cripple Creek.

Eagle Creek below Mastodon Fork.

Miller Fork of Eagle Creek above ditch intake.

Miller Fork ditch at intake.

Miller Fork ditch at outlet.

Mastodon Fork of-Eagle Creek above storage dam.

Harrison Creek near elevation 2,200 feet.

203
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North Fork of Harrison Creek near elevation 2,600 feet.
Mastodon Creek at claim **No. 21 above.”’
Mastodon Creek at claim ““No. 1 above.”’
Flume on Mastodon Creek at Discovery claim,
Independence Creek near mouth.

Miller Creek near mouth.

Mammoth Creek at Miller House.

Bonanza Creek near elevation 2,200 feet.
Porcupine Creek near elevation 2,200 feet,
Porcupine Creek below Bonanza Creek.
Boulder Creek near mouth.

Crooked Creek at Central House.

Deadwood Creck above Switch Creek.

Switch Creek at mouth.

Albert Creek at trail crossing.

Quartz Creek at trail crossing.

Birch Creek at Fourteenmile House,

(Faging stations in Rampart district, 1908.

Minook Creck above Little Minook Creek.
Hunter ('reek at ¢laim ““No. 14 above.”’
Hunter Creek at claim "' No, 17 above,”
Little Minook Creek at claim ““No. 9 above."
Hoosier Oreck at claim *“No, 11 above.”
Little Minook Junior Creek at mouth.
Rugsian Creek 3 miles above mouth.

Hoosier Creek below pipe intake,

Hoosier Creek above pipe intake,

Squaw Creek at mouth,

Ruby Creek at mouth.

Slate Creek at mouth,

Minook Creek below Chapman Creek.
Chapman Creek at mouth.

Granite Creek at road crossing,

Minook Creek 44 miles above Chapman Creek.
Troublesome Creek below Quail Creek.
Troublesome Creek above Quail Creek,

Quail Creek above Nugget Gulch.

Quail Creek above South Fork,

South Fork of Quail Creck at mouth.
Buckeye Creck at mouth.

Goose Creck below Buckeye Creek.
Starvation Creek at mouth.

West Fork of Tolovana River below junction of Moose and Starvation Creeks.
Moose (reck at mouth.

Goose (‘reek 4 miles above mouth.
Hutlinana ('reek below Caribou Creek.

Ohio Creek at trail crossing.

Elephant Gulch at mouth.

Hutlinana Creek below Cairo Creek.

Goff Creek one-half mile above mouth.
Applegate 1 mile above mouth.

Pioneer Creek at What Cheer Bar ditch intake.
What Cheer Bar ditch near Seattle Creek.
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What Cheer Bar ditch below spillway.

Eureka Creek at claim "' No. 14 above.”’

Eureka Creek at claim **No. 5 above.”

Thanksgiving ditch 800 feet above outlet.

Thanksgiving ditch 30 feet below weir.

Thanksgiving ditch near outlet.

New York (reek at Thanksgiving ditch intake.

(‘ali(amia Creek branch of Thanksgiving ditch near intake.
"'California Creck at Thanksgiving ditch intake.

New York Creek at trail crossing.

Allan Creek at trail crossing.

Allan Creek 5 miles above mouth.

Wolverine Creek 2 miles above mouth,

Wolverine Creek at mouth.

North Fork of Baker Creek below Wolverine Creek.

Eureka Creek at mouth.

Baker Creek at road crossing,

Quartz Creek one-hall mile above mouth,

Sullivan Creek 3 milea above mouth,

(Cache Creek at trail crossing.

Woodehopper Creek at trail crossing.

DISCHARGE AT REGULAR STATIONS.

Records of gage height have been kept for periods ranging from a
few weeks to two seasons at 29 stations in the Yukon-Tanana region,
including 16 in the Fairbanks district, 3 in the Birch Creek drainage
basin, and 8 streams and 3 ditches in the Rampart district. The
daily discharge has been computed for these stations, and the monthly
maxlmum, minimum, and mean are given in Tables 1 to 8. Table 9
gives the minimum daily discharge in second-feet and second-feet per
square mile. Tables 10 to 13 give the mean weekly discharge in
second-feet, which can be reduced to miner's inches of 1.5 cubic feet
per minute by multiplying by 40. Table 14 gives the mean weekly
discharge in second-feet per square mile. Tables 15 to 17 are lists
of miscellaneous mesasurements.
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TasLe |.— Monthly discharge of streams in Little Chena River drainage basin, Fairbanks
district, 1907-8.

LITTLE CHENA RIVER ABOVE ELLIOTT CREEK.

[Drainage area, 79 square milas.]

Discharge in second-feet.
Month ae th in
onth. Ep
Mean per
Maximum. | Minimum. | Mean. square Inehes.
mile.

80 42 49.3 0. 625 0.23
167 53 B5. 4 1.08 1.24
95 66 8.2 1.08 .40
167 42 8.4 . 993 1.87
405 210 296 375 1.67
23 65 142 L&D 2.00
65 3 43.2 . M7 .03
™ 28 4.1 . 520 .49
405 28 103 1.30 4.80

|

ELLIOTT CREEK ABOVE BORRELS CREEK.
[Drainage area, 13.8 square miles.]

T |
July 22-31.. .. 9 2.5 5.94 l:ua_; 0.16
August....... 2 4.8 11 .79 .92
Heptember 1-10. 12.8 9 10 .T24 .27
BLABYS....cvoguccnnnnsn n 2.5 0.82 . 1.35
May Wl . iiviinonnicsicsssunnsunravanine 216 11 67.8 4.901 2.19
June,..... 86 14.8 107 1.19
July..... - 4.5 522 .378 .44
B 4.4 448 L824 .31
)T TSP 4.4 135 Li12 4.13

BORRELE CREEK NEAR MOUTH.
[Drainage area, 21 square miles.]
1907,

July 22-31..cuvinnnnn ety gy nedmdidik 14.7 5.0 10.5 0. 500 0.19
' 2.1 10.3 182 867 100
19 14.7 1 16 . 762 .28
BlADYSB.censcianinsennsiransannessn 21 &0 16,3 LT 1.47
131 36 T3.0 3. 48 155
72 n 428 204 228
33 11 19.9 .48 L9
18 10 125 . 585 - .58
99 days. = : : 131 10 3.3 149 j 5.50
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TasLe 1.—Monthly discharge ;i’; streams in Little Chena River drainage basin, Fairbanks
istrict, 1907-8—Continued.
FISH CREEK ABOVE FAIRBANKS CREEK.

| Drainage area, 39 square miles. ]

Discharge in second-fest.

Month e R ks tli-‘ugi()ﬂ'
onth. epth in
Mean per "
Maximum. | Minimuom. Mean. square inches.
mile. .
1907.

B ETI LR o0 | GRSty (L S LRt 24 18 225 0. 577 0.21
Avgost.. . ..ol . .. 156 ‘ bt 368 044 L2
Baptember 110, v v iaeie cresrimmcirnsriormnn 35 24 26,6 . 682 .25
BLABYE. .. ox o ivbon s san i bawas Tian 155 | 18 3.0 . 820 1.55
by W 132 3.38 1.26
137 35 5.7 1.45 Lé1
33 12 19.9 . 510 . 59
17.7 12 14.8 . 380 .38
w7 12 a1 106 | 3

FISH CREEK AT MOUTH.
|Drainage area, 90.2 square miles. ]

1908.
M s i s s s e ea S S ST e 682 105 404 4. 48 5.16
June. ... £, 327 69 125 1.59 1.55
Jaly. oo oo . 5 22 52.2 . 356 -4l
Avpmtiaet s iR TN 31 22 25.9 J 287 26
T arbic s navanon ey (82 \ 22 15 1.67 7.40
MILLER CREEK AT MOUTH,
[Drainage area, 16.7 square miles. ]
1008,
May 13-81. i e i 200 122 11.8 62.7 3.7 2. 66
June.. 3 55 10.6 18.2 1.08 1.20
July.... 1.1 4.3 7.50 449 .52
KOBARL LT . . oo o rinssraseonrovreesmscmnns f.4 4 4.98 L1208 80
107 (Y8 e eusnssat st taaaa e 122 4 19,7 1.12 4.67
LITTLE CHENA RIVER BELOW FISH CREEK.
[Drainage area, 228 square miles.]
1908,
Mag: wsnennidllinumnenonues) 108 265 832 3.68 4.21
June 651 141 224 1.26 1.40
July. .. 161 64 94.9 .41 .48
August 122 50 .2 L8347 ol
11D ABYS e ceneeaiemceanaraaccannsas| 1,668 59 332 J 1.46 6. 44
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TasLe 2.— Monthly discharge of streams in Chatanika River drainage busin, Fairbanka

district, 1907-8.
FAITH CREEK NEAR MOU'TH.
[Drainage area, 51 square miles.]
Discharge in second-feat. Run-ofl.
e T T g | Pa—_u.nr; D; th i
T n
Maximun. l{lnlmum‘\ Mean. i, lnghaa.
— 1 e
1007,
JURE 2080 o eieeresseeei e ananns 45.9 | 3.4 0.5 0.705 0.82
by, .o oens 62.5 | 19,2 20,2 L5872 .66
Augusi. 1Ll 7.4 26.9 . -032 1.07
TRABYS .o oeeeeeere e erranens 8T.4 19.2‘ 8.5 L7568 2.0
MCMANUS CREEK NEAR MOUTH,
[Drainage aren, 80 square miles.]
f |
1907,
3.8 217 285 0.356 0.15
.40 16,0 214 . 268 .81
T 32,2 86,4 -830 .90
THARYS eeeeeeeeee e eeeaeanas 14 i 15.0 L5 510 142
CHATANIEA RIVER NEAR FAITH CREEK.
[ Drainage area, 132 square miles.]
e e e : :
96 55 67.8 0.514 0.28
205 72 125 .47 1.09
1,800 up | 312 2.5 2.89
1,770 5 | 178 L3l 4.26
Muy 12-20. 1,340 o | s 4.53 1
Tuly 13-31. 200 82 131 o2 .70
A 270 95 137 1.04 1.20
530 102 | 208 158 I
) II 241 L82 5.51
KOKOMO CREEK NEAR MOUTH
[Drainsge area, 26 square miles.]
1 | 1
July$-31.. ... 25.8 | 7.9/ 1.2 0.546 | 0.47
August1-14.. uz- | 227 i 1.60 .83
aunys..................,...........I 112 l 7.9 238 916 | 1.30
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Tasie 2.—Monthly discharge of streams in Chatanika River drainage basin, Fairbanks
district, 1907-8—Continued.

CHATANIKA RIVER BELOW POKER CREEK,

[Drainage area, 456 square miles,]

Diischarge in second-feet.

Month.
Maximum. | Minimum. |  Mean, Depth in

1807,
June20-30........covennannn — 250 192 228 0.20
Tul¥.. ciea 283 187 211 .53
August. . 1,160 216 428 1.08
Beptember. . | 3160 300 054 2.33
(o1 R T R R e S B60 232 506 47
PTARYS .o cusivuiyaida bananddidgoa 3,160 167 496 4.61

1908,
May 16-31.. 4,120 1,730 2,730 3.56
June. . 2, 280 283 84 2.41
July... 042 204 332 -84
August__ 155 192 284 .72
Beptembe 1,160 266 461 112
October 1 342 178 234 40
LI ARYE vy csssiimrra s g s sty b 4,120 179 (i3] @05

GOLDSTREAM CREEK NEAR CLAIM “NO., ¢ BELOW.”
[Drainage area, 28,6 square miles.]

TUNE20-80. et ea e e enaes 30.2 4.9 13.4 0.19
July....0.e- 34.4 2,2 13.1 .53
August. ... 32.2 10.8 20 .81
Beptember. Sisas R 41 15.4 24 .54
OCTORBE I=Ts.. . s v m sy smmmn s s Swbmmm iy 24.4 17.1 20.7 .19
TATT A i ich a v g s 41 2.2 18.5 2. 66

79205—DBull. 379—09——I14
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TasLe 3.— Monthly discharge of streams in Washington Creek drainage basin, Fairbanks
district, 1908.

WASHINGTON CREEK BELOW AGGIE CREEK.
[Drainage area, 147 sq miles.]

2| erues

Discharge in second-fret.
| Run-off,
- I e r— 1
unre
Maximum, | Mintmum. ‘ Mean, by by
1, 400 234 T4 520 528
o0 52 182 1.3 L
58 24 4.3 281 .32
ar 23 30.8 .20 24
124 38 731 A48 .07
1,400 24 234 1.5 .28
WASHINGTON CREEK ABOVE AGGIE CREEK.
[Drainage srea, 117 square miles, ]
408 153 282 2.41 0.
857 45 150 1.36 L
63 18 3.2 284 .
30 -4 24.6 L2100
104 30 50.8 . 512
557 18 50,1 . 762 2
AGGIE CREEK AT MOUTH.
[Drainage ares, 35.8 square miles. ]
125 50 L2 2.56 0.85
7 7.8 ns .620 ,70
14 4.5 7.68 a1 M
.5 6.0 .26 AT4 .
18 A5 122 L84l .08
125 45 18.8 . 525 04
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TasLe 4.— Monthly discharge of streams in Birch Creck drainage basin, Circle distriet,
) 1908.

MAMMOTH CREEK AT MILLER HOUSE.
[Drainage area, 37.1 square miles. ]

i Discharge in second-feet.

Run-off,
Month, | depth {n
Maximum. Hin]mum.‘ Mesn, |Persgoecs| Inchos
............................ I a6 144 J 2.6 0. 609 0.52
Ontober 113, - iiicaianas 144 13 14 ] .18
36 daYS.....iiaaas il 36 13 | 1aa| - 526 .70
|
PORCUPINE CREEK BELOW BONANZA CREEK.
[Dralnage area, 39.9 square miles.]
L o R G g gy 147 17.8 40 1.00 L4
#2707 o BT S R e S anrt 15 6 171 . 429 .16
T R T TP 17 15.5 1 4.0 .852 1.20
BIRCH CREEK AT FOURTEEN MILE HOUBSE,
| Drainage srea, 2,150 square miles.]
1,180 1, 020 1,080 L0, 607 0. 08
2,630 87 1, 140 . 530 Nt
1,620 820 1,080 L 602 )
6,070 M) 2,150 1.00 1.08
6,070 8156 1,428 1.48 2. 36
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TasLE 5.— Monthly discharge of streams in Minook Creek drainage basin, Rampart,
district, 1908,

MINOOK CREEK ABOVE LITTLE MINOOK CREEK.
|Drainage area, 130 square miles. ]

Discharge in second-feet.
Run-off,
Month, depth in
Maximum. | Minimum, | Mean. Parnm:m inches.
TONOT, o oeat - pwn bt mmn purn wn s womnns sdnas 200 m 134.0 103 0.92
b i -1 SRS a 110 34 56 .431 .50
AUgust........ccoveeiienns 38 30 34 202 .30
Septomber 1-22, ., .. coivnirinnrmcrinnnenaas 128 48 70.4 . 042 .44
109 ABYY .. ieirierassrnsrsrvrnsnsnns 200 30 60.2 . 532 2.18
HUNTER CREEK AT CLAIM *NO. 17 ABOVE,”
[Drainage area, 33.4 square miles,]
- - - = T
August 11-31. ..o N | 55 | 3.7 4.6 0.138 0.11
Beptember 1-12.......covreeiiierniinaaan 7.7 | 6.6 | 15.8 .473 .14
T 2.7 | 37 s.asl mu\ .25
HOOSIER CREEK AT CLAIM “NO, 11 ABOVE.”
[Drainage area, 25.7 square miles.]
August 16-31. .. L7 47 4.7 0.183 0.10
Septamber 1-21. 42 47 13.6 . 5209 41
7 R P R Y 42 47 9. .379 W51
LITTLE MINOOK CREEK AT CLAIM “NO.9 ABOVE.”
[Drainage area, 5.9 square miles.]
6.8 L60 2.48 0. 420 0.16
26.4 .62 3.78 .64l .74
.87 .62 . B0 . 136 .16
10.1 1.4 3.60 . 610 .34
26. 4 .62 2.54 .43 140

TasLe 6.— Monthly discharge of streams in Hess Cr-ek drainage basin, Rampart district,
1908.

TROUBLESOME CREEK BELOW QUAIL CREEK.
[Drainage ares, 43.2 square miles.]

Discharge in second-feet.
Run-off,
Month. depth in
Maximum. Minimum.| Mean. Pel'n:&:na inches.
|
August 12-31 0.4 |I 6.2 7.48 0.173 0.13
Beptember 1-25........ 48 | 4 2.2 .518 .48
13, 5) . ISP 48 T 157 . 363 .61
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TaBLE 7.— Monthly discharge of streams in 933“” Creek drainage basin, Rampart district,
1905,

HUTLINANA CREEK, BELOW CAIRO CREEK.
[Drainage area, 44.2 square miles.]
) Discharge in second-feat.

Run-off,

Month. depth in

ll.ulm:un.\ Minimum.| Mean, | Fersquare inches.
122 24 0.6 1.57 1.28
a2 12.8 2 408 .58
12.8 10.5 1.7 . 265 .20
122 J 10.5 J 33.3 l .58 2.06

TIONEER CREEK, NEAR WHAT CHEKR BAR DITCH INTAKE.
[Drainage area, 8.1 square milos.]
. i~
10.8 2.9 5. 44 0.672 0.60
4.1 2.6 2.52 .31l .36
6.8 2.8 4,18 L5168 .30
10.8 2.6 3.90 481 1.85
NEW YORK CREEK AT THANKSGIVING DITCH INTAKE.
[Drainage area, 4.7 square miles.]
June 6-30., .. . 82 0.7 3.16 0. 670 0.62
July 1-14, ; 1.7 i . 170 .00
Augnst 841 2 3.0 7 1.29 . 275 L35
Beptember 1-20 . 8.2 2.3 410 | .65
BB ABYS. oo ee e eaaanenn s.a‘ 7 2.45 ' .621 161
CALIFORNIA CREEK AT THANKSGIVING DITCH INTAKE,
[Drainage arca, 6.7 square miles,]

AURUSEB 30, oo eeeamenens 3.2 24! 245 o0 0.31
Beptember 1-20. ... i ieiiiaioa.. 8.7 3.2 5.07 | 787 .56
LRI ¢ TS 87 2.4 I 3.67 l 548 .87

TasLe 8.— Monthly discharge of ditches in Baker Creek drainage basin, Rampart district,

1908.

THANKSGIVING DITCH NEAR OUTLET.

! Disgharge In second-feat.
Month.

Maximum, | Minimum. | Mean,
b N A S P 12.0 2.4 0,84
July 1-14....... sonss 3.5 2.1 2.87
August B-31. ... 3.9 1.0 2,25
R R e e G L SN O R RS S 12 3.3 6. 10
BY BUIE s iinaas et e TR e S S VRS 12.0 L0 4.07

CALIFORNIA BRANCH OF THANKRGIVING DITCH NEAR INTAKE

17.0 2.1 4.08
2.5 1.8 2,08
3 2.1 2.20
L 1 Besssesasasanrnnsrann 1.8 3.52
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TasLe 9.— Minimum daily flow of streams in Yukon- Tanana region, 1907-8.
FAIRBANKS DISTRICT,

Minl- Duratlon of
Ele Mink | pruinago | dischar i
Point of measurement, i Date, mum e
| tion., - Sene area, per
* Biae | From— | To—
1907.
Feet, See-ft. | 8q. miles. Sa.-g.z
Little Chena River above 800 | July 22-25, 20-31... 42 79 0. 8ept. 10
Elliott Creak.
Elliott Creek above Sorrals, BOO 2.5 13.8 .181 |, Da.
Sorrels Creek nbove mouth, 200 [} ] .288 |. Da.
Fish Creek above Fair- 025 18 39 .462 |. Do,
banks Creek.
Faith Creek at mouth..... 1,400 10.2 51 370 Boept, 4
MeManus Creek at mouth..| 1,400 15 B0 L 188 Eo.
Chatanika River bhelow | 1,350 b4 132 . 400 Bept. 30
Faith Croek,
Kokomo Creek near mouth 760 | July 23, 30-31..... 7.8 20 304 Aug, 14
Chatanika River Dbelow 700 | July 4—%, ¢ PR 07 450 . 366 Oct, 14
Poker Creek,
1008,
Little Chena Rlver abova 800 | AR 3ueeennianas 82 70 .354 | May 20 | Aug. 20
Elllott Oreck.
El.l;lol.tkCruek above Sorrels 80O | Aug. 4-7, 9-18..... 4.4 13.8 | . .80 |...do. Do.
Sorrals Creek noar mouth..| 800 | Aug. 8-14.........| 10 2 AT6 .. .do..... Do.
F%h ll‘.'lruck knbuva Fair- 025 | Aug.21,8ept. 12-13| 12 30 808 | Moy Aug. 27
anks Creck,
Fish Creek at mouth...... 700 Junlylg_];s,al, Aug.| 22 90.2 244 | May 1 Do.
Miller Creek near mouth...| 750 | AUg. 12-18........ 4.0 15 .207 | May 13 | Do,
Lli‘tﬂh %l::gg River below 00 |. 0. .csseannras 59 226 . 250 1 Do,
Chﬂ'ﬁni“ ;‘Rlvar near | 1,850 | July 21-22......... 132 .621 | July 13 | Sept. 30
Chatanika River bhelow 700 | Oct. 15-16, 21,.....| 179 4b8 .886 | May 16 | Oot. 21
Poker Cresk,
‘nabt tankaulc below 600 | Tuly 28..veveennns 4 153 L1587 | May 5| Sept. 4
o Creek,
w rl%on Creek above 80O |..... do . . 18 uz 54 | May 23 Do.
8 Creek,
A#gicmkuhwemouth. 600 | July 31.... . 4.5 3.8 A28 . ..do.... Do,
CIRCLE DISTRICT,
1008, l
Hmmu oth Croek at Miller | 1,700 | Oct. 10-14......... 13.0 a1 0.350 | Bepl. 8 | Oot. 13
Touse.
Porcupine Creek bolow Bo-| 1,000 | Aug Teeeeencannes 15.5 0.9 .388 | July 4 | Aug. 10
nanea Creak.
Blreh Creek at Fourtean- 700 | AUE. 8..covvnnnes 825 2,150 June 28 | Bept. 20
mile House.
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TaBLe 9,— Minimumdaily flow of streams in Yukon- Tanana region, 1907-8—Continued.
RAMPART DISTRICT.

1
! | Mint- Duratlon of
Elevs- | Mink- | booage|disoharge
Polnt of measurement., ton, | Date. Eouwﬂ? plonisiy .qw
| mile, | From— To
1008,
Feet. Sec.ft. |Sq. miles.| Secfi.
Minook Creek above Little 425 | Aug.15...........] 30 130 0. June 7| Sept. 2
Minook Croek. | |
Hunter Creek at claim 600 | Ag. B.c.uae.enn| 3T 3.4 JII1 | Aug. 11 | Sept. 12
*No. 17 ahove.” [
claim 600 | Aug. 16-31, Sept. 47 25.7 .183 | Aug. 16 Bept. 2
‘' Na, 11 above."” .
Little Minook Creek st | 1,000 | July 17-Aug. 1.... .62 | 5.9 .105 | June 21 | Sept. 15
clalm ** No, 9 above.” |
'I‘m&mi&uk bolow | 1,760 [ Sept. 2. _._..... 40 43.2 .093 | Aug. 12 | Sept. 25
ngd!'msn Croak  below 1,060 | Aug.10-21........| 1.5 44.2 L8 | June 9 | Aog. 2
0 Creek.
Creek st What 0o0 | Aug, 5-13, 25-28, 2.6 i1 .32 | Juna 7 | Sept. 20
Chear Bar diteh intake, Sept. 14,
New York reck ot 800 | June 30-July 14, %} 4“7 .149 | June 6 Do.
;[‘limklglving diteh in- Aug. 9-17.
nka,
‘thankiglving ditch §mile | 80 | Aug. 1216, ... 1.6 s ke ] D
above outlet. |
Callfornin branch Thanks- 80O | July 2,8.......... 1.8 M | l-..do....| Do,
glving diteh near intake, | .‘ '| l

TapLg 10— Mean weel:lﬁ waler mppu}. in second-feet, from Little Chena and Chatanika
wver basins, Fairbanks district, 1907.

.\vllhlala I &mhl;l; I
use

ralosk &t | metrnnize at Available for use by diversion

polo\rnhn a

700 feat,

:
i
:
g
g

above Elliot

Creek.

Sarrels Creek,
Total, Little Chena drainage area.

nika R
mouth
Creek.
Little Chena River

224 52 7 12 24 95
a0 812 18 55 165
s18| 10| 12 24 2 183
313 7 10 i6 26 125
260 o [ 10 24 06
413 90 1 18 26 145
321 &2 8 15 26 132

) 10 16 ? a2 136
1,480 10 12 2 55 188
52 | L] H s
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TanLe 11.—Mean weekly water supply, in second-feet, from Little Chena River, Chata-

nika River, and Washington Creek basing, Fairbanks district, 1908.
Avail-
Available | Availablo ’;‘};‘gﬁ;’
’g{v“;igl:’g mﬁt'ﬁ‘t':y Available for use by diversion at eleva- | diver-
at elevation | at elavation tion 800 1o 925 feet. fﬁ"“rf
1,350 feet. 700 feet. ﬂ?“ 600
Date. (N
Little Elliott Fish |Totalin| Wash-
Chatanika | [Chatanika | Chena Creele | Sorrels | Creek | Little | ington
River near | River below | River | =/ ©0 | Creek | above | Chena | Creek
Faith Creek mouth of | above Sorrels above | Fair- | drain- | below
* | Poker Creek. | Elliott Creck mouth.| banks | age | Aggie
Creek. . Creek. | basin. | Creek.
May168-19.. ... ......... 3,220 ST | B | B AR B, g o e | i m g 1,200
May 20-26. ... 3,020 339 43 a7 b162 681 546
May 27-June 2 1,980 207 30 55 98 410 360
3-9 1,360 181 15 31 il 308 198
Juna 10-16. 1,160 172 25 34 50 261 200
June 17-23 T7h 118 9.3 5t 44 225 220
Juna 24-30 331 77 8.9 48 42 176 68
July 1-7... 304 59 6.8 33 30 129 52
July 8-14. , 168 48 5.8 24 2 100 56
July 15-21. 278 38 4.6 15 16 74 35
Tuly 22-98 a7 a3 45| 1 13.5 62 20
July 29-Au 271 32 4.5 1 13.5 61 an
August 5-1 211 3l 4.4 10 13.5 5% 29
August 12-18 236 36 4.5 12 14 66 29
August 1 402 | a5 | 44,6 di6 17 l 97 32
August 26-3 Mo [ (. SN UL SCUTRR, [ 35
September T3 I g5
September 9-15 407 1. P
September 16-22 433 |
September 23-20 313 |.
September 30-October 284 |.
October 7-13.. .. 228 |,
October 14-21 | 205 |
. 1. S 162 : T8 104 15. 3.5 44.0 195 225
Maximum.. 351 3,220 339 93 87 162 681 1,200
Minimum.......... 101 2056 31 4.4 10 13.5 59 2

@ May 13-19. © May 22-26. cJuly 13-14. @ August 19-26. ¢ September 2-4. 7 September 23-30.

TasLE 12,— Mean weekly water auppgy, in second-feet, of various streams in the Circle
istrict, 1908. ;
e A
% § EE § § (3%: | o8
b |5Rg 183 B TR
o - g o2 =) 2= g
£22 835 S8 |E2w5 | §%
A& B |& 59
June 26-July 3 ¥ September 5-11. .. ban,!
Tuly 4-10. 1,600 |85 September 12-18 2Ly
July 1117 1,160 | 45.3 Beptemibor 18-25. - - 23.3
July 18-24 936 21.5 |. Beptember 26-Octob 14.6
July 25-31 g70 | 10.7 |- October 3-9_.... 14.4
August 1-7. 850 16.0 |. Ogtober 10-13. ... .. _...|. i 13.0
August 8-14. . 1,060 | @19.5
August 15-21. 964 . Mean . ........... 1,420\  32.6| 17.1
August22-28..0 0 11110 280 Maximum. . 4000 | 735|325
Aungust29-September4. .. Minimom 850 16.0 13.0
& August 8-10, " b September 8-11. ¢ Septomber 26-29.
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TaBLE 13.— Mean weekly water mpplgtl_‘h'woondgfﬂ, of various streams in the Rampart
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MISCELLANEOUS MEASUREMENTS.

Miscellaneous measurements were made at points where no reg-
ular gage readings could be obtained. They show the discharge at
these points for only a few days, but an approximate idea of the
seasonal average can be obtained by comparing the discharge on the
date of measurement with that at some regular station on the same
or an adjoining stream. The miscellaneous measurements made in
1908 are given in the following tables:

TaBLE 15.— Miscellancaus measurements in Fairbanks district, 1908,

LITTLE CHENA RIVER DRAINAGE BASIN.

Discharge
Drainage, Dis- per

Date. Locality. area. | charge. | square

8g.miles.| Secft. | Secoft.
West fork of Chena River at elavatlm: 1 BOD faat ......... 1.7 9.2 0.372
...| Bear Creek below Tecomseh C Sl 12.0 5.4 460
.| Miller Creek above Helm Creek 6.0 2.5 Al
a 6.0 2.2 307
10.0 3.1 310
10.0 24 240

14 15.4 1.10
14 1.0 780
14 12.3 879
17 11 47
17 0.3 47
17 14.2 B35

17 20,5 L
M 33.8 095
2| 2.4 « BDG
M 2.7 NI
80 59 LT38
42 30 B08

51 66,9 L3

51 .17 1.52

51 u7.7 1.3

15.9 2.5 1.42
. e 7 2.8 400
" dn wis 7 37 520
Belle Creak st elevation 1.Mket ...................... L8 Liiiisaesd
Poker Creek at ditch intake. ... _...... 18.1 0.3 G614

..! Little Pour.and(hﬂbw(!mekdiwh ........... 62 leeeuenans
Wolfl Creek at mouth . v 4.8 .0l 230
..-| C Creek above Wolf Creek. 27 L6 . 503
.| Cha Creek at mouth,...... 3.0 1.3 A3
-| Murphy Creek above McCloud Creek. i; }; égg
.| Chatanika River below llurphy "Creek.... 677 263 . 388
GOLDSTREAM CREEK DRAINAGE BASIN.
July 23, .| Pedro Creek at claim “No. 1above" .. ... ...o.ceveunnn 6.3 32 0. 508
August24,..... Fox Creek at elevation 000 foet. ... ... oone 34 .43 27
BEAVER CREEK DRAINAGE BASIN,

+..| Ophir Creek st mouthae....o..... a3 2.0 0. 06
.| Beaver Creek above East B 122 80.3 . 658
.| Beaver Creek above Nome Creek. . 226 108 478
.| East Branch of Bmvefcmkstmwul 67 4.3 . 661
i NMnkaatmou L PP 120 3.6 . 280
Nome Creek above OphirCreek...........c.cccunniivnes &7 260 .208
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TasLe 16.— Miscellaneous measurements in Cirele district, 1908,

BIRCH CREEK DRAINAGE BASIN,

219

| ekl - Discharge
nage 5= per
Date. Locality. ares. | charge. | squara
mile
| |
.miles.| Seefl. | Sec-fl.
5 4.6 380 0. 854
..... 18.9 Iag . 526
el at fee bowotl B £ i
. vemile Creek 8t elevation 2,500 feet ..o .o iies veeesns 7| B
.| East Fork of Twelvemile Creek near mouth. 2.9 4.4 107
ne .9 L4
132 125 7
132 129 9T
87 87 100
&7 1w I 22
1.0 2.3 L7
19.0 2.2 1.38
: Creek bel ¢ 2e| s o
' qun reck below Cripple Creek . .
Easla Creek at mouth, oo 15.5 15.4 .09k
............................................. 15.5 .7 L.50
........... a4 s4.2 .50
.| Miller Fork ditch atintake. ......... .. P EB L.siicinea
‘.\(lllurl?arkd.lwhntnuuol - L4 e
Miller Fnrkol' E Creek above ditch Intake. . 26 2.1 +BOS
umtn R 30 Mate Com. pllers Sstn S iiloma | Ay
17.9 4.9 <274
8.2 7.1 L15
10.4 7.7 L T40
4.9 0.1 L3
6.9 3.9 . 55
- 1.5 saaady
78 |,
13.2 4.0 R
13.2 11,0 .0m
10.5 5.9 . 562
10.5 1.2 1.07
7.9 12.4 L566
7.0 13 L64
7.0 12.3 1.56
17.8 12.6 | .T08
38.8 8.0 . 208
38.8 5.8 . 150
101 57.7 < A58
g 161 52.0 % -]
do.. . 161 86. 4 - 538
Mwu:d(.‘mklho\'! Switeh Creck . . 21.3 9.1 A
Awitch Creekat mouth.............\ ... ¥ 58 .72 AN
Albert Creek at trail crossing. .. i 0.7 01 . 098
Quartz Creek at trail crossing i 8.4 27 .333
o Does not include diversion for hydnulleung by ditch about :mun Inluw
TaBLE 17.— Miscellaneous measurements in Rampart district, 1908.
HESS CREEK DRAINAGE BASIN,
|
| Dlscharge
Date. Locality. JUm— - | e
mile,
Seesfl. | Beeft
4.3 0.24
2.8 L2110
L4 378
2.5 .111'
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TasLe 17.— Miscellaneous measurements in Rampart district, 1908—Continued.

MINOOK CREEK DRAINAGE BASIN,

Discharge
Drain Did- ' g
Date. Locality. i charge. sqpu'im
mile.
S¢.miles.| Secoft. | Secfi.
lﬂmkﬂreek«imnunbcmchanmgncm ............ 9.2 2.9 0. 315
..| Minook Creek below Chapman Creek.................... 58,3 7.1 122
..| Granite Creek at road crossing.......... 20. 9 5.7 12
.| Chapman Creek at moul.h ..... 14.8 2.9 100
..| Blate Creek at mouth. . 7.9 2.2 L278
-.| Ruby Creek at mouth.... ... - 10.6 Ly 160
.| Hoo ﬂlcreekahovepipe intake. 21.2 4.5 226
............. 2.2 1.1 . 5623
i Hooul.arcreelt helowpipalnmke... .......... LE livecirarna
... Hunter Creek at clalm '*No. 14 abo 23 sretrras
.| Little Minook Junior Creek at mouth..... | 1.3 .32 246
Sepmnberll..iSq TT hevannesras
Beptember 18 ‘ R Lol 0.103
BAKER CREEK DRAINAGE BASIN.
% diteh near outlet.........coeeenonmomameaficinnanaas L1 |..
What m' d k:h below spill :g o
}luf.ljnnun Crcek helow Caribou Lmk ........ é ]
S R .1
v Ohlo(‘raekst mllnmum: ............ .03
-.| Elephant Gulch at mouth..........ccooeeeeee L1
- mile sbova mouth............... 2.4
.., Applegate abnvomoul.h e 2.8
.| Etreka Creek stcla.lm ‘“No. 14 above™....... .17
Eureka Creek at claim " No, 5 above™.. L3
New York Creek at trall crossing. . 1.4 S
Allen Creck at trall crossing. . ... 15.3 4.9 320
Allen Creek 5 miles above mouth 5.0 2.7 458
’I‘hmlg}dngdilchmhashehww T L7 wwas
North k of Baker Creak below Wnl\ru.ﬂns 1.7 5.2 264
Wolverine Creck at mouth. . v 8.2 2.6 .37
Wolverine C mk!m!isabavamouth- | ﬂ,2| 21 330
PATTERSBON CREEK DRAINAGE BASIN.
August4....... Caehe(}mkattmllcmsshf ............................. 27 3.2 0. 141
.| Woodchopper Creek at trail crossing. 19.7 4.4 223
Quartz Creak 4 mile above mouth.. 8.0 2.8 . 833
Sullivan Cmnk 3 miles above mnuth 20.7 5.7 26
L. . AR s 20.7 4.5 a7
TOLOVANA RIVER DRAINAGE BASIN.
Goose Creek 4 miles above mouth..........ccoveveennnn 41 3.2 0.078
.| Goose Creek below Buckeye Creek. . . 20.8 1o 077
Starvation Creek at mouth.......... 23.8 2.2 092
10.8 10 . 096
tion creeks..... 43.8 4.0 L0a1
Buckeye Creek at mouth. 10.6 .20 .me
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\ .
/ \/f i ———— No.l Chatanika River near Faith Creek
—T17 s No.2 Chatanika River below Poker Creek
/ e s N0.3 Little Chen sbove Elfiott
\ ——<—— No.{ Birch Creek
/ —— —— Nao. Little Chena below Fish Creek
.\ m Na§ Minook Creek
\ / / / No.7 Washington Creek below Aggie
/ \ A | ————— No.B Meanof Now 2, 4,5 6, and 7
__.\ /ﬂy I { | |
; LN

N LA

’> I/}féﬁ

May Juno July, Aiist September
Froure 17.—Diagram {llustrating relative discharge, In sccond-feet per square mile, of varlous streams in Yukon-Tanana region, 1008,
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COMPARATIVE DISCHARGE.

Figure 17 shows the mean weekly discharge, in second-feet per
square mile, of various streamd in the Yukon-Tanana region on which
records have been kept. This diagram is intended to illustrate
graphically the relative discharge per square mile of streams in this
section of Alaska, and may be used with some degree of accuracy in
connection with the following table of drainage areas. Although the
data represent weekly periods, they are far more comprehensive than
was expected, and when used in connection with precipitation rec-
ords will give the engineer sufficient information to determine whether
a project is worthy of detailed study.

TasLe 18.—Drainage areas nf streams in  Yukon-Tanana region outside of district cov-
ered by records in 1907 and 1908.

Elevation
Drainage nppmxjm fall be-
Stream and loeation, ‘lﬁ::i. 68 | e low point.

Balcha River basin: | Feet. 39 miles.
East Pmkulsuchu!tlvu e s 1,976 475 | 200 feet in 9 miles.
Balcha Ttiver at the splits.. A L4001, m 200 feet in 8 miles.
Charley River.........coe0veeen 2,200 400 feet in 9 miles.
1,000 I,l?o 200 fect in 5 miles.
1,300 1,620 | 100 feet in 4 miles.

NoTE.—Areas and elevations woreobtained from the reconnaissance topographic maps of the Fortymile
and Circle guadrangles. e

RAINFALL.

In connection with these investigations the following rainfall sta-
tions were established:

Summit road house near Pedro Summit; elevation 2,310 feet.

Cleary City; elevation 1,000 feet.

(Chatanika River near mouth of Poker Creek; elevation 730 feet.

Chatanika River near mouth of Faith Creek; elevation 1,400 feet.

Charity Creek; elevation 2,800 feet.

Eagle Creek; elevation 2,590 feet.

Baker Hot Springs; elevation 370 feet.

The results of the observations taken at these stations and at
Fairbanks, Circle, and Rampart in 1906 to 1908, together with a
summary of records for stations in the Yukon-Tanana region, are
given in the following tables:
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Tasre 19.— Monthly precipitation, in 9(;";:?' at stations in Yukon-Tanana region,
1 8

An-

4
Station. | Year. Jan.ili"oh. Mar. Apr. | May. ]tme.'r]n!y. Aug. | Sept.) Oct. | Nov. | Dee. | S0t

Wl 42 .34
Fuirbanks.....| W0Tlag 0" (g6 (24.2 | .3 | ...l R Peswee] el 4 {35
Do 1 a2 oot | oou e Tee g s | Lar ) a1
-------- 2 |21 ite | o8 L) rss g |
Faith Creek, .| 1907 vl el el e A ET TE S A e e
Fort Egbert...| 1907} o' " | 0’0" | 775 130 (40 |
1 . 18| LR
........ : 0
...... .03
------ 5 "

58! geged

&pumhul-zz.
]ﬂm—wmthmm two lines rainfali or melted snow [s given in the first line; snowfall in the second

TasLe 20.—Summary of p'u'l}nmminm reTt.lmb Hay to Augu.sf inclusive, at stations
Il

Duration of records.

H

:W&lm.

19051908,
1003-4 and 19051908,
1903-1008,
1904-1008,

Pompea |
dFhgEs |

Table 20 shows that a total precipitation as high as 10.26 inches
or as low as 2.44 inches may be expected during the mining season.
In general, the season of 1908 was one of low precipitation in the
Fairbanks, Circle, and Rampart districts. Kechumstuk, Fort
Egbert, and the Dawson country had perhaps more than a normal
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amount. The precipitation was sbove the normal also in a small
area at the head of Chatanika, Twelvemile, and Preacher creeks, the
records at Charity Creek, tributary to the Chatanika, showing 6.73
inches, which accounts for the fact that the run-off of Chatanika
River was higher at the station near Faith Creek than at the Poker
Creek station, and higher at these two stations than at those on
other streams studied.

HYDRAULIC DEVELOPMENTS.
FAIRBANKS DISTRICT.

Little work has been done in the Fairbanks district toward con-
structing ditch lines from larger drainage areas to obtain additional
water, present developments being confined to small ditches which
convey water to mines in their immediate vicinity on the creeks
from which they draw their supply.

The district lies in three drainage basins, separated by high divid-
ing ridges, and in order to supply the producing creeks in one basin
with water by ditch line from another the ditch must have a high
elevation, which throws its intake so far into the headwaters that
the ditch has only a small drainage area from which to draw and
consequently carries but little water, The records kept during the
season of 1907 prove conclusively that had the proposed high-line
ditch from the upper Chatanika basin to the mining camp been built
it would have had, instead of a daily supply of 125 second-feet as
was estimated, less than half that amount during the greater part
of the open season.

In the spring of 1908 water began to run in the mining creeks and
the more open country from the 20th to the 25th of April, and by
the 1st of May the larger streams were breaking up. If the run-off
of 3 to 5 second-feet per square mile incident to the break-up during
the month of May and part of June could have been distributed
through July and August an adequate supply would have been at
hand for any reasonable development. Could storage be provided
for this period of excessive run-off, a number of projects which have
been considered in the Fairbanks district would have a brighter
aspect; in fact, they could rightly be considered as commercial
possibilities.

The development of water power for electric transmission in the
Fairbanks district seems worthy of consideration. Records relating
to such development have been kept in the Little Chena drainage
basin for two seasons, and in the spring of 1908 similar recordswere
started on Washington Creek,
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CIRCLE DISTRICT,

GENERAL CONDITIONS.

The situation in part of the Circle district is more favorable for
hydraulicking than that in the Fairbanks or Rampart regions. The
camps on Mammoth and Eagle creeks lie on streams of relatively
high gradients and consequently the water supply, though small,
can be delivered to the mining property by comparatively short
ditch lines, which give high heads for operating. ’

Up to 1906 practically the only hydraulic development in this
district was a small plant on North Fork of Harrison Creek, but
owing to miscalculations the project proved a failure. However,
considerable construction work was done during 1908.

EAGLE CREEK.

The ditch that taps Miller Fork of Eagle Creek about 1 mile above
its mouth, started by Berry & Lamb in 1907, was finished in 1908.
It carries the water to a storage reservoir on Mastodon Fork. From
this reservoir a small ditch conveys the water for about 2 miles along
the left bank of Eagle Creek, to a point where a 200-foot head is
obtained for hydraulicking. This ditch was not completed until
early in July and consequently could not utilize the water from the
spring break-up. The storage reservoir was not finished until the
end of ‘the season, and very little hydraulicking was done.

The method employed at the Eagle Creek plant is somewhat dif-
ferent from the usual hydraulic methods practiced in Alaska. A
channel was first ground sluiced along the bed of the creek, and the
sluice boxes were set in it. On the side of the sluice box opposite
the pipe line an iron back stop was erected. The plan is to elevate
the auriferous gravels by the use of water direct from the nozzles.
This method requires at least two nozzles in operation at the same
- time—one for washing gravel against the back stop, from which it
falls into the sluice boxes, and the other for furnishing at the head
of the boxes water sufficient for sluicing.

PORCUPINE CREEK.

About 6 miles of ditch were built in 1908 along the right bank of
Porcupine Creek. The ditch taps Bonanza Creek about 2 miles
above its mouth and leads the water to ground on Mammoth Creek
near the mouth of Miller Cresk, where a head of about 500 feet is
obtained. The water will be used for hydraulicking the Mammoth
Creek flats.

79206—Bull. 379—09——15
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RAMPART DISTRICT.

GENERAL CONDITIONS.

The situation concerning water supply in the Rampart district is
similar to that in the Fairbanks district. The topography is most
unfavorable to an outside supply by gravity, and it seems that water
will have to be obtained by pumping unless some extensive system
of storage can be devised. The producing creeks are all small and
supply a very meager amount of water during the greater part of the
mining season. Present data fail to show where any extensive sys-
tem of ditch construction for carrying water to the mines is war-
ranted.

MINOOK CREEK GROUP.

Very little if any new work was done on the Minook Creek side of
the Rampart placer regionin 1908. The hydraulic elevator on Hoosier
Creek was operated for a short period in June and September, The
work on Little Minook Creek was carried on as usual by the opera-
tion of splash dams. On Hunter Creek some hydraulicking was
done, but in this section, as elsewhere in the Yukon-Tanana region,
the work was very much hampered by lack of water, and during July
and August was practically at a standstill.

BAXER CREEK GROUP.

The Baker Creek diggings are situated on the north or right bank
of Tanana River, about 150 miles below Fairbanks. In 1907 Frank
G. Manley, of Baker Hot Springs, completed several small ditches to
convey water for mining the bench gravels on Thanksgiving and
Pioneer creeks. The ditch for work on Thanksgiving Creek taps
New York and California creeks a short distance above their con-
fluence. It is about 4 miles long, is 5 feet wide, and has a grade of
about 6% feet to the mile. The water is used for ground stripping
and for washing gravels that are shoveled into the sluice boxes. The
What Cheer Bar ditch taps Pioneer Creek well toward its headwaters
and carries the water along the right bank for use on Seattle Bar and
What Cheer Bar. The water is used principally in the same way as
on Thanksgiving Creek.

During 1908 Jerome Chute built a small ditch for operations on
Eureka Creek above Pioneer Creek. There are several other small
ditches that carry water for use on Glen, Gold Run, and Chicago
creeks, Owing to the scarcity of water, very little work was accom-
plished during the last summer, except the stripping of ground to
get mining property in shape for shoveling in.
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SULLIVAN CREEK.

During the summer of 1908 a short ditch line was constructed
along Sullivan Creek for working ground near the mouth of Tufty
Gulch. Several other small ditches were in process of construction.

CONCLUSIONS.

Throughout the Yukon-Tanana region mining in general has been
carried on by means of the meager water supply from individual
creeks, with very little consideration for methods or economy. For-
tunately, most of the ground that has been worked has been won-
derfullyrich, and the miner has been able to follow haphazard methods
and still reap a substantial harvest. The time is rapidly approaching
when cheaper ground will have to be worked, and the miner of the
future will be forced to give careful consideration to the water supply.
The camps have already attained a stage of development that
demands a greater amount of water than the local creeks can furnish,

The topographic relation of the mining camps to the surrounding
country is not favorable to the procurement of an outside water sup-
ply by gravity, ditch lines from the larger drainage areas being not
altogether practical. The region lies in a semiarid belt, having an
annual precipitation of only 10 to 18 inches. Consequently it is
necessary to look to streams of considerable drainage area to obtain a
supply commensurate with any reasonable development. This neces-
sity usually places the supply at too great a distance, or at too low an
elevation for use on the auriferous gravels.

There are several streams in this region, however, so situated that
their development for transmission of electric power to the mining
camps seems practical. Table 18 indicates the most desirable of
these streams. Unfortunately, however, the data are insufficient to
show what these streams are actually doing, and on account of a
lack of development in their drainage areas it is very difficult to
procure the desired information. The diagram (fig. 17) shows that
the streams that have been studied exhibit a considerable degree of
similarity in run-off per square mile of drainage area, and the dia-
gram and the accompanying table of drainage areas may be used
as a guide to the.localities most favorable for electric development.

The small miner can not be expected to investigate possible water-
power developments, but the capitalist looking for an investment
could well afford to consider them. There is little doubt that an
era of what is termed low-grade mining has a future in this country.
The coming of better transportation facilities, modern machinery,
and up-to-date methods is bound to create a demand for power that
can not be supplied by the moderate growth of timber which 1s used
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at present for fuel to generate steam. Modern methods in electric
transmission make hydro-electric development seem the most feasible
solution’ of the water-supply and power problems of the Yukon-
Tanana region. This method of utilizing the available water supply
would dispense with many miles of ditch construction and would
furnish the camp not only with water but also with power for running
the hoist, elevating the tailings, pumping water from the mines, light-
ing the underground work, pumping water to the sluice box, and, in
some localities, running dredges.
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GOLD PLACERS OF THE RUBY CREEK DISTRICT.
By A. G. MADDREN.

INTRODUCTION.

Late in the summer of 1907 a report was circulated that prospects
of placer gold had been discovered on Ruby Creek, a small stream
about 3 miles long that flows into Yukon River on its south side,
opposite the mouth of the Melozitna. (See map, P1. IX.) The dis-
covery was made at the mouth of the creek, in some fine gravel at the
level of the spring high-water mark of the Yukon. As this locality is
very accessible, especially from the settlements of Tanana, Rampart,
and Fairbanks, a good many men went to Ruby Creek during the
latter part of 1907, and extensive tracts of land on a number of the
streams were located as placer-mining ground. About 30 men
remained in the vicinity of Ruby Creek during the winter of 1907-8,
prospecting on the various creeks in this district. A number of shafts
were sunk during the winter, largely with the aid of three small steam
boilers, but the results of these operations do not appear to have been
very encouraging, for by July, 1908, most of the men had left the dis-
trict, and Discovery claim, on Ruby Creek, was the only property
that was being actively worked. The writer spent seven days in this
locality in July, 1908, and made a hasty examination of the general
geology. .

GEOGRAPHIC SKETCH.

LOCATION.

The locality known as the Ruby Creek district—from the name of
the small stream on which gold was first discovered in the area—is
situated along the south bank of Yukon River, directly south of and
opposite the mouth of Melozitna River, about 175 miles below the
town of Tanana or 110 miles above Nulato, the two nearest large
settlements on the Yukon.

The district is within the St. Michael recording precinct, as it is now
defined by the court for the second judicial division of Alaska. The
nearest points where supplies may be obtained are at the village of
Kokrines, 24 miles up the Yukon, and at Lewis's store, 23 miles
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down the Yukon. The United States military telegraph station
called Melozi is on the north bank of the Yukon 8 miles below Ruby
Creek. The region is easily reached throughout the year by way of

Yukon River,
RELIEF.

For a distance of 10 miles along the south bank of the Yukon the
Ruby Creek area presents rolling hills from 400 to 500 feet high that
overlook the river with rock bluffs 200 to 300 feet high. These hills
may be considered to form the northeast end of the Kaiyuh Moun-
tains, which extend for about 175 miles toward the southwest to
lower Innoko River. The Ruby Creek hill country is noteworthy as
being the only place along the south side of Yukon River between
Tanana River and Bering Sea, a distance of over 800 miles, where the
highland is made up of the older rocks, and bluffs of consolidated
bed rock form the immediate bank of the Yukon. The south bank
of the Yukon throughout all the rest of this distance is made up of low
bluffs of unconsolidated, alluvial silt, which covers the older hard-rock
formations for distances of 5 to 20 miles or more back from the stream.
The rolling hills near the Yukon gradually rise to low, dome-shaped
mountains 1,200 to 1,500 feet in height 10 miles south of the stream,
and these low mountains continue southward and southwestward to

the Innoko Valley.
DRAINAGE,

The drainage of this area is of the kind that may be expected to
characterize a low, rolling region. None of the streams carry much
water and their grades are not steep. Nowitna River discharges into
the Yukon from the south about 36 miles above Ruby Creek, after
meandering across extensive flats that extend southward from the
Yukon for 20 miles or more. Along the wide valleys of the larger tribu-
taries of the Nowitna broad strips of flat bottom land extend far back
into the hills, and the Ruby Creek hills descend eastward to these fiat
lands of the lower part of the Nowitna Valley. A large western
tributary of the Nowitna called the Solatna rises southeast of the
northeast end of the Kaiyuh Range, which is formed hy the low-
domed mountains southwest of the Ruby Hills. The largest streams
whose sources are in the Ruby Creek district flow toward the east into
the Nowitna Flats. These streams, named in order from north to
south, are Big, Independence, and Eureka creeks and the headwater
tributaries of the Solatna—Wolf, Joe, New York, Beaver, and Dome
creeks. There are also several large creeks that rise in the Ruby
Hills and drain toward the west, across the wide flats that are oceu-
pied by sloughs, small lakes, and the meandering lower course of
Yuko River, which discharges into the Yukon about, 23 miles below
Ruby Creek. Only two of these streams have been named—Ora and
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Main creeks; both empty into a slough that leaves the Yukon just
below the bluffs along the main river.

Big and Ora creeks run east and west, respectively, 3 or 4 miles
south of the Yukon and somewhat pa.rallel to it. The divide that
separates these creeks from the Yukon is the southern boundary of
the strip of hilly country, from 2 to 3 miles wide and about 10 miles
long, that extends along the south bank of the Yukon with the
bluffs already mentioned overlooking the river. The bluffs are
separated by small valleys, at right angles to the Yukon, that are
occupied by creeks from 1 to 3 miles in length. Named from east to
west these streams, which drain directly into Yukon River, are as
follows: Flat, Center, Melozi, Ruby, Short, and Hannah ecreeks.
They are all small streams with a very scanty supply of water. Thus,
the Ruby Creek hills and the low dome-shaped mountains that rise to
the southwest of them form a divide between waters that flow east-
ward into the Nowitna and westward to the Yuko Flats, and thence

into Yukon River,
VEGETATION.

The vegetation of the Ruby Creek district is that typical of this
part of the Yukon Valley. The white spruce is the only tree of
importance, and it grows to a good size only on the flats, being
small and serubby on the hills.

GEOLOGIC SKETCH.

The bed rock of the hills and low mountains of the Ruby Creek
district comprises a variety of old altered sedimentary rocks—
crystalline limestones, garnet-mica schists, and mica-quartz schists
with so fine a grain that they may well be called coarse slates. These
rocks occur in the bluffs along the Yukon. The bluff exposures
show local zones of shearing, with quartz stringers deposited along
the fractures. Near Flat Creek the results of shearing in the schists
are somewhat pronounced and large quartz lenses and stringers
occupy the openings thus produced. On the surface these quartz
deposits are of the lens or bunch type, with no particularly uniform
trend or thickness for any considerable distance. Two principal
exposures of quartz were seen, one about 100 yards below the mouth
of Flat Creek that shows a maximum thickness of 4 or 5 feet on its
face, and another about 100 feet downstream that is several feet
in thickness but of no marked linear extent. Assays of samples of
quartz from these exposures are said to have shown good values
in gold. In 1906 a tunnel, now caved in, was run in on the largest
of these quartz deposits, it is said for a distance of 150 feet, with the
object of following the quartz that shows on the surface of the bluff.
After the work had progressed for a few feet it was found impracti-
cable to follow the irregularities of the quartz stringers with a straight
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tunnel, and most of the tunnel was run through the slaty schist
country rock, as is shown by the material on the dumps. In brief,
the bodies of quartz were found to be too irregular and uncertain in
extent to be mined by tunnels, and what has been demonstrated at
this place will probably be found to be true of any other quartz
deposits in this region.

Farther inland, quartzite schists, mica-quartz schists, cherty
limestone, and cherts make up the low mountains. All these rocks
have been considerably changed from their original form by meta-
morphism, but not to a degree that noticeably obliterates their
sedimentary origin and arrangement. They are similar to and are
presumably to be correlated with formations that occupy large areas
of the mineral belt between Yukon and Tanana rivers, 200 miles to
the east.

The rocks of the district have been intruded to some extent by
dikes of igneous rock. These dikes are of diabasic and granitic

types.
* The alluvial deposits that fill the bottoms of the valleys are moder-
ate in amount and thickness, and appear to be the gradual accumula-
tions produced by a meager drainage such as now prevails. The
rounded forms of the hills and mountains suggest that the present
aspect of the country is the result of a long period of uniform erosion.

GOLD.

Colors of placer gold are reported to have been found in the alluvial
deposits of nearly all the streams that rise in the Ruby Creek district,
but no rich gold-bearing gravels have yet been found.

In the fall of 1907 & number of men, following the usual practice
adopted when a new placer district first attracts attention, located
practically all of the alluvial bottom lands along the streams of
this district -as placer-mining ground. These locations comprised
both association placer groups containing 160 acres and single 20-
acre tracts. Large areas of the valley slopes were also located as
so-called ‘‘bench claims.”

During the winter of 1907-8 about 30 men prospected for placer
gold in the alluvial deposits of the creeks by sinking a number of
holes to bed rock. Most of this work was done on Ruby and Big
creeks, but a few holes were sunk on Boston Creek and two of its head-
water tributaries, Logger and Boston gulches. Some prospecting was
also done on the headwaters of the Solatna—Beaver and Dome creeks.
One hole that did not reach bed rock was sunk on Melozi Gulch.

On Big Creek about 15 holes from 15 to 60 feet deep were dug
to bed rock. The deeper holes are on the upper part of the creek.
Farther downstream the unconsolidated deposits are not so thick.
Washed gravel of schist rocks lies on bed rock in a layer from 1 to 7
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feet thick and is overlain by sandy clay and muck. Bowlders of
igneous rocks and quartz up to 1 foot in diameter are also present.
It is reported that colors of gold were found in all the holes on Big
Creek. A good deal of iron pyrite is included in the gravel, both as
washed grains and inclosed or attached to the larger fragments of
slaty bed-rock material.

The unconsolidated valley deposits on Ruby Creek probably aver-
age about 15 feet in depth. They are composed of muck, loamy
sands, patchy layers of flat schist and slate pebbles, and a good many
water-rounded bowlders of igneous rock. The bed rock is schist,
slate, and limestone in the form of rectangular blocks and slabs.

The results that had been obtained by the close of the winter
prospecting season do not appear to have been of sufficient promise
to encourage the prosecution of summer work, except at the mouth
of Ruby Creek. In July, 1908, two men were carrying on open-cut
work on Discovery claim, the first above the Yukon. They were
working about one-eighth of a mile back from the river on the east
side of Ruby Creek, in a bank of muck, silt, gravel, and bowlders.
A small ditch had been built with an intake about 400 yards above
to bring a sluice head of water to the open cut. The bed rock in this
cut is a blocky, impure, banded crystalline limestone similar to that
exposed on the Yukon in the “lime bluff” just below the mouth of
Ruby Creek. It is in the shape of sharp-cornered rectangular blocks
and bricklike slabs that have not been rounded by erosion. It is all
in a shattered condition, so that it has to be handled in working.

The material handled consists of this loose blocky limestone, flat
pieces of coarse mica slate similar to that seen above and below Ruby
Creek on the Yukon, close-grained cobbles of diabase, and large,
heavy bowlders of medium-grained diorite, similar to that seen in a
large dike on the Yukon. These bowlders are from 12 to 18 inches
in diameter and are well rounded. The large, heavy bowlders do
not lie on bed rock, as might be expected, but for the most part sev-
eral feet above it in the muck. The finer wash is below the muck,
on bed rock, and is made up mostly of flattish slate pebbles mixed
with loamy sand. This sand also fills the spaces between the blocky
limestone fragments of the bed rock. Mixed with the sand and in
patchy layers within it and on top of the blocky limestone are finer
waterworn gravels consisting of slate pebbles, mostly flat. These
layers of fine washed material do not appear to be continuous for any
great extent, nor are they very thick. They carry most of the placer
gold, which is in the form of fine, flaky, light particles, not as large
as bird shot. Owing to this fineness, it is hard to save all of the gold
in the sluice boxes.

Up to July, 1908, about $1,000 worth of this fine gold had been
produced from the open cut on Discovery claim on Ruby Creek.



PLACERS OF THE GOLD HILL DISTRICT.
By A. G. MapDREN.

INTRODUCTION.

In 1907 deposits of placer gold were found on several small streams
that flow into the Yukon from the north about 25 miles below the
town of Tanana. Further prospecting showed that placer gold
occurs also in streams that lie across the divide and flow northward
into the upper course of Melozitna River. This district may be
easily reached by way of Yukon River, and as soon as the news
spread that placer gold had been found on these creeks, all of
the alluvial ground on them was located for placer-mining pur-
poses. Most of the locations were made by association groups,
covering 160 acres each, a plan which enables a few persons present
on the ground, provided with the powers of attorney of a number
of absent persons, to tie up completely many thousands of acres of
alluvial gold-bearing deposits. As the healthy growth of the placer-
mining industry depends largely on individual effort, there has not
been as much prospecting in the Gold Hill district as its acces-
sible situation and other favorable conditions appear to warrant.
About 25 men spent the winter of 1907-8 in this locality prospecting
on the various creeks. The writer made a hasty examination of the
district from June 25 to July 4, 1908.

GEOGRAPHIC SKETCH.

The name Gold Hill district is loosely applied to an area in the
central Yukon Valley, about 25 miles.below the mouth of Tanana
River, that lies along the north side of the Yukon and extends west-
ward from the western slopes of the valley of Tozitna River to the
higher mountains north of the United States military telegraph sta-
tion called Birches. The Yukon forms the southern boundary of
this district, and its northerly extent is limited in a general way by
the headwater drainage of Melozitna River. Roughly, the district
embraces an area extending 30 miles east and west and 20 miles north
and south, covering about 600 square miles. Most of this area con-
sists of mountains that form a divide extending east and west about
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midway between the main courses of the Yukon and the headwaters
of the Melozitna.

This divide separates the region into two areas that are drained to
the north and south by creeks of moderate length and volume. The
principal southward-flowing streams on which placer locations have
been made, named from east to west as they join the Yukon, are
Grant, Illinois, and Mason creeks and their tributaries; those flow-
ing northward into the Melozitna, named in the same order, are
Moran, Eureka, Hudson, Langford, and Tiffany creeks and their
tributaries. All these streams are of moderate length and volume,
The topography is one of comparatively low, rolling mountains with
wide, moderately sloping valleys that appear to be the result of a
long period of rather uniform downcutting and wearing away of the
countiy rock by a drainage system similar to that of the present day.
With the exception of the silts along the immediate banks of the
Yukon, there are no detrital deposits that occupy elevated positions
with reference to the present drainage in the sense in which this
distinction is usually made; that is, all the alluvial deposits of the
streams now lie in the bottoms of the valleys and may be properly
classed as stream deposits or ereek gravels, none of them being suf-
ficiently above the present stream grades to place them in the class
usually called bench gravels.

The mountains of the district have an average altitude of about
3,000 feet above sea level. For the most part they form wide undu-
lating ridges, but a few of the mountains rise to heights of 4,000 feet
and have more rugged forms. Yukon River cuts into the southern
slopes of these mountains and exposes bed-rock bluffs where the
ridges between the creeks come down to the main river. The tribu-
tary valley spaces between the ridges show low banks of recent
alluvium about 10 feet high and also a few benches of the older
silt deposits that stand in places from 20 to 50 feet above the river
level.

The Yukon has an elevation of about 300 feet above the sea at
Gold Hill. Owing to this low level, the tributary valleys along the
south side of these mountains have been eroded more deeply than
those on the north side, and they all have considerable grades, espe-
cially in their upper portions. These valleys are in the form of wide
basins extending from 5 to 10 miles back into the mountains and
opening out into the Yukon Valley with widths of one-half mile to 3
miles.

The wvalleys on the north side of the mountains lie from 600 to
1,000 feet above the level of the Yukon, and for this reason the head-
water streams corresponding in length to those flowing into the
Yukon have lower grades and their valleys have not been eroded so
deeply into the country rock as those on the south side of the divide.
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GEOLOGIC SKETCH.

The low, rolling mountains of the Gold Hill district appear to be
made up entirely of a typical development of an assemblage of meta-
morphic rocks that have been given the general name Birch Creek
schist. This name was first used by Spurr for the bed-rock forma-
tions in the Birch Creek gold-placer district, and he considered the
rocks of Gold Hill to belong to the same group because of their
similarity. These 'schist rocks make up a general group of forma-
tions that have been recognized as a characteristic part of the bed
rock in all the better-known placer-mining districts of the Yukon
Valley. In the Gold Hill area the predominating rocks are quartzite
schists and micaceous quartz schists. More or less vein quartz occurs
in the schists, mostly in the form of small and nonpersistent stringers
and lens-shaped bodies. Many of these quartz fillings appear to
have been shredded and faulted by movements in the rocks that
have occurred since most of the quartz was deposited, so that they
can not be traced very far, Much of the quartz is recemented by
iron mineral matter, and some of it is known to carry gold.

ECONOMIC DEVELOPMENTS.

Probably the first attempt to open a lode mine in the interior of
Alaska was made about 1890 at the locality since known as Gold
Hill. The prospect on which work was done is situated on the river
slope of a ridge that comes down to the north bank of the Yukon 20
miles below Tanana. A tunnel 110 feet long was run in on a vein
of sheared and broken rusty quartz that outerops on the surface with
8 width of 2 or 3 feet. The tunnel is now abandoned and caved.
It is said that the vein became more and more broken away from the
surface and that at the breast only a few streaks of it remained in
a decomposed schist, between talcose schist walls, in a country rock
of micaceous quartz schist. The quartz taken from this tunnel is
known to be gold bearing, but the prospect has not been developed
into a mine. This occurrence of gold-bearing quartz is similar to
that seen in the Ruby Creek district.

Placer gold is reported to occur in the creek gravels of all the
streams that have been named, but, although many thousands of
acres of ground have been located, only a very small amount of
prospecting work has been done, because there have not been many
men in the district.

About 20 holes were dug in the stream deposits during the winter
of 1907-8. All of this work was done with the aid of wood fires
for thawing the frozen ground, as there are no steam prospecting
plants in the district. Some of these holes reached bed rock and
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showed prospects of gold; others tapped live water in thawed ground
and did not reach bed rock.

Open—cut. ground-sluicing operations have been begun'at several
localities in the Gold Hill district, but owing to the scarcity of water,
due to the unusual dryness of t.ha summer of 1908, very little gold
has yet been produced Some gold found on the head of Mason
Creek is mostly in the form of small rounded pellets about the size
of bird shot. :



OLD PLACERS OF THE INNOKO DISTRICT.

By A. G. MApDREN,

INTRODUCTION.

Since the discovery of placer gold in paying quantities on some of
the headwaters of Innoko River, in 1906, that part of Alaska has
received more attention from prospectors looking for new fields than
any other district in the Yukon Valley. During the last three years
probably as many as 1,500 men have visited the Innoko country and
remained there for the whole or partof aseason. Although itis reported
that prospectors visited the Innoko in 1898, during the earlier days
of the gold excitement in Alaska, they do mot appear to have been
much encouraged by what they found, for they did not remain in the
valley. The real discovery of placer gold in commercial quantities
was made during the summer of 1906 by a party of prospectors con-
sisting of Thomas Gane, F. C. H. Spencer, Mike Roke, and John Maki.
These men came into the headwater country of the Innoko Valley
from the Kuskokwim and found a few colors of gold on the bars of
the main Innoko a short distance below the mouth of its principal
headwater tributary, now named Ganes Creek. Later in the season
of 1906 they ascended Ganes Creek with the hope of finding the
source from which these colors of gold were derived, and during
August or September they located Discovery claim on Ganes Creek
about 10 miles above its mouth. At this time, their provisions having
become exhausted, the party returned to the Kuskokwim for a new
outfit of supplies; but these they failed to find there, so they again
crossed to the headwaters of the Innoko and descended that river to
the settlements on the lower Yukon, They returned to Ganes Creek
during the winter of 1906-7, hauling supplies with them on sleds.
In the meantime news of the discovery had spread to prospectors who
were scattered in various parts of the upper Kuskokwim Valley, so
that during February and March, 1907, stampeders from the Kusko-
kwim arrived on Ganes Creek. The news also reached Nulato, on the
Yukon, and others rushed to the Innoko from that place and the set-
tlements near by. By early spring encouraging reports of the dis-
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covery had reached Nome and Fairbanks, so that as soon as summer
navigation of the rivers was possible a great many people were ready
to go to the new placer district. It is estimated that during 1907
about 800 or 900 people went to the Innoko from Fairbanks, and
several hundred from Nome.

Up to the time of the 1907 summer arrivals attention had been
devoted to locating claims on Ganes Creek. Over 50 claims were
located on this stream below Discovery claim, and over 80 claims
above it. These claims covered all the ground on Ganes Creek from
its mouth to its source, Besides the creek claims along the present
valley floor, all of the promising bench ground within the valley was
located, though more as a last resort by those who had arrived too late
to get creek claims than from any particular knowledge as to where
the values were to be found, for most of the locating on Ganes Creek
was done before the winter snows had left the ground.

Many of those who flocked into the Innoko district in the summer
of 1907, finding Ganes Creek completely located, became discouraged
and left the country. Others, however, remained and devoted their
energies toward prospecting other streams. As a result of this search
prospects were found on Little, Spruce, and Ophir creeks, which drain
into the Innoko to the northwest of Ganes Creek. These streams
were thoroughly covered by locations during the summer of 1907,
although gold in paying quantities had not been demonstrated to
exist on them at that time. In fact, with the exception of & small
production of gold on one or two of the bench claims on Ganes Creek,
little was done during the summer of 1907 but to locate a great many
claims on nearly every water course within the mountainous part of
the upper Innoko Valley. As a result most of those who had come
to the region during the summer had by early fall so exhausted their
means that they could not remain during the winter, and so left for
Fairbanks and Nome,

The recording office for the precinct was established in September,
1907, on Ganes Creek at the mouth of Last Chance Gulch, opposite
claim No. 6 above Discovery. It was named Moore City and con-
sisted of about 20 log cabins. This place was the center of settle-
ment at the diggings during the winter of 1907-8.

It is estimated that about 150 men spent the winter of 19078 in the
Innoko precinct. The greater part of the time of these men was
taken up with the task of providing themselves with food from rather
distant points on Yukon and Kuskokwim rivers, for entirely inade-
quate amounts of supplies had been brought to the region during the
previous summer. However, some winter prospecting was carried
on, notwithstanding the discouraging conditions. Most of the pros-
pect holes were sunk on Ganes Creek, but a few were put down to bed
rock on Little and Ophir creeks. - In the latter part of January, 1908,



240 MINERAL RESOURCES OF ALASKA, 1008,

rich auriferous gravels were discovered by different parties at several
separate localities on Ophir Creek within one week. As a result of
the finds, all but three or four men stampeded from Ganes Creek to
Ophir Creck: in F