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MINERAL RESOURCES OF ALASKA IN 1911.

By Avrrep H. Brooxs and others.
PREFACE.
By Avrrep H. Brooxs.

The mineral industry of Alaska is, for the most part, in a stage of
development where the results of even preliminary surveys and exam-
inations have their maximum value to the miner and prospector.
This value is much increased by making the results of investigations
available at the earliest date possible to those who are developing this

_newland. As the complete reports and maps can not be prepared and
printed for a year or a year and a half after the field work is com-
pleted the Survey, in 1905, began the practice of issuing an annual
bulletin containing abstracts of the more important economic con-
clusions reached by its geologists as a result of their explorations.
The present volume is the eighth ! of this series to be published.
Such advance publication of results necessitates more or less haste in
preparation, and the conclusions set forth may therefore be somewhat
modified when the more exhaustive office study has beerr completed.
Hence, those interested in any particular district are urged to procure
a copy of the complete report as soon as it is available.

In addition to presenting preliminary statements on investigations
made during the year, this volume, like those previously issued,
summarizes the conditions of the mining industry and presents
statistics of production and other data. It isintended that this series
of reports shall serve as condensed statements of the progress of the
mining industry for the years which they cover. The fund available
for Alaskan exploration is too small to permit a visit to every mining
district each year by a member of the Survey. Therefore the data

t Report on progress of investigation of the mineral resources of Alaska, 1004: Bull. U, B. Geol. Survey
No. 250, 1905; Idem, 1006: Bull, 284, 1006; Idem, 1006: Bull. 314, 1007; Idem, 1907: Bull, 345, 1908; Idem,
1008: Bull. 379, 1009; Idem, 1009: Bull. 442, 1010; Idem, 1010: Bull. 450, 1011,
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-6 MINERAL RESOURCES OF ALASKA, 1011,

used in the preparation of the summaries contained in this volume
are, in part, based on information gleaned from various sources.

Again, as in previous years, the writer is under great obligations to
many residents of the Territory for valuable data furnished. Those
who have thus aided include many mine operators, engineers, pros-
pectors, Federal officials, and officers of banks and of transportation
and commercial companies. It is impossible to enumerate all who
have contributed information, but special acknowledgment should be
made to the following: The Director of the Mint; Chas. D. Garfield, of
Juneau ; Alaska Mexican Gold Mining Co., Alaska United Gold Mining
Co., and Alaska Treadwell Gold Mining Co., of Treadwell; R. M. Odell,
of Haines; C. C. Noughton, of Katalld; Geo. M. Esterly, of Nizina;
Stephen Birch, of Kennecott; Melvin Dempsey, of Dempsey; H. E.
Ellsworth, of Seward; W. H. Hammer, of Sunrise; M. M. Reese, of
Valdez; Henry S. Tibbey, of Chignik; Thos. H. Hanmore, of Iliamna;
R. W. J. Reed, of Nome; John A. Dexter, of Golovin; Geo. W.
Woodruff, of Fortymile; A. M. Allma, of Miller House; John L,
Abrams, of Eagle; Frank Slaver, of Woodchopper Creek; Edw. H,
Boyer, Jos. R. Mathews, Wells Fargo Co., American Bank, and First
National Bank, of Fairbanks; T. M. Thurston, Geo. Y. Kilroy, and
Cyril P. Wood, of Iditarod; John D. Leedy, of Quinhagak; H. W.
Reeth, of Seattle; and W. E. Thorpe, of the Yuba Construction Co.
Besides these many mine operators have furnished information in
regard to mineral production.

The arrangement and manner of treatment jn this volume is the
same as in those previously issued. First, papers of a general charac-
ter are presented, followed by those treating of special districts,
treated geographically from south to north. This bulletin contains
19 papers by 12 authors. One of these papers deals with administra~
tive matters, eight are summaries of particular features of the mining
industry, apd the remainder deal more specifically with the economic
geology of special districts. In the geologic papers emphasis is laid
on the conclusions having immediate interest to the miner, which
will, however, be discussed here briefly but will be more fully treated
in reports now in preparation. The need of prompt publication
requires that the illustrations in this volume be of the simplest kind.



ADMINISTRATIVE REPORT.
By Avrrep H. Brooxs.

INTRODUCTION.

Thirteen parties were engaged during 1911 in Alaskan surveys
_ and investigations. The length of the field season varied from three
to six months, being determined by the climatic conditions prevailing
in different parts of the Territory. The parties included 12 geologists,
4 topographers, 2 engineers, and 30 packers, cooks, and other auxil-
iaries. In addition to these, some gage readers were employed,
who gave only part of their time to the work. Seven of the parties
were engaged in geologic work, one in both geologic and topographic
surveys, three in topographic surveys, and two in investigating
water resources.

The areas covered by geologic exploratory surveys, on a scale
of 1:500,000 or 1:1,000,000 (8 or 16 miles to inch), amount to 8,000
square miles; by geologic reconnaissance surveys, on a scale of
1:250,000 (4 miles to the inch), 10,550 square miles; by detailed
geologic surveys, on a scale of 1:62,500 (1 mile to the inch), 496
square miles. Much of the time of the geologists was devoted to
the investigation of special field problems in the important mining
districts, the results of which can not be presented areally. About
14,460 square miles of topographic reconnaissance surveys, on a
scale of 1:250,000 (4 miles to the inch), and 246 square miles of
. detailed topographic surveys, on a scale of 1:62,500 (1 mile to the
inch), were completed.

Sixty-eight gaging stations were maintained in the Yukon-Tanana
region in 1911 for an average of 15 weeks each, furnishing data on
the water resources of the Fortymile, Eagle, Seventymile, Birch Creek,
and Fairbanks districts.

To state the work geographically, two parties were in the Copper
River basin, one on Prince William Sound (later transferred to Kenai
Peninsula), three on Kenai Peninsula, one in the Susitna basin, four
in the Yukon-Tanana region, one in northeastern Alaska, and one in
northwestern Alaska,

7



8 MINERAL RESOURCES OF ALASKA, 1911,

Among the important results of the year were the completion of a
detailed topographic survey of the most important part of the Port
Valdez mining district and of & reconnaissance topographic survey of
the northern part of Kenai Peninsula. Geologic and topographic
reconnaissance surveys of the Hanagita Valley and Bremner River
regions were also completed. A geologic and topographicexploration
of the Noatak Valley was made, and the geologic reconnaissance map-
ping of the Circle and Rampart quadrangles was completed.

The following table shows allotment, including both field and office
expenses, of the total appropriation of $100,000 to the districts inves-
tigated. In preparing this table the general office expenses were
divided among the districts in proportions determined by the cost of
the surveys in each district, allowance being made for variations in the
character of the work. The results are expressed in round numbers.
The item ‘‘General investigations’’ includes the cost of working up
field data on districts that were not under survey during the year and
the cost of collecting the statistics of production.

Allotment to Alaskan surveys and investigations in 1911,

Copper River region. ... ....uuoiei e ieieiainaacnianaannnn $18, 500
Prince Willam Sound. ...cciciiiasicsincradsnssronrsenersony 4, 800
Kenai Peninsula. .. ....oooono i iieeienaannns 24, 500
Bosling Besln . ..o T e s e s e s e 5,100
WOKON DRI L oooi o onomianoniewm s v e o oo ¥ e 46 a0 WS 23, 700
Nontle Yoon . . cas i fiiali, aeie i ni S rne s e a b L R R R 11, 700
Northeastorn AIskn. ... . ...cociovcissmivnsiciisomrarommians 5, 500
General investigations. ... ... ... ..ottt 6, 200

100, 000

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

Approzimate allotments to different kinds of surveys and investigations in 1911.

Geologic exploration...civierssassnerancncncierniiscananans $5, 200
Geologic reconnaissance BUrveYs. .ooou . eoeeeieeuanenanenan--- 37, 600
Spocial geslogic investigations. ...l 7,500
Topographic TecoOnnAissaNce BUIVeYs. ... .ooooovneenaenenaoo- 25, 500
Detailed topographic surveys. ... il 4,700
Investigation of water resources. ...............oooiiaaiaiannt 6, 500
Collection of statistics of mineral production.................. 1,100
Miscellaneous, including clerical salaries, ad ministration, inspec-

tion instruments, office supplies, and equipment. ........... 11, 900
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Allotments for salaries and field expenses, 1911.

Scientific and technical ealaries. ... ... ... ... ... ... ... $34, 860
Fleld expensof, ..ocvsioacninsionssnsancsssaciormmmnmnmnnnens 55, 440
Clerical and other officesalaries. ... ... .. ... ... ... ...... 9, 700

100, 000

The fol.lowmg table exhibits the progress of investigations in Alaska
and the annusal grant of funds since systematic surveys were begun
in 1898. It should be noted that a varying amount is expended each
year on special investigations, yielding results which can not be
expressed areally.

Progress of surveys in Alaska, 1898-1911.0

Water-
Areas coverad b; Areas covered by topographic | respurces
geologic r|.|.r\r|a_'.1's.)r survey%.b " investiga-
tions.
I v, |2 PR L | P (28 " @
| v - ug -k g E]
. 8 i |8 |5 ::g% iafl 1L |2
a,.8| 2 i L ] o @
2-8| 2% |38 |2:8|a2°8 388 E 2128 |2
olr] 4. :Eﬂﬁ"izgﬂuas'a
- 2, | 225|898 |58 ¢ EEG
2i5| g8 |5 | a8 | g0a (3R B | pgee)
2] ~1Aa = a - | /& J @
8g.m.| 8g. m
.| $46,180.60 [ 9,500 |........
25,000.00 | 6,000 |.. ... ..
.| 60,000.00 | 3,300 | 6,700
| ©0,000.00 | 6,200 | 5,800
.| ©0,000.00 | 6,950 | 10,050 |.
. 60,000.00 | 5,000 | 8,000
.| 60,000.00 | 4,050 | 3,500
.| 80,000.00 | 4,000 | 4,100
. 80,000.00 | 5,000 | 4,000
| 80,000.00 | 2,600 | 1,400
.| 80,000.00 | 2,000 | 2,850
.| 90,000.00| 6,100 | 5,500
.| 90,000.00 ... 8,635
100,000.00 | 8,000 | 10,550
Total.. .+| 971,000.00 | 68,700 | 71,085 | 3,366 | 47,680 (114,045 | 3,057 | 450 | 72|......0.....-
Percentage of total
area of Alaska, 1.72 | 12.12| 0.57 8.16| 19.45| 0.82...... ...} ccux i A
o The areas udmmhhhhdlﬂuwmhntm E:'m blished. Thisis due In part
f:mm tion of the work and in part to the fact that hl:vlobmummmuy
om

s than formerly.
Dlnaddiumlnthn-hon the International Boundary Burvey and the Coast and Geodetic Burvey have
made surveys of parts of Alaska. ¥

GEOGRAPHIC DISTRIBUTION OF INVESTIGATIONS.
GENERAL WORK.

The writer was employed in office work until August, when he pro-
ceeded to Seattle and joined the party of the Secretary of the Inte-
rior. Details in regard to the itinerary of the Secretary’s party have
been published elsewhere. It will therefore be sufficient to state that
parts of the Bering River coal field and of the Katalla oil field were
visited and that the itinerary included journeys over the Copper
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River, Alaska Northern, and White Pass railways, down the Lewis
River to Lake Labarge, and about 15 miles of the Valdez-Fairbanks
military road. The writer left the party at Skagway on September 4
and proceeded to Juneau, where he spent two days in visiting some of
the mines. Thence he returned to Valdez, arriving on September 11,
The succeeding 10 days he devoted to a rapid reconnaissance of a
part of the Port Valdez mining district (see pp. 108-130), reaching
Seward on September 24. Ten days were then spent in studying the
geology and mineral resources of a part of the Kenai Peninsula in
company with Mr. Johnson and Mr. Martin, and conferences were
also held in regard to topographic surveys with Mr. Sargent and Mr.
Bagley. Returning, the writer reached Seattle on October 15,
whence he proceeded to San Francisco to meet the Director of the
Survey, and after attending the meeting of the American Mining Con-
gress, at Chicago, returned to Washington, arriving on October 28.

Of the time spent in the office, the geologist in charge has devoted
about 38 days to reading and revision of manuscripts, 35 days to pre-
paring matter for progress report, 33 to writing scientific articles, 5
days preparing the annual press bulletin, 7 days to statistics of min-
eral production, 7 days to public land surveys and the remainder to
routine and miscellaneous matters.

R. H. Sargent continued the genera_ supervision of the topographic
surveys and map compilation in addition to carrying on his own field
work. J. W. Bagley spent considerable time in devising methods
and instruments for photo-topographic surveys. These were suc-
cessfully applied by him in his field work.

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

Arthur Hollick continued the study of the fossil flora of the coal
measures of Alaska, a work which it is believed will have great eco-
nomic value in the determination of the stratigraphy of the coal
fields. W. W. Atwood also continued some office studies bearing on
the coal resources of Alaska.

BOUTHEASTERN ALABSKA.

Systematic surveys and investigations were begun in southeastern
Alaska in 1901 and continued each season until 1910. The demands
for surveys in other parts of the Territory prevented any further work
in this province in 1911. This was unfortunate, for though the pre-
liminary examination of much of this area has been made and
detailed surveys of the most important mining districts have been
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completed, there is still great need for reconnaissance surveys which
shall outline more definitely the geologic formations and thus furnish
further evidence on the distribution of mineral resources.

Some office work was done on a report treating of Glacier and
Lituya bays region, by F. E. Wright. C. W. Wright still has in hand
the report on the copper deposits of the Kasaan Peninsula and Cop-
" per Mountain regions. His professional duties in Sardinia have pre-
vented him from completing this report as he had hoped. The report
on the Sitka mining district has been published and that on the Eagle
River district is in press. Both thesé reports are by Adolph Knopf.

COPPER RIVER REGION.

During & few weeks in the fall of 1900 the lower Copper River was
covered by an exploratory survey, which yielded results that have
been of inestimable value to prospectors and railway engineers but
were not up to the present standards of mapping. In view of the
importance of the region it was decided to revise this work, and this
task was assigned to D. C. Witherspoon, who was also charged with
the work of extending the reconnaissance survey southward from
Hanagita Valley to the Bremner River region. Mr. Witherspoon,
with a party of four men, began field work on June 13 and continued it
until October 3. During this time he revised the mapping of an area
of 900 square miles and surveyed a new area of 1,000 square miles.
This work was done for publication on a scale of 1:250,000. Mr.
Witherspoon also occupied some 20 triangulation stations, which
formed part of & scheme for a system of triangulation from Copper
Center to Chitina and from Chitina to head of Bremner River.

F. H. Moffit, assisted by Theodore Chapin, made & geologic recon-
naissance survey of about 1,500 square miles in the Hanagita Valley
and Bremner River region and also examined the copper lodes and
gold placer prospects of the region. (See pp. 93-104.) The party,
which consisted of three men besides the geologist, began work on
June 13 and continued until September 15.

PRINCE WILLIAM SOUND.

J. W. Bagley, with three men, made a detailed topographic survey
of the most important part of the Port Valdez mining district. Work
in this district was begun on April 25 and continued until July 21,
when the party was transferred to Kenai Peninsula. He was assisted
by C. E. Giffen up to May 30. An area of 160 square miles was
covered in this survey for publication on a scale of 1:62,500, with
50-foot contours. The geologic reconnaissance of this area by the
writer, which has already been noted, is reported on pages 108-130.
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EKENAI PENINSULA.

R. H. Sargent, with a party of four men, began field work at
Kachemak Bay on June 9 and carried a topographic reconnaissance
survey northward to Turnagain Arm. The work included the revi-
sion and original mapping of part of the Sunrise placer district, and
later the drainage basin of Resurrection River near Seward was sur-
veyed. Surveys were continued until October 5. All told, an area
of 3,100 square miles was surveyed, besides which the mapping of
some 660 square miles was revised. These surveys were made for
publication on a scale of 1:250,000, with 200-foot contours.

J. W. Bagley, who began work on Kenai Peninsula on July 25 and
continued it, so far as weather permitted, until October 13, made
detailed topographic surveys of an area of 86 square miles (scale,
1:62,500) in the Moose Pass region and also covered some 360 square
miles by reconnaissance surveys, besides revising the mapping of an
area of 170 square miles. These surveys were made by photo-topo-
graphic methods,

G. C. Martin, assisted by Harmon Lewis, carried a geologic recon-
naissance northward from Port Graham to Kenai River, then east-
ward to Alaska Northern Railway. In addition, Mr. Martin made
some special geologic investigations in other parts of the peninsula.
The Martin party began field work on June 23 and closed it on Sep-
tember 30, during which time an area of 800 square miles was mapped
on a scale of 1:250,000.

In view of the discovery and developments of auriferous lodes in
the northern half of Kenai Peninsula, a special investigation of these
lodes was determined upon, and B. L. Johnson was assigned to this
work. Mr. Johnson began field work near Seward on May 31 and
closed it on October 26. He made a more or less detailed examina-
tion of most of the important lodes and of many of the gold placers
(see pp. 131-173) and also mapped the geology of the area covered
by Mr. Bagley’s survey in the Moose Pass region.

To summarize the results accomplished in Kenai Peninsula:
Detailed topographic and geologic surveys were made of 86 square
miles, topographic reconnaissance surveys of 3,520 square miles, and
the mapping of 830 square miles was revised. Some 800 square
miles were covered by geologic reconnaissance surveys, and in addi-
tion most of the important lode and placer deposits were studied in
some detail.

It has been decided to incorporate the results of the surveys of the
southeastern part-of the peninsula made in 1909 * by U. S. Grant and
D. F. Higgins in a report which shall include all the data collected by
the above parties.

1 Preliminary report on the mineral resources of the southern part of Kenal Peninsula: Bull. U, 8, Geol.
Burvey No. 442, 1910, pp..166-178.
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SUSITNA BASIN.

8. R. Capps, with one man, completed a geologic reconnaissance of
the Yentna placer district between June 10 and September 15. The
area covered was about 2,000 square miles, and the work included
the examination of all the important gold placers of the district.
(See pp. 174-200.)

YUEON BASIN.

L. M. Prindle, assisted by J. B. Mertie, with a party of three men,
completed the areal reconnaissance mapping of the larger part of the
Circle quadrangle, located in the Yukon-Tanana region. Field work
was begun on June 23 and continued until September 9, when an area
of about 4,000 square miles had been covered. Mr. Prindle also made
a study of the placers of Fourth of July Creek. (See pp. 201-210.)

Henry M. Eakin completed the geologic reconnaissance mapping of
that part of the Rampart quadrangle (Yukon-Tanana region) which
had been previously covered by topographic surveys. He also car-
ried the work west of the Yukon over a previously unmapped area,
where some topographic sketch maps were made. The Eakin party,
consisting of two men, mapped an area of about 2,000 square miles
during the field season, which extended from June 24 to August 29,
and also examined the gold placers of the Rampart, Hot Springs, and
Gold Mountain districts. (See pp. 271-286.)

The investigation of the water resources of the Yukon-Tanana
region, which was begun at Fairbanks in 1907, was continued in 1911.
E. A. Porter, who began work April 27, carried on investigations in
the Fortymile district, where 27 gaging stations were maintained for
17 weeks and 80 measurements were made; in the Eagle district,
where 6 stations were maintained for 15 weeks and 28 measurements
made; and in the Seventymile district, where 9 stations were main-
tained for 14 weeks and 46 measurements made. Mr. Porter con-
tinued his field work until September 15. (See pp. 219-239.)

C. E. Ellsworth began work in the Birch Creek district on April 20,
where 15 stations were maintained for an average of 15 weeks and
78 measurements were made. Later he extended work to Fairbanks
district, where 10 stations were maintained for an average of 15
weeks and 74 measurements made; and to the Salchaket district,
where 1 station was maintained for 15 weeks and 3 measurements
were made. Mr. Ellsworth continued his field work until August 21.
(See pp. 240-270.)

NORTHEASTERN ALASEKA. ‘

By courtesy of the boundary commissioner, Mr. O. H. Tittmann,
the Survey was enabled to attach a geologist to the party which was
engaged in surveying the boundary north of Porcupine River. A.G.
Maddren, assisted by J. M. Jessup, was detailed for this work.
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Field work was begun on Poreupine River on June 7 and was closed on
August 31. The topographiec maps of the boundary surveyors (scale
1:45,000) were used as a base, and the areal mapping covered about
400 square miles, in addition to which about 200 square miles were
mapped in a reconnaissance way. A brief statement of results is
published in this bulletin on pages 297-314. '

NORTHWESTERN ALASEA.

P.S. Smith, with C. E. Giffin, topographer, and a party of four men
carried an exploration up Alatna River, across the divide to the
Noatak, and down that river to the Arctic Ocean at Kotzebue Sound.
Field work began on July 1 and closed on August 27. An area of
about 10,000 square miles was mapped topographically, of whjch
the principal geologic features of about 8,000 square miles were
mapped. (See pp. 315-338.) The party traveled by canoes and had
an eminently successful season.

COLLECTION OF STATISTICS.

As in previous years, the statistics of the gold, silver, and copper
production of Alaska were collected by the writer, assisted by mem-
bers of the field force and by Mr. Aten. Every year a larger per-
centage of the operators show their interest in this work by furnishing
data of production. As in previous reports, the attention of the min-
ing public is directed to the fact that a rather large number of placer-
mine operators still neglect to make returns of production, though the
schedules are mailed to them each year. Such action, by decreasing
the acouracy of the published totals for each district, injures the
mining industry. There is no reason for this failure to make returns,
as replies are held absolutely confidential, the figures being used only
to make up totals. This is practically the only phase of the Survey’s
Alaskan work which has not had the full support of nearly every
mining man with whom the Survey men have come in contact. It
is the earnest hope of the writer that all the placer miners of the
Territory will soon come to realize that they are not only running no
risk in furnishing the Survey with figures showing production but
that in withholding them they are injuring the mining industry.

PUBLICATIONS ISSUED OR IN PREPARATION DURING
THE YEAR.

During 1911 the Survey published one professional paper, five bul-
etins, and three separate maps relating to Alaska. One professional
paper and six bulletins are in press. In addition to these, the
author’s work on two other bulletins and one water-supply paper
has been completed, and these publications will be sent to press not
later than July 1. Six other reports are in preparation, which it is
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expected will be ready for publication before the end of the calen-
dar year.

REPORTS ISSUED.

ProressioNar Paper 70, The Mount McKinley region, Alaska, by Alfred H. Brooks,
with descriptions of the igneous rocks and of the Bonnifield and Kantishna dis-
tricts, by L. M. Prindle; including geologic and topographic reconmaissance
maps.

BuwLeTiN 446, Geology of the Berners Bay region, Alaskna, by Adolph Knopf; in-
cluding detailed geologic and topographic mape.

BurLeniN 448. Geology and mineral resources of the Nizina district, Alaska, by F. H.
Moffit and 8. R. Cappe; including detailed geologic and topographic maps.

BuiLeTIN 449, A geologic reconnaissance in southeastern Seward Peninsula and the
Norton Bay-Nulato region, Alaska, by P. S. Smith and H. M. Eakin; including
geologic and topographic reconnaiseance maps. .

BuLLeTIN 467. Geology and mineral resources of parts of the Alaska Peninsula, by
W. W. Atwood; including geologic and topographic reconnaissance maps.

BurieTiv 480. Mineral resources of Alaska (report on progress of investigations in
1810), by Alfred H. Brooks and others; including general map of Alaska showing
distribution of metalliferous deposits,

REPORTS IN PRESB.

P ioressioNAL Parer 69. The Yakutat Bay earthquake of September, 1899, by R, 8.
Tarr and Lawrence Martin. [Issued June 24, 1912.]

BurreTiv 485, A geologic reconnaissance of the Iliamna region, Alaska, by, G. C.
Martin and F. J. Katz; including geologic and topographic reconnaissance maps.
[Issued March 9, 1912.]

Burreriv 498. Headwater regions of Gulkana and Susitna rivers, Alaska, with
accounts of the Valdez Creek and Chistochina placer districts, by F. H, Moffit;
including geologic and topographic reconnaissance maps.

Bunieriy 500, Geology and coal fields of the lower Matanuska Valley, Alaska,
by G. C. Martin and F. J. Katz; including detailed geologic and topographic maps,
[Issued March 15, 1912.]

Burseriv 501. The Bonni field region, Alaska, by 8. R. Cappe; including geologic and
i:opagmph.lc reconnaissance maps.

BurLeTiN 502, The Eagle River region, southeastern Alaska, by Adolph Knopf;
including detailed gaolog'lc and topographic maps.

BurteTiN 504. The Sitka mining district, Alaska, by Adolph Knopf. [Issued Feb-
ruary 2, 1912.]

REEPORTS' COMPLETED, FOR WHICH ILLUSTRATIONS ARE BEING
PREPARED.

Coastal glaciers of Prince William Sound and Kenai Peninsula, by U. 8. Grant and
D. F. Higgins.

The surface water supply of Seward Peninsula, by F. F. Henshaw and G. L. Parker;
with sketch of geography and geology, by P. 8. Smith, and report on placer mining,
by Alfred H. Brooks; including topographic reconnaissance map.

Geologic reconnaissance of Fairbanks quadrangle, Alaska, by L. M. Prindle; with
detailed description of the Fairbanks district, by L. M. Prindle and I. J. Katz;
including detailed and reconnaissance geologic and topographic maps,
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REPORTS IN PREPARATION.

Geology and ore deposits of Kassan Peninsula and the Copper Mountain region,
Prince of Wales Island, by C. W. Wright; including detailed geologic and topo-
graphic maps.

Geology of Glacier Bay and Lituya region, by F. E. Wright and C. W. Wright; includ-
ing geologic reconnaissance maps.

Kenai Peninsula, by G. C. Martin, B. L. Johneon, and U. 8, Grant; including
geologic and topographic reconnaissance maps.

The Koyukuk-Chandalar gold region, by A. G. Maddren; including geologic and
topographic reconnaissance maps.

The Iditarod-Innoko region, by A. G. Maddren; including geologic and topographic
reconnaissance maps.

"Geology of the Nome and Grand Central quadrangles, by F. H, Moffit; including
detailed geologic and topographic maps.

MAPS. .

Five topographic maps were issued as illustrations to reports
(see p. 15), of which two were on a scale of 1: 62,500 (1 mile to the
inch), and three on a scale of 1: 250,000 (4 miles to the inch). In
addition to these, a general map of Alaska was published as an
illustration to Bulletin 480. Three reconnaissance and two detailed
topographic maps are included in the reports which are in press. In
addition to the above, three topographic maps were issued separately
as sale publications, as follows:

Circle quadrangle, No, 641; scale, 1:250,000 (4 miles to the inch); contour interval,
200 feet. Topography by D. C. Witherspoon, T. G. Gerdine, R. B. Oliver, G. T.
Ford, and J. W. Bagley. Price 25 cents,

Kasaan Peninsula, Prince of Wales Island, Alaska, No. 540A; scale, 1: 62,500 (1 mile to
the inch); contour interval, 50 feet. Topography by D. C. Witherspoon, R. H.
Sargent, and J. W. Bagley. Price 5 cents.

Copper Mountain and vicinity, Prince of Wales Island, Alaska, No. 540B; scale,
1:62,500 (1 mile to the inch); contour interval, 100 feet. Topography by
R. H, SBargent. Price'5 cents.



THE MINING INDUSTRY IN 1911.
By Aurrep H. Brooxs.

GENERAL STATEMENT.

The metalliferous mining industry of Alaska had a very successful
year in 1911. Much progress was made in placer and lode gold
mining. The copper production was very large, and the outlook for
the development of the tin®leposits in the Seward Peninsula is more
promising than it ever has been. Some successful developments
were made in the Katalla oil field, and the output of the marble and
gypsum deposits was about the same as in previous years. On the
other hand, no advances were made in the exploration of the coal
fields, for this phase of the mining industry still awaits the establish-
ment of definite policy in regard to the disposition of the public

‘coal lands. In 1911, therefore, as in previous years, stagnation
existed in all enterprises depending on the opening of the coal fields.
These enterprises include not only coal mining ventures but railway
construction and, to & certain extent, metalliferous mining and other
industries whose successful prosecution depends on an abundant
supply of cheap fuel.

The favorable showing made by the Alaska mining industry during
the year is due, first, to the very large output of copper and, second,
to the greater production, compared with 1910, of the gold placer
mines in the Innoko-Iditarod region. Aside from the increased
production of copper and gold, the most important event of the year
was the opening of the Copper River region by the completion of a
railway. The industries already stimulated by this road strikingly
illustrate the importance of railway communication to Alaska.

Although most of the gold still comes from the placers, much prog-
ress was made during 1911 in paving the way for an increased output
from auriferous lodes. This work was carried on in most of the gold-
bearing areas of Alaska, but the advances were most notable in the
Juneau, Valdez, Kenai Peninsula, Willow Creek, and Fairbanks dis-
tricts. Aside from the increase in copper mining the progress made
in developing gold-lode mines is the most encouraging feature of the

48848°—DBull. 520—12——2 17
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year’s operations. Great progress was also made in dredge mining,
notably in the Nome region. It is estimated that in the entire Terri-
tory 27 dredges were operated for the whole or a part of the open
season of 1911. In addition to those operated, at least half a dozen
were in process of construction.

The value of the total mineral production in 1911 is estimated at
$20,650,005; in 1910 it was $16,887,244. In the following table the
sources of this wealth, as well as a comparison with the production of
the previous year, are presented. The statistics for 1911 are not yet
completed and may be subject to change. In the table the output of
marble, tin, gypsum, lead, etc., are combined, because a separate
listing might reveal the production of individual properties.

Mineral production of Alaska, 1910-11.

Increase (+) or
1910, 1011. docronse ()
3
Quantity. | Value. q.mﬂty.r Value. Quantity Value.
Gold.... ..ounces. 780,131 (816,126,740 | a 815,276 lllﬁ,!ﬂ%ﬂ + 35, 145 + 720,507
T T 157, 85,230 | 460,231 | 243,923 | + 302,381 | 4 158684
. .pounds..| 4,241,089 538,605 | 27,267,871 3866584 +4-23,026, 182 +2,827, 880
..short tons. . 1,000 14, 000 900 9,300 | — 1 - 5,700
llarblo, gypuum. tin, lead,
.................................. 121,661 |...oeeen. .. 176,942 |..coaaneae + 55,381
............ 16, BS7, 244 lm.uo.ms‘ +3, 762, 761
a Preliminary estimates.

NotE.—In the above table co|
at 54 cents an ounce for 1910 sn

ggrh vn.lund ntl!.?cenuaponnd for 1910 and 12.35 cents for 1011; silver

Mining began in Alaska in 1880, but for many years no very accu-

rate records of mineral output were kept.
fairly reliable statistics of mineral production are available.

Since 1905, however,
These

data are summarized in the following table, both by years and by

substances:

Value of total mineral production of Alaska, 1880-1911.

By years. By substanoces.

$4,0680, 714 | T $195, 619, 776
- 916,920 | Bﬂm(mmmmla.lvalus]-.-. 1.524.364
. 1,006,000 Cop e 8,705,293
. 1,048,570 347,489
. 1,810,257 Marl ls, ry sur, ﬂn.etc ..... 731,119

2,380,722 AP

3'253;37 206,928, 041
L pe
. 8,238,204
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TRANSPORTATION.

As improvement in transportation is the most important element
in the advancement of the mining industry, the progress of the year
in this respect will be briefly summarized. The Copper River &
Northwestern Railway was completed to Kennecott in April, 1911,
giving a total length for this line from Cordova, on Prince William
Sound, of 197 miles. Repairs were kept up on the Alaska Northern
Railway, including the rebuilding of the crossing of Placer River, and
traffic was maintained from Seward to the end of the track (714 miles)
for all except the winter months. The owners of this railway state
that no extension of the line will be made until the coal fields are
opened. No other railway construction was undertaken during the
year, but traffic was maintained over the White Pass, Tanana Valley,
Seward Peninsula, and other roads.

At the close of 1911 there were 465 miles of railway in the Territory,
compared with 371 miles in 1910. This mileage is distributed among
nine different railways, from 5 to 197 miles in length. The existing
railways emphasize the need of additional transportation facilities.
The most urgent need is for a railway to connect an open port on the
Pacific with the Yukon basin. (See pp. 45-76.) Until such aline is
built only the richest placers and only the most favorably located
lodes can be profitably exploited.

There was little change in ocean steamer service during the year.
The building of lighthouses and the installing of other aids to navi-
gation increased the safety and promptness of navigation, which will
tend to decrease the cost. Attempts to use steamers on the Copper
River above Chitina have been practically abandoned, because of the
difficulties of navigation. River steamer service has also been dis-
continued on the Susitna, because of insufficient business. The small
amount of freight distributed in this region is now handled by
launches. On the other hand, several steamers are now in use on
Kuskokwim River, ascending the stream about 600 miles to the
mouth of the Takotna. They also run up that stream some 15 miles
to a point connected by winter trail with the placer mines on Gaines
Creek. The Kuskokwim is navigable to the Forks, about 50 miles
above the mouth of the Takotna.

The Alaska Road Commission continued its important work of
‘making mining districts accessible by building wagon roads and trails.
Probably the most important undertaking of this kind was the com-
pletion of the winter trail from Seward, on the Pacific seaboard, to the
Iditarod placer district. This not only serves several placer-mining
camps, but also shortens the winter route to Nome by some 300 miles.
Work was also continued on the Valdez-Fairbanks trail, which can
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now be used not only as a winter route but also as a wagon road in
summer. A cut-off was built which connects the wagon road with
Chitina, on the railway. At the close of 1911 the total mileage of
road and trail constructed by the commission was as follows: Wagon
roads, 800 miles; winter sled roads, 534 miles; trails, 1,107 miles;
winter trails temporarily staked, 450 miles. The inadequacy of this
mileage to serve the many mining districts scattered over a territory
of nearly 600,000 square miles is so obvious that no comment is

necessary.,
o METAL MINING.

PRODUCTION.

In 1911 about one-quarter of the gold production came from lode
mines and three-quarters from placer mines, the same ratio between
lode and placer output that was maintained in 1910. It is to be
expected that before long the percentage of lode production will
increase, which will result in a greater stability in the annual gold
output than is possible where the maintenance of the production
depends on the exploitation of rich gravel deposits. The increased
use of dredges will also bring about less fluctuation in the annual
placer gold production. In the following table, which is based on
preliminary estimates, the production of precious metals has been
distributed as to sources,

Sources of gold, silver, and copper in Alaska, 1911, by kinds of ores.

Gold. Bilver. Copper.
Ounoes. Value. Ounces. | Value. | Pounds, Value.

68,075 | 4,187.78 86,560 | 320,114 | 169,660 | 27,267,871 | 83,306,584
| 606,622.50 | 12,540,000 | 110,288 | 58,488 |.-.rvveoeierfernnnrnnnns
|1mmi31s,mw 16,853,256 | 460,231 | 243,023 | 27,267,871 | 3,306,584

Bﬁimusms ‘lﬂ(, 204, 465. 98 | $4,226 087 29,829 | 815,810

To arrive at the total metal production of Alaska the amount of
tin produced should be added. This is discussed by Mr. Hess in
Bulletin 520-B. A small amount of lead is also recovered each
year, incidentally to the treatment of other ores. In the following
table the production of gold, silver, and copper is given by years:
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Production of gold, silver, and copper in Alaska, 1880-1911.

Gold. Bllver. Copper.
Year.
Quantity Quantity Co Quantit
fine Value. (fine mar Valuo,
( ). ounces). cial value. (pounm{
967 ) S ——— 3,088 $320
1,935 OB Lo avisvicaifuiannnnonsueinss cssesl
7,256 0000 L....cicaicua|iiainaarnunalons
14, 566 ’ 10,320 311,146
9,728 ML 000 Fivnerrannsnafoansisnnananfeds
14,513 L I —
21,575 446,000 |...coiinnnnn annsnsan
32,653 675,000 |..oovnnnenadiiiiinieiinioan
41,119 850, 000 2,320 2,181 |.
43,538 900, 000 8,000 7,490 |..
36, 862 762,000 7,500 6,071 |..
43, 538 900, 000 8,000 7,920 |..
52,245 1,080, 000 8,000 7,000 |.
50,213 1,038, 000 8,400 6,570 |..
61,027 1,282,000 22,261 14,257 |..
112, 642 2,328, 500 67,200 44,222 |,
138, 401 2,861, 000 145, 300 09,087 |...
118,011 2, 439, 500 116, 400 70,741 |...
121,760 2,517,000 92, 400 54,575 |..
270,997 5,002,000 140,100 84,270 |..
, 030 8,166,000 73,300 45,404
335, 369 6,032, 700 47,000 28, 508
400,709 8,283, 400 02,000 48, 600
420, 8, 683, 600 143, 600 77,843
443,115 , 160, 000 188, 700 114,934
756, 101 15, 630, 000 132,174 80, 165
, 066, 030 , 0036, 208, 600 138, 345
, 043 19, 340, 743 149, 784 08, 857
933,200 | 19,292,818 135, 672 71,906
087,417 20,411,716 147, 950 76,934
780, 131 16, 126, 749 157, 850 85,230
815,276 16, 853, 250 460, 231 243,02
0,463,106 | 195,619,770 | 2,578,862 | 1,524,364

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

The production from the Pacific coast belt is derived principally
from the lode mines of southeastern Alaska, but includes also the
output of a lode mine of Unga Island, as well as a small output from
gold placers. Previous to 1885 the placers of the Juneau district
yielded considerable gold, and since 1899 the Porcupine district of
southeastern Alaska has been a small but steady producer. The
beach placers along the Pacific seaboard have been worked spas-
modically since about 1890,
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Up to 1909 all the gold from the Copper River and Cook Inlet
region was derived from gold placers; since then there has been a
small output from the auriferous lodes' of Willow Creek and the
Kenai Peninsula. The gold output of the Seward Peninsula and the
Yukon basin is practically all derived from placers. One gold lode
mine and several prospects on Seward Peninsula have been worked
spasmodically since 1903, and there has been a small lode production
from the Fairbanks district during the last two years. (See p. 30.)

Value of gold production of Alaska, with approximate distribution, 1880-1911.

Pacific | Riverand | Yukon | Peninsula
Year. coast belt. | Cook Inlet | Basin. m"‘ Total.

. reglon. Alaska.
820,000 |.reneneenenefominninnnns e $20,000
K s e s

L} ] L]
300,000 |- $1.000 | 301,000
200,000 |- 1,000 | 201,000
276,000 |- 25,000 |- 300,000
418,000 | 30,000 448,000
045, 000 30,000 675, 000
815,000 |. 35,000 85D, 000
B0, 000 |- 40,000 900, 000
712,000 |- 50, 000 g 762, 000
800, 000 100,000 . 900, 000
970,000 |- 110,000 |- ; 1,080, 000
2 BEC Ee
" " - ¥ '

1,569,500 | 860,000 | 709,000 |- 2,328, 500
1,041,000 | 120,000 | 8007000 |- ._...oo..l0 2,831,000
1,799,500 1,000 | 450,000 | §5,000 2,430, 500
1,592, 0,0 2000 | 400,000 75,000 2,517,000
2,152,000 | 150,000 | 500,000 | 2,800,000 5,602, 000
2,006,000 | 160,000 | 650,000 | 4!750,000 8,166, 000
2,072,000 | 180,000 | 560,000 | 4,130,700 6,032,700
2,546,600 | 375,000 | 800,000 | 4,561,800 8,283, 400
2,843,000 | 375,000 | 1,000,000 | 4,465,600 8,682, 600
3,196,400 | 500,000 | 1,300,000 | 4,164,600 9, 160, 000
3,430,000 | 500,000 | 8,900,000 | 4,800,000 | 15,030,000
3,454,704 | 332,000 | 10,750,000 | 7,500,000 | 22,036,704
2,891,743 | 275,000 | 9,183,000 | 7,000,000 | 19,340,743
3,448,318 | 401,500 | 10,323,000 | 5,120,000 | 10,202,818
4,264,716 | 265,000 | 11,580,000 | 4,302,000 | 20,411,716
4,182,730 | 851,030 | 8,062,389 | 3,530,000 | 16,126,749
4,265,573 | 313,538 | 9,139,145 | 3,135,000 | 16,853,256
lu,m,s-u 4,073,668 | 74,118,534 | 60,340,700 | 185,619,776

The production from the Yukon basin in the above table includes,
of course, only that part of the basin on the Alaska side of the bound-
ary. Mining has been going on in the Canadian Yukon since 1885.
The following table of the Canadian Yukon will make it possible to
compare the output of each year with those of the Alaska districts:
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Production of gold in Yukon district, Canada, 1885-1910.6

Quantity
Year. (fine Value.

ounces).
@ 4,387 $100, 000
A 3,386 70,000
1888. .. 1,835 40,000
1889 8,466 175,000
1890... 8,468 175,000
1891... 1,935 40,000
1892, 4,233 §7,500
1893, 514 176,000
1804. .. 6,047 125,000
1895. - 12,004 250,000
1896, - 14,513 300,000
1897.-. 120,937 2,500,000
1898... 483,750 | 10,000,000
1800... 774,000 | 16,000,000
1900... 077,553 | 22,275,000
1901.....0000 870,750 | 18,000,000
1002, 701,437 14,500,000
085 wivis 502,504 | 12,250,000
1004, . 407,938 | 10,500,000
1905, .. 381,001 7,876, 000
1006, .. 270,900 5, 600,000
1007... 152,381 3,150,000
1008, .. 174,150 3, 600, 000
1909, 191,565 3,960,000
1910 220,166 4,550,000
1911 teeeatiii] 54,580,000
| 659,548 | 136,209,500

@ From reports of Mines Branch, Dept. of Mines, Ottawa, Canada.
b Preliminary estimate. 4 l .

METALLIFEROUS LODES.
STATISTICS.

The total gold production from the auriferous lode mines of Alaska
which have been productive since 1882 is estimated to be 2,550,107
fine ounces, valued at $52,808,921. These mines have also produced
1,029,743 fine ounces of silver, with a commercial value of $626,901.
The total copper production up to the close of 1911 was 61,062,979
pounds, valued at $3,905,279. Tin mining began in the York region
in 1902, since which time it has been carried on spasmodically. The
value of the total tin product, which has come almost entirely from
the placers, up to the close of 1910 is $192,042. There has also been
some recovery of lead from ores valuable chiefly for other metals.

Alaska’s auriferous lodes are estimated to have produced during the
year 204,465.99 fine ounces of gold, valued at $4,226,687, as compared
with an output of 198,601 fine ounces, valued at $4,105,459 in 1910.
The increased production is to be credited to southeastern Alaska, for
there was little change in the lode output from other districts. As in
1910, therc was much prospecting of auriferous lodes near Port Vildez,
in Kenai Peninsula, at Willow Creek, and in the Fairbanks district.
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Eighteen gold-lode mines (including several properties in the new
lode districts which made only small outputs) were operated the
whole or a part of the year in Alaska in 1911—six more than in
1910. Work was also done on many gold prospects, a few of which
produced some gold as an incident to the development work. Of the
producing mines, eight were in southeastern Alaska.

It is estimated that these mines had an output of 1,594,404 tons of
ore, as compared with 1,375,612 tons, the total output for 1910. In
1910 the average value of gold-silver contents for all the ores mined
was $2.77; the average in 1911 is estimated to have been $2.79.

There were eight productive copper mines in 1911, as compared
with seven in 1910. Of these, three were in the Ketchikan district,
four on Prince William Sound, and one in the Kotsina-Chitina
district. The total copper production in 1911 was 27,267,871 pounds,
valued at $3,366,584, compared with 4,241,689 pounds, valued at
$538,605 in 1910. About $86,570 worth of gold and $169,660 worth
of silver was recovered from the copper ores. It is estimated that
in 1911 about 68,975 short tons of copper ore were hoisted, as com-
pared with 39,365 tons in 1910. The average copper content of the
ore was about 17.87 per cent, and the gold-silver values about $3.84
to the ton. The large average copper percentage is due to the very
high-grade ores shipped from the Bonanza-Kennicott mine.

SOUTHEASTERN ALASKA.
GENERAL CONDITIONS.

The auriferous lode mines of southeastern Alaska are estimated
to have produced gold to a value of $3,990,786 in 1911, as compared
with an output of $3,839,626 in 1910. In this region eight gold mines
and four copper mines were operated in 1911 and nine gold mines and
three copper mines in 1910. Although there was a decrease in the
number of productive mines, much dead work was done on several
large mining enterprises in the Juneau gold belt, and a number of
small properties in the Ketchikan district were systematically pros-
pected. The Chichagoff and Golden Gate mines, in the Sitka dis-
trict, each supplied ore to 10 stamp mills. It is reported that these
two properties are to be consolidated. The success of these two
properties has stimulated the development of a number of prospects
in the adjaecent regions. A customs mill was built at Skagway in
1911 for the purpose of testing ores from the prospects of the vicinity.

There can be no question that the gold output of southeastern
Alaska will be much increased within a very few years. In copper
mining the advances were less marked, but several properties promise
to become productive in 1912, and should copper continue to advance,
a considerable increase of the copper output from this field is to be
expected.
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JUNEAU PRROINCT.

The Treadwell group of mines, on Douglas Island, continued in
1911 to be the source of most of the gold output of southeastern
Alaska and, in fact, ‘of the lode production of the entire Territory.
Among the important developments on this property was the instal-
- lation of a new central hoisting plant and crusher, which was com-
pleted in 1911. At the Treadwell mine ore was taken from the 1,450
and 1,600 foot levels, and considerable dead work was done on the
1,750-foot level. The 1,210 and 1,320 foot levels furnished most of
the ore at the Alaska-Mexican mine, and the mine workings were
extended on the 1,460 and, to a less extent, on the 1,570 foot levels,
The ore from the Ready Bullion came chiefly from the 1,650-foot
and 1,800-foot levels, and the dead work was chiefly on the 1,100
and 1,350 foot levels. In the 700-foot claim productive mining was
done chiefly on the 1,210-foot and 1,320-foot levels, and dead work
on the 1,600-foot level and in the shaft. Twenty stamps were
added to the mill of the 700-foot claim.

Besides the Treadwell group, only two other properties on Douglas
Island received any attention in 1911. A new company is reported
to have taken hold of the Bear’s Nest property and to have done some
prospecting. Operations at the Alaska Treasure, on Nevada Creek,
which had been temporarily suspended about the close of 1910,
were resumed in 1911, The main crosscut was extended from 3,100
to 3,400 feet, giving a depth of 750 feet below the upper (the Hudson)
crosscut. Some ore bodies are said to have been found. The work
in hand consists in driving from the face of the main crosscut in a
_ northerly direction in the expectation of intersecting the ore body
exposed in the Hudson (the upper) level.

In 1911, as in previous years, the Perseverance mine, in the Silver-
bow Basin of the meainland portion of the Juneau gold belt, was
operated during the open season, which amounted to 153 duys. The
mill at the Alaska-Juneau mine was also operated for a part of the
year, but chiefly for sampling. Plans to develop this property on a
large scale, which have been under consideration for some years
took definite form in 1911. About 100 feet of an adit tunnel was
completed, which will undercut the ore body of the Alaska-Juneau
at a depth of about 600 feet. The portal of this tunnel is on Snow-
slide Gulch, a tributary of Gold Creek. A tram road for carrying ore
has been graded from the portal of the tunnel to a mill at tidewater
near Juneau. The tunnel, which follows a fault line, will be about
6,000 feet long. A ditch to bring water from Gold Creek has also
been constructed. The California Nevada Copper Co. continued
work on its tunnel on the Ebner property. Little information has
been obtained regarding the mines north of Juneau. Systematic
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development has been continued on the Kensington property at
Berners Bay, which will soon become productive. Some plans were
also made to reopen the Jualin mine, located in the same district.
In the aggregate considerable work was done also on numerous other
properties between Juneau and Berners Bay. The mill at the Eagle
River mine was operated only a short time during the year, and most
of the work at this place was directed to further underground ex-
ploration.
KETCHIEAN DISTRICT.

The copper deposits of the Ketchikan district are still by far the
most important of its mineral resources, but in 1911 more attention
was given to the auriferous lodes than in the previous year. The
Mount Andrew and Jumbo mines were producing ore, as in previous
years, but details in regard to development are lacking at this writing.
At the Jumbo, where about 40 men were employed, a crosscut is being
driven to the main haulage adit to bring cars direct to bunkers. Ore
shipments were also continued from the It mine, where operations,
which had been temporarily suspended, were resumed in April.
A 1,400-foot tunnel, destined to undercut the ore body at a depth of
500 feet, was driven at the It mine, and is said to have intersected an
ore body. At the Joker mine only assessment work was done in 1911,
Some small shipments of ore were made from the Rush & Brown
mine, where, it is reported, an ore body of high grade was discovered.
Developments have also been pushed at the Redwing mine, which
has been equipped with a compressor and is to be put on a productive
basis in 1912. It is reported that a 12-foot vein of copper ore has
been found on this property. The main tunnel on the Victory
property at Seal Bay, Gravina Island, has been driven a distance of -
1,900 feet, and other underground developments have been made.
New discoveries of copper ore are also reported on the Copper Center
and Gopher (Hyda) properties. The Northland Development Co.,
whose property is near Klawak, continued sinking a shaft and is re-
ported to have blocked out some ore.

The Lon de Van Mining & Milling Co. continued to drive a crosscut
tunnel on Georges Inlet, an indentation of Revillagigedo Island,
which is intended to cut an ore body outcropping 900 feet above sea
level. At the close of the year the tunnel is said to have been driven
about 2,000 feet and to have penetrated an ore body carrying chiefly
silver-bearing galena and containing some gold. A gold-bearing
vein is said to have been discovered on the Goo Goo claim on Thorne
Arm. Some further developments were also made on the auriferous
lode on the Gervis property near Hollis, Only assessment work was
done at the Moonshine and Old Glory mines. Some developments
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were made by a company which had a bond on the Goldstream group
of claims, located on Gravina Island.

The advances made in the Portland Canal region of British Colum-
bia stimulated prospecting on the Alaska side of the boundary and
within the Ketchikan district. Some encouraging results are reported

in this field.
PRINCE WILLIAM SOUND.

The mining industry in Prince William Sound had its most pros-
perous season in 1911, in both development and production. The
estimated total value of the minerals produced, including copper,
gold, and silver, exceeded $1,000,000. One gold mine, the Cliff, near
Valdez, and three copper mines, the Beatson-Bonanza, the Ellamar,
and the Threeman, were productive, and several other copper prop-
erties were developed sufficiently to give assurance of an output of
metal at an early date. Much development work was also done on a
score or more of auriferous quartz veins, some of which will probably
produce gold in 1912. A customs mill was established at Valdez, to
which ore was brought from several quartz claims of the district.
The Port Valdez gold-bearing region is described elsewhere (pp. 108—
130). Some advances were made in prospecting auriferous quartz
veins in the McKinley Lake district, tributary to Cordova, but this
field has not developed into a producing district so rapidly as was
expected last year. The following notes are by no means complete,
but are believed to cover most of the more important operations
during the year. .

The ore shipped from the Ellamar copper mine was taken from
above the upper level, which had been made available by a cofferdam
completed in 1910. Work was continued on the property of the
Hemple Mining Co., on Landlocked Bay. It is reported that a total
of 2,000 feet of tunnel has been driven on this property.

The Threeman Mining Co. completed its wharf and bunkers and
made its first shipment of ore in November. The mine is developed
on five levels, with an aggregate of 4,000 feet of underground work,
Some work was also done by this company on the Mason and Gleason
claims, near Irish Cove. Developments were continued on the prop-
erty of the Standard Copper Mines Co., near Landlocked Bay. In all
50 feet of shaft have been sunk and 1,100 feet of tunnel have been
driven on this property. The Fidalgo-Alaska Copper Co. completed
its aerial tram, its wharf, and its 1,000-ton bunkers, besides continu-
ing underground developments. Some ore was delivered at the
bunkers before the close of the year, although no shipments were
made.

In 1911, as in previous years, the Beatson-Bonanza mine, on La-
touche Island, was the largest shipper of copper ore on the sound,
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and made substantial progress in both surface equipment and under-
ground workings, details regarding which are lacking at this writing.
Considerable prospecting was also done on the adjacent Barrack-
Girdwood property, and a crew of men were also employec on the
claims of the Reynolds Alaska Development Co., near Horseshoe
Bay. The Seattle-Alaska Mining Co. completed the installation of
a concentratmg plant on its property, located near Montgomery Bay
It is reported that at this place a mineralized shear zone carrying
copper and high gold values has been crosscut at a depth of 400 feet.
The property has been equipped and made ready for production, but
no ore has been shipped.

Development work has been continued on the property of the
Knight Island Copper Co., located about 3,500 feet from tidewater
at Drye Bay. The mine is equipped with an air compressor and
drills run by water pressure. There are two tunnels on the property,
aggregating 450 feet in length, and a shaft 60 feet deep. Plans have
been formulated to put in a wharf connected with the mine by aerial
trams. The only ore produced thus far is that won incidentally to
development work. Work on the Pandora claim in 1911 consisted
of a winze sunk some 20 feet, near the face of the adit, which is 140
feet long. Development work has been done also on other copper
prospects on the sound, notably near Cordova, but detailed informa-
tion regarding these is not now available.

KENAI PENINSULA AND SOUTHWESTERN ALASKA.

Auriferous lode development was active in Kenai Peninsula during
1911, Details regarding mining in this district are presented by Mr.
Johnson on pages 131-173. It is reported that an auriferous quartz
vein has been found near Malina Bay, on Afognak Island. No
new discoveries are reported in the Iliamna region, and but little
prospecting was done in this field. The Apollo mine, on Unga
Island, was, as in previous years, the only productive property in
southwestern Alaska. Ten stamps were operated at this mine during

the summer months.
SUSITNA BASIN.

Lode mining in the Willow Creek district made considerable
advances during 1911, and some prospecting was done on lodes in
other parts of the Susitna basin. A little work was done on a
copper-bearing lode on Iron Creek,! but no notable discoveries in this
part of the field are reported. Some discoveries of gold-bearing
quartz are reported from the Valdez Creek district. The occur-
rence of gold in the Yentna district is described by Mr. Capps on

pages 174-200.

lBrooh. Alfred H. Thomluln;lndmlnmm Bull. U, B. Geol. Burvey No. 480, p. 33,
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It is estimated that about 50 men were employed in developing lode
prospects in the Willow Creek district during the summer of 1911
and a smaller number during the previous winter. Gold to the
value of between $50,000 and $60,000 was produced. The Willow
Creek district was not visited in 1911* by any member of the Survey,
but the following notes on development have been obtained from
what are believed to be reliable sources.

The Alaska Gold Quartz Mining Co. operated its three-stamp
mill (50Q-pound stamps) with water power from June 30 to Septem-
ber17. Over 230 tons of ore were treated. The tailings were yarded,
no concentrator having yet been installed. About 300 feet of adit
has been driven at this mine and 1,500 feet of open-cut work has been
done, the operations in 1911 covering about 150 feet of adit and con-
siderable stripping. Material for two trams, each a little less than
2,000 feet long, is on the ground. In 1911 the ore was trammed
about 1,000 feet and then hauled nearly 2,000 feet on a go-devil.

Some developments were continued on the adjacent group of
claims belonging to the Alaska Free Gold Co. Here a 20-foot shaft
was sunk on & vein in one claim and assessment work was done on
the other claims. Some ore from this property was put through the
mill of the Alaska Gold Quartz Mining Co. A considerable force of
men was employed at the Gold Bullion property from about the
1st of April to the middle of September. A 3,400-foot tram was
installed and five new stamps were added to the mill, making seven
in all. The mill was started on July 15 and was operated, with some
interruptions on account of shortage of water and repairs, until the
middle of September. Most of the ore milled was taken from an open
cut, but one adit is reported to have been driven about 75 feet. Only
assessment work was done on the adjacent Gold Top Mining Co.
property.

A force of men was employed for most of the year on the claims
of the Matanuska Gold Mines Co. The development work consisted
chiefly of open cuts made for the purpose of tracing the veins. An
adit some 40 feet in length was also driven. It is reported that water
power is available and that a mill will be installed on this property
in 1912. The Brooklyn Development Co. resumed operations on its
property in 1911 about June 1. A total of 245 feet of underground
work, besides considerable open cutting, represents the excavating
accomplished to date. A stamp mill was purchased by this com-
pany in 1910, but has not yet been installed. So far as known only
assessment work was done on other quartz claims located in the
Willow Creek district.

1 The ccourrence of gold and the progress of mining in 1910 were described by Frank J. Katz in an article
entitled “A reconnalssance of the Willow Creek gold reglon”: Bull. U. B. Geol. Burvey No. 480, 1811, pp.
130-1562.
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FAIRBANEKS DISTRICT.

GENERAL CONDITIONS.

Although some lode prospecting was done in other parts of the
Yukon-Tanana region, the only notable advances in hard-rock
_mining were made in the Fairbanks district. The writer was
unfortunately prevented from visiting this district, as planned,
and for the facts contained in the following summary has been
forced to rely on information gleaned from various sourcgs. Had
all the mine operators promptly transmitted the statistical data
requested on schedules mailed to them, it would have been possible
to present more details in regard to the lode-mining developments
and thereby to do fuller justice to the district.

It is reported that during 1911 development work in excess of
that required annually for assessment work was done on or about 25
to 30 properties, About 8 or 10 of these produced gold to the
value of $1,000 or more. Most of the ore produced was crushed at
the two customs mills at Chena and Fairbanks, and in addition some
ore was treated at three mills erected on different properties in the
later part of the year. The equipment of these five mills aggregated
26 stamps. It is estimated that about 875 tons of ore were treated
during the year in the district, yielding about $64,100. Probably
about 8 or 10 per cent of this represents the value of the concen-
trates, the rest being free gold. The high value per ton is accounted
for by the fact that much of the ore sent to the mills is picked and
does not represent an average of the ore mined. It is estimated in
the district that transportation and milling charges have averaged
$20 to $30 a ton, prices that prohibit the shipment to the mills of any
but high-grade ores, so that mills have been erected on several prop-
erties, Most of the ores also carry silver. The ores mined in 1911
are estimated to have yielded 582 ounces of silver, valued at $308.

The total amount of hard-rock underground work done at the close
of 1911 is estimated to have been about 6,000 feet whereas the amount
done at the close of 1910 was about 3,000 feet. About two-thirds
of the hard-rock work represents adits, crosscuts, and drifts, and the
remainder represents shafts, raises, and winzes. The total gold pro-
duction of the quartz lodes to the close of 1911 has a value of about
$120,000, which will probably nearly pay for the underground work
done. The lode mining so far has been almost entirely in the hands
of local men, backed by local capital.

NOTES ON MINING PROPERTIES.

Although claims were staked and more or less prospecting was done

- during the year in much of the Fairbanks district, the most important

developments were confined to certain areas, which will be mentioned
in geographic order from east to west.
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The most easterly prospect in the Fairbanks Creek belt is the
Charles claim, located near Coffee Dome, where a ledge is reported to
be 18 inches wide. A 50-foot shaft, showing 3 feet of ore, is said to
have been sunk on the Eureka claim, and work was continued on the
McCarty Creek ledge. Both these properties produced some ore,
which was milled at Chena. A 30-foot shaft, in which a ledge 1 foot .
wide is reported to have been exposed, was sunk on the Governor
claim, in the upper Fairbanks Creek basin.

The divide between Wolf and Fairbanks creeks was the scene of
considerable development work. Here some ore was taken from the
Pennsylvania claim, and some 350 feet of adits has been driven on the
Russian Kid. More extensive developments took place in 1911 on
the Rexall, located close at hand. Here the total developments are
reported to include a 127-foot crosscut and a 50-foot drift, revealing
& vein from 8 inches to 2 feet 8 inches wide. Considerable ore was
shipped from this property to one of the customs mills. A new ledge
some 18 inches wide is said to have been discovered in this vicinity.
Work was continued on several properties in the upper Cleary Creek
basin. At the Free Gold (Roads & Hall) a total of about 1,200 feet
of underground work had been completed at the close of 1911. In
midsummer a five-stamp mill (1,000-pound stamps) was erected on
the Free Gold mine. It was operated about one month and then
closed on account of shortage of water. Not only was ore treated at
the mine but shipments were made to the Chena customs mill.

Work was continued in 1911 on the adjacent property of the
Tanana Quartz Hydraulic Co., which is said to have two veins, one
10 inches to 7 feet, and the other 4 feet wide. The development work
done is said to aggregate about 400 feet. It is not yet known whether
any ore was shipped from this property.

After being closed down for several months the Tanana Quartz
Mining Co. again started operations in March, 1911. A 50-foot winze
was sunk from main tunnel and drifting began on the vein at this
depth, which is said to be 14 to 30 inches wide. Another vein,
reported to be 4 feet wide, is exposed in a 70-foot adit. Some ship-
ments of ore were made to one of the customs mills, and in October
a five-stamp mill was erected on the property. Water for the mill is
procured from a well sunk in the creek bottom, close at hand. Some
ore was shipped from the Pioneer property, on Chatham Creek, where
the total development is said to consist of 128 feet of adit. Some
work is also known to have been done on the Jupiter-Mars, Rex, and
on other properties of the vicinity, but details are lacking.

Much work was done on the Newsboy property, located near the
divide between Cleary Creek and Little Eldorado. Here a shaft was
sunk to a depth of some 200 feet and the mine was opened on two
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levels. At the close of the year the sinking of a shaft to the 315-foot
level was being pushed, as was the drifting on the 215-foot level, where
the vein is said to be 4 feet wide, with no marked change in gold
content. Ore was shipped to a customs mill from the 65-foot and
115-foot levels, where stoping was done. In October a five-stamp
mill was installed. Some drilling was done for water, but it appears
that the mill was supplied from the shaft. Considerable work was
also done on what is known as the Cleary Extension of the Newsboy.
Developments were continued in 1911 on the Rainbow property, on
Skoogy Gulch, and some shipments were made to mill at Chena. A
2} to 3 foot vein is said to be developed. The workings include two
shafts and drifts and crosscuts, the total aggregating about 500 feet.
Some ore was also shipped by Hirchberger & Zimmermana from a vein
said to be 1 to 5 feet wide, which is located near the Rainbow.

Anderson & Birch have opened up a vein at the head of Granite
Gulch, near Pedro Dome. They shipped some ore from this property
to the Citizens’ Test Mill, at Fairbanks. Freeman & Sharf also did
some work on a vein located at the head of Fox Gulch. Some silver-
bearing galena, also carrying gold, was found on this property. The
Wild Rose claim, which is somewhere in Dome Creek basin, also
received attention during 1911. Ore was shipped from this property
to the Citizens’ Test Mill at Fairbanks.

The Reliance Mining Co. did relatively a large amount of work on
its property in the upper Dome Creek basin, shipping some ore to the
Chena Mill. It is said that & vein on this property has been traced
for a long distance by open cuts. A 100-foot shaft has been sunk on
a vein which is reported to be 7 feet wide at the bottom of the shaft.
One adit has been started to tap this vein at the bottom of the shaft
and a second adit for the purpose of developing the vein at a depth of
. 200 feet. At last reports the upper adit had been driven 60 feet, the
lower 160 feet. A second shaft has been sunk 50 feet near the entrance
of lower level. Practically all workings are said to be on the vein and
to be well timbered.

Developments were continued in 1911 on the Freiderich property,
near Ridgetop, and some ore was shipped. On this property a
100-foot shaft has been sunk and 120 feet of adit has been run. The
latest available reports are that a 2-foot vein has been developed in
which there is a very rich ore chute 8 inches wide. At a depth of
70 feet in the shaft a very rich pocket of ore was struck.

It is said that about 280 feet of shaft and 60 feet of drifting was
done on a property near the divide between Wildcat and Vault creeks,
owned by Hoel Bros., Johnson, and Witmer. Current reports are to
the effect that a 30-foot ledge carrying low-gold values and a richer
vein, 8 inches to 2 feet in width, have been found on this property.
The Little Eva claim was staked on the west slope of the valley of
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Eva Creek in 1910, Among the first developments was a 70-foot
adit, which was later abandoned. Later a shaft was sunk to a depth
of 40 feet and a 12-inch vein was found, which was followed for 40 feet
by a drift, then lost by f n.ult.mg Later the vein was picked up again
by a 30—foot. crosscut.

Much work was done in 1911 on the Ryan ledge, located near the
divide between Eva and St. Patrick creeks. It is reported that a
3 to 8 foot ledge was traced for some 1,200 feet by drilling and test
pits. Two other undeveloped ledges are said to have been found on
this property. Some ore was shipped to the customs mill from this
property. No information is available at this writing regarding the
developments of other lode claims in the Fairbanks district. It is
quite possible that there may be some, not here listed, on which an
amount of work has been done equal to that done on those here
described.

SUMMARY AND CONCLUSIONS.

The mining developments in the Fairbanks district have borne out
Mr. Prindle’s! hypothesis that igneous intrusions determined the loci
of mineralization. Nearly every lode reported occurs in the schists
near their contact with granitic or other intrusives. An obvious
deduction from this fact is that the search for auriferous lodes should
be directed to the contact zones of the granitic or other intrusive rocks
which have not yet been prospected.

The notes at hand do not furnish any additional data on which to
base conclusions regarding the probable continuity of the veins.
There seems to be little question that a number of the lodes that
have been developed follow well-defined fissures. Probably no greater
irregularity in the veins will be revealed by more extensive mining
than has already been found. The evidence at hand indicates
that the veins are in part, at least, faulted, a condition which must
be reckoned with in estimating the cost of mining.

Most of the veins thus far developed are small, being 3 feet or less
in width. Some veins, reported to carry high values, are 5 to 7 feet
wide and several much wider lodes carry low values in gold, but
have received relatively little attention. The data at hand are too
fragmentary to indicate whether there is more than one system of
fissuring. Mr. Prindle’s studies hava, however, shown that there
were at least two periods of quartz veining—an older, during which
it appears that some large quartz veins were formed which are rela-
tively little mineralized, and a later period of deformation, during
which some of the veins of the first generation were fractured and
then recemented. So far as known, the rich gold-bearing veins were
introduced during this second period of intrusion.

1 Prindle, L. M., Amitmuusquurtsvemalnthamm Bull, U, 5. Geol. Burvey No. 442
1910, pp. 210~229, |

48868°—Bull. 520—12——8
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The average gold content of the lodes developed in the district has
not been determined, for the results of the little systematic sampling
that has been done are not available to the writer. Much of the
ore milled has been taken from small rich stringers which would not
afford sufficient material to warrant systematic development. Again,
a good part of the ore treated at the mills and taken from the larger
veins was hand sorted and therefore the returns do not express the
average contents of the lodes. It has already been pointed out that
operators who desired to meet in part the expenses of development
have been forced to do this because of the high cost of transporting
and milling the ores.

There are no new data on the probable character of ores at depth.
Practically all the developments have been on the slopes of ridges
and above ground-water level. Therefore, although a depth of about
300 feet has been attained, this does not appear to be below the zone
that is affected more or less by surface waters. No change in char-
acter of ore has been reported at the greatest depths attained.

The miner in the Fairbanks, as in other inland districts, is always
confronted with the high cost of transportation, which is reflected in
the expense of supplies, equipment, and labor. This cost will not
be materially reduced until a railway to tidewater has been con-
structed. The high cost of fuel is another drawback, but could be
reduced by making available the extensive coal deposits of the
Nenana field, some 60 miles away. More difficult to overcome is the
scarcity of water near many of the properties that have been opened
up. In some of the valleys water for milling could probably be
obtained by drilling, though efforts thus far made to obtain a water
supply by drilling have not been successful. An alternative plan is
to locate the mills near the watercourses that maintain a supply
during the winter and in dry summers. For the information of
those who are not familiar with the winter conditions at Fairbanks
it may be added that, aside from the scarcity of water, they are not
unfavorable to lode mining.

NOTES ON AURIFEROUS LODES IN OTHER DISTRICTS.

Relatively little prospecting was done on the lodes of the Bonni-
field district in 1911, but assessment work has been kept up. Late
in the fall about a ton of ore was -taken from a ledge in the Wood
River basin, which will be sledded to Fairbanks for a mill test. It
appears that the only lode developments in the Chandalar region
were those of the Alaska Chandalar Mining Co., which continued
driving an adit on its property in the Squaw Creek basin. This
company has secured the usé of a small prospecting mill, erected in
1910, on the Gold King claims, and will utilize it for testing ore.
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It is reported that some quartz veins bearing gold, silver, and
antimony have been found in the basin of the Riglugalic River, an
easterly tributary of the lower Kuskokwim. The country rock is
reported to be slate, with granitic and other intrusive rocks, and the
mineralization to occur along shear zones. A group of claims called
the Royal Quartz mines has been staked in this region, and a little
development work has been done.

A customs mill was erected at Nome late in the summer of 1911,
and considerable ore was tested there during the last month of the
year. This has stimulated development work on & number of lode
prospects in the Seward Peninsula.

GOLD PLACERS.
GENERAL CONDITIONS.

The value of the placer-gold production in 1911 is estimated at
$12,540,000; that of 1910 was $11,984,806. This increase was due
to the fact that the output from the Innoko-Iditarod region was
more than three times as large and that of the Hot Springs dis-
trict more than twice as large as in the previous year. Moreover,
the production of the Fortymile and Birch Creek districts made sub-
stantial increases in 1911 over those of 1910. On the other hand, the
output of the Fairbanks and Seward Peninsula districts was about
$2,000,000 less in 1911 than in 1910.

It is estimated that a total of 740 placer mines were operated in
Alaska during 1911, compared with 650 in 1910. About 170 mines
were operated during the winter, employing about 670 men, and 775
during the summer, employing about 4,900 men. In addition to
these probably 1,000 to 1,500 men were engaged in prospecting and
other nonproductive work relating to placer mining.

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

Estimated total amount of gravel sluiced in Alaska placer mines and value per cubic yard
of gold recovered, 1908-1911.

Total quantity | _ ¥ Alue of
of gravel s:lgdmv'
(cubic yards), cubic Yﬂ-l'd-

4, 275, 000 8.7
4, 418, 000 3.66
3, 800, 000 3.20
5, 70, 000 2.17
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The figures presented in the above table, showing the gradual
decline of the average gold recovery per cubic yard, are a reflection
of the improvements in mining conditions. They show that year by
year deposits carrying less gold are being successfully exploited and
are furnishing a larger percentage of the placer-gold output of the
Territory. This is the most encouraging feature of Alaska placer
mining, for it assures a degree of permanency which can not be hoped
for so long as the gold output is won chiefly from the quickly
exhausted rich bonanzas which have heretofore played so large a
part in furnishing the gold. That there is still room for improvement
is indicated by the fact that the average gold recovery from placer
mines in the States is less than 13 cents a cubic yard.

Twenty-seven dredges were in profitable operation in Alaska dur-
ing 1911, in addition to which half a dozen were in course of con-
struction. It is’ estimated that these dredges handled between
2,100,000 and 3,000,000 cubic yards of material and that the aggre-
gate value of their gold output was about $1,500,000. Hydraulic
mining is playing from year to year & more important part in the
placer-mining industry of Alaska. In 1911 hydraulic plants were
operated in the Porcupine, Nizina, Kenai Peninsula, Birch Creek, and
Seward Peninsula placer districts. Underground placer mining is now
being done more cheaply than formerly but is still and will remain
the most expensive method of gold recovery. The improvements in
methods of recovering gold and the wide distribution of placer gold
in Alaska give assurance of a continuation of profitable mining, in
spite of the rapid exhaustion of the bonanza deposits. It is not to
be expected, however, that the annual gold output from the placers
will increase, or even hold its own, unless improved means of trans-
portation are established.

SUMMARY OF PLACER MINING BY LOCALITIES
PACIFIC COABT REGION.

For the purposes of this discussion the Pacific coast region will
be defined as covering not only the seaboard, but all the drainage
basins tributary to it, including the Copper and Susitna. The placers
of this province are estimated to have had in 1911 an output valued
at $325,000, as.compared with $425,000 in 1910.

Southeastern Alaska.—The only placer mining in southeastern
Alaska was done in the Juneau and Porcupine districts. One mine was
operated in Silverbow Basin by hydraulic methods, supplemented
by pick and shovel. Two hydraulic mines were worked in the Por-
cupine district, one on Porcupine and one on Cahoon Creek. Con-
siderable work was also done on Nugget Creek, where preparations
are being made to install a hydraulic plant.

*
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Beach mining.—As in previous years, from 25 to 40 men were
engaged in mining beach placers at several places between Lituya
Bay and Unga Island. Yakataga is the most important center of
this industry. According toC.C. Naughton, of Katalla, from 15 to 20
men were engaged in beach mining near Yakataga in 1910 and 1911,
Most of these worked about two months in the year, but some worked
five or six months. The gold-bearing beach gravels stretch from a
point 1} miles west of the settlement of Yakataga to a point about 15
or 16 miles east of it. The gold appears to be concentrated in the beach
by wave action, and as this process continues there seems to be no
diminution in the amount of gold. Mining is done by shoveling into
sluice boxes that are washed by water taken from a lagoon or lake
which is separated from the sea by an elevated beach. This elevated
beach carries gold, but not in sufficient quantity to justify exploita~
tion, at least not by the manual methods now in use.

The hydraulic plant installed on White River some years ago was
again operated in 1911. White River is about 8 miles east of
Yakataga and the placer mine is about 5 miles from the beach.
The best values have been found on a bench whose floor is about 10
feet above the water level. The gravel is said to be about 8 feet
thick. The coastal region near Yakataga is heavily timbered and
contains some coal and petroleum seepages. Some beach mining
was done in 1911 near Anchor Point on Cook Inlet (p. 161) and on
Popof and Unga islands. Itis reported that some new beach placers
were discovered late in the summer of 1911 near Uyak, on Kodiak
Island.

Copper River region.—Mining operations in the Nizina district are
described on pages 93-107 of this report. About 100 men were
engaged in mmmg in the Chistochina (Chisna) district in 1911, and
the gold output is reported to have had a value of about 880 000.
The most extensive operations were on Slate Creek, Miller Gulch,
and Chisna River. Milo Dempsey continued the installation of a
hydraulic plant on the Chisna, but did not finish a new ditch. Some
mining was done with this plant. A drill was used to prospect ground
on the Chistochina.

Cook Inlet and Susitna River region.—Descriptions of mining
operations on the Kenai Peninsula and in the Yentna district are
presented in this bulletin on pages 131-200. A little placer mining
was done on Willow Creek, on the upper Chickaloon, and in the Tal-
keetna and Cashwitna basins.

Five placer mines were reported to have been worked in the Valdez
Creek basin during 1911. During the summer an examination was
made of some of these properties, with a view of consolidation and
operations on a large scale. It is reported that this plan will be
carried into execution,
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YUEON BASIN.

Production.—The value of the placer production of the Yukon basin,
including the Innoko-Iditarod region, is estimated at $9,050,000 in
1911, as compared with $8,020,000 in 1910. This gain is due largely
to the increased production from the Innoko-Iditarod region, but
the output from the Hot Springs, Birch Creek, and Fortymile region
was greater than in 1910. Nearly $5,000,000 worth of gold passed
through Fairbanks in 1911, but of this amount about $500,000 came
from the Tanana Valley districts other than Fairbanks. The gold
placer ! niining developments of the Yukon-Tanana and Ruby Creek
districts are described on pages 211-314,

Bonnifield and Kantishna districts.—There appear to have been no
important developments in the Bonnifield and Kantishna districts in
1911. The total value of the gold output from this region, lying
south of Tanana River, was less than $50,000. Details are lacking in
regard to mining in the Bonnifield region, but the productive creeks
were probably the same that produced last year, including Moose
Creek and tributaries of the Tatlanika, Totatlanika, and Wood River.
About 20 men were engaged in mining in the Kantishna district,
chiefly on Glenn, Bearpaw, Eureka, and Moose creeks and McKinley
Fork.

Chandalar and Koyukuk districts.—A little productive mining was
done on Big Creek, in the Chandalar district. It is reported that a
shaft was sunk on Crooked Creek to a depth of 286 feet and one on
Mammoth Creek to a depth of 172 feet, but that no workable placers
were found. Both these are in the Chandalar district.

It is estimated that gold to the value of $140,000 was produced
from the Koyukuk district in 1911, whereas the output was $160,000
in 1910. A.mong the important events of the year was the finding of
valuable placers in the benches of Sheep Gulch and of the extension
of the pay streak on Nolan Creek. Some new discoveries of gold-
bearing gravel are also reported in the basin of Hammond River. In
1910 auriferous gravels were found in the basin of Indian Creek, which
is a tributary of Koyukuk River from the east about 4 miles above
Waite Island, 374 miles from the mouth of the Koyukuk. These dis-
coveries were made on Snyder and Felix creeks, which are tribu-
taries to the headwaters of Indian Creek. The scene of the discovery
can be reached by an overland journey of about 20 miles from Hughes
City, a new settlement on the east bank of the Koyukuk, about 380
miles by river from the Yukon. Placer-gold prospects are also said
to have been found on Dome Creek, which flows northward, being a
part of the Kanuti drainage basin. This district is often known as
the Red Mountain region of the Koyukuk.

1 Lode mining is described on pp. 32-36.
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The bedrock of these creeks is reported to be slate and granite and
the gravels to be shallow. Several ckims were worked in this district
in 1911, the value of the output being estimated at $14,000. The dis-
covery is said to have attracted about 50 to 100 men, about 20 of whom
remained to do further prospecting. This district lies in a belt running
between Koyukuk and Yukon rivers, in which auriferous gravels are
known to be widely distributed, but within which but little productive
mining has yet been done.

Innoko-Iditarod region.—Placer mining was very successful in the
Innoko-Iditarod region during 1911, the value of the gold output
being estimated to have been about $3,000,000, compared with a
value of $825,000 for the output of 1910. The open season was
unusually long, mining continuing until November. As a conse-
quence only a part of the gold mined during the year was brought
out by the usual steamer route. More than half a million dollars’
worth of gold is said to have been transported by dog team to
Seward, and most of this did not reach the States until after the
close of the year. As a consequence many conflicting statements
were current in regard to the amount of gold produced.

The district is now connected with Seward by a good winter trail,
along which road houses have been established. Moreover, the wire-
less station at Iditarod furnishes communication at all times with the
outside world. Some roads and trails have been constructed in the
district, details concerning which are lacking. It is reported that
the horse tram connecting Iditarod with Flat Creek is to be replaced
by a narrow-gage railway.

Most of the placers are shallow and are mined by open-cut methods.
Consequently there is little work in the district in winter, when proba-
bly not over 15 or 20 mines are operated. Most of these are in the
Innoko part of the field. The fact that there is little winter work for
miners and that transportation to the region is expensive makes the
operating costs high. These conditions are not favorable to those
who expect to work for wages. _

The valuable gold discoveries made thus far are limited to a few
creeks, and the mines are few in number compared with the amount
of gold produced. The conditions have therefore not been favorable
to the prospector and small operator. Furthermore, the real miner
and prospector has been discouraged by an almost universal practice
of staking large areas in association claims by those who have little
thought of systematic development of the lands they thus preempt.
As a consequence many men left the region, and reports were circu-
lated which did not do justice*to the promising possibilities of this
field. The best information at hand indicates that considerable areas
in this region give promise of yielding returns to careful prospecting.
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The developed gold placers of the Innoko-Iditarod region can be
grouped into three districts. The first district in amount of produc-
tion is the Iditarod district, which includes the streams of the Iditarod
River basin. The second Innoko district embraces the headwater
region of the river of the same name. The third district embraces the
creeks tributary to Takotna and other streams which flow into the
Kuskokwim.

Flat Creek, a tributary of Otter Creek, was the largest producer of
gold in the entire region in 1911, Mining was also done on Otter
Creek and on several of its tributaries besides Flat, including Glen
Gulch and Black Creek. In 1911, as in 1910, the mines of the Willow
Creek basin made a considerable output. Mining was also done on
the divide between the head of Flat Creek and Happy Gulch, which
flows into Willow Creek, as well as on Gold Creek, also tributary to
Willow. Chicken Creek is, also reported to have been the scene of
productive mining in 1911. Late in the year good prospects are
reported to have been found on Bonanza Creek, to which Chicken
Creek is tributary. Good prospects are also said to have been found
on Little Creek, tributary to the upper Iditarod. No information is
at hand regarding developments on other creeks of the Iditarod
district. :

Much prospecting and considerable mining has been done on the
Kuskokwim side of the divide. Of the tributaries of the Takotna,
Moore and Fourth of July creeks were the scene of considerable min-
ing. These creeks head in the same divide with streams that flow
into Georgetown! River. In this part of the field there was some
mining on Donlin, Julien, Beaver, Marietta, and Crooked creeks, and "
on Snow Gulch, and prospects are said to have been found on Michi-
gan, Ruby, Kieland, Spruce, and other creeks.

It is estimated that in the Innoko district about 13 claims were
worked by 25 men during the winter, and about 25 claims were
worked by some 200 men during the summer. The largest output
of gold came from the mines of Yankee, Ophir, and Gaines creeks,
but mining was also done on Little, Spruce, and other streams. A
ditch was completed which will furnish water for mining the benches
on Spruce Creek.

Kuskokwim and Goodnews Bay region.—The reports of prospectors
indicate that placer gold has been found at numerous places in a belt
that stretches southwestward from the Iditarod district to Goodnews
Bay on Bering Sea. It is rumored that placer gold has been found
on ‘“Holokuk, Hoholitna, or Holiknuk’” River. This is probably
Chulitna River, which flows into th® Kuskokwim from the south
about 100 miles above Georgetown. Auriferous gravels were found

1 Variously ealled the Ukinilok and Yuniluk River.
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in the Chulitna basin about 10 years ago, but so far as known they
have never been developed. Another discovery is reported on
“Anniok River” and on its tributaries, Cripple and Salmon creeks.
“Anniok River” is unknown to the writer, but it is probably the
stream joining the Kuskokwim from the north about 100 miles below
Georgetown—the stream called Yukwonilnuk River on the maps.
A little placer mining was done on Tuluksak River, which flows
into the lower Kuskokwim from the east about 100 miles above
Bethel. It is reported that about $15,000 was taken from these
placers in 1911, Rigugalik River'joins the Kuskokwim about 30
miles below the mouth of the Tuluksak, Fine gold has been found
on this stream, and in 1911 some tests were made with a small
hydraulic plant, which is reported to have yielded encouraging
results. The bedrock is said to be arkose, sandstones, and slate, with
interstratified volcanic rocks and intrusive granites.! Gold prospects
are said to have been found on the Kwisluk and Eek and other rivers
that flow into the Kuskokwim from the east below the mouth of the
Rigugalik.

In 1910 placer gold was found in streams tributary to Goodnews
Bay, a small indentation of the east shore of Kuskokwim Bay. In
August, 1911, workable placers were found in this district, on Butte
Creek, about 25 miles from tidewater. Here mining was done on
four claims, which made a total output of about $12,000. There are
said to be about 20 men in the district. The bedrock is reported to
be slates, with some limestones and schists cut by igneous dikes.?

These fragmentary data indicate that geologic conditions similar
to those known in the Iditarod region occur in a zone stretching
through to Bering Sea. Although no very rich placers have yet been
found, the presence of alluvial gold and other evidences of mineraliza-
tion in this field are encouraging to the prospector.

FORTHWESTERN ALASKA.

The placer districts of Seward Peninsula are the only productive
ones in northwestern Alaska except those of the Kobuk Valley, from
which the output is very small. An account of mining in Seward
Peninsula, specially of the developments in dredging, is presented
on pages 339-344. During 1911 a little mining was done in both
the Shungnak and Squirrel River districts of the Kobuk Valley.
The total value of gold output from this region, as reported by oper-
ators, is only about $15,000. There is reason to suppose that several
operators did not reply to the request for statement of production,

I The writer is indebted to H. W. Reeth for information about this region.
2 The writer Is indebted to John D. Leedy for information about the Goodnews Bay distriet.
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and that gold to the value of about $35,000 was produced in 1911.
Though several claims were worked in the Squirrel River district, most
of the production came from two or three. During the winter some
shafts were sunk to considerable depth (75 foet is reported), but the
results do not seem to have been encouraging, except on one claim,
where coarse gold was found at a depth of 28 feet.

Klery Creek appears to be the only stream in the Squirrel River
region on which productive mining has been done, though alluvial
gold has been found on other streams. At least two placer mines
were worked in the Shungnak region, but high water seriously ham-
pered operations. A nugget valued at about $600 was found on Dahl
Creek in 1911. This nugget is a large, subangular, thin slab of gold,
to which no schist or quartz is attached. The occurrence of alluvial
gold in the Noatak is described on pages 315-338.

COAL.

Only one coal mine in all Alaska was operated commercially in
1911, but a little coal was mined at several places in the Territory,
chiefly by those who themselves utilized the product. The total
estimated output of coal in 1911 was about 900 tons; the total output
in 1910 was about 1,000 tons.

The Chignik Coal Mining Co.! operated its mine, located on Thomp-
son Creek about 2 miles from tidewater at Chignik Bay. During 1910
and 1911 an entry about 1,000 feet long was driven at this mine. In
this a roll was encountered which cut out the coal for 210 feet, but
beyond this roll the bed was again picked up. The bed is said to be
10 feet thick and to include 8 feet of coal, occurring in two benches
separated by shale. A wagon road about 2 miles long has been built
to connect the mine with the wharf. Bunkers have been erected at
the mine and at the wharf., Plans are under consideration to build
either an aerial or surface tram. The coal mined has been sold to
local steamers and canneries. Some coal was mined along the beach
at Cook Inlet, much of it being picked below high tide without actual
excavation. A little coal was probably also mined in the Chicago
Creek region of Seward Peninsula to supply some near-by placer
camps, and doubtless some other small coal mining of this kind was
done in other parts of the Territory, but no information concerning
these small enterprises is at hand.

1 The writer is indebted to Henry 8. Tibbey, manager of the property, for informsation about develop-
ments. ;
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Coal consumption of Alaska, by sources, 1899 to 1911, in short tons.

Imported from States, -
cl‘:.’t:rﬂv from Wash- | Produced E‘Eﬂ“&%,
In Alnaka, Total ﬂ]’ bi- Total coal
Year. chiefly sub- tuminous, | Lot 0
bituminous| domestie.b consumed,
Bitami- andlignite.s| British

nous. Columbia.d
10,000 1,200 11,200 50,120 61,320
15, 048 1,200 16,248 56, 623 72, 871
©24,000 |.. 1,300 25,300 77,674 102,974
40,000 2,212 42,212 68,363 110,575
64,625 1,447 66,073 60, 605 126, 678
36, 680 1,604 38,383 76,815 115, 108
67, 707 6 3,774 71,487 72,567 144, 054
68, 960 533 5,541 75,034 47,500 122,624
45,130 1,116 10,139 56,385 RS, 506 144,081
23,402 491 | 3,107 27,000 72,831 99, 831
RS sl 2,800 5,012 74,818 110, 228
22,138 |....oo. oo [ 1,000 33,138 73, 004 107,042
BEIOE [.oeaiiiii | 900 33,185 | 88,573 121,728
492, 060 2,147 ] 36,314 | 531,527 | 808,577 | 1,440,104

o By calendar years. b By fiscal year ending June 30. ¢ Estimated.

The annual coal consumption in Alaska is shown in the above
table, which indicates that there was an increase in the use of coal
in 1911 as compared with 1910. This increase is probably due to
the amount used by the Copper River Railway, which began oper-
ating a regular train service during 1911, The consumption of coal
in 1912 will probably be considerably less, for oil is rapidly sup-
planting coal as fuel. Of the larger consumers of fuel in the Terri-
tory the Copper River Railway, most of the ocean steamers, the
Treadwell group of mines, most of the Yukon river boats, and 18
of the 24 dredges operated on Seward Peninsula are using oil-
consuming engines. The passenger service on the Tanana Valley
and Alaska Northern railways is maintained by gasoline motor cars.
The increased use of fuel oil and gasoline in Alaska is shown by the
table on page 46. These facts clearly indicate that the local market
for Alaska coal is certainly not increasing.

PETROLEUM.

‘There was considerable activity in the Katalla oil field during
1911. In the previous year two wells, located near Katalla Slough,
between 1902 and 1904, which had been purchased by the Amalga-
mated Development Co., were cleaned out, a tank was erected on
Kanak Island, Controller Bay, and connected by pipe line with the
wells, and a small refinery was erected on Katalla Slough. No use
appears to have been made of the tank; but in 1911 oil was pumped
from the wells and refined, the product being disposed of at Cordova,
Valdez, and other local settlements. In August, 1911, this com-
pany had erected a new derrick near the producing well and preps,red
to do some more drilling.
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Meanwhile the British Columbia Katalla Oil Co. erected a derrick
on Mirror Slough, about 7 miles northwest of Katalla, and in August
had reached a depth of about 500 feet. Later in the year the Mirror
Slough Oil Co. put in a rig near the one mentioned above. It is
also reported that further drilling is to be done on Katalla Slough
and on Katalla and Martins rivers. The season of 1912, there-
fore, promises to be one of considerable activity in this field. In
describing the oil from this region Martin * says: ‘“The petroleum is
clearly a refining oil of the same general nature as the Pennsylvania
petroleum. It resembles the latter in having a high proportion of
the more volatile compounds and a paraffin base and in containing
almost no sulphur.” Oils of this character should find a special
market on the Pacific seaboard, in which the fuel oils of California
could not compete.

The following table gives the shipments of petroleum products to
Alaska from 1905 to 1911, inclusive:

Shipments of petroleum products to Alaska frc;g other parts of the Uniled States, 1905-1911,
in gallons.

Crude. Naphiba, Thuminating, Lubricating,

Year. -
Quantity. | Value. | Quantity. | Valoe, | Quantity, | Value. | Quantity, | Value,

627,301 | $113,921 84
568,033 | 100, 064 83, 092 :
510,145 | 90,342 | 100,145 | 37
566,508 | 102,567 04,542 | 36,
531,727 | 98,786 85,687 | 35,
626,072 | 95483 | 104,52 a8
423,750 | 57,806 | - 100,141 | 34,048

MISCELLANEOUS MINERAL PRODUCTS.

The value of the total marble and gypsum production in 1911 is
estimated at $140,000, compared with $117,162 in 1910. One marble
quarry and one gypsum mine were operated in 1911, the same num-
ber asin 1910. These properties are in southeastern Alaska. During
1911 work was continued on a deposit of garnet in the Wrangel dis-
trict in southeastern Alaska, from which some shipments have been
made at various times. In 1911 surveys of this property were made
for patent.

1 Martin, G. C., Geology and mineral resources of the Controller Bay region, Alaska: Bull. U. B. Geol,
Survey No. 335, 1908, p. 124,

-



RAILWAY ROUTES FROM THE PACIFIC SEABOARD TO
FATRBANKS.

By AvrFrep H. Brooks.

INTRODUCTION.

The full industrial development of inland Alaska can be brought
about only by constructing railways to some of the open ports on
the Pacific. Many railways have been planned and parts of some
have been constructed, but the work done supplies only in small degree
an urgent need. Though Alaskans have long been clamoring for
adequate transportation facilities, the general public outside of the
Territory has only recently begun to understand that the opening up
of the mineral wealth and arable lands of this great empire is a matter
of national importance. Since public interest has been aroused therc
has been much discussion about the relative merits of the several
possible railway routes from the Gulf of Alaska to navigable waters
of the Yukon. Much of the discussion has consisted either of ex parte
statements by those who were advocating some particular route or of
generalizations by those who were inadequately informed as to the
true conditions. As a matter of fact, topographic maps have been
made by the Geological Survey as well as private railway surveys,
which afford a very large amount of information about most of the
railway routes under consideration, the harbors and shore lines have
been charted by the Coast and Geodetic Survey, and investigations
of the mineral wealth have been made by the Geological Survey, and
of the arable lands and forests by thie Department of Agriculture. All
these data, together with the statistics on population, commeree, and
industries, as well as the climatic records of the Weather Bureau,
constitute a wealth of information bearing on railway routes.

It is here proposed to summarize the data obtained from these
various sources, which will help to elucidate the problems of railway
location. Two articles ! on this subject, published five and six years
ago, will be freely drawn upon, but much information which has been
made available since these articles were published will also be utilized.

! Brooks, Alfred H., Railway routes [Alaska): Bull. U.8, Geol. Survey No. 284, pp. 10-17, 1906; Railway
‘routes in Alasks: Nat. Geog. Mag., May, 1907, pp. 165-190.
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As this summary must of necessity be brief, it can include but few
details regarding the several routes, which aggregate over 2,000 miles.
Details can be obtained from Government reports on Alaska, a list of
which is given on pages 76-88. For convenience of reference this list is
arranged by routes and includes also references to certain unpublished
data in the Government archives, consisting chiefly of notes and plats
of private railway surveys on file in the General Land Office.

COST OF RAILWAY CONSTRUCTION.

In any discussion of railway routes the cost of construction is
obviously important, and, although this matter lies entirely outside
of the writer’s experience and should be left to the enginecer, a few facts
bearing on it will be presented. First, it should be noted that the
cost of copstruction in Alaska is usually estimated by engineers at
from 50 to 100 per cent more than similar work in the Western States.
It is obvious also that the cost per mile will be a variant determined
by the limitations put on curvature and grade and also by the char-
acter of the work. Moreover, the cost of building a railway over any
particular route must be estimated by experienced engineers from
detailedlocationsurveys. Butfewsuchestimateshavethusbeen made,
and these have not been made public. Some 270 miles of railway
have been built over the routes here to be discussed, including the
Alaska Northern and Copper River railways. It appears that the
average cost per mile of these railways has been about 60,000 and
$90,000, respectively. The White Pass & Yukon Railway (110 miles
long, running from Skagway to White Horse) is reported by the man-
agement ' to have cost an average of $62,000 a mile. _

These figures are not to be regarded as average costs of a railway
from tidewater to the Yukon. They represent not only the pioneer
work, which is always expensive, but appear to include the cost of
terminals and expensive bridges, and all the routes built include the
most difficult construction which would be required in Alaska.
These railways traverse the rugged coastal mountain barrier, where
- difficult engineering problems must be solved. This coastal province
presents a strong contrast to the region of broad, open wvalleys and
gently rolling upland that lies beyond the coastal ranges—a region
where railway comnstruction would be simple, and, except for bridges,
comparatively inexpensive. Experienced engineers? familiar with
northern conditions estimate that a serviceable standard-gage rail-

1 Statement of O. L. Dickinson: Hearings before Committes on Territories of the House of Representa
tives on Transportation in Alsska, Apr. 6, 1812, p. 79.

% Hawkins, E. C., Railroads in Alaska: Hearings before Committee on Territortes of the House of Rep-
resentatives, 50th Cong., 1st sess., Feb, 1,1908, p.60. Joslin, Falcon, Railroads of Alaska: Hearings before
Committes on Territories of the SBenate, 62d Cong., 2d sess., Apr. 12,1912, p. 9. Swanitz, A, W., Trans-
portation in Alaska: Hearings before Committee on Territories of the House of Represeniatives, Apr. 6,
1912, p. 86,
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way could be built from tidewater to Fairbanks at an average cost
of about $40,000 a mile.

CONDITIONS AFFECTING RAILWAY LOCATION.
CLASSIFICATION AND ANALYBIS.

For the purpose of clarifying the discussion to follow, an attempt
will first be made to analyze and classify the principal factors that
enter into the problem of railway location. As classified by the
writer the most important of these fall into two general groups which
can be termed (1) commercial and (2) geographic. The first of these
includes all matters relating to present and future traffic, including
developed and undeveloped resources and population as well as to
competitive and supplementary lines of transportation. Obviously
this class embraces the most important elements in the problem, for
without adequate tonnage no railway can be a financial success, no
matter how favorable may be the topographic conditions. In the
second group fall the geographic conditions which embrace the
physical features of the proposed route. Obviously these are of
secondary importance, for if the assured tonnage warrants it almost
any physical obstacle will yield to modern engineering. Certain
subdivisions of the commercial and geographic conditions are indi-
cated in the following table which is intended to present a terse
analysis of the problem of railway routes.

I. Commercial conditions:
(1) Developed resources. (Statistics of production and commerce.)
(2) Undeveloped resources:
Mineral. (Economic geology.)
Agricultural, (Climate, soil, botany, and distribution of arable

lands.)
Timber. (Distribution, quality, and quantity of forests.)
(3) Population.
(4) Competitive or supplementary lines of transportation. (Navigable waters
and existing railways.)

II. Geographic conditions:

(1) Position. (Terminals and connecting lines of transportation.)

(2) Distances. (Comparison of distances of different routes.)

(3) Relief. (Mountain ranges, passes, and valleys in relation to distances and
gradients.) ;

(4) Watercourses. (Depths and widths of rivers as affecting construction of
bridges or ferries.)

(5) Climate. (Snow, rain, etc.; their effect on cost of construction and main-
tenance.)

Among other conditions which may affect railway location are
political boundaries, but with the present methods of handling cus-
toms matters boundaries are usually not important. If, however, a
railway is to be put to military use they become all-important.
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It will be evident, too, that the financial backing of any particular
railway enterprise may exert very great influence on the choice of
routes. Thus a lack of capital may force the choice of a route where
the first cost of construction is lowest and without regard to consider-
ations of ultimate economy in construction, operation, and mainte-

nance.
b COMMERCIAL CONDITIONS.

DEVELOPED AND UNDEVELOPED RESOURCES.

The area which would be developed by railways from the Pacific to
upper Yukon waters is roughly blocked out by the Yukon on the north,
the Pacific Ocean on the south, the international boundary on the
east, and the Alaska Range on the west. (See Pl I,in pocket.) This
province, here termed central Alaska, includes about 200,000 square
miles, or more than a third of the entire area of the Territory. It
includes the extensive gold-placer districts of the Yukon-Tanana
region, in which lies the Fairbanks district. This region has produced
gold to the value of about $67,000,000, and its gold output for 1911
had a value of about $6,000,000. In the same province, to be opened
up by railway, are a number of smaller placer districts, including those
of the Copper and Susitna valleys, which have produced some
$4,500,000 worth of gold, of which $300,000 represents the value of
the production of 1911. Though not immediately in the province
tributary to the railway routes discussed, the Iditarod-Innoko district
could be reached by a branch line from the Susitna Valley. In 1911
this district produced gold to the value of $3,000,000.

The entire region tributary to the railway routes here considered
has produced gold to the value of about $75,000,000, of which about
$9,300,000 represents the value of the output in 1911, The mining
has been done in spite of very high operating costs due to the lack of
means of transportation. Auriferous gravels are very widely dis-
tributed in this province, and many that can not be exploited under
present conditions could be profitably worked if transportation were
provided. ;

Relatively little search has been made for auriferous lodes in the
province, for under the existing primitive and expensive methods of
transportation there has been little hope of profitable exploitation of
lodes, even if they were found. The prospect of finding auriferous
lodes in part of this field is encouraging, and a little gold-lode
mining has been done on Kenai Peninsula, in the Willow Creek region

of the Susitna basin, and in the Fairbanks district. ,

* There is only one productive copper district in this field, except
that of Prince William Sound, which does not need railway trans-
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portation. The Kotsina-Chitina copper-bearing district lies in the
lower Copper River basin and includes the famous Kennicott-Bonanza
mine. Ore shipments from this property were begun in April, 1911,
as soon ag the Copper River Railway was completed. The activity
in this district since then illustrates strikingly the benefit of railways.
Another copper belt lies in the headwater region of Tanana and White
rivers, and some copper ore has also been found in the Susitna basin,
but these two districts, being far from railways, are entirely unde-
veloped. Some silver-lead, iron, and tin deposits have also been
found in this central Alaska region, but they are undeveloped and
their value has not been determined. .

The coal fields of the central Alaska region are extensive and include
the best coal of the Territory (Pl. I, in pocket). Of these, the Bering
River field includes 45 square miles and the Matanuska field over 80
square miles of coal land. They contain high-grade steaming and
coking bituminous coal and some anthracite. Their development
awaits the settlement of the coal-land question and the construction
of railways, Lignitic coals are widely distributed in central Alaska.
The Nenana, the largest inland field of lignitic coal, contains about
165 square miles of coal land.

In this province there are extensive tracts of arable lands, which
are almost unutilized. The largest areas of agricultural lands are in
the Susitna and Tanana valleys and there are smaller areas in the
basins of Copper and other rivers. Considerable profitable farming
has been carried on near Fairbanks, where a local market is reached
by wagon roads. A large number of homesteads have been taken up
near Knik, in the Susitna region, and more would be entered if there
were any means of getting products to market. Agricultural land in
Alaska is not likely to yield any crops for export for a long time, but
with the increase of local markets that will follow mining develop-
ment, brought about by the building of railways, a farming popula-
tion would be attracted. In addition to the farming lands there are
much Jarger areas of good grass land, and cattle raising is likely to
become an important industry. With the decrease of the western
ranges in the States Alaska may before long be drawn upon for
beef and mutton. ’

Except at a few places near the seaboard, there is little or no
merchantable timber in central Alaska. In favored localities spruce
trees reach diameters of 2 feet, but in most places the diameter of few
of the largest trees exceeds.12 to 18 inches. This timber has great
value for local use, but its consumption as fuel should be discouraged
as far as possible by developing the coal fields. At Fairbanks and
other places there are sawmills, which supply in part the local demands
for lumber.

48868°—Bull, 520—12—4
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POPULATION.

The present population of central Alaska is about 22,000, or one-
third of the total population of the Territory. These are mostly whites
and include probably! over half of the total white population of the
Territory. The largest coastal towns of central Alaska are Cordova
(population 1,152), Valdez (population 810), and Seward (population
534). TFairbanks, which is in the Tanana Valley and is the inland
objective point of most of the railways, has a population of 3,541.
There are some 150 people in the town of Chena, located on the
Tanana River 10 miles below Fairbanks. In 1910 the population of
these two towns and of ihe tributary mining camps aggregated 7,875.
The census on which these figures are based was taken in winter, so
only the permanent residents were enumerated, the number being
augmented each summer by several thousand men who spend only
the open season in the mining camps.

The population of central Alaska not included in the towns above
mentioned is scattered in small settlements and mining camps. There
has been a considerable influx of population to the lower Copper River
basin since the railway was completed to this province in 1911.

The town of Chitina, on the west bank of the Copper, where the
railway turns eastward, is the nearest point to Fairbanks on the
Copper River Railway, and much of the inland travel that formerly
started from Valdez now goes from Chitina. Practically no settle-
ments have been established along the military road between Valdez
and Chitina and Tanana except road houses, but several hundred
miners and prospectors live in camps that are tributary to it. There
are also several hundred people in the mining camps of Kenai Penin-
sula and adjacent region. In this part of the field the largest settle-
ments are Hope, Sunrise, Girdwood, and Knik, which have a popu-
lation probably aggregating about 200. The Yentna placer district
has a population of probably 200. No settlements have been estab-
lished in the upper Susitna basin or north of it as far as Tanana
River except a few mining camps in the Valdez Creek and Bonnifield
districts. Most of the settlements in the Iditarod-Innoko region
have sprung up since the census was taken, so that the population
of this region is not known but probably includes 1,500 or 2,000
people. Though it will be evident from the above statements that
the population of central Alaska is scant, it must be remembered that
up to the present time the industrial conditions have been such as
attract only the placer miner. Even placer mining has been limited
almost entirely to the exploitation of bonanzas. No titles have been
granted for coal lands, and even if titles had been given the coal

1 The census of Alaska was taken in 1910 and the details of it have not yet been published. The total
population is reported to be 63,700, of which about 36,000 are whites,
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could not be mined without railways. Copper and gold lode deposits
and much of the low-grade placer ground can not be developed with-
out improved transportation facilities. In the absence of means of
communication only the arable lands that lie close to the seftlements
have been taken up, so that the farming population is very small.

COMPETITIVE AND SUPPLEMENTARY MEANS OF TRANSPORTATION.

A number of good harbors along the Pacific seaboard of Alaska are
available for coastal terminals of railways leading inland. These
harbors are open throughout the year and are from 1,000 to 1,400
statute miles from Puget Sound. At present a steamboat service of
aix trips & month is maintained with most of these ports, and in addi-
tion some freighters carry coal and other supplies north and bring
back salmon and copper ore.

Three routes are now in use for reaching Fairbanks and other settle-
ments in the interior. A military road connects Valdez on the coast
and Chitina on the Copper River Railway with Fairbanks. The
distance by this route from Chitina to Fairbanks is about 324 miles;
from Valdez to Fairbanks, winter trail, about 376 miles. Most of
the travel over this route is in winter, when it is also used for the
mail service. Freight for the local mining camps is also hauled over
this road during the winter at a cost of 10 to 20 cents a pound.

Most of the freight for Fairbanks is shipped to St. Michael by ocean
vessels and thence by steamers up Yukon and Tanana rivers. From
Seattle by this route the ocean voyage is about 2,700 miles and the
river journey about 1,100, and usually about a month is used in
transit. Moreover, this route is open only from about the end of
June to the middle of September. Some freight and many passengers
are carried to Fairbanks by the so-called White Pass route. This
route necessitates an ocean voyage of about 1,000 miles to Skagway,
in southeastern Alaska, and thence a railway journey of 110 miles
by the White Pass & Yukon Railroad to White Horse, in Yukon
Territory, where transfer is made to a Canadian river steamer, which
is used as far as Dawson, a distance of about 460 miles. The distance
from White Horse to Dawson by winter road is 330 miles. From
Dawson an American bottom is utilized going down the Yukon and
up the Tanana to Fairbanks, a distance of about 1,000 miles. The
actual journey from Seattle to Fairbanks by this route occupies
about two weeks, but is usually much longer when delays occur at
transfer points. River navigation on this route is usually possible
from about the 1st of June to the end of September. It is used
chiefly for urgent freight and passengers.

Both the upper and lower routes are subject to interruptions
because of low stages of water, which at times has interrupted all
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navigation for 10 days at a time. At best these routes are available
only during four months in the year. The high freight charges are
at least in part accounted for by the fact that the profits on the larger
investment of river steamers and equipment must all be made in less
than a third of the year. Wood, too, is expensive, and a large number
of the steamers are using California petroleum for fuel. An additional
item of expense is the cost of transshipping at least once by the lower
Yukon River route, or three times by the upper river and White Pass
route. Freight charges to Fairbanks are from $50 to $150 a ton, the
average being probably $75. This cost is incurred to reach a poiat
less than 500 miles distant from the Pacific coast. By feasible rail-
way route to the coast, and thence by ocean steamer, Fairbanks is
only about 2,000 miles distant from Seattle, though supplies are now
transported nearly 4,000 miles by the indirect route now in use.

No exact figures are available on the amount of freight carried to
the Yukon, but it was estimated at about 30,000 tons in 1910, The
cost of transportation on this freight from Puget Sound to the end of
river navigation was probably about $2,500,000, or about $250 for
every man, woman, and child in the district and about 25 per cent of
the value of the entire gold output of the region. An equal sum was
probably expended for hauling the freight from the river bank to the
mines.

The Yukon and Kuskokwim basins embrace some 5,000 miles of
waters navigable by river steamers (P1. II). This mode of transpor-
tation, as has been shown, is both expensive and time consuming. It
has served the'purpose of the pioneer and has made possible the open-
ing of the richer placer districts without expenditure of the large
amount of capital needed for railways. But gold and copper lode
mining and many large placer-mining operations, not to mention coal
mining, are impossible without railways, supplemented by an ade-
quate system of wagon roads. Steamboats should be relied upon to
supplement railways and not to supplant them.

Little need be said of the other means of communication in central
Alaska. The Alaska Northern Railway supplemented by wagon
roads and trails makes accessible the mining camps of the Kenai Pen-
insula. A winter sled road has been built from end of track to the
Iditarod-Innoko region. This trail passes near the Yentna placer
district, which can also be reached by steamboats and launches up
Susitna River and its tributaries. There is also a trail from Knik to
the Willow Creek lode district and another up the Matanuska Valley
to the coal field. In summer small launches ply on Cook Inlet and
between the end of the railway on Turnagain Arm to Knik and up
Susitna River. Ocean steamers during the open season can go up
EKnik Arm as far as Ship Creek,
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The Tanana Valley Railway at Fairbanks, 45 miles in length,
together with a number of good wagon roads, renders the tributary
mining camps accessible. There are also some good winter roads and
trails in other districts of the Yukon-Tanana region.

Tosum up: Central Alaska, whose area is about three-quarters that
of Texas, has less than 300 miles of railway, not over 600 miles of
wagon road, and probably less than 1,000 miles of trail; Texas has
nearly 13,000 miles of railways and about 130,000 miles of wagon road.

GEOGRAFPHIC CONDITIONS.

Details in regard to geographic position of terminals, distances, and
topography of proposed railway routes are given on pages 57-76, and
it is therefore necessary here to consider only the larger features of
relief and drainage and the general climatic conditions.

RELIEF AND DRAINAGE.

A rugged mountain mass called the Pacific mountain system (see
- PL. IT), which fringes the coast line of British Columbia and stretches
northward into Alaska, presents along thousands of miles of the
Pacific seaboard a formidable barrier to inland travel. This moun-
tain system, however, is broken by a number of transverse valleys
and low passes which form natural highways into the interior.
Beyond the coastal mountains lies a province of less relief, which
presents but few obstacles to railway or road construction.

The Pacific mountain system, which is represented by a single range
~ 50 to 80 miles in width along the boundary of British Columbia and
Alaska, broadens out as it enters the Territory, reaching an extreme
width of 200 miles and being made up of a number of parallel ranges.
Through this series of ranges the railway engineer who desires to tap
the mineral resources of inland Alaska must seek a route.

In southeastern Alaska three rivers—the Unuk, Stikine, and Taku—
have their sources beyond the coastal barrier, and hence their valleys
are possible railway routes to the inland region. Such routes would,
however, serve to open up Canada and not Alaska and will not here
be considered. Farther north Skagway River reaches far back
into the mountains, though it does not traverse the entire coast range.
The White Pass, 2,880 feet high, separates its waters from those flow-
ing into the Yukon and is used by the White Pass & Yukon Railway.
A few miles to the north is Chilkoot Pass, 3,100 feet high, not feasible
for a railway route, but long an Indian route into the interior and
extensively used during the Klondike days. About 40 miles south of
Chilkoot Pass Chilkat River debouches into Pyramid Harbor, an
arm of Liynn Canal. This river also lies entirely within the mountains,
and its headwaters are separated from streams flowing into the Alsek
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by passes about 3,200 feet high. West of Icy Strait the St. Elias
Range forms the coastal barrier and is traversed by Alsek River,
whose sources lie in the plateau region of the interior. The valley of
Alsek River, though perhaps topographically feasible as a railway
route, will probably never be used. for reasons which will be consid-
ered later (p. 60).

The Copper River valley is the first gap in the mountains west of
the Alsek (Pl. III). This stream drains a large basin which lies
entirely within the Pacific mountain system. . In its lower 130 miles
the valley of this stream is narrow, but it broadens out above,
embracing the gravel-floored upland called the Copper River Pla-
_ teau. The southwest margin of this plateau is drained westward by

Matanuska River, which flows into Cook Inlet. The watershed
between the two basins lies at an altitude of about 2,800 feet. The
lowest part of the divide between the Copper and Susitna waters
is between the Middle Fork of the Gulkana, flowing east, and
McClaren River, flowing west, and is about 3,000 feet high. Several
broad passes lead from the Copper River basin into the Tanana
Valley, one of which, between Chistochina and Delta rivers, is about
3,300 feet, and another, the Mentasta Pass, about 2,900 feet above
the sea. The headwaters of the Copper are separated from the
Nabesna, a tributary of the upper Tanana, by a broad gap having an
altitude of 3,400 feet. Skolai Pass, probably about 5,000 feet high,
separates the head of White River from streans flowing into the
Chitina, an eastern tributary of the lower Copper River. Between
the head of Lowe River, which enters Prince William Sound at Valdez,
and the Tasnuna, a westerly tributary of the Copper, is Marshall
Pass, about 1,900 feet in altitude. Thompson Pass, about 2,500 feet
high, is also on the divide that separates Lowe River drainage from
that flowing into the Copper. Nearly all of the above-described
passes have at one time or another been proposed for railway routes.
The Copper River Railway has been built up Copper River for
some 131 miles and thence eastward for 67 miles to the Bonanza
mine.

The Chugach Mountains, which at the mouth of the Copper form
the coastal barrier, swing to the west around Prince William Sound,
and, bending to the south, merge with the range that forms the
backbone of Kenai Peninsula. West of this range lies Cook Inlet,
which occupies a part of a broad depression between the Kenai Moun-
tains on the east and the southwestern extension of the Alaska Range.
This trough is extended northward by the Susitna basin, which is
bounded on the east by the Talkeetna Mountains and on the west by
the Alaska Range. The Talkeetna Mountains are separated from the
Chugach Mountains, to the south, by the Matanuska Valley, a broad
trough whose upper end opens to the Copper River Plateau. (PL IIL)
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The upper Susitna waters are separated from the Nenana basin
by Broad Pass, about 2,700 feet high. An account has already been
given of the divide between the Susitna and Matanuska waters on the
west and the Copper River drainage on the east. On the west the
rugged Alaska Range separates the waters of the Susitna from those
flowing into the Kuskokwim. Several passes lead from the Yentna
basin, tributary to the Susitna from the west, to the Kuskokwim
Valley. Of these, Rainy Pass, about 2,950 feet high, is probably the
lowest.

As upper Cook Inlet can not be navigated in winter on account of
ice, it is important to consider the passes leading through the Kenai
Mountains to open waters on the east side of the peninsula. There are
several of these passes, one of which, between Placer River and Kenai
Lake drainage (1,060 feet high and probably the lowest) is used by
the Alaska Northern Railway. This railway also crosses another
divide, about 700 feet high, between Kenai Lake and the streams tribu-
tary to Resurrection Bay. A route long used by natives journeying
from Cook Inlet waters to Prince William Sound crosses a glacier-
covered pass said to be about 1,000 feet high, lying between the head
of Turnagain Arm on the west and Portage Bay on the east.

High, rugged, snow-covered mountains lie west of the upper half
of Cook Inlet and form what seems to be an impassable barrier.
Farther south, however, these mountains split up into a number of
subordinate ranges of no great altitude and in the Iliamna Lake region
are broken by several low passes, which lead to waters flowing into
Bristol Bay. To the west are streams which flow into Kuskokwim
River and which have not been surveyed. This region is said to be
& rolling upland, with no high ranges and many broad valleys. Still
farther west lies the main Kuskokwim Valley, which is separated from
the Yukon by only a low watershed.

CLIMATE.

Central Alaska includes two provinces which are climatically very
distinct. The Pacific seaboard is characterized by heavy precipita-
tion, cool summers, and comparatively mild winters. This climate
contrasts strongly with that of the region beyond the mountains,
which is semiarid, has short, hot summers, and long, cold winters.
Variations between these extremes are found in the many subordinate
climatic provinces of the region.

In the coastal region stretching from Lynn Canal to Cook Inlet
the total precipitation varies from 54 to 190 inches and the winter
snowfall from 4 to 14 feet. The average temperature for the three
summer months is from 50° to 54° F.; for the three winter months from
20° to 30° F. In different parts of the region there are 127 to 208
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days in the year on which there is more or less precipitation. The
incomplete records indicate an average annual precipitation of about
28 inches at Skagway, 126 inches at Katalla, 133 inches at Cordova,
74 inches at Valdez, 54 inches at Seward, and 35 inches at Sunrise on
Turnagain Arm.

The lower Copper River valley has very much the same climate as
that of the coast, but above the Tasnuna it is more of the inland type.
At Copper Center the precipitation is about 9 inches annually, and the
snowfall about 3 feet. Few records have been made in the Matanuska
and Susitna valleys, but these districts are drier than the coast. At
Chickaloon, on the Matanuska, one year’s records showed precipita-
tion of only 10 inches. At Fairbanks the average annual precipitation
during a record covering five and a half years was 12 inches. At the
mouth of the Tanana the records show about the same precipitation.
At Eagle, near the boundary, the mean annual precipitation is less
than 12 inches. In the Yukon-Tanana region the average tempera-
ture for the three summer months is about 54° F., and for three
winter months about —12°F. The average snowfall in that region is
24 to 5 feet. There is some precipitation for about 80 days in the
year, but the total precipitation indicates that few of the rains are
heavy.

The heavy snowfall along the seaward slope of the mountains is the
only serious climatic obstacle to the operation of railways. Another
drawback is the very marked fluctuation in the run-off. With the
opening of spring the winter snows melt rapidly, and there is & corre-
spondingly rapid rise in the streams. The danger to bridges and
trestles is increased by the presence of ice, which may be not only
thrown directly against structures but also may form temporary
dams, which break and precipitate a sudden flood that carries cakes
of ice.

The presence of glaciers in the Pacific mountain system may also
affect railway construction. Glacial streams are heavily charged
with sediment and are subject to great fluctuation. Their channels
are constantly shifting. These conditions may considerably increase

“the cost of railways that must cross glacial streams, especially if the
crossing be made near the ice front.

Some of the passes that will be described are filled with glacial ice,
and hence are impassable for railways. For example, Prince William
Sound is separated from the head of Turnagain Arm by a neck of land
only 15 or 20 miles wide, and the divide is said to stand only 1,000 feet
above the sea, but.this pass is ice covered and unavailable for a
railway.

Most of the Alaska glaciers are retreating, but some have advanced
within the last decade.! Therefor® in projecting railway routes that

1 Tarr, R. 8., The Yakutat Bay region: Prof. Paper U, 8. Geol. Burvey No. 64, 1909,
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pass close to the front of glaciers the possibility of an ice advance
should be carefully considered. Moreover, some of the moraines of
existing glaciers, which appear to be made up entirely of gravel, sand,
and loose material, may prove on excavation to be composed very
largely of ice. Excavation of the glacial detritus will reveal the ice,
which on exposure will thaw and cause endless difficulties in main-
taining the grade. Glaciers are, however, limited to the Pacific
mountain system and chiefly to the coastal slopes.

The fact that the ground is frozen in many places in the interior
must also be considered in railway construction. In most of the
Yukon basin the ground is frozen to bedrock. At one locality near
Fairbanks ground frost was encountered to a depth of over 300 feet.
In summer the ground thaws to a depth of only 18 inches to 2 feet.
The ground is not everywhere frozen, for the beds of the larger water-
courses are as a rule not frozen, and some other ground, such as the
high gravel benches along valley walls, where drained, proves to be
unfrozen. The talus-covered slopes of valleys are generally frozen,
and a cut made into them leads to thawing, which is in places followed
by slides that may be disastrous to railroad construction work. In
building across frozen ground engineers have found it advisable to
expose as little of the ground as possible to the air, in order to prevent
thawing.

PRINCIPAL ROUTES.

LINES AND GRADES.

The foregoing account, of the topography indicates that there are a
number of possible routes of approach for railways from the Pacific
to central Alaska. Those which are most important to this discussion
fall into three general zones: (1) From Lynn Canal by way of the
Chilkat, Alsek, White, and Tanana River basins; (2) by way of the
Copper and Tanana basins; (3) by way of Kenai Peninsula and
Susitna and Tanana River basins. Within these general zones there
are several alternate routes. All the above routes are shown on the
accompanying map (Pl. 1I), on which the mountain barriers as well
as the transverse valleys and passes are indicated. The foregoing
descriptions of the topography and the features represented on the
map (Pls. II and III) indicate that there are other possible railway
routes to the interior of Alaska. These also will be briefly described,
though they do not pertain to the main subject of this article. All
these routes will be described in geographic order from south to
north.

Generalized profiles (Pl. IV) have been made of the principal
routes. These profiles are based on the best information obtainable
and indicate approximately distances and grades. This matter is
presented in somewhat greater detail in the table of distances and
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altitudes, which are included in the description of the principal routes
to Fairbanks. It can not be too strongly emphasized that the surveys
of these routes are far from complete and that the data here presented
can be of service to the locating engineer only in suggesting the
general choice of routes. Accurate distances and grades can be
determined only by detailed location surveys.

WHITE PASS ROUTE. '

The White Pass & Yukon Railway, a narrow-gage road, has its
coastal terminal at Skagway (Pls. I and IT), which is at the head of
Lynn Canal, about a 1,000-mile journey by inland water from Seattle,
and is well provided with wharves. The railway ascends Skagway
River for about 12 miles, then, leaving it, crosses White Pass at the
international boundary, 20 miles from tidewater, at an altitude of
about 2,880 feet. In this distance fhere is a grade of a little less
than 4 per cent for a distance of some 15 miles.! From the pass the
railway has a down grade for 90 miles to its terminal at White Horse
(elevation 2,090 feet), on Lewis River. The steamboat trip down
Lewis and Yukon rivers to Dawson (460 miles) takes about two
days; the return journey about four. The steamboat route from
Dawson to Fairbanks is about 1,000 miles long.

All but about 20 miles of this railway lies in Canadian territory.
The chief reason for mentioning this railway here is because some
plans have been suggested for extending it to the copper district of
the White River valley and to other parts of the Yukon basin,
which would bring it into competition with other railway routes here-
described. Moreover, it would in a certain degree compete with any
railway built to Fairbanks, to which point, in connection with river
steamers, it now handles freight and passengers.

The White Pass Railway could be extended to Lake Kluane by
building about 120 miles. This route would lead over easy grades.
At Lake Kluane it would intersect the route to be described from
Lynn Canal to the Tanana. The distance from Lake Kluane to the
‘White River copper deposits is about 120 miles.

ROUTE FROM PYRAMID HARBOR, SOUTHEASTERN ALASKA, TO
FAIRBANKS, BY WAY OF WHITE AND TANANA VALLEYS.

The Pyramid Harbor-Tanana Valley route (Pls. IT and IV) leaves
tidewater at Pyramid Harbor, which is about 1,000 miles by inland
water route from Seattle. Pyramid Harbor affords good water and
shelter and presents no difficulties in wharf construction. The route
extends up Chilkat River and crosses the international boundary
about 6 miles from tidewater. Several passes, about 3,200 feet in

1 Dickinson, O. L., Transportation In Alaska: Heulnslhalmthecznmltlaaonmtmim. House of
Representatives, Apr. 6, 1913, p. T4
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height, lead from the Chilkat basin to the Alsek basin. Once over
this divide the railroad route follows a series of natural depressions
and valleys all the way to Fairbanks. These depressions, which
parallel the inland front of the St. Elias Range (Pl. II), afford an
admirable route for a railway. One route would be by Dalton Port
and thence due west to Kaskawulsh River and up that stream to
a Jow divide that separates it from Slims River, which flows into
Lake Kluane. An alternate route would go farther northeast, by
Lake Dezadeash and on to Lake Kluane. Detailed surveys would
have to be made to decide which of these two routes is the better,
but either would be entirely feasible. The route would continue to
the west along the south side of Lake Kluane and beyond, crossing
Donjek River in an almost straight course to the canyon of White
River, where a suitable place for a bridge could be found. From
this place the route would cross the broad flat that separates the
White and Tanana basins. The rest of the route would be down the
Tanana Valley, probably on the north side.

As will be seen from the accompanying table of distances and
altitudes, the only bad grade is the one to the first divide from the
coast. As a part of the route lies transverse to the main drainage
lines, many bridges would have to be built. Of the larger streams
crossed the Alsek, the Donjek, and the White would be the most
expensive to bridge.

Approzimate elevations and distances along rail route from Pyramid Harbor to the
E TanmaVaIkyan;wFaz&bmth. -

Local dis- Dir:gmoa
m
Elevation. tances. Pyramid
arbor.
Feet. Miles, Miles.
Eiarbur ................................................... 1 ] 0 ]
e SRS .Y 24 24
MYMM:«Z hmndmlge .............. 19 43
Divide between Chilkat and Tu hina rivers 3,200 20 63
Daltin Posticil i s st 2,520 2 89
2, 500 44 133
............. 32 165
2, 600 14 179
3,100 67 245
3,600 18 262
2,800 25 287
1,500 118 447
900 120 5687
600 2 5949
510 52 648

The Chilkat basin is well timbered (chiefly with spruce and hem-
lock) and contains some auriferous gravels, though the producing
district lies somewhat off the proposed railway route. The copper
deposits of Rainy Hollow, on the Canadian side of the boundary and
20 miles off the main route, are but little developed. In the inland
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region the route lies near no developed mineral resources until it
reaches Lake Kluane, where there is a small placer district. It should
be borne in mind, however, that what little is known of this region
indicates that it may contain a continuation of the mineralized belt
of southeastern Alaska and may possibly contain workable ore
deposits. The copper belt of the upper White and Tanana basins,
which lies near this route (PL. I), is almost entirely undeveloped, but
the prospect of finding workable ore bodies is encouraging. The
placer districts of the Yukon-Tanana region are in part tributary to
this route. The Tanansa and Alsek basins are timbered with spruce
and contain also considerable grazing and agricultural land.

There can be no doubt that this is a natural route into the interior
and that a railway along it would open up a large inland region that
contains valuable resources. Long before the white man came to the
region this route was used by the natives in their intertribal inter-
course. It has the disadvantage that for about 300 miles it traverses
Canadian terrltory, and it would therefore not afford an all-Alaskan
route. Moreover, it would not help to develop the resources of the
Copper River and Susitna River basins.

TAKUTAT BAY-ALSEK ROUTE.

The lower Alsek River valley lies transverse to the St. Elias Range
and has been proposed as a route into the interior (Pl IT). The line
would run southeastward from Yakutat Bay for about 50 miles to
the mouth of the Alsek. A narrow-gage railway, called the Yakutat
Southern, has already been built for about 9 miles of this distance for
the purpose of bringing fish to the salmon cannery at Yakutat. The
Alsek Valley is only in part surveyed, but no doubt a railway could
be built through it. It would intersect the Pyramid Harbor-Tanana,
route about 200 miles from the coast and would there attain an alti-
tude of about 2,500 feet.

Yakutat Bay, which is about 1,150 statute miles (1,000 nautical
miles) by sea from Puget Sound, is but an indifferent harbor and, so
far as known, the proposed railway would not tap any mineral
deposits, though such may exist in the unexplored St. Elias Moun-
tains. 1t is open to the same objection as the Pyramid Harbor route,
for it passes through Canadian territory. Much of the route being
unexplored, a table showing distances and altitudes along it is not
here given.

ROUTES TO BERING RIVER COAL FIELD.

The surveyed portions of the Bering River coal field include about
45 square miles known to be underlain by high-grade steaming and
coking bituminous and anthracite coal. The field lies on the coastal
flank of the Chugach Mountains and extends into the unsurveyed



RAILWAY ROUTES FROM PACIFIC SEABOARD TO FAIRBANKS, 61

portion of the mountains. The coal field lies about 12 miles in an
air line north of Controller Bay, 12 miles northeast of Katalla Bay,
and 50 miles east of Orca Bay, an arm of Prince William Sound
(Pls. II and III).

The southwestern end of the field touches Bering Lake, which is a
very shallow tidewater inlet of Controller Bay. A small amount of
coal has been brought to the coast on barges from Bering Lake, but
the field can be developed on a large scale only by building a railway
from the coast. Three general routes of approach to the coal field
have been surveyed, and each has been advocated as the best by
engineers who were familiar with local conditions. These are (1)
from Controller Bay, (2) from Katalla Bay and Fox Islands, and (3)
from Cordova on Orca Bay. Controller Bay, as a whole, is a shallow
body of water with, however, a deep channel sheltered from the
‘Pacific by Ocalee Spit, Kayak, Wingham, and Kanak islands.
Ocalee Spit and Kanak Island are low, with no relief except sand
dunes. Kayak and Wingham islands have considerable relief.
Controller Bay is bounded on the north by the mainland, here a
* treeless coastal swamp traversed by many winding streams and broken
near the sea by tidal inlets. A deep waterway called Ocalee Channel
enters Controller Bay between Wingham and Kansk islands. It
trends northeastward for about 4} miles and is continued beyond,
to the east and northeast, for about 3 miles. At the entrance the
channel is a little over half a mile wide and has a depth of about 66
foet at mean low water. If continues for this width about 3 miles,
and then narrows to about five-eighths of a mile, and at the big bend
shoals to about 42 feet. It maintains this depth of water and width
of channel for about 2 miles to the southeast, beyond which it nar-
rows, but except for one shoal 36 feet deep, practically maintains
this depth of water to the extreme end of the channel, where it is a
little less than a quarter.of a mile wide. From half a mile to a mile *
of water about 3 feet deep separates the Ocalee Channel from the
tidal flats which skirt the mainland and are about 2 miles wide.
Ocalee Channel is separated by about a mile of shoal water and
tidal flats from the southern end of Kanak Island.

About 3 miles from the entrance a narrow channel, a little over a
mile in length, extends northward between Kanak Island and the
tidal flats. This has a depth of nearly 20 feet and lies about three-
quarters of a mile east of the southern end of Kanak Island. Bering
River empties into the ocean at the north end of Controller Bay.
Its silt-laden waters in part reach the sea through the shallow strait
separating Kanak Island from the mainland to the north.

Controller Bay was first investigated as a tidewater outlet for the
coal some 10 years ago, when the main features of the hydrography.
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were determined by J. L. McPherson, a Seattle engineer. Since then
the Coast and Geodetic Survey has charted the bay, disclosing the
channel described above. As there are no landing facilities on Con-
troller Bay, nor any buoys or beacons to mark the channel, it has
never been much used by vessels. Surveys have been made for at
least half a dozen different tidewater terminals on Controller Bay
and there seems to be little choice between these terminals. The
railways suryeyed with terminals on the mainland would require
about 3% miles of approaches across the tidal flats and shoal water
that intervene between the shore and the channel. From the shore
the railways would traverse about 20 to 25 miles of gravel flat at
water grade to reach the margin of the coal field. This route would
all be on water grade, the rise to the margin of the coal field being
only some 50 feet. To reach different parts of the coal field many
spurs and branches would have to be constructed. Bering River is.
the only large stream to be bridged and offers no difficulties.

Those who advocate the Controller Bay route contend that it is
the shortest way to the coal field from tidewater and offers the best
grade, with very cheap construction of the land line. They also
point out that Controller Bay is only 1,300 statute miles (1,100 nau-
tical miles) from Puget Sound, as compared with 1,400 for Cordova.
They contend that while the channel is ample for present shipping
the soft silt bottom could readily be dredged to meet any require-
ments of the future. Three chief points have been made against
Controller Bay as an outlet of the coal field. First, it is asserted that
cost of a terminal will be so expensive that interest.charges will
offset the cost of the extra haul to Cordova. Second, that while
the bay is sheltered from the sea the adjacent lands do not afford
adequate protection against the winds, which at certain seasons of
the year are severe. Third, that the ice which forms on the mud
- flats and in the mouths of the rivers is carried into the bay in large
cakes, which on being moved back and forth by the tide in the narrow
channel, will be a serious menace to shipping as well as to the railway
approaches. In reply to these criticisms it should be said that
Controller Bay has now been under observation for a number of years
by those who are advocating it as a railway terminal and that the
engineers employed in this work are confident that the advantages
of its use are greater than its disadvantages.-

In 1907 two plans were in execution for providing a coastal terminal
near Katalla, on the mainland about 10 miles west of Controller Bay.
One of these provided for a breakwater from Palm Point, which was
to make Katalla Bay, now exposed to storms from the south-south-
west, available for shipping. Inside of this proposed breakwater
depths of 20 to 30 feet are found within a quarter of a mile of the
land. It was proposed to build & railway from this point up to
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the coal field and also one up Copper River. A wharf was built,
later destroyed by the storms, and some 7 or 8 miles of track were
laid. No work has been done on the project since 1907. From this"
terminal the surveyed railway route extends up Katalla River and
across the flat, about 50 feet above sea level, to Bering Lake, which
is shallow and could be crossed on trestles. The nearest coal could
be reached with about 12 miles of track and the heart of the field
with about 20 miles. This project would have the same easy grades
as the route from Controller Bay. The Copper River line was planned
to swing around Martin Point and follow up the alluvial flat that
marks the eastern margin of the Copper River delta. It would join
the present Copper River Railway about 30 miles from Katalla.

The second plan for a railway from the coast near Katalla contem-
plated making a harbor at the Martin Islands by building break-
waters. It was proposed to connect Whale Island with the main-
land by a causeway, and to connect this island with Fox Island by
breakwater, and also to extend a breakwater westward from Fox
Island. The harbor thus formed would have a depth of 24 to 40
feet. The plan was to build a railway from this terminal into the
coal fields and up Copper River along the routes already described.
In 1907 work was started on this project and several miles of track
were laid, since which time it appears that nothing further has been
accomplished.

The third route of approach to the Bering River coal field is from
the town of Cordova, on Orca Bay, which will be described below.
This route is in part in use by the Copper River Railway, now in
operation. The railway takes an easterly course from Cordova across
the flats, which here intervene between the highlands and the sea.
© Many small glacial streams but no large rivers are crossed before
Copper River is reached. Copper River is crossed 5 to 10 miles
below the head of its delta by several bridges connecting islands that
lie between the channels. The nearest point to the coal field is on
the east side of the Copper and about 38 miles from Cordova. From
this point there are two alternate routes to the coal field. One of
these runs southeastward and reaches the field by way of Katalla.
This is on water grade and has already been described. By this
route the distance from Cordova to the coal is about 90 miles. The
other route runs eastward from Copper River, crosses Martin River,
and, passing near the southern margin of Martin Glacier, climbs to
& pass about 350 feet high, beyond which it descends to the coal
field by way of Lake Charlotte. The distance from Cordova to the
coal field is about 60 miles by this route.

The quality and extent of the Bering River coal has already been
described (pp. 60-61). There are no other resources known in the
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region except the petroleum of ths Katalla field. The extent of this
field is not known, but oil has been-found by drilling at several
localities, besides which there are numerous seepages. This petro-
leum is a refining oil and hence should find a ready market on the
west coast (pp. 43-44). )

The lower slopes of the hills to the edge of the flats in the Con-
troller Bay region are densely forested with spruce and hemlock,
which will yield lumber of fair quality. The best timber extends
up to an altitude of about 1,200 feet. This timber will have value
for local use, though none for export. Good grass is found in the
flats, where there is also some arable land. There is little prospect
for agriculture in the district, though truck farming will probably
be carried on in places when the development of the coal creates a
local market. There are quite a number of good water powers in
the district.

These railway routes to the Bering River coal field have been
described in greater detail than the general purpose of this article
would seem to justify because of the great public interest taken in
them. Although the opening of the Bering River coal field is im-
portant to industries in Alaska as a possible source of fuel, yet it
will in no way settle the transportation problem of the Territory,
for these coal fields are near the coast, and a railway to them will
not give access to the great inland region.

COPPER RIVER ROUTES.

As already pointed out, Copper River affords a good route of access
into the interior. (See Pls. ITI, IV.) Three different general routes
up the valley of this river have been proposed—(1) from Cordova or
Katalla up Copper River, (2) fromValdez across Marshall Pass down
the Tasnuna to the Copper and up that stream, and (3) from Valdez
over Thompson Pass down to Tonsina and to the Copper. The first .
is the longest and is by water grade. The second is over a 1,900-foot,
pass near the coast, and the third over a 2,500-foot pass, also near the
coast. These routes will first be described and next an account of
the branch lines will be given, to be followed by a brief review of the
resources of the region to be opened up.

CORDOVA-FAIRBANKS ROUTE.

The town of Cordova is on the east side of Orca Bay, which is tribu-
to Prince William Sound. It is about 1,400 statute miles
(1,210 nautical miles) from Seattle and about 60 miles from the en-
trance to Prince William Sound. The harbor at Cordova is well
sheltered. Though the channel at the present wharf is only about a
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quarter of a mile wide ample provision can be made on Orca Bay for
terminals for all future needs. Among other projects is an ocean
terminal and town site, which has been located in & broad flat that
opens out at the head of Orca Bay 8 miles northeast of Cordova.
The Cordova-Fairbanks route extends up Copper River to the mouth
of the Gulkana, ascends that river and one of its tributaries, crosses
the divide to Delta River, and descends that stream and the Tanana
to Fairbanks. The Copper River Railway has been built- along this
route as far as the mouth of the Chitina, where it turns east to
traverse the southern margin of the Kotsina-Chitina copper belt.

This railway has already been described as far as the Copper River
crossing, where it would join a proposed line to the coal field. Here
it turns northward and at mile 49 crosses the Copper just above
Childs Glacier. From this glacier to the town of Chitina (mile 131)
it follows the west side of Copper River. Above Tasnuna River the
building of the line involved much heavy rock work. At Chitina
there is a bridge across the Copper, and from there the line is extended
up Chitina River for about 66 miles, to the Kennicott-Bonanza mine,
its present terminal. From Chitina the route to Fairbanks follows the
left bank of the Copper as far as the mouth of Gulkana River,-crossing
in turn the Tonsina, the Klutina at Copper Center, and the Tazlina.
Somewhere near the mouth of Gulkana River it would leave the Cop-
per and follow the valley of the former stream as far as its Middle
Fork. Here it would cross the Gulkana and follow the Middle Fork
to its head in a broad gap, some 3,100 feet high. The information at
hand indicates that from the Chitina to the pass there would be little
or no rock work, For the most of this distance the river valley
proper is marked by an escarpment of gravel and silt, which forms the
eastern margin of the Copper River Plateau. From the pass the route
would descend to the Tangle Lakes and thence follow the outlet
stream draining these to Delta River. An alternative route would
follow the Gulkana to the lake at its head and then cross to the
Delta over a divide about 3,300 feet high. There is also another
pass, about 3,000 feet high, between Gulkana Lake and the Tangle
Lakes, which might be preferable.

The route down Delta River would run along the east side of the
valley to avoid a glacier that discharges from the west, so that it
would be necessary to bridge the Delta below the canyon. In the
Delta Valley considerable rock work would be required. After cross-
ing the Delta the route would lead probably nearly straight to Fair~
banks, a bridge being built across the Tanana. One bridge could be
avoided by following the Delta to its mouth and then bridging the
Tanana, but this would increase the length of track about 14 miles.

48868°—Bull. 520—12—5
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Approzimale elevations and distances nblég’rmlway route from Cordova to Fairbanks, by

pper River.
Local dis- | Pistance
morton.| 13ea” | g
Feel. Miles. Miles.
oy orossic. . 20 & 82
LR T SRR R S O
Chiting. . .. oo aiiiiieraanns 580 49 131
of Copper at Eotsina River 540 51 132
Copm | R S 1,000 43 175
Tazlina River crossing... £ 1,150 7 182
Gulkans RIver crossing. . ... --..cooovcenirivanissnsurssissssassonss 1,500 16 198
gmming of creek outlet of Gu.lkzmn Lake ...... g:% 42 Mzﬁ?
15

Summit near Gulkana Glacier...... ... 3,300 12 267
Delta River at mouth of Phelan Creek.. 2,700 13 280
Blaok BapIds....cocreceennnnnciianaanas 2,300 *15 295
Donnely, on Delta River........ = 2,000 12 307
Waahburn,on'l‘ananaﬂlwr 600 51 358
Palrbanks.......cccvimiiiiiiciiiiiiimraam i ceerr e stn i aarranas 510 52 410

ROUTE FROM VALDEZ TO FAIRBANKS BY WAY OF MARSHALL PASS.

Surveys have been made for a railway from Valdez to Copper River
by way of Marshall Pass. The town of Valdez is at the head of Port
Valdez, a northeastern arm of Prince William Sound. The bay is
deep and well sheltered and affords excellent conditions for wharves
and terminal facilities. Several town sites have been located on the
bay, but Valdez, built on the delta of the streams draining Valdez
Glacier, is the only important settlement. It is about 1,420 statute
miles (1,230 nautical miles) from Seattle. ‘

From Valdez to Marshall Pass (elevation 1,900 feet) the distance
is about 30 miles, and the route would lie up Lowe River. Engineers
report that a good deal of rock work will be necessary for about half
this distance. Beyond the pass the route would descend the broad
valley of Tasnuna River to the Copper, which would be reached in
about 31 miles. From this point the route would be identical with
the one up the Copper, already described. The distance from Valdez
to Fairbanks by this route is about 380 miles.

Approzimate elevations and distances along railway route from Valdez to Fairbanks by

way of Marshal! Pass.
Distance
Elevation, | , Loc8l from
distances, Valdez,
Feat, Miles. Miles.
[T T Tt pRT TIE BE P e e B RN S SO T 0 0 0
Loop in Heiden Canyon. . samssns s rrsmr e sy 26 26
Pall.....cocansannann 1, 900 2 2%
Tasnuna River at Ooppu' Ri 240 2 49
Chitina. asay B0 49 08
o %“P‘“m 1135 A
ver B AR DR KNS ;
Gulkana River cross 1,500 16 165
Croasing of creek, ou 2,600 42 207
o R R RS U R P R 2,700 15 | 23
Summit at Gulkana G B RN 3,300 12} 4
Delta River at mouth of Phelo.n Creek. 2,700 131 U7
Bilack Rapids... 2,300 15 | 203
Donnely, on Deita River. . ... 2,000 12 274
Wnah‘bum, on Tanans River. 600 51 325
FRBRDANKD. . oo soseussaravassrrrnnyarssneennparnsansbbanenininsbas s 510 52 s
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ROUTE FROM VALDEZ TO FAIRBANKS BY WAY OF THOMPSON PASS.

Thompson Pass is about 8 miles west of Marshall Pass, and the
route to it from Valdez is up the Lowe River valley, which it leaves
about 18 miles from tidewater. Here it turns northward, and in a
distance of about 15 miles more crosses Thompson Pass (elevation
about 2,500 feet). A better grade can be obtained by swinging
around toward the head of Lowe River, thus increasing the mileage
of approach to the pass. Beyond the pass the route follows down
Tsina River to the point where that stream joins the Kanata to form
the Tiekel. It thence follows up the Kanata Valley to Ernestine Pass
and crosses a divide, about 1,800 feet high, to Mosquito Creek, which
it follows to its junction with the Tonsina. Beyond Tonsina there
are two alternative routes; one would follow the Tonsina Valley to
the Copper and would be the natural route to the Chitina Valley;
the other would keep to the north, and after climbing about 400
feet would join the Copper River route about 10 miles below Copper
Center. From there on the route to Fairbanks would be identical
with the one already described from Cordova. The distance from
Valdez to Fairbanks by this route is about 342 miles.

Approzimate elevations and distances ulr:mg ratlwa; ; roule from Valdez to Fairbanks by
way of Thompson

| Distance
Elevation. | 5, 2% | “irom
distances, 'I Valdex,
Feet, Miles. | Miles
Loop P ol o, SR |S——— 26
Thompson Pass......... 2,500 | TI 33
1,000 19 52
1,500 311 3
1,000 24 107
1,150 7| 114
er crossing 1,500 16|: 130
Ozming of creek, outlet of Gulm Lake g % ?E }g?
g &
Bummtatﬂum:mﬂ!mier 3,300 12’ 189
Delta Rtwratm.outhoiPhelan ka 2,700 13[ 212
Black Rapids.. T —— 2,300 15 ¢ 227
Donnely,onDelw Rivw 2,000 12 239
“ashlmm,on'l‘anm‘ﬂ.lver 60D 51 290
Fairbanks.. TR TR e R R R e B PO 510 52 342

Some grading has been done on several railways leading out of
Valdez designed to cross either Marshall or Thompson Pass. A little
rock work was also done at the Keystone Canyon, in the Lowe River
valley. These projects seem to have been quiescent for a number of
years, except for some new surveys over the Thompson Pass route.

CHITINA VALLEY AND WHITE RIVER ROUTES.

A trunk line up the Copper Valley will necessitate a number of
feeders to reach the mihing camps tributary to it. The present rail-
way up the Chitina Valley can be regarded as the most important of
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these feeders, but this itself will have to be supplemented by a number
of spurs to reach many of the copper deposits. It has been suggested
that this line be extended up Nizina and Chitistone rivers to
Skolai Pass and across the divide to the White River copper deposits.
Only a part of this route has been mapped by the United States Geo-
logical Survey. It appears, however, that the distance to the pass
from the nearest point on the railway is about 25 miles, and from the
. pass to the flats at the head of White River is about 15 miles. Skolai
Pass, which is occupied by a glacier, stands probably less than 5,000
feet above the sea. The railway at the proposed junction point has
an elevation of about 1,400 feet, whereas the White River Flats, on the
other side, are approximately 4,000 feet above the sea. This route
traverses a rugged mountain region angd would be expensive to con-
struct. A railway reaching White River by this route would tap only
the eastern end of the copper-bearing zone. The western end is in
the Tanana drainage. To reach this by direct route from White River
would necessitate crossing a divide about 6,400 feet high, to
Chisana River, the east fork of the Tanana, a distance of about 25
miles, where a descent to about 4,000 feet would be made. The route
would then be continued northwestward over the Cooper Pass (5,600
feet), and in a distance of about 25 miles would reach Nabesna River,
the west fork of the upper Tanana. At.the Nabesna the elevation
would be about 3,000 feet. The same distriets could be reached from
White River on water grade, but by a very circuitous route, by
extending the railway down the White Valley and crossing the flat
which separates it from the Tanana basin. This route has already
begn described (pp. 59-60). Then, by building down the Tanana
Valley, the upper Chisana and Nabesna regions could be reached by
branch lines. This would require a total length from White River of
about 160 miles, but the road would be easy of construction. It
seems probable that this Nabesna-White River copper region can be
best opened up by a railway from Pyramid Harbor (already described,
pp. 60-62), or from Copper River by way of Batzanitas, or Mentasta
ass. (See pp. 69-71.)

ROUTE FROM COPPER RIVER TO MATANUSKA COAL FIELD.

A project for building a railway from Copper River to the Mata-~
nuska coal field has received some consideration. This route is only
in part covered by the maps of the Geological Survey, and hence some
of the distances and altitudes here stated are only approximate, A
private survey has been run over the route, but the results are not
yet available. The route leaves Copper River at the mouth of the
Tazlina (elevation, 1,100+ feet,) about 7 miles above Copper Center,
114 miles from Valdez by way of Thompson Pass and 182 miles from
Cordova, and follows up the Tazlina for about 50 miles to a point
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within 10 miles of its glacial source. Here the route would reach an
altitude of about 2,200 feet. From this point the route ascends to
Tanneta Pass, 2,800+ feet above the sea, in a distance of about 10
miles. From Tanneta Pass it would continue down one of the
gtreams tributary to the Matanuska and reach the easternmost known
coal in a distance of about 30 miles, here having an altitude of about
1,400 feet. About 18 miles more would carry.the railway to the
mouth of the Chickaloon (elevation 800 feet), in the heart of the
Matanuska field.

To summarize briefly: The proposed railway would start at an ele-
vation of 800 feet in the coal field, and in a distance of about 50 miles
would reach the watershed at an altitude of 2,800 feet. It is possible
by striking the Chickaloon higher up that 200 or 300 feet of elevation
could besaved. From the watershed it would run on a down grade
to Copper River for a distance of about 60 miles. The distance from
the Matanuska coal field to Valdez by Thompson Pass would be about
222 miles and to Cordova by lower Copper River route about 290 miles.

BRANCH LINES TO UPPER COPPER, TANANA, AND WHITE RIVER
REGION.

A railway through the Copper River valley and down Delta River,
without branch lines, would fail to provide for the upper Copper
basin and adjacent portions of the Tanana and White basins—a
region of much mineral promise. The Chistochina or Chisna gold-
placer district could be reached from the main line by branches on
several routes. One route would start from the main line, about
20 miles from the Copper and near the Sourdough road house, would
extend across a low divide to Gakona and up that stream to Chisna,
centrally located in the gold field. This route would be on water
grade and would be about 50 miles long. Another route would trend
eastward from a point near the Delta River divide, leaving the main
line at an altitude of about 3,200 feet, lead eastward, passing near
Summit Lake, and reach Chisna by crossing two low divides in a
distance of about 30 to 40 miles.

From Chisna a good route, about 50 miles long, extends eastward
by way of the Mankomen Valley to Mentasta Pass, which has an
elevation of about 2,900 feet above the sea. There is a good route
from Mentasta Pass down Tok River to the Tanana, a distance of
about 40 or 50 miles. A lile could be extended up the Tanana on
water grade to the copper deposits of the Nabesna, Chisna, and
White rivers, as already deseribed. About 240 miles of track would
be required to reach all parts of this copper district. There is a more
direct route to the copper-bearing district from Mentasta Pass by
way of the pass (elevation 3,200 feet) at the head of Little Tok
River, which leads into Tuck Creek, a tributary of the Tanana. By
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this route the different parts of the Nabesna-White River copper dis-
trict could be reached from Mentasta Pass by about 240 miles of track.

A more direct route into this copper belt leads up the main
Copper River valley from the Gulkana. This route would pass the
native settlement of Batzulnetas and ascend Tanana Creek to a pass
about 3,400 feet high to Jack Creek, a tributary of Nabesna River.
From the Nabesna there are the two alternate routes to White
River, a long one by water grades, and another, a direct route, over
two high divides, which have already been described (pp. 67-68). The
distance from the main line at the Gulkana by this route is about
90 miles. It may be added that construction work will be easy in
this entire upper Copper River and White River region.

It will be evident that the White River region can be reached
from the Copper River valley either by long, circuitous routes having
easy grades or by shorter routes having steep grades. The distance
from the head of White River over Skolai Pass to Cordova is about
240 miles; to Valdez, by way of Marshall Pass, about 160 miles. By
direct route to the Copper River valley at Batzulnetas, the distance
from White River to Cordova is about 340 miles; to Valdez, by way
of Thompson Pass, about 270 miles. The route from White River,
by way of the upper Tanana, to Cordova is about 440 miles; to Valdez,
by way of Thompson Pass, about 370 miles. Going eastward, the
distance from White River to tidewater at Pyramid Harbor (see
pp. 67-68) is about 300 miles.

BUMMARY OF COPPER RIVER ROUTES.

The Copper River valley affords an excellent route to the interior
of central Alaska. The Copper River Railway, now in operation, has
aided much in developing the copper and gold deposits of the Chitina
Valley. This road could be extended into the Tanana Valley by way
of Delta River or by way of Mentasta Pass. An alternate plan is to
build from Valdez over Thompson Pass or Marshall Pass to Copper
River. Branch lines might be built to the Nabesna-White River
region. The two copper belts, one north and the other south of the
Wrangell Mountains, could thus be made accessible. Some productive
placer districts would also be served by these lines, as would some
auriferous lodes that have been found but that are undeveloped.
The Matanuska coal field lies about 100 miles west of the central
Copper River, and the Bering River coal field about 30 miles southeast
of the Copper River delta. Either field could furnish the coking coal
needed to smelt the copper, In this province there are also some
water powers that could be utilized for mining development.

The timber resources of this region are not specially good. Around
Cordova and Valdez there is some fairly good spruce and hemlock
which, in the sheltered valleys, reaches up the hill slopes to an altitude
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of about 1,000 feet. There is no timber in the lower Copper Valley
except an occasional cottonwood grove. Above Tasnuna River
scattered spruces are found. In the Chitina Valley spruces grow up
to an altitude of 2,000 to 3,000 feet. In favored localities along the
valley cottonwood trees up to 18 inches in diameter are found. There
is a similar growth of timber along the main Copper above the Chitina,
but the trees growing at higher elevations, notably those on the
Copper River Plateau, are stunted and have no value except for fuel.
Similar forest conditions prevail in the upper Copper Basin and
adjacent regions.

On the hill slopes above timber line, where they are not too steep,
good grass usually grows in summer. There is little good grass on the
Copper River Plateau, but some is found in the valley bottoms below
the plateau level. The upper Copper, Tanana, and White River
basins are noted for their good grass lands. Here the snowfall is so
light that winter pasturage can be had, and the region gives promise
of becoming a good cattle country.

There is much arable land in the valley bottoms of the Copper River
and adjacent region. The plateaun does not seem favorable for
agriculture. The mineral and agricultural resources of the Tanana
Valley have already been discussed (pp. 48, 60).

ROUTE.FROM SEWARD TO FATRBANEKS BY WAY OF TURNAGAIN
ARM AND SUSITNA VALLEY.

The Susitna Valley and Broad Pass, at its head leading to the
Tanana Valley, affords a favorable railway route to inland Alaska.
As the upper part of Cook Inlet is closed to navigation from about
November 1 to April 1, a railwey up the Susitna must find an open
port on the east side of Kenai Peninsula. Such a route has been
found to Resurrection Bay, and is now being utilized by the Alaska
Northern Railway. This railway has been completed from Seward,
on Resurrection Bay, to Kern Creek, on Turnagain Arm, a distance of
71% miles. The Matanuska coal field is the objective point of this
railway, but construction work has been stopped pending a settlement
of the coal-land question. Seward, which is excellently located at the
head of Resurrection Bay, is about 1,420 statute miles (1,235 nautical
miles) from Seattle. The harbor is good, and the conditions are
favorable for terminal facilities. The railway route to Fairbanks has
been' described briefly as follows:?

It leaves the Pacific seaboard at Seward, about 1,235 nautical miles from Seattle, on
Resurrection Bay, and, traversing a broad, heavily timbered valley, climbs by easy
grade to 700 feet at mile 12. It then descends to Kenai Lake, about 500 feet in altitude.
Another easy grade brings it at mile 45 1o a second pass, 1,060 feet in altitude. Both

' Brooks, Alfred H., The Mount MeKinley region: Prof. Paper U. 8. Geol. Survey No, 70, 1011, pp. 220~
221, Bome of the elevations and distances have been corrected in this quotation to agree with the latest
information,
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these summits are reached with a maximum grade of 2 per cent. From this second
summit it descends by a series of loops, trestles, and tunnels with 4 maximum grade of
2.2 per cent to the valley of Placer River. It is stated by the company that by
changing the location of the line to the west wall of the Placer River valley this
descent can be made with a maximum grade of only 1.5 per cent. Placer River, which
has a glacial source, is crossed on pilings, and the line then follows the east side of the
valley. Swinging around the head of Turnagain Arm on a broad grass-covered and
timbered flat, the railway crosses two more small glacial rivers. It then follows the
north side of Turnagain Arm with a series of rock cuts and fills. The line, which is
standard gage, is completed and in operation to Kern Creek, 71} miles from Seward
(1910). Beyond this point location surveys have been made and in all about 2 miles
of grading completed.

From Kern Creek the surveyed line follows the north side of Turnagain Arm to Point
Campbell, at the entrance to Knik Arm. Here there are no serious difficulties except
in the last 10 miles, where there will be a good deal of heavy rock work. The line
follows the east shore of Knik Arm from Point Campbell to the mouth of the Matanuska,
which is about 140 miles from Seward. 1t appears that in this part of the line very
little rock work will be required. After crossing the Matanuska it is planned to extend
the main line westward to the Susitna and a branch line about 40 miles long up the
Matanuska Valley to the coal field. Much of the branch line will require no heavy
construction.

The coal field appears to be the immediate objective point of this railway, but the
manager reports that plans and preliminary surveys have been made for extending the
line up the Susitna to the junction of the Chulitna and up that stream to Broad Pass,
about 2,700 feet in altitude and about 320 miles from Seward.  So far as known, an
easy grade can be maintained to this point, and there are no serious engineering diffi-
culties. From Broad Pass the route follows down Nenana River to the Tanana Flats,
and here again, it is believed, an easy grade can be established. From this point any
locality on Tanana River can be easily reached. If the route is extended north of the
Tanana, that river could best be bridged at the big bend near Tortella. Details in
regard to this route are presented in the following table, in which the distances and
altitudes given are, however, only approximate:

Approzimate elevations and distances along rail roules from Seward to Fairbanks
% way of Susiina Valley. by

Distance
Elevation. | ,Local from

distance, Soward
Seward, Resurrection Bsy............. gt 0 0 0
First i%... 700 12 12
Kenai Lake. . .. 500 1] 18
S g gout IS I
i | I, abwi (3
Kern Creek (end of , 1911 -8 71
Bhip Creek.......cccoommanen 180 44 115
Mouth of Matanusks Biver. ... ... ... i 3z 147
Matanusks Branch (Junetion). .. enuny 2 149
Willow Croek.. ... -o.-ovcocn2e 300 ® 18
2,700 88 318
800 79 397
400 = 420
480 41 461
510 T 468

The company reports that plans for a branch line to the Kuskokwim, Innoko, and
lower Yukon have also been made, but it is not known that this route has yet been
surveyed. Such & line would cross Susitna River and ascend the Skwentna Valley
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to Rainy Pass, about 2,950 feet above tide level and about 150 miles from the Mata-
nuska junction described above. From Rainy Pass to the Kuskokwim at the mouth
of Tatina River, where the elevation is about 1,000 feet above the sea, the distance is
about 15 miles. The route would then be down the Kuskokwim and across a divide
not over 1,000 feet high to the Innoko, the distance being about 160 miles. The
distance from Seward to the Innoko or Haiditarod is about 520 miles. [The distance
from Beward to navigable waters on the Kuskokwim is about 320 miles; to the mouth
of the Takotna, 430 miles.]

Various deviations from the accepted route of the Alaska North-
ern Railway have been proposed, but appear not to have been very
seriously considered. It has been suggested that an easier grade to
tidewater on the north side of Kenai Peninsula might be obtained
by a route that extended down Sizmile Creek to Sunrise. This, how-
ever, would necessitate climbing to an altitude of about 1,300 feet
at Moose Pass or 1,500 feet at the divide at Johnson Creek. This
route would leave the present track in the vicinity of Trail Lakes.
An alternate plan would be to swing around the north shore of Kenai
Lake and cross the 1,300-foot divide at the head of Quartz Creek.
The latter route would require some heavy rock work along the north
shore of Kenai Lake. These routes would be 10 to 20 miles longer
to tidewater than the existing line. About 18 miles of track, includ-
ing much rock work, would be required to carry the line from Sun-
rise to the head of Turnagain Arm, there to be connected with the
present railway. Therefore, though the grade on the Turnagain
Arm side might be better over some of these routes, the expense of the
additional mileage would hardly seem warranted.

In this connection it will be well to refer to a proposed scheme for
bridging Turnagain Arm from Snipes Point, near Sunrise, on the
south side, to Bird Point on the north side. The distance between
these points is a little over 2 miles and the water is shoal. The
enormous tides in the arm and the presence of ice in winter would
seem to make this an exceedingly difficult, if not impossible, feat of
engineering. So far as known to the writer, this project has not
been indorsed by any competent engineer.

Before the Alaska Northern Railway was built several other plans
were devised for a railway into the Susitna Valley. One of these
was a route from Kachemak Bay northward along the west front
of the Kenai Mountains to Turnagain Arm and around the head of
the arm. This route is much longer than the one from Seward and
misses most of the important developed gold resources of Kenai
Peninsula, and its ocean terminal is inferior to that on Resurrection
Bay. Another plan was to build from Snug Harbor or some other
bay on the west side of Cook Inlet and follow the shores of the inlet
northward to the Susitna Valley. This route would run on water
grade, but would be longer to the Matanuska coal field than the one
from Seward. Itsocean terminal would also be very inferior to that



74 MINERAL RESOURCES OF ALASKA, 1011,

at Resurrection Bay and is sometimes blocked with ice. Another
plan is to build from Portage Bay, on the west side of Prince William
Sound, to Turnagain Arm. Though the distance is only some 15
or 20 miles the fact that the pass (1,000 feet) is occupied by a glacier
seems to prohibit its use for a railway.

The establishment of a summer port of shipment near Ship Creek,
on Knik Arm, is a part of the project of the Alaska Northern Rail-
way. The charts of the Coast and Geodetic Survey show that a
channel having a depth of about 36 feet enters Knik Arm and extends
to the vicinity of Ship Creek, which is on the line of the proposed
route of the Alaska Northern Railway. This is about 60 miles from
the Matanuska coal field, which is reached from this point by water
grade. The mouth of Ship Creek is about 1,650 statute miles (1,430
nautical miles) by ocean route from Seattle. This port would be
available only from about May to October, being usually impassable
during the remainder of the year on account of ice.

The Susitna route to Fairbanks traverses an area that includes
important gold and coal resources, as well as some of the best agri-
cultural lands in the Territory. Whatever may be the relative
merits of the routes through the Copper and Susitna valleys to
Fairbanks, it is certain that a railway up the Copper can not develop
the resources of the Susitna Valley.

The Alaska Northern Railway route traverses auriferous districts
in Kenai Peninsula and along the northern shore of Turnagain Arm.
About 150 miles inland the main line will approach within 30 or 40
miles of the Matanuska coal field and close to the Willow Creek lode
district. In the Susitna Valley it passes within 30 or 40 miles of
the Yentna placer district. Copper and gold deposits have also been
reported in other parts of the Susitna basin, but little is known
about them. Beyond Broad Pass the route traverses the Nenana
coal field, which contains very extensive deposits of lignite that
should be of value for developing the Yukon-Tanana gold field.
This gold field, which will be tapped by this route, has already been
referred to (p. 48). The region, as a whole, contains little merchant~
able timber. There, is a good stand of spruce and hemlock in the
flat adjacent to Resurrection Bay, on Jower Glacier Creek, and on a
few other streams on Turnagain Arm, some trees measuring as much
as 4 feet in diameter. Few of the largest trees in the heart of the
peninsula measure more than 12 to 16 inches in diameter. Spruce,
cottonwood, and birch are the principal forest types. Timber runs
up to altitudes of 2,000 feet above the sea, but the best is confined to
the valley floors and lower slopes. The same kind of forest is found
in the Susitna and Matanuska region, where timber line is about
2,000 feet, but above 1,500 or 1,800 feet the trees are very scattering.
Spruce, birch, cottonwood, and tamarack grow in the Tanana basin.
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In the lowland areas some timber is found measuring 18 inches to
2 feet, but in most places the largest timber does not generally
exceed 12 to 16 inches. In the Tanana basin timber line is about
3,000 to 3,200 feet above sea level, but the best timber is below
2,000 feet,.

The Susitna basin and the adjacent region contains a large amount
of good agricultural land and extensive tracts that are valuable for
their grass. The Tanana Valley also contains much agricultural and
grass land.

ROUTES FROM COOK INLET TO THE KUSEKOKWIM AND LOWER
YUKON.

This paper is concerned chiefly with routes from the Gulf of Alaska
to the Tanana, but as plans have béen made for a railway from
Cook Inlet to the Kuskokwim, this project will also be briefly con-
sidered. It is proposed to build a railway from some port on the
west side of Cook Inlet, through the Iliamna Lake region, thence
across to the Kuskokwim Valley, and from there to the Yukon.
Only a part of this region is covered by Geological Survey maps, and
little is known of the topography and resources of the remainder.

In 1902 to 1908 a railway route was surveyed by the Alaska Short
Line Railway Co. from Iliamna Bay westward to the Yukon. Ili-
amna Bay is a deep indentation of the mainland, but the larger part
of it is too shallow for ocean-going vessels, Vessels therefore must
lie near the entrance, and terminal facilities would be expensive to
consfruct. By ocean route Iliamna Bay is about 1,530 statute miles
(1,330 nautical miles) from Seattle. The proposed railway route leads
from a point near the head of the north arm of the bay over a divide
about 900 feet high to Iliamna Lake. It then swings around the
eastern end of Iliamna Lake, crosses the outlet of Clark Lake, and
extends up Chulitna River, crossing a low divide to Mulchatna River.
It appears that the divide west of the Mulchatna probably drains
into the Kuskokwim and that the proposed railway route would
reach the latter stream somewhere near the big bend and not far
from the Iditarod placer district. The plan of the Alaska Short
Line Railway Co. contemplated reaching Yukon River at Anvik.
Plans have also been proposed to extend this line to Nome, on Sew-
ard Peninsula. No data are at hand regarding distances or altitudes
for most of this route. It appears, however, that 450 miles of track
should reach the Yukon and that there are no high divides to over-
come. It also appears that construction of most of the route would
not be expensive. This railway :s projected to reach the lower
Kuskokwim and Yukon basins, but it would be in a measure
competitive route with the one from the Susitna over Rainy Pass
to the Kuskokwim.
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Not much is known of the resources of the region. In the Iliamna
region there are some undeveloped gold and copper deposits. Some
placer gold has been found on the Mulchatna. The Iditarod-Innoko
region produced placer gold to the value of $3,000,000 in 1911, and
some placer gold has been found at several localities to the southwest,
between the Iditarod district and Bering Sea. From the meager
information at hand the region seems to be of less agricultural promise
than that along the other routes already described.

BUMMARY.

In the foregoing pages an attempt has been made to present a
concise and unprejudiced statement of the known facts bearing on
railway routes into Alaska from the Pacific. The subject is large
and can not be adequately discussed in the few pages devoted to it.
Moreover, the data are very incomplete, but it is hoped that this
outline may be of service to those who are interested in Alaska trans-
portation problems. No conclusions are here presented as to which
is the best route into the interior. To arrive at a conclusion it
would be necessary to take into account the cost of construction,
which must be determined by the engineer. Of the feasibility of
constructing any of the three trunk routes—Pyramid Harbor-Tanana,
Copper Valley, and Susitna Valley—there can be no question (Pl
IV). The first would bisect central Alaska, but would not help the
Copper or Susitna regions. The resources of the Copper basin
and the Susitna basin must be developed by different railways.
The only question is which one should now be extended through to
the Tanana. In the opinion of the writer the resources of central
Alaska justify the belief that eventually all three railways will be
built to the Tanana and extended into other parts of the Yukon
basin.

GOVERNMENT PUBLICATIONS AND RECORDS RELAT-
ING TO RAILWAY ROUTES.

INTRODUCTION.

The foregoing account of railway routes is based on a study of
the many Government publications, including maps and records, all
of which are summarized or mentioned here in order that they may
be consulted by those who desire more detailed information than
can be presented in this brief article. The publications mentioned
are by no means all that have been issued relating to this subject,
but it is believed that the list is sufficiently comprehensive to serve
as a general guide.

Publications containing general data will be consldered first, and
reports dealing more specifically with the different railway routes
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already described will next be noted. The routes will be considered
in geographic order from south to north. If a later and more com-
prehensive publication has supplanted an earlier one, only the later
will be listed. References will be made not only to publications
relating directly to railway location, but to those which contain data
on climate, mineral resources, agriculture, forests, navigation, sta-
tistics of commerce, and population—subjects which must be con-
sidered in making choice of railway routes.

GENERAL REPORTS.

The general routes of approach to the Pacific seaboard of Alaska
are indicated by the charts and publications of the United States Coast
and Geodetic Survey, which has for many years been surveying the
coast line of the Territory. Specific reference should here be made
to Chart T, & general map of Alaska published by the Coast and Geo-
detic Survey. Directions for navigating the shore line, together with
description of harbors, are contained in the publication entitled
“United States Coast Pilot: Pacific Coast, Alagka,” issued by the
Coast and Geodetic Survey.

The United States Geological Survey began systematic surveys and
investigations of Alaska in 1898. This Survey has made some inves-
tigation of every railway route now under consideration and has pub-
lished reconnaissance and detailed maps showing topography and
distribution of mineral resources. In 1905 the Director of the Geo-
logical Seuvey made specific recommendations for an appropriation
to be expended for the survey and investigation of railway routes in
Alaska! Although no specific appropriation was made for this pur-
pose, the Survey has directed its investigations to the end of obtain-
ing information in regard to the topography and the resources along
the different routes as rapidly as means permitted. As a consequence
the publications of the Survey contain a large amount of information
bearing on railway routes. General information on the character of
the country and the distribution of mineral resources and statistics of
mineral production are also contained in the Survey publications.

The larger topographic features of Alaska are discussed in a report
entitled ‘ The geography and geology of Alaska,” by Alfred H. Brooks
(Prof. Paper U. S. Geol. Survey No. 45, 1908). This report also con-
tains a topographic map of Alaska on a scale of 1:2,500,000, which
was not issued separately and is now out of date. The problems of
railway location are more specifically discussed in articles entitled
“Railway routes” (Bull. U. S. Geol. Survey No. 284, 1906, pp. 10-17)
and “Transportation” (Bull. U. S. Geol. Survey No. 379, 1909, pp.
23-26), both by Alfred H. Brooks. A more popular account of the

1 Twenty-sixth Anp. Rept. U. 8. Geol. Survey, 1905, pp. T6-80.
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same subject by Mr. Brooks has been published under the title *“ Rail-
way routes in Alaska,” in the National Geographic Magazine, March,
1907. Mr. Brooks has also discussed the present cost of transporta-
tion in Alaska under the heading “Transportation,” in Survey Bul-
letin 442 (1910, pp. 23-31), and the relation of railway transportation
to the coal fields in an article on “ Alaska coal and its utilization”
(Bull. U. S. Geol. Survey No. 442, pp. 47-100). This article con-
siders the distribution, quality, and availability of Alaska coal.

The general coal situation has been discussed by the Hon. Walter L.
Fisher in a report entitled * Alaskan coal problems”” (Bull. Bureau of
Mines No. 36, 1911). This subject has also been treated from another
point of view by the Hon. James Wickersham, Delegate from Alaska,
in a speech entitled “ A national coal monopoly in Alaska’ (speech
delivered Feb. 23, 1911, in the House of Representatives; published
Washington, 1911). There are many other public documents relating
to the question of public policy toward the coal lands of Alaska, but
these will not here be considered.

The general distribution of the mineral resources of Alaska is shown
on a map published as Plate I in Survey Bulletin 345. A revised
edition of this map is published herewith (PL I,in pocket). Statistics
for mineral production of Alaska up to and including the year 1910
are contained in the Survey’s Bulletin 480 (1911), and preliminary
estimates of mineral production for 1911 are given in this report
(p. 20). )

The General Land Office has issued a map of Alaska on which the
boundaries of the judicial divisions as well as of the national forests
and other Government reservations are indicated. Information about
the laws relating to the acquisition of public lands in Alaska is con-
tained in the publications of the General Land Office.

A large number of plats and profiles of proposed railways based on
surveys made under private auspices are on file in the General Land
Office. These are more pertinent to the individual routes to be
described below than to the general problem of railway location. A
statement of the data filed in the General Land Office previous to
November 28, 1908, is contained in a letter of the Secretary of the
Interior of that date, printed as House Document 1201, Sixtieth
Congress, second session. This document is accompanied by a map
showing the location of the principal routes surveyed.

The Alaska Road Commission (War Department) has made many
surveys for roads and trails, the results of which are on file in the
office of the commission at Valdez, Alaska. It has also published a
general map of Alaska, showing position of roads, trails, telegraph
and cable lines, and wireless stations and annual reports giving infor-
mation about roads and trails.
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Many records relating to the climate of Alaska are on file in the
United States Weather Bureau, Department of Agriculture. These
have in part been published in the annual reports on agriculture in
Alaska and in part have been summarized in a report entitled ‘“The
geography and geology of Alaska’” (Prof. Paper U. S. Geol. Survey,
No. 45), already referred to.

The reports on agriculture in Alaska, by C. C. Georgeson, published
annually since 1898 by the Office of Experiment Stations, Depart-
ment of Agriculture, contain much data bearing on the general sub-
ject of railway location in relation to agricultural development.
This phase of the subject is also treated of in a report entitled ‘ Grass
lands of the south Alaska coast,” by C. V. Piper (Bull. Bureau of
Plant Industry, No. 82, Dept. of Agriculture, 1905). The distribu-
tion of timber in Alaska is the subject of a report entitled “The
forests of Alaska,” by R. S. Kellogg (Bull. Forest Service No, 81,
U. S. Dept. Agr., 1905).

The reports of the governor of Alaska, published annually since
1885, contain much general information relating to railway routes
and transportation. Many of these reports are accompanied by
general maps of Alaska. Statistics of the commerce of Alaska are
contained in the publications of the Bureau of Statistics (‘“Monthly
summary of commerce and finance in the United States’’ and “Report
on the commerce and navigation of the United States’ [annual]).
The reports of the Tenth, Eleventh, Twelfth, and Thirteenth Cen-
suses include information regarding the population and industries of
Alaska.

Many congressional documents contain information about the
general transportation situation in Alaska, only a few of which have
been examined and abstracted for this report. Among these are the
following:

“Railway and telegraph and telephone lines in Alaska” (H. Rept.
No. 3874, 59th Cong., 1st sess.).

“Conditions in Alaska: Report of subcommittee of Committee on
Territories” (8. Rept. No. 282, pt. 1, 58th Cong., 2d sess.), accom-
panied by general map of Alaska, scale 1:3,600,000; 1904.

‘“Conditions in Alaska: Hearings before subcommittee of Com-
mittee on Territories” (S. Rept. No. 282, pt. 2, 58th Cong., 2d sess.,
1904).

“Railroads in Alaska: Hearings before the Committee on Terri-
tories of the House of Representatives” (59th Cong., 1st sess., 1906),
accompanied by sketch map showing railroads under construction
and projected.

“Bills apd reports of Committee on Territories of the House of
Representatives,” by J. C. Hance (58th Cong., 1st and 2d sess.), 3
volumes, 1904,
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“Investigations of the Department of the Interior and the Bureau
of Forestry” (by joint committee of Congress); 7 volumes, 1910.

“Conditions in Alaska: Hearings before the Committee on the
Territories of the House of Representatives” (62d Cong., 2d sess.,
Jan. 16-Feb. 6, 8, 10, 13, 15, and 27, 1912).

“Transportation in Alaska: Hearings before the Committee on the
Territories of the House of Representatives’”’ (62d Cong., 2d sess ,
Feb. 27, Mar. 5, Apr. 5, 6, 16, and 19, 1912).

“Railroads for Alaska: Hearings before the Committee on Terri-
tories, United States Senate,’”” April 12, 1912,

“Government railroad in Alaska: Hearings before the Committee
on Public Lands, United States Senate” (62d Cong., 2d sess., May
22,1912).

““Coal lands in Alaska: Hearings before the Committee on Public
Lands, United States Senate’’ (62d Cong., 2d sess., June 1 and 5,
1912).

ROUTE FROM PYRAMID HARBOR TO FAIRBANKS.

The coastal terminal of the proposed roadway from Haines to
Fairbanks is on Lynn Canal. (See charts Nos. 8300 and 8303 and
*“United States Coast Pilot, Pacific Coast, Alaska, Pt. I,” 1908, pub-
lished by the Coast and Geodetic Survey.) This route will follow
Chilkat River, which has been surveyed by the International Bound-

Commission, but the results of the survey have not yet been
published. The mineral resources of the Porcupine district, tribu-
tary to this route, are described in a report entitled ‘“The Porcupine
placer district”” by C. W. Wright (Bull. U. 8. Geol. Survey No. 236,
1904). An account of the general character of the route is contained
in publications entitled “A reconnaissance from Pyramid Harbor
to Kagle City, Alaska’ (Twenty-first Ann. Rept. U. 8. Geol. Survey,
pt. 2, 1900, pp. 425-424) and ““A reconnaissance in the Tanana
and White River basins, Alaska” (Twentieth Ann. Rept. U. 8. Geol.
Survey, pt. 7, 1900, pp. 425-494), both by Alfred H. Brooks. Topo-
graphic exploratory maps (scale 1:625,000, or 10 miles to the inch)
accompany these reports. Part of this route lies in Canadian terri-
tory; and this part is indicated on a map entitled ‘‘Map of the Kluane,
White, and Alsek rivers, Yukon Territory, Canada,” from surveys
by International Boundary Commission, 1893-95, J. J. McArthur,
1900, A. C. Talbot, 1899, and J. B. Tyrrell, 1898; scale 1:400,000,
James White, geographer (published by the Canadian Department
of the Interior, 1905).

The mineral resources of a part of this district are described in
“Summary report of R. G. McConnell”” (Ann. Rept. Geol. Survey
Canada, vol. 16, 1904, pp. 1-18, 1906), illustrated by a sketch map
of the Kluane mining district, Yukon Territory.
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This route also traverses the upper White River basin, whosc
topography and mineral resources have been described in a publica-
tion *entitled ‘‘Mineral resources of the Nabesna-White River dis-
triet,” by F. H. Moffit and Adolph Knopf (Bull. U. S. Geol. Survey
No. 417, 1910). A topographic map (scale 1:250,000, or 4 miles to
the inch, with 200-foot contours) accompanies this report as an illus-
tration. Detailed surveys have been made by the Boundary Com-
mission of the international boundary in the headwater region of
White River. The maps resulting from this survey have.not yet
been published.

The topography and mineral resources of the Fairbanks and Y ukon-
Tanana region are described in the following publications of the
United States Geological Survey:

“The gold placers of the Fortymile, Birch Creek, and Fairbanks
regions,” by L. M. Prindle (Bull. 251, 1905, 89 pp.).

““The Yukon-Tanana region: Description of Circle quadrangle,”
by L. M. Prindle (Bull. 295, 1906, 27 pp.).

“The Fairbanks and Rampart quadrangles, Yukon-Tanana region,”
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 (Bull. 337, 1908, 102 pp.).

“Occurrence of gold in the Yukon-Tanana region,” by L. M.
Prindle (in Bull. 345, 1908, pp. 179-186).

““Water-supply investigations in the Yukon-Tanana region, 1907
and 1908,” by C. C. Covert and C. E. Ellsworth (Water-Supply
Paper 228, 1909, 108 pp.).

““The Fortymile quadrangle, Yukon-Tanana region,” by L. M.
Prindle (Bull. 375, 1909, 52 pp.).

““The Fairbanks gold-placer region,” by L. M. Prindle and F. J.
Katz (in Bull. 379, 1909, pp. 181-200).

“Auriferous quartz veins in the Fairbanks district,”” by L. M.
Prindle (in Bull. 442, 1910, pp. 210-229).

““Geologic reconnaissance of the Fmrba.nks quadrangle,” by L. M.
Prindle (in preparation).

“Mining and water supply of Fortymlle, Seventymile, Circle, and
Fairbanks districts in 1911,” by E. A. Porter and C. E. Ellsworth
(Bull. U. 8. Geol. Survey No. 520~H, 1912, 63 pp.).

“Gold placers between Woodchopper and Fourth of J uly creeks,
upper Yukon River,” by L. M. Prindle and J. B. Mertie, jr. (Bull.
U. 8. Geol. Survey No. 520-G, 1912, 12 pp.).

“The Rampart and Hot Springs regions,” by H. M. Eakin (Bull.
U. 8. Geol. Survey No. 520-1, 1912, 18 pp.).

Many of these publications are illustrated by topographic maps
(scale, 1:250,000, or 4 miles to the inch, with 200-foot, contours), in
addition to which the Survey has issued the following separate maps,

48868°—Bull. 520—12——8
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covering areas adjacent to or near the Pyramid Harbor-Fairbanks
railway route: Fortymile (No. 640); Circle (No. 641); Fairbanks
(No. 642); and Rampart (No. 643), all on scale of 1:250,000, or 4
miles to the inch, with 200-foot contours. A map of the region adja~
cent to the town of Fairbanks on a scale of 1:62,500, or 1 mile to the
inch, with 25-foot contours, has been published as the Fairbanks
special (No. 6424). The region adjacent to and north of upper
Tanana River has been surveyed (scale, 1:250,000, or 4 miles to the
inch, with 200-foot contours), but the map has not been published.

The agricultural resources of the Tanana Valley are discussed in
the annual reports of the Alaska Experiment Station, by C. C.
Georgeson (published by the Office of the Experiment Stations, De-
partment of Agriculture), and the timber in a publication entitled
the ‘“Forests of Alaska,” by R. S. Kellogg (Bull. Forest Service No,
81, U. S. Dept. of Agr., 1910).

Some private railway surveys have been run over a part of the
Haines-Fairbanks route. These are probably on file in the General
Land Office and in the archives of the Canadian Government, but -
they have not been examined by the writer.

YAKUTAT BAY-ALSEK ROUTE.

A map of Yakutat Bay has been published by the Coast and Geo-
detic Survey as Chart No. 8455, and the approaches are described in
United States Coast Pilot, Pacific Coast, Alaska, Part I (U. S. Coast
and Geodetic Survey, 1908). The geography, geology, and mineral
resources of the region are discussed in reports entitled “The Yakutat
Bay region,” by R. 8. Tarr and B. 8. Butler (Prof. Paper U. 8. Geol.
Survey No. 64, 1909), and “ Reconnaissance on the Pacific coast from
Yakutat to Alsek River,” by Eliot Blackwelder (in Bull. U. 8. Geol.
Survey No. 314, 1907, pp- 82-88).

Topographic reconnaissance surveys of the coastal slope of the
mountains stretching eastward from Yakutat Bay to the Alsek were
made by boundary commission surveyors in 1888-1891. These have
been published on a scale of 1:160,000, with 250-foot contours (Alaskd
Boundary Tribunal Atlss, vol. 3, Washington, 1904). A more
detailed survey of this region has recent.ly been made by the boundary
commiission, but the results have not yet been published. This
survey was carried up Alsek River to the Canadian boundary. There
remain about 50 miles of the Alsek Valley which have not been
surveyed.

ROUTES TO BERING RIVER COAL FIELDS,

Katalla Harbor and Controller Bay are shown on Const and Geo-
detic Survey Chart No. 8513. The approaches and hydrography are
described in “ Alaska Coast Pilot Notes from Yakutat Bay to quk
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Inlet and Shelikoff Strait” (Coast and Geodetic Survey, 1910). The
hydrography and approaches to Cordova are shown on Charts Nos.
8550 and 8520 (Coast and Geodetic Survey) and are described in
“ Alaska Hydrographic Notes, sailing directions, ete.” (Bull. Coast
and Geodetic Survey No. 38, 1899). There is also a voluminous
literature consisting chiefly of congressional documents bearing on
this subject. The titles of two of these are given below:

“Chugach National forest lands, Alaska. Leétter from Secretary
of the Interior, including map of Controller Bay region with proposed
railways” (S. Doec. No. 12, 62d Cong., 1st sess., 1911).

“Controller Bay lands. Hearings before the Committee on Expen-~
ditures in the Interior Department of the House of Representatives,
on House Resolution No. 103,” 1911.

The topography, geology, and coal resources of Bering River field
are described in detail in a report entitled “Geology and mineral
resources of the Controller Bay region,” by G. C. Martin (Bull. U. S.
Geol. Survey No. 335, 1908, 141 pp.). This report is accompanied
by maps showing topography, geology, and coal resources (scale
1:62,500, 1 mile to the inch, with 50-foot contours). The topographic
map has also been issued as a separate sheet under the title * Con-
troller Bay region” (No. 601A). In 1911 the Bureau of Mines investi-
gated the conditions of coal mining in the Bering River coal field,
but the report has not yet been printed. Much information regerd-
ing the Bering River coal field is also contained in the ‘‘Hearings
held before the Joint Committee of Congress relative to the investiga~
tion of the Department of the Interior and the Bureau of Forestry,”
volumes 1-7, 1910, and in the Message from the President of the
United States transmitted in response to Senate Resolution No. 112,
of December 21, 1909, 1910, pages 805. The maps of the Controller
Bay region by the Geological Survey, already listed (Bull. 335), are
reprinted in this document.

- Many private railway surveys have been made from Controller
Bay, Katalla, and Cordova, the results of which are on file in the
General Land Office. Among these are the surveys of the Alaska
Pacific Railway & Terminal Co., the Copper River & Northwestern
Railroad, the Controller Bay Railway & Navigation Co., the Con-
troller Bay & Bering Coal Railway, the Catalla & Carbon Mountain
Railway, the Bering River Railroad, and the Kusktaka & Southern
Railway.

ROUTE FROM CORDOVA TO FAIRBANKS.

The publications relating to Cordova, the coastal terminal of this
route, have been referred to above. The mineral resources of the
region around Cordova are discussed in a report entitled ‘“Recon-
naissance of the geology and minéral resources of Prince William
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Sound,” by U. 8. Grant and D. F. Higgins (Bull. U. 8. Geol. Survey
No. 443, 1910, 89 pp.). The geology and mineral resources of the
lower Copper River and Chitina regions are described in a report
entitled ‘“Mineral resources of the Kotsina-Chitina region,” by F. H.
Moffit and A. G. Maddren (Bull. U. S. Geol. Survey No. 374, 1909,
103 pp.). This report is accompanied by a topographic map of the
lower Copper River region (scale, 1:250,000, or 4 miles to the inch,
with 200-foot contours). The United States Geological Survey has
also investigated and surveyed the Bremner River-Hanagita Valley
region, which is tributary to this route. The maps based on these
surveys are being drawn on a scale of 1:250,0600 (4 miles to the inch)
and a report is being prepared. A preliminary statement of the
results of this survey has been published under the title “The Taral
and Bremner River regions,” by F. H. Moffit (in Bull. U. S. Geol.
Survey No. 520-B). A detailed account of the Nizina district has
been published under the title ““Geology and mineral resources of the
Nizina district,” by F. H. Moffit and S. R. Capps (Bull U. 8. Geol.
Survey No. 448). This is accompanied by a detailed topographic
map (scale, 1:62,500, or 1 mile to the inch, with 50-foot contours).

A statement of the topography and mineral resources of the central
Copper River region, including that part of the route lying between
Copper Center -and Delta River, has been published as “Geology
of the central Copper River region,” by W. C. Mendenhall (Prof.
Paper U. S. Geol. Survey No. 41, 1906, 133 pp.). This paper is
accompanied by a topographic map (scale, 1:250,000, or 4 miles to
the inch, with 200-foot contours). The region tributary to the upper
Delta was surveyed and investigated in 1910, and a report published
entitled, “Headwater regions of Gulkana and Susitna rivers,” by
F. H. Moffit (Bull. U. S. Geol. Survey No. 498). This report is ac-
companied by a topographic map (scale, 1:250,000, or 4 miles to the
inch, with 200-foot contours). In 1910 surveys and investigations
were also made in the region lying west of Delta River and forming
part of the Tanana River basin. The results are printed in a report
entitled, “The Bonnifield region,” by S. R. Capps (Bull. U. S. Geol.
Survey No. 501), which is accompanied by & topographic map (scale,
1:250,000, or 4 miles to the inch, with 200-foot contours). The publi-
cations relating to the Tanana Valley and to the Fairbanks district
have already been listed (pp. 81-82).

A number of private surveys for railways over the Cordova-Fair-
banks route have been filed in the General Land Office, a complete
list of which is not at hand. These include those of the Copper
River & Northwestern Railway Co., the Copper River Railway Co.,
and the Alaska Pacific Railway & Terminal Co. .
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ROUTES FROM VALDEZ TO FAIRBANKS.

Coast Survey charts Nos. 8519, 8520, 8521, and 8550 cover Port
Valdez and its approaches. Sailing directions and descriptions of
hydrography for this region are contained in ‘“‘Alaska Coast Pilot
Notes from Yakutat Bay to Cook Inlet” (Coast and Geodetic Survey,
1910). .

The mineral resources of the vicinity of Valdez are discussed in
“Reconnaissance of the geology and mineral resources of Prince
William Sound,” by U. S. Grant and D. F. Higgins (Bull. U. 8. Geol.
Survey No. 443, 1910, 89 pp.), and in “Gold deposits near Valdez,”
by Alfred H. Brooks (Bull. U. S. Geol. Survey No. 520-D, 1912). A
detailed topographic survey of the Valdez mining district has been
made, and the map is now being prepared (scale, 1:62,500, or 1 mile
to the inch, with 100-foot contours). The Marshall Pass route from
Valdez has not been mapped by the Geological Survey, though several
private surveys of it have been made. The Thompson Pass route is
shown on the topographic map of the lower Copper River region,
published as an illustration (P). T) in Bulletin 374 (U. S. Geol. Survey)
and not issued separately. Both these routes are described by
Edward Gillette in a report to Capt. W. R. Abercrombie, United
States Army, contained in “Copper River Exploring Expedition,
1899, Capt. W. R. Abercrombie, Second United States Infantry,
commanding,” Washington, 1900 (pp. 139-149). There are also
references to this route in “ Hearings of Committee on Territories of
the House of Representatives on Transportation in Alaska” (62d
Cong., 2d sess., Feb. 27 and Apr. 6, 1912). Beyond the coastal
barrier the Valdez-Fairbanks route is identical with the Cordova-
Fairbanks route. (See pp. 83-84). .

No complete list is at hand of the numerous private railway surveys
extending inland from Valdez on file in the General Land Office.
Among these are those of the Alaska Central Railway Co., the Akron,
Sterling & Northern Railroad Co., the Alaska Home Railway Co.,
the Copper River & Northwestern Railway Co., the Valdez-Yukon
Railroad Co., the Valdez, Copper River & Tanana Railroad Co., the
Valdez & Northern Railroad Co., and the Valdez, Marshall Pass &
Northern Railroad Co.

ROUTE FROM SEWARD TO FAIRBANKS,

Seward is located on Resurrection Bay, which is shown on Chart
No. 3538 of the Coast and Geodetie Survey. Sailing directions for this
part of coast are included in “ Alaska Coast Pilot Notes from Yakutat
Bay to Cook Inlet” (Coast and Geodetic Survey, 1910).

The approaches to Seward on Resurrection Bay are shown on Chart
No. 8538 of the Coast and Geodetic Survey. A discussion of the
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mineral resources in the vicinity of Seward has been published under
the title ‘ Preliminary report on the mineral resources of the southern
part of the Kenai Penjnsula,” by U. S. Grant and D. F. Higgins (in
Bull. U. S. Geol. Survey No. 442, pp. 166-176, 1910). A general
account of the topography and resources of the Kenai Peninsula has
been published as “Mineral resources of Kenai Peninsula,” by F. H.
Moffit and R. W. Stone (Bull. U. 8. Geol. Survey No. 277, 1906, 88 pp.).
This is accompanied by a map (scale, 1: 250,000, or 4 miles to the
inch), which shows the main drainage lines and the chief features of
the topography of the northeastern part of the peninsula.

A study of the gold deposits of the northeastern part of Kenai
Peninsula was made in 1911, the preliminary results of which have
been published as “Gold deposits of the Seward-Sunrise region, Kenai
Peninsula,” by B. L. Johnson (Bull' U. S. Geol. Survey No. 520-E,
1912). In 1911 a topographic survey was carried over the northern
part of the peninsula, including the route of the Alaska Northern
Railway as far as Turnagain Arm. The map based on these surveys
is now being prepared, to be published on a seale of 1:250,000, or 4
miles to 1 inch, with 200-foot contours.

The topography and mineral resources of the region traversed by
the railway route from Turnagain Arm to Talkeetna River are dis-
cussed in & publication having the title “ Geologic reconnaissance in
the Matanuska and Talkeetna basins,” by Sidney Paige and Adolph
Knopf (Bull. U. 8. Geol. Survey No. 327, 1907, 71 pp.). A topo-
graphic map (scale, 1: 250,000, or 4 miles to the inch, with 200-foot
contours) accompanies this report.

The Matanuska coal fields, which are tributary to this route, have
been described in a report entitled “ A reconnaissance of the Mata-~
nuska coal field in 1905,” by G. C. Martin (Bull. U. 8. Geol. Survey
No. 289, 1906, 36 pp.). A more detailed account is contained in
“Geology and coal fields of the lower Matanuska Valley,” by G. C.
Martin and F. J. Katz (Bull. U. 8. Geol. Survey No. 500, 1912). A
detailed topographic map (scale, 1: 62,500, or 1 mile to the inch, with
100-foot contours) and a detailed geologic map, showing distribution
of coal, accompany this report. In 1911 the Bureau of Mines inves-
tigated the cenditions of coal mining in the Matanuska field, but the
report on this investigation has not yet been issued. A study of the
gold-bearing lodes of the Willow Creek district, which lies adjacent
to this railway route, was made in 1910 and the results were published
as ““ A reconnaissance of the Willow Creek gold region,” by F. J, Katz
(in Bull. U. 8. Geol. Survey No. 480, 1911, pp. 139-152).

The general features and resources of the Susitna Valley are
described in “The Mount Mc¢Kinley region,” by Alfred H. Brooks
(Prof. Paper U. S. Geol. Survey No." 70, 234 pp.). A topographic
map, which includes that part of the route lying between Turnagain
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Arm and Fairbanks, accompanies this report (scale, 1:625,000, or 10
miles to the inch, with 200-foot contours).

The auriferous deposits of the Yentna basin were investigated in
1911 and a preliminary statement of results has been published as
“@Gold placers of the Yentna district,” by S. R. Capps (Bull. U. 8.
Geol. Survey No. 520-F, 1912, 21 pp.).

In 1910 a survey and investigation was made of the region east of
" and adjacent to that part of this route lying north of the Alaska
Range. A report on this work, called “The Bonnifield region,” by
8. R. Capps (Bull. U. S. Geol. Survey No. 501), is in print. It is
illustrated by a topographic map (scale, 1: 250,000, or 4 miles to the
inch, with 200-foot contours). The pubhcatmns mla.tmg to resources
and topogra.phy of the Tanana Va]]ey have already been listed else-
where (pp. 81-83).

The following congressional committee hearings pertain largely to
the Seward-Fairbanks Railway route:

' Hearings before the Committee on Territories of the House of Rep-
resentatives on S. 2534, “An act to extend the time of completion of
the Alaska Northern Railway, and for other purposes,” December 9,
1911.

Hearings of the Committee on the Territories of the House of Rep-
resentatives on Conditions in Alaska, February 10, 1912. ;

Hearings before the Committee on the Tamtones of the House
of Representatives on Transportation in Alaska, March 5 and
April 6.

‘‘Government Railroad in Alaska’: Hearing before the Committee
on Public Lands, United States Senate, Sixty-second Congress, sec-
ond session, May 22, 1912.

The Alaska Central Railway Co. and its successor, the Alaska
Northern Railway Co., have made numerous surveys along this rail-
way route. These are probably for the most part on file in the Gen-
eral Land Office.

ROUTE FROM COOK INLET TO KUSKOKWIM.

The upper part of Cook Inlet is shown on chart No. 8553 and
Miamna Bay on chart No. 8665 of the Coast and Geodetic Survey.
Sailing directions for this part of the coast are contained in ‘“‘Alaska
Coast Pilot Notes from Yakutat Bay to Cook Inlet” (Coast and
Geodetic Survey, 1910). The geography, geology, and mineral
resources of the region lying between Cook Inlet and Lake Clark are -
described in “A geologic reconnaissance of Iliamna region,” by
G. C. Martin and F. J. Katz. This is accompanied by a topographic
map on a scale of 1:250,000 (4 miles to the inch), with 200-foot con-
tours.
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No surveys have been made between Lake Clark and the Kusko-
kwim. Some account of the geography of the Mulchatna Valley is
included in “A biological reconnaissance of the base of the Alaska
Peninsula” (North American Fauna No. 24, Dept. of Agriculture,
1904), which is accompanied by a sketch map. The Middle Kusko-
kwim Valley and the Innoko placer district, which are tributary to
this route, are described in ‘‘The Innoko gold placer district, Alaska,”
by A. G. Maddren (Bull. U. S. Geol. Survey No. 410)., This is accom-
panied by a map (scale 1:625,000, or about 10 miles to the inch).
A more recent account of the gold placers of this region has been
published under the title ‘‘Gold placer mining developments in the
Innoko-Iditarod region,” by A. G. Maddren (Bull. U. S. Geol. Survey
No. 480, 1911, pp. 236-370). The fopographic survey of the Innoko-
Iditarod region has been made (scale 1:250,000, or 4 miles to the
inch, with 200-foot contours), but the resulting map has not yet
been published.

The Alaska Short Line Railway Co. has made preliminary surveys
of a route from Iliamna Bay to the Yukon. Its plats and notes are
undoubtedly on file in the General Land Office, but the writer has not
examined them.



TIN RESOURCES OF ALASKA.
By Frank L. Hgess.

The peculiar deficiency of the United States in tin deposits and the
great quantity of tin used in the country, amounting to between
40 and 50 per cent of the world's production, make the possible
domestic sources of supply a subject of perennial interest.

Tin was first géscovered in Alaska on Buhner Creek, near York, on
Seward Peninsufla, in 1900. It occurred here as stream tin, or rolled
pebbles of cassiferite, and was found in sluicing for gold. The next
year stream tingwas found on Buck Creek, which is separated from
Buhner Creek g a low divide.

In 1903 casfiterite (tin oxide) was found in place in granite por-
phyry dikes quttiag limestones on Cassiterite Creek, a tributary of

Lost River, about 100 miles northwest of Nome, Lat.ar gtream tin
was found ik smal quantity in the gold placers on Gold Bottom
Creek, 20 nhiles nowh of Nome; at Ear Mountain, in the northern

part, of Sefvard Penhsula; with rutile in the gold p]a.cers of Cleary,
Fairbanks - creeks near Fairbanks; with wolframite in the
placers of Deadwood Creek, near Circle; s.nd in the placers on Sul-
livan Creel; Wear Eot Springs, on the lower Tanana River.

About: the time that tin was discovered on Lost River, float ore was
found on mmmtun, near Cape Prince of Wales, and later was
foum{ Constant prospecting effected the discovery of tin
in place & of Buck Creek; in small quantity on Ear Moun-
tain;=gad in 1907 Adalph Knopf,  of the United States Geological
Survey, dissovered on Brooks Mountain, near the head of Lost River,
i?‘vf tin-boron mirerals Phich he named pmgelt.a and hulsite.
Ear Mounta.m 2

ok less degree, those of Sullivan Creek. From
‘Bartels Tin Mining Co. produced 10 tons of con-

WW&WMg a disproportionately large amount
of and on Lost R}ver a fair quantity of tin ore is reportad

been _g_:gp_gsed

; Géblogy of the Seward beninsula tin degesits, Alaska: Ball. U. S. Geol. Survey

No. 358, 1908, p. 23.
= 89

1 Op. clt., p. 32.



90 MINERAL RESOURCES OF ALASKA, 1011

Buck Creek, on which are the best tin placers now known in
Alaska, is about 4 miles long and is about 16 miles north of York and
a little greater distance northeast of Cape Prince of Wales. The
creek flows southeastward throughout most of its course. The
country rock is a dark sedimentary rock ordinarily called slate,
though scarcely as highly altered as the term would imply, and in
places contains beds which are rather coarsely sandy. The slate is
cut by a few quartz porphyry and greenstone dikes. Into these
rocks Buck Creek has cut a comparatively broad valley, which has
a long tundra~covered slope on its southwest side. On its northeast
side the ground is steep and the creek flows close against the hills
along much of its course.

The gravel is probably nowhere over 9 feet deep, and extends under
the tundra for some distance from the creek. It is all small as
compared with that of many placer fields. Very few pebbles are over
4 or 5 inches in diameter, and most of them are mucl§smaller. Here
and there is a bowlder of greenstone a foot or in diameter,
but such bowlders probably form. less than one tfenty-fifth of 1
per cent of the whole number.

In the creek bed the content of stream tin car: the neighbor-
hood of 65 per cent metallic tin has been found to & \as high as 400
pounds per cubic yard in rich spots, though the averige 8 much lower.
The writer saw one trench dug which gave 28 pouxds cubic yard,
and Mr. F. P. Kendall, who was at one time in ciarge df operations
on the creek, stated that a season’s work gave absut the éame figure.
One large pit gave 25 pounds per yard. In fgures furhished the
United States Geological Survey the gold in tae ﬁ has been
estimated at 40 cents per cubic yard, at $60 per jon of stream tin, and
at other amounts. Nuggets of gold in value up te $20 have been found.
When compared with the Australian and Malayan gravels, where the
“black tin’’ content is in many places from 1% pounds to 5 pounds per
cubic yard, with perhaps a heavy overburden not-only-ef 80if but, as
in Tasmania, of basalt, the gravels of Buck Creek appear veryrich, but
the climate makes the conditions hard for placer working: The'season
is short, little or nothing can be done hefore June 18, and the freeze-up
is apt to come by September 15, although thé Beﬁ ﬁy-opmr‘ parly
enough and close late enough to allow between fair anll five mcnths’
work. There arc many storms, with cold, heavy rains, but, on the
other hand, tho country is very healthful. R

From the time ofutyl;eir d.gcovery unfil 1971 the gFavels swere
worked first by hand or horse scrapers, thvendssteam UG, vés,
and again by hand until 1911, when a smg¢ll dredge wasrwut by tle

York Dredging Co. The conditions are wholly Bgmmti ydraulicking,

and dredging seems to be the best meaxs of w

,/

/ ,

/
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The dredge, which was specially built for shallow digging, has
buckets holding 24 cubic feet; has gasoline engines for power, and
digs from 950 to 1,000 cubic yards each 24 hours. It is equipped
with two sluice boxes, so that one can be operated while the other is
being cleaned up. The dredge was started on September 10 and, as
the season was unusually open, ran until October 15. The ground
dug is said to have been partly worked before, and the present yield
was between 6 and 7 pounds of stream tin per cubic yard. The total
output was 92 tons of stream tin averaging 66 per cent tin, or an
equivalent of 101 tons carrying 60 per cent tin, and sold for $52,000.

This brings the total production of tin from Buck Creek up to
about 320 or 325 short tons of stream tin on a basis of 60 per cent tin.

During the short run of the dredge a strip 115 by 950 feet was cut
out, and it is estimated' that there is 3} miles of such channel.
It is also estimated that about three times as much work can be done
(100 days’ run) in future seasons. Should these figures prove good,
and they seem reasonable from the observations of the Survey's
representatives, the dredge should have profitable work for a number
of years. There is also tin-bearing ground below the point where the
dredge started and probably some under the tundra that can not be
worked with the dredge.

Placer tin has been reported from a number of the small creeks
running into the Arctic Ocean from the hills on the northeast side of
Buck Creek and from the creeks draining the west side of Potato
Mountain, at the head of Buck Creek, but so far no great quantity
has been shown to exist.

From present showings, no production is to be expected from the
veins around Buck Creek.

On Cape Mountain, behind Tin City, a granite boss intrudes lime-
stones, and cassiterite is found in quartz veins; in veins in granite,
accompanied by tourmaline and arsenopyrite; and in narrow veins,
almost or wholly cassiterite, cutting the limestones. The quantity of
tin present has been greatly overestimated by some of the persons
mining, and there is no immediate prospect of great production. In
1906 the Bartels Tin Mining Co. milled 10 tons of concentrates, the
only production up to this time.

On Lost River tin occurs in veins accompanying intrusions of granite
porphyry and impregnates the porphyry itself. There is much vari-
ation in the veins. Some cut limestones and show nothing but cas-
siterite und quartz; others carry cassiterite, fluorite, and quartz;
fluorite and molybdenite; cassiterite, muscovite, and fluorite; stan-
nite, wolframite, topaz, and quartz; cassiterite, tourmaline, danburite,
and caleite; and there are also other combinations.

1 Eddy, Lewis H., Dredging lor placer tin In Alaska: Eng. and Min. Jour., New York,vol. 02, Dec. 23,
1911, p. 1227,
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Options for the sale of the property have been given several times,
and much work and money have been expended upon it. Tt is now
" said to show several thousand tons of ore that will pay to work.
There has been no production except a few hundred pounds of tin
from unimportant placers formed by the breaking down of the veins.

On Brooks Mountain, at the head of Lost River, hulsite and
paigeite are found in limestone metamorphosed by granite intrusions.
They are iron-tin borates, containing 15 to 20 per cent of tin. Some
prospecting has been done upon the deposit, but the minerals them-
selves are low in tin, and only a small quantity has been found; so -
that the deposit does not seem likely to prove of value as a producer
of metallic tin. Even were the minerals in large quantity, it is prob-
able that the metallurgical treatment of an iron-tin mineral would
prove very difficult. g

The only other deposit which promises to be productive is that
found in connection with the gold placers on Sullivan Creek, Tofty
Gulch, and Cache Creek, in the Hot Springs district of the lower
Tanana. The pebbles are very smooth and show the effects of a great
amount of water wear, The alluvium is widely and deeply spread
over the rocks, and their source has not yet been found.! o

The occurrence is of great interest mineralogically. The pebbles
show that the cassiterite has been deposited in cracks in a quartz vein.
The cassiterite has also replaced fragmonts of some rock of which
nothing is now left but a cloudy material resembling clay, suspended
in the cassiterite. The cassiterite is very fine grained, appearing so
even under the microscope. In this respect it is totally different
from any other American tin ore and resembles some of the ore from
the Itos mine, near Oruro, Bolivia. Green and brown tourmaline,
topaz(?), in exceedingly fine needles piercing the grains of cassiterite
and later quartz accompanying it, and fluorite are associated with
the cassiterite.

Most of the stream tin has been thrown away, but 1,200 pounds,
carrying 55 per cent tin, was shipped at the end of 1911 by Joseph
Eglar, and is said to have netted $209. It seems probable that a
small production may be made from the deposits.

lamm?yammmmm




THE TARAL AND BREMNER RIVER DISTRICTS.

By Freo H. Morrit.

GEOGRAPHY AND GEOLOGY.

The search for gold and copper which began in the mountains
south of Chitina River with the rush of prospectors to the Copper

e ‘ «. River basin in 1898 has been carried on spasmodically since that time.

As a result copper was found in the mountains east of Taral during
the first summer and a few years later (1901) the gold placers of
Bremner River were discovered. Of course, no copper has yet been
produced in this district, but the facilities for transportation offered
by the Copper River & Northwestern Railway during the last year
hav®stimulated interest in the development of copper properties, so
that considerable prospecting has been carried on.

Bremner River is the largest tributary to Copper River between
Chitina River and the coast. Its valley and Hanagita Valley, north
of it, extend eastward from Copper River to the Tana divide, a dis-
tance of about 50 miles.

This is a. region of high mountains, lying on the border of the great
St. Elias ice cap. Numerous glaciers feed its streams and its topog-
raphy bears evidence of recent and severe glaciation. Its climate is
intermediate between that of the coast and that of the interior Cop-
per basin. On the lower Bremner the weather is more like that of
the lower Copper and the coast than that of the upper Bremner
and Hanagita valleys. Vegetation, particularly in the Bremner
Valley, is luxuriant. The valleys are timbered with spruce to 2,500
or 3,000 feet above the sea. Thus Bremner and Little Bremner
va.lleys are well timbered, but the higher parts of Hanagita Valley,
particularly in the vicinity of Summit Lake and the head of Tebay
River, are above timber line. Some of the spruce is of good size and

- suitable for lumber. Many trees with a diameter of 18 to 24 inches
were seen and a few were found that measured over 3 feet, but these
largest trees were not over 35 or 40 feet in height. The finest timber
is on the lower part of Little Bremner River and the eastern end

of Hanagita Valley.

1This paper is a prellminary statement of the results of a geologle r Issance by
Fred H. Mofit and Theodore Chapin in Hanagita and Bremner River valleys In 1911. The
work will be described more fully in a later publication of the Geological Survey.
93
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One small stream, Golconda Creek, a tributary of Bremner River,
has yielded most of the gold so far produced in this distriet, although
Little Bremner River has contributed a part. Gold in commercial
quantities has not been found near Taral nor between the Chitina
and the Bremner in Hanagita Valley. The total production of the
district is not known, but probably several thousand dollars have been
produced each year since mining began. It should be said, how-
ever, that the very high cost of supplies and difficulty of access have
done much to discourage prospectors, '

The region between Chitina River and the coast (Pl V) is part
of the Chugach Range and is characterized by an exceedingly rugged
topography having great relief. It is drained by several streams, of
which Bremner River is much the largest and, except the more
accessible streams of Hanagita Valley, the best known. Hanagita
Valley and the valley of Bremner River furnish the main routes of
travel through this region. They will be considergd more fully in
connection with the descriptions of the placers.

The most important geologic features of the district can be stated
briefly as follows: A belt of metamorphic sedimentary beds, includ-
ing schist, slate, and limestone, extends eastward from Copper River
to Tana River and includeés the prevailing rocks of the mountain on
both sides of Hanagita Valley except in the vicinity of Taral and the
upper part of Klu River. These sedimentary beds are intruded by
igneous rocks, chiefly dioritic in character, but near Taral they either
include or are associated with masses of greenstone. The diorite is
of at least two-periods of intrusion. Locally, as.in the vicinity of
Tebay River, the sediments are so intricately intruded and so much
altered that they have taken on a banded structure and appear as
gneiss. The ‘two periods of diorite intrusion are well shown here,
for in many localities the older schistose diorite is cut by younger
unaltered dikes. This belt of altered sediments and intrusives includes
beds of fossiliferous limestone and is, in part, of Carboniferous age.
It is succeeded on the south by a wide area of slate and graywacke,
which includes nearly all the Bremner River drainage, so far as it is
now known. The beds of the slate and graywacke succession are
folded but are less metamorphosed than the sediments on the north.
Like them, they are intruded by dioritic dikes and sills, which are
most common near the boundary between the two groups and are
locally abundant. The slate and graywacke represent the eastward
continuation of the rocks found in the vicinity of Valdez. Their
relation to the sediments north of them is unknown and their age has
not been definitely determined.

A massive conglomerate, which contains pebbles and cobbles of

ne and diorite in a tuffaceous matrix, and which is asso-
ciated with fossiliferous tuffaceous sediments, forms the western base
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of the mountain just east of Taral on the south side of Chitina River.
The relation of the conglomerate and tuff beds to the narrow schist
belt between them and Copper River is that of unconformity, but
whether of faulting or of deposition or of both is uncertain at this
locality, although adjacent regions give evidence of depositional
unconformity. The fossils contained in them are of Jurassic age.
These three groups of rocks—the belt of metamorphic sediments and
intrusives prevailing in Hanagita Valley, the larger area of slate and
graywacke to the south of it, and the tuffaceous sediments near
Taral—represent the geology of the region adjoining Chitina River
on the south, so far as it is known. :

The known mineral resources of this district, as already stated,
include gold and copper. Copper is confined to the greenstone areas
east and south of Taral, including Canyon Creek, and gold in com-
mercial quant.ltles has been found only in the slate and graywacke
area comprising Bremner River basin.

GOLD.
DISTRIBUTION.

All the gold so far produced in the Bremner River valley has been
obtained from stream gravels. Little effort has been made to find
lode deposits and none to develop such as have been discovered. The
success of the Cliff mine at Valdez sent many prospectors into the
mountains between Valdez and Copper River in 1911, especially into
the more accessible country adjacent to the military road and the
Copper River & Northwestern Railway. A large number of small
gold-bearing quartz veins was found along the west side of Copper
River between Tasnuna River and Chitina, but very few of the
prospectors crossed to the east side of Copper River, although the
geologic conditions are the same as on the west side. Bremner River
valley may be said to be practically unprospected, so far as lode
deposits are concerned.

The three parts of the Bremner River valley of present or pros-
pective importance because of known placer gold deposits are Gol-
conda Creek, Little Bremner River, and the lower part of Bremner
River above the Little Bremner.

GOLCONDA CREER, ;
GENERAL FEATURES.

Golconda Creek is tributary to the north fork of Bremner River,
which it joins 5 miles below the great glacier whose waters are the
principal source of that stream. It heads in the high mountains
between Hapnagita Valley and the Bremmer but, unlike most of its
neighbors, is a clear stream, although melting snow furnishes much
of its water in the spring and early summer. It runs southwestward
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and is between 8 and 9 miles long. In its course from the little lake
at its head to its mouth it falls 2,600 feet, or at an average rate of
about 300 feet to the mile.

Golconda Creek valley is typical of the valleys in the region.
Glaciation has left unmistakable marks in the U-shaped cross section
and straightened valley walls, and the stream channel shows the deep
narrow canyon in the lower course and broad gravel flood plain
toward the head which would be found in almost any important
valley in any of the mountain districts of the Copper River basin.
A broad, low pass leads from the head of Golconda Creek to Mona-
han Creek, thus affording a route of travel either westward into the
Hanagita Valley or northward to Chitina River. This pass is the
gateway by which Golconda Creek valley is entered the year around,
for the trail down Bremner River is not available either for winter
freighting or summer travel. Bremner River above “the forks” does
not afford a highway to Golconda Creek, for the * 12-mile canyon ”
is impassable for sleds in winter and for boats in summer. Monahan
Creak, therefore, is at present practically the only route for reach-
ing the upper Bremner River and its tributaries. It flows into Cha-
kina River, which in turn empties into Chitina River 4 miles above
the mouth of the Nizina and thus makes it possible to reach the line

of the Copper River & Northwestern Railway with comparatively
little difficulty. Freight for Golconda Creek, including a small
hydraulic plant, followed this route in 1910. The pass has an eleva-
tion of about 4,000 feet above the sea, but is only 1,000 feet above
timber on the Monahan Creek side and only 1,200 feet above the prin-
cipal placer workings on the Golconda Creek side. Furthermore, the
approaches on both sides offer little difficulty to travel, that from
Golconda being the better.

(Golconda Creek lies whollyin an area of slate belonging to the Valdez
group (see Pl V), but the slate is cut by numerous light-colored, fine-
grained dikes of diorite porphyry, whose presence is distinetly shown
in many places on the bare mountain sides. The slate exposed along
the creek is hard and siliceous and in places is almost schistose. Its
cleavage, which appears to correspond closely in dip and strike with
that of the bedding, is nearly horizontal, for the most part dipping
slightly to the south, but in places showing a low northerly dip.
Perpendicular joints cause the slate to break into angular blocks and
slabs, and as disintegration has not advanced far enough since the
recent glaciation to soften the rock and make it crumble, great piles
of these large slate fragments are seen on the dumps of the placer
workings.

PLACERS.

The stream gravels of Golconda Creek are shallow, for in only a
few places are they known to have a thickness greater than 8 feet.
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They consist chiefly of slate but contain a small proportion of
diorite. Diorite bowlders, the largest several feet in diameter, are
included in the heaps of slate slabs on the mine dumps, yet for-
tunately for the miner they are much less common than the slate.
Most of the slate can be broken with a sledge and then carried away,
but the diorite is too hard for this treatment and requires powder
to break it into pieces small enough to handle. For the most part
the stream gravels are reworked materiai from the high bench
gravels in which the creek has incised its present channel and
formed its narrow flood plain.

Gravel benches, which.are prominent in many places on both sides
of the channel, may prove to be a source of gold in the future, although
no mining has been done in them and they have not been prospected.
However, they are known to contain gold in some places and there
can be little doubt that the gold content of the creek gravels is in
part if not almost entirely a reconcentrated deposit from the benches.
These placers thus resemble those of many other Alaskan distriets,
such as these on Chititu, Dan, and Valdez creeks, where the rich gold-
bearing gravels are a reconcentration product from earlier, more
widely disseminated deposits that are now being dissected and laid
down anew by the present streams.

Golconda Creek gold is described by the miners as “shot gold.”
Thin, flaky pieces are uncommon, although many pieces are worn
quite smooth, yet in general the gold is rough and little worn and
many pieces of it carry included quartz. A nugget found on the
creek in the early days and valued at $52 is the largest piece of gold
yet taken from the gravels.

Most of the mining on Golconda Creek during the seven or eight
years following the discovery of gold in 1901 was carried on a short
distance below Standard Creek, or about 4 miles below the head of the
stream. Pick and shovel were used at first but later a small hydraulic
plant was employed in connection with a dam and a “boomer” for
disposing of the tailings. During this time the ownership of claims
was gradually gathered into the hands of two men. In 1911 the
Golconda Mining Co. obtained an option on eighteen claims and
installed a hydraulic plant on the stream about a mile below Standard
Creek. Most of the summer (1911) was devoted to putting this plant
in place and getting it into shape for work. The company now has a
mile of ditch line, which takes water from Standard Creek and other
small eastern tributaries of Golconda Creek and delivers it at the
penstock with a head of approximately 250 feet. From the penstock
the water is conducted to the giants by an iron pipe 1,800 feet long.
Over 100 feet of 30-inch flume was in place on the 1st of August and
bedrock had been reached at its upper end. Unfortunately the con-
dition of the ground prevented the company from placing the boxes

48868°—Bull, 520—12——7
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so as to take advantage of an excellent dump furnished by the canyon
and there may be trouble in disposing of the tailings under the
present arrangemmt This difficulty can be remedied, however, if
it shall arise.

Mining on a more extensive scale would require increased water
supply, for the water now available is barely sufficient for present
needs. Additional supply could be obtained by extending the ditch
so as to take water from the head of Golconda Creek and by collect-
ing it from other tributaries, such as Shovel Creek. Golconda Creek
flows at an elevation so high that it will be difficult to bring water
from sources outside its valley. This elevgtion also increases the
cost of lumber, for the productive part of the creek is above timber
line, and it is therefore necessary to bring logs for lumber and general
mining purposes from Bremner River or from Monahan Creek.

LODE DEPOSITS.

Little attention has been given to prospecting for lode deposits on
Golconda Creek and in its vicinity. The slate country rock is cut
by numerous porphyry dikes and by less conspicuous veins of quartz
or quartz and calcite. No direct connection between the intrusives
and quartz veins was proved, but they are closely associated at numer-
ous places. Some of the quartz veins are mineralized, but none of
them are known to" carry gold in commercial quantities. Two claims,
the Golconda and the Mammoth, have been staked on the slope of
the mountain north of the pass between Golconda and Monahan
creeks. The slate is here intruded by several prominent dikes of
ﬁne-gramed diorite porphyry and is cut by a perpendicular fault
running north and south. This fault is traced with little difficulty
throughout most of the length of the two claims, for the shattered
slate near the fault breaks down more easily than the harder rock
on each side, leaving a well-defined depression. Discovery stake,
which is on the end line between the two claims, is several hundred
feet higher than the summit of the pass. At this point a mass of
quartz and calcite, cut longitudinally through its center by the fault,
shows evidence of movement after the vein filling was introduced.
The west half of the vein consists of cavernous iron-stained quartz,
" but the east half is made up of calcite containing veins and crystals
of quartz. This exposure of vein material is about 60 feet long.
Some distance below it, along the fault plane, is another lens of
quartz, 6 to 8 feet thick, associated with a fine-grained dike. The
vein is found again in a little gulch above the Discovery stake, but
the intervening space is barren, although the fault itself is plainly
seen. It is evident that the vein filling occurs in a well-defined fault
fissure and that it pinches and swells markedly, so that the quartz
and calcite masses take the form of lenses irregularly scattered along
the fault. Pyrite and zinc sulphide are present in the vein, and a
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small amount of gold is reported in assay returns. No work had
been done on the property at the time of visit in August, 1911, so
that only the surface exposures could be examined.

BREMNER RIVER.

Bremner River is now of little importance as a gold-producing
stream. No mining was in progress on the north fork in August,
1911, and work on the main river was confined to one locality just
above the head of “threemile canyon.” The valleys of the lower
river and its branches bear evidence of intense glaciation, and at
present practically ‘all the lmportant tributaries that make up the
Bremner River system head in glaciers, some of which, like those
giving rise to the three principal branches, are of.large size. The
north and middle forks of the river and also the main stream below
the forks lie in an area of slate and graywacke, but the quantity of
diorite pebbles and bowlders on the river bars shows that there must
be important bodies of igneous rock in the mountains between Brem-
ner and Tana rivers, and particularly at the head of the north fork.

The retreat of the ice in these valleys gave opportunity for the
deposition of large masses of gravel, which in many places form
high benches along the river. Doubtless some of these benches once
extended continuously across the valley floor and have been cut into
by the river and removed in part.

It was in lower benches of this kind, bordering the river, that
miding was carried on in 1911 near “threemile canyon.” Here a
ridge of slate and graywacke once dammed the river, probably form-
ing a lake and causing a great quantity of sand and fine gravel to be
deposited. As the river gradually cut its channel into the slate and
formed the canyon it also attacked the gravel deposit above the
developed a succession of benches. Fine gold occurs in these benches
and may be panned from almost any of the river bars. The amount,
however, is so small that it has not offered particular encouragement
to prospectors.

In the early part of the 1911 season, two men were at work on
the north side of the Bremner about half a mile above the can-
yon. A cut, averaging approximately 10 feet in depth, had been
carried down to bedrock in the first bench bordering the river and
extended 100 to 200 feet back from the river. The bench at this point
consists of sand and fine gravel, probably laid down in quiet water,
resting on a slate or graywacke bedrock with smooth undulating sur-
face produced by glacial erosion. Water for sluicing was brought
from a small stream near by, and although the head was small it was
possible to move a large mass of material in a very short time owing
to the fineness of the sand and gravel. Work was interrupted about
the middle of summer by failure of the water supply, in consequence
of which the gold production was disappointingly low.
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Too little prospecting has been done to furnish any proper esti-
mate of the gold content of these gravels. The gravel deposits are
extensive and a vast amount of material can be handled easily
because of its fineness, yet there are doubtless some bowlder beds
present that would offer difficulties.

If systematic prospecting should prove the presence of gold in
commercial quantities an excellent water supply with good head can
be had at slight expense from the small streams on the north, for
the topography at this locality is favorable to the combination of a
number of them with comparatively little labor,

A branch of Bremner River which joins the main stream near the
lower end of “ threemile canyon ” was the object of some interest in
1907. An option on a number of placer claims was secured and a
party of men with supplies was sent in to exploit the ground, but the
returns were so unsatisfactory that the project was abandoned in the
middle of the summer. In 1911 only one man was at work on the
stream.

The lower part of Bremner River is easily reached in winter
from the Copper River & Northwestern Railway near the mouth of
Tasnuna River, for there are no canyons on the lower Bremner with
water too swift to freeze and the river ice affords good sledding.

In summer small boats can be used as far up as the junction of the
north fork and main river, but the water above “ threemile canyon ”
is swift. Near the head of the canyon is a rapid and small fall that
makes boating dangerous but not impossible at certain stages of the
water. The current is less rapid below the canyon and near Copper
River is almost sluggish.

A good summer trail ascends Bremner River from the Little Brem-
ner to Golconda Creek. It is on dry ground all the way and offers no
more difficulties than are usual to mountain trails in new and little
traveled regions. Horses have never been taken down Bremner

' River below the Little Bremner, for the river flood plain is quicksand
and the steep mountain slope on the river’s north side is covered with
thick alders and in places with spruce,

LITTLE BREMNER RIVER.

Little Bremner River was the first stream in this district to receive
attention from placer miners and was the scene of considerable min-
ing activity before the richer placers of Golconda Creek drew a part
of the population to the upper Bremner country. Interest in the
Little Bremner, which for several years nearly died out, was revived
somewhat in 1910, but late in the summer of 1911 only three men
were at work on the stream.

The Little Bremner is a glacial stream about 12 miles long, deriv-
ing most of its water from melting snow and ice in the mountains
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southeast of Spirit Mountain on Copper River. A broad, low pass
connects it with the head of Tebay River and thus with Hanagita
Valley.

The valley of Little Bremner River, although strongly glaciated,
does not show such a pronounced U-shaped cross section as is seen on
Bremner River and its other branches. The river flows through a
succession of short canyons and intervening gravel flats that occupy
overdeepened basins produced by ice erosion of the valley floor.

Slate and graywacke form the country rock of all that part of
the stream to which the name “Little Bremner” is applied, but
Falls Creek, a large upper tributary, heads in the schist area between
Bremner River and Canyon Creek on the north. Toward the head
of the river, as the schist boundary is approached, numerous light-
colored porphyritic dikes make their appearance. The dip of the
slate cleavage, which in most places, although by no means every-
where, corresponds approximately with that of the bedding, is from
30° to 40° N. on the lower river, but gradually decreases.

Prospecting on the Little Bremner in 1911 was confined to the
lower end of the flat between the uppermost canyon and the glacier
from which the river rises. The flat is between 1 and 2 miles long
and about one-quarter mile wide. It was formed by the filling of a
shallow basin with outwash material from the glacier, whose stream
now shifts back and forth across the surface. The presence of coarse
gold in the gravel has been known for some years, and a small amount
has been obtained by the pick-and-shovel method of mining.

In 1911 a drill was brought in to prospect the ground, in order to
determine whether it would be profitable to install mining machinery.
Three holes were put down, reaching bedrock at a depth of 47 feet.
The section revealed was 7 feet of coarse surfuce gravel, underlain
by 40 feet of glacier mud, containing rounded and angular rock frag-
ments, Gold is reported to have been found only in the surface wash.

Condjtions are favorable for placer mining at this place if the
gold content of the gravel proves sufficient to encourage it. Falls
Creek would furnish the water necessary for hydraulic operations,
or it is possible that the upper Tebay Lake could be diverted to the
south side of the divide. Either would supply the necessary head.
Furthermore, the Little Bremner possesses a good supply of excellent
timber, suitable for all ordinary mining purposes.

COPPER.
DISTRIBUTION AND CHARACTER OF THE DEPOSITS.

A number of copper claims have been staked in the mountains
between Canyon Creek and Chitina River and at the head of Canyon
Creek. One of these, the Blakney property, near Taral, is patented.
On three or four others considerable work has been expended, but
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the work done on the remainder has consisted only of the assessment
work necessary to hold the property. Most of the copper prospects
are in shear zones or fractures of various kinds in greenstone, and
thus resemble the copper deposits in the Nikolai greenstone of the
Kotsina-Chitina district. The only known exception to this mode
of occurrence is on Canyon Creek, where the copper minerals are
associated with a dark basic dike cutting limestone and schist.

The Blakney property is near the head of Taral Creek, 5 miles
east of Taral and approximately 3,400 feet above it. Greenstone,
probably derived from an original diabase intrusion or a surface
flow, forms the country rock, but is succeeded only a short distance
to the east by diorite,

The diorite is believed to be younger than the greenstone and
intruded into it. The greenstone has been subjected to great pres-
sure, and as a result is much shattered. TLocally the rock is so much
crushed that it is difficult to obtain a good hand specimen. Further-
more, the rock has undergone extensive chemical alteration, which
is greatest in places where the rock is most erushed.

At the Blakney property a fault zone, made up of numerous par-
allel fractures and filled with copper and iron sulphides, is exposed
on the south side of the creek. The ore body is made up of parallel
veins of pyrite and chalcopyrite, ranging in thickness from one-half
to 18 inches, separated by thin sheets of greenstone. This mineral-
ized belt in the fault zone is about 3 feet thick. It strikes N. 75° W.
and dips 45° SW. An incline was sunk in the ore at its lowest
exposure on the creek. From that place the vein extends up the
creek for 200 feet till it is cut off by a cross fault striking N. 40° W.
and dipping high to the northeast. This ore body is much larger
than any other yet discovered in the vicinity of Taral, and so far as
the writer knows is as large as any chalcopyrite body not of a dis-
seminated character yet found among the copper depomta of the

Chitina region.
SURPRISE CREEK.

Surprise Creek, a short tributary of Nerelna Creek, occupies one
of the principal gulches on the east side of that stream, which it
joins about 2 miles from Chitina River. Near the mouth of the
creek the bedrock is greenstone, intruded by a great mass of diorite,
but farther upstream the prevailing rock is greenstone, associated
with schist and much-altered siliceous limestone.

About 14 miles from the mouth of Surprise Creek a short tunnel
has been driven in a shattered zone in greenstone containing copper
minerals, The fractures in this zone are veined with an intergrowth
of quartz and epidote. Particles of chalcopyrite, pyrite, chrysocolla,
chalcocite, and bornite are found in the quartz and also dissemi-
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nated through the greenstone, their relative amounts in the rock cor-
responding with the order in which they are named, chalcopyrite
being greatest. The occurrence of these minerals is similar to that
so common in the Nikolai greenstone.

FALLS CREEK.

Falls Creek is a tributary of Canyon Creek, rising in the mountains
northwest of Summit Lake. Most of the stream lies in a small basin
more than a thousand feet above Canyon Creek, to which it descends
in a succession of falls through a narrow, precipitous gulch. This
creek is reached from the trail between Taral and Canyon creeks by
a branch trail leading up Divide Creek and over the ridge between
Divide and Falls creeks. The rock exposures of the basin show a
confusing association of greenstone and altered sedimentary beds,
including slate, schist, and highly siliceous thin-bedded limestone.
Greenstone is the prevailing rock of the mountain slopes south of
Falls Creek. Altered sediments prevail on the north side.

Two tunnels, one 105 and the other 150 feet long, were driven into
the mountain, on the south side of Falls Creek, in 1911. They are
approximately 400 feet apart and about 250 feet above the level of
the camp near the creek. Specimens of ore from the longer tunnel
show disseminated bornite, covellite, and chalcopyrite in greenstone.

Copper minerals are also found near the trail on the ridge between
Divide and Falls creeks. A small open cut in the jointed and frac-
tured greenstone shows chalcopyrite and bornite as veins filling frac-
tures.in the rocks and disseminated through it. Covellite and the
carbonates resulting from oxidation are present in small amount.

CANYON CREEEK.

Canyon Creek, whose head lies in the mountains southwest of
Summit Lake, in the Hanagita Valley, is fed by several small glaciers
leading down from the snow fieids between Canyon Creek and Little
Bremner River. In its upper courses, near the main trail running
past Summit Lake, it flows through a narrow gravel-floored basin
surrounded by high mountains composed of intensely folded and
much altered sedimentary beds, among which a massive limesotne,
several hundred feet thick, is conspicuous. This limestone is seen on

_both sides of the valley but is not continuous, for it has been exten-
- sively faulted, so that schist intervenes in places between limestone
outerops.

Indications of copper were found on the west side of the creek
about a mile from the main valley of Canyon Creek and Summit
Lake. A tunnel was driven into the limestone along a copper-stained
fault plane just at the top of the talus slope and about 500 feet above
the valley floor.
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The limestone is highly siliceous. It dips 85° to 45° N. The fault
plane strikes N. 40° E. and dips about 45° NW. Smaller perpen-
dicular faults showing slickensided rock faces, nearly at right angles
to the main fault, are also present, but they show no copper stains.
Near and a little below the tunnel is a dark, fine-grained dike in
schist, which probably is faulted into the limestone. The dike rock
contains pyrite or pyrite and chalcopyrite and is seemingly the
source of the copper stains along the fault plane in the limestone
above. It is reported that assay shows nickel as well as copper to be
a constituent of the ore.

A large open cut and a tunnel 20 feet under cover, together with
a trail leading to the property, represented the development work
done on the claim at the end of August,”1911. The showing was
then sufficient to encourage the owners to the expenditure of a con-
siderable further sum in proving up the property, and the construe-
tion of a trail down Canyon Creek to Copper River was begun early
in September.

SUMMARY.

In summarizing it may be said that the copper deposits east of
Copper River in the vicinity of Taral are all associated with altered
igneous rocks, Those north of Canyon Creek appear to be closely
related in origin and are found in distinct veins and in disseminated
deposits in greenstone closely resembling the copper deposits of the
Kotsina-Chitina region. The deposit near the head of Canyon Creek
differs from these in that it is probably derived from a dike of more
basic character than the greenstone and occurs within a mass of
limestone.



THE CHITINA COPPER DISTRICT.
By Frep H. MoFrIT.

PROGRESS IN 1911.

The most important event of the year 1911 affecting the mineral
resources of the Chitina Valley was the completion of the Copper
River & Northwestern Railway to Kennicott, followed by the first
shipment of copper ore from the Bonanza mine to Cordova. A train-
load of chalcocite, the first commercial shipment of copper ore from
the Copper River basin, arrived in Cordova on April 7, and the day
was immediately christened “ Cordova Day ” by the citizens of that
town and given over to a celebration of this important event. The
road reached the new town of Chitina, opposite the mouth of Chitina
River, early in the summer of 1910 and construction work was pushed
as rapidly as possible from Chitina to Kennicott during the fall and
winter. Train service between Cordova and Chitina was interrupted
at times by snowslides and frozen overflows on the tracks, but during
last summer additional snow sheds were built and the tracks were
elevated in the troublesome places, so that hereafter there will be no
great difficulties in keeping the road clear.

The permanent bridge over Copper River above Chitina has not
yet been put in place, but the temporary bridge has fulfilled all the
requirements in spite of high water, which loosened some of the piling.
Another source of trouble during the summer arose from the occur-
rence of small landslides in the new cuts along the river, requiring
close attention from those in charge of the tracks. Notwithstanding

*all difficulties and annoyances, however, no serious accidents took
place and regular shipments of ore were made over the road all
summer.,

COPPER.

The Kotsina-Chitina district was not visited by members of the
United States Geological Survey in 1911, but some information con-
cerning it was obtained from miners who had been at work there
and from other sources.
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It is evident that although the region received less publicity than
in some former years it was the scene of a large amount of develop-
ment work in 1911. This work was not confined to one or two prop-
erties, but was in progress in all parts of the district. Up to this
time no copper ore other than that from the Kennicott Bonanza
has been produced. Shipments of chalcocite were made from the
Bonanza once or twice each week throughout the summer. The ore
is sacked before it is loaded into the cars and is hauled to Cordova,
where it is transferred to steamers and carried to the Tacoma smelter.
A first dividend has been paid to the owners of the mine, and it is
reported that the managers are preparing to proceed with the devel-
opment of other claims, such as the Jumbo and the Independence,
which form a part of the property including the Bonanza.

Prospecting was active in several near-by localities. A force of
men was employed in developing the Mother Lode claims, which lie
on the same fault zone as the Bonanza mine, about three-fourths mile
north of it, on the McCarthy Creek side of the ridge. Construction
of a road up McCarthy Creek to these claims was begun preparatory
to the installation of mining machinery during the coming summer.

Development was also resumed on the “ Nikolai mine,” near the
head of Nikolai Creek. Nothing had been done on this property
since it was patented, about 10 years ago. During that time the old
shaft had become filled with ice and the open cuts had been nearly
covered by loose débris. About 500 feet of tunnel was driven in
1911. An adit was started near the creek and crosscuts and tunnels
were driven in the ore body, revealing a larger amount of copper
ore than the surface exposures and shaft had indicated.

A tunnel was also driven in the ore body of the Westover claim, on
Dan Creek. Earlier development work, done when the claim was
visited by the writer in 1909, consisted of an open cut which did
nothing more than to clear away the talus material from the ore
body. The tunnel was driven along the fault plane, cutting the
ore, and is reported to have proved that the ore extends to some
. distance.

A promising body of copper is being explored at Copper Mountain, .
north of Kuskulana River. Work began on this property four or five
years ago and a long tunnel has been driven. It is reported that an
ore body has been cut by one of the tunnels over 1,000 feet below
the outcrop. This is a fact of great importance to those interested
in this copper district, since it gives the best indication so far dis-
covered of the depth to which the copper deposits may extend. A
survey for a branch road connecting the Copper Mountain camp
with the railroad has been made, and construction work will prob-
ably begin in the near future.
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Development of copper properties in this part of Alaska has gone
on slowly, owing to the unusual difficulties to be overcome, yet it
appears that a change is taking place and that more rapid progress
will be made from this time on.

It is evident that an earnest effort has been made during the year
to develop mining properties so as to put them on a producing basis.
Stock companies have not been formed or shares sold during the last
year or two for two reasons—first, the transportation facilities offered
by the railroad have been better, and, second, the copper market has
been depressed.

GOLD PLACERS.

A prosperous year is reported from the Chititu Creek and Dan
Creek gold-placer district. Nearly all the mining on the Chititu
took place on its northern tributary—Rex Creek. A few men were
working at the mouth of this stream, shoveling into sluice boxes.
The hydraulic plant which has been operated for several years on
the lower claims of Chititu Creek above the canyon was moved to the
lower part of Rex Creek and installed there. A dam was constructed
and several hundred feet of flume and 2,000 feet of iron pipe were
put in place in the early part of the season. Frozen gravel was
encountered, but the giants were so placed as to avoid difficulty, and
a successful season resulted. A much larger plant, to take the place
of the one moved from Chititu Creek to Rex Creek, will be taken in
during the winter of 1911-12.

Mining was also in progress on the upper part of Rex Creek,
and it is reported that some gold was produced: An hydraulic
plant will be placed in dperation there during the summer of 1912.

On Dan Creek preparations for the installation of an hydraulic
plant on the lower part of the creek below the canyon were continued,
and in addition work was done on the benches.south of Dan Creek
and on Copper Creek, its southern tributary. It is also reported that
some work was done on Young Creek near Calamity Gulch, but the
Nizina district was not visited by members of the United States Geo-
logical Survey in 1911 and the extent of operations on Young Creek
was not learned.



GOLD DEPOSITS NEAR VALDEZ,

By Avrrep H. Brooxs.

INTRODUCTION.

As early as 1898 some of the streams tributary to Port Valdez were
known to contain auriferous gravels, which had been mined in a small
way. In spite of this evidence of auriferous mineralization, as well
as that suggested by the presence of quartz veins stained with iron,
the Valdez district for many years received relatively little attention
from the prospector. The thousands who joined in the mad rush over
the Valdez Glacier during the Klondike excitement paid no heed to the
possibility of finding mineral wealth in the region which they rapidly
traversed on their way into the interior. Many of these gold seekers
must have passed in sight of the quartz vein outcropping on the north
shore of the inlet which 12 years later was developed as the ClLiff mine.
A few men, however, persistently kept up the search for gold quartz,
and some veins were staked as early as 1898, but as they remained
undeveloped, definite proof of the presence of workable ore bodies in
this region was lacking. The Cliff mine became productive in 1910
and proved a very profitable mining venture. Itssuccess very greatly
stimulated prospecting by local miners and also attracted the atten-
tion of nonresidents, who quickly recognized the possibility of ‘devel-
oping here a new auriferous lode district. As a result, several hun-
dred lode claims were staked and considerable development work was
undertaken during 1910 and 1911. These activities first centered in
the region immediately adjacent to Port Valdez, lbut ater both the
eastern and western extension of what was believed to be an auriferous
belt received attention. The search for auriferous lodes was carried
westward to Columbia Glacier and later to Port Wells and eastward
along the Valdez-Fairbanks road.

In 1910 the writer paid a brief visit to the Clif mine and also
obtained sufficient data about the mining advancement at other
localities to be convinced that an immediate detailed survey of the
district was justified. As an accurate topographic base map is the

1 Grant, U. 8., and Higgins, D. F., Reconnaissance of geology and mineral resources of Frince William
Sound, Alaska: Bull. U. 8. Geol. Survey No. 43, pp. 72-75, 1010.
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first requisite to a study of the geology and mineral resources of any
region, & topographic survey of what was then believed to be the most
important part of the Valdez district was made by J. W. Bagley,
assisted by C. E. Giffin, in the summer of 1911. A map based on
these surveys is now in preparation. It was impracticable to make
the geologic survey during the same season, but in view of the great
interest taken in this field by the mining public, it seemed impera-~
tive to make at least a preliminary study of the district.

The ten.days devoted to this purpose were sufficient only to collect
some random notes on the geology and to visit about 25 claims out of
the several hundred which had been staked, none of which was
exhaustively studied. Therefore those who expect to find a descrip-
tion in this report of all the many properties in this region, or ¢ven a
comprehensive account of any one property, will be disappointed.
Four days were spent on the west side of Shoup Bay and in the adja-
cent inland region, five days in the Mineral Creek basin, and two days
on the west side of Valdez Glacier. This distribution of time made it
possible to visit some of the typical occurrences of auriferous lodes as
well as most of the best developed properties. Unfortunately, it was
possible to see none of the properties in the Columbia Glacier region,
on the east side of Shoup Bay, in the Gold Creek basin, or on the
" shores of Port Valdez (except the Cliff mine), and only a part of those
in the Mineral Creek basin.

Much information was obtained from the engineers, miners, and
prospectors of the district, to whom the writer hereby expresses his
obligations. Among the many who aided the work Eugene Allen,
B. F. Millard, Thomas Blakeney, C. M. Nicholson, and M. M. Reese
deserve special mention.

This report could not have been prepared if the results of the pre-
vious work in this field had not been available. F. C. Schrader
studied the geology of Prince William Sound in 1898, and again, in
association with A. C. Spencer, in 1900, and in 1905 U. S. Grant and
D. F. Higgins traversed the same field in greater detail and in 1908
and 1909 made still other observations. References will be made to
the published reports of these investigations. In addition to these
reports the unpublished notes of these geologists have been freely
drawn upon.

GEOGRAPHY.
SBHORE FEATURES.

The town of Valdez, to which the mining district here described is
tributary, is located at the head of Port Valdez, a northeastern arm of
Prince William Sound. (See Pl. VI.) Port Valdez is one of the
many deep fiords that penetrate the mainland of this part of Alaska.
It has a lenticular outline, trends about east and west, is about 12}
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miles long, and averages about 3 miles in width. It is connected
with Prince William Sound by a passage only a mile wide. The
fiord averages over 100 fathoms in depth and, except at its head, is
deep close to the land. Much of the larger part of the shore ]J.ne is
remarkably even, long stretches being almost uribroken straight lines.
Shoup Bay is a small indentation on the northwest shore of the
inlet, and several other minor indentations form small coves, notably
along the southern shore line.

Throughout most of the inlet the land rises abruptly from the
water or from a narrow, rocky beach. An exception is found in the
broad gravel floor lowland that sweeps around the east end of Port
Valdez. This lowland has been formed by the merging of the deltas
of the streams draining Valdez Glacier with the delta of Lowe River.
There ‘are also some gravel flats at the mouths of other streams tribu-
tary to the bay. Of these the one at the mouth of Mineral Creek,
embracing abut 1} square miles, is the largest.

MOUNTAINS.

Port Valdez occupies a depression in the southern part of the rugged °
Chugach Mountains, which form a barrier trending east and west
between the sea and the Copper River basin. The main range lies
north of the inlet, south of which is a less rugged mass, forming a
spur, separated from the main range by the bay and by the valley
of Lowe River. The mountains north of Port Valdez and adjacent
to it include an irregular aggregate of sharp pinnacles connected by
narrow, steep-walled ridges and broken by numerous amphitheaters
of glacial origin. The summits of these mountains vary in altitude
from 4,200 to 6,300 feet. The mountains to the south form & part
of a well-defined range, which constitutes the watershed between
Port, Valdez and Jack Bay. Here the slopes are less abrupt and the
summits are more rounded than those in the northern mountains,
and the extreme altitudes are only 3,000 to 5,400 feet above the sea.

DRAINAGE.

The reglon contains many small streams that flow down the moun-
tain slopes in narrow gulches and also some large streams that occupy
deep-cut U-shaped valleys. Most of the streams tributary to Port
Valdez are less than 3 miles long. Many of the large watercourses
head in glacial cirques and some spring directly from ice fronts. The
typical valleys have steep walls and narrow floors, which descend
with steep gradients to the sea.

Lowe River is the largest stream in the district. It rises on Mar-
shall Pass, 25 miles east of the bay, flows through a steep-walled
valley, and discharges into the east end of Port Valdez. Near its
mouth a number of streams that flow over a broad flood-plain from
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Valdez Glacier, which lies to the northwest, about 5 miles from tide-
water, also flow into the bay. Mineral and Gold creeks, Solomon
Gulch, and several other streams flow through gravel-filled basins
that are connected by stretches of box canyons. Several of the
streams, of which Mineral Creek is the best example, are sharply
deflected to the west on approaching the sea.

GLACIERS AND GLACIATION.

Valdez Glacier, which is fed by snow fields far back in the Chugach
Range and debouches on the gravel plain at the head of Port Valdez,
is the largest ice mass of the region. Second in size is Shoup Glacier,
which also reaches far back into the mountains and discharges into
Shoup Bay. Many other small glaciers, which also lie north of
Port Valdez, are drained by streams flowing into the bay. The
great Columbia Glacier lies about 4 miles west of Port Valdez and
discharges into the sea at Columbis Bay, a northern arm of Prince
William Sound.

The present glaciers are but the disappearing remnants of an ice
sheet that once filled Port Valdéz and the tributary valleys up to
an altitude of 3,000 or 4,000 feet. This ice sheet scoured deeply,
and eroded many channels and waterways as well as the numerous
cirques and U-shaped valleys. The topographic features of the
region were well developed before this ice erosion, which, however,
deepened and modified them.

VEGETATION.

Timber is rather scant except in part of the flat east of the head of
Port Valdez, where there is a growth of spruce, hemlock, and cot-
tonwood, some trees measuring several feet at the butt. Along
the shores of the bay there is almost no valuable timber, though a
scant growth of spruce and other kinds of trees is found up to an
altitude of a few hundred feet above the sea. Good grass grows in
the flats, where also some arable lands are found.

CLIMATE.

The climate of Port Valdez is characterized by cool summers with
abundant rainfall and by winters which are cold but which have
none of the extremes of temperature that are usually associated
with Alaska. The records, though meager, indicate an average
snowfall of about 12 feet. The total mean annual precipitation is
about 75 inches. The data at hand indicate an average tempera~
ture of about 51° F. for the three summer months and 20° F. for the
three winter months. An average of 176 days of rainy or snowy
weather during the year is reported. Records covering two years
show a minimum temperature of —14° F. in January and maximum
of 79° in June,
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GEOLOGY.
GENERAL CONDITIONS,

The Port Valdez region lies within the southern margin of the
Chugach Mountains, which, so far as known, are made up of closely
folded and faulted sediments, chiefly clay slates and graywackes,
both schistose and massive, with some conglomerates. These rocks
have been in part altered to phyllites and mica and quartz schists,
In the northern part of the range there are also limestones. The -
axes of folding trend about east and west, and the dips are prevail-
ingly to the north. Some igneous intrusives of various types cut
these sediments.

For lack of detailed knowledge of the stratrgra.ph:c sequence within
this great mass of sediments, which is probably in the aggregate
many thousand feet thick, they have all been thrown together as the
Valdez group.?

The Valdes rocks are believed to be unconformably overlain by
another great series of sediments that are of similar lithologic types
but that are less altered and include & lower member, made up of
ancient volcanic rocks, which has been named the Orca. Intrusive
igneous rocks cut the aedlment.a of the Orca group. Grant and Higgins
have mapped the boundary between the Orca and Valdez at the
entrance to Port Valdez. The Orca group therefore does not occur
within the area here under discussion.

The age of the Orca and Valdez rocks has not been determined,
but they have been provisionally assigned to the Paleozoic and
Mesozoic eras. G. C. Martin and B. L. Johnson in their recent
work in the Kenai Peninsula found Mesozoic fossils in a slate-
graywacke series that resemble the sediments of Prince William
Sound. F. H. Moffit, in 1911, investigated the Breinner River
region and there obtained evldence that rocks probably equivalent
to the Valdez are of Carboniferous or early Mesozoic age.

Quartz veins are not uncommon in both the Valdez and Orca
groups, and some of them are metallized. Some of these veins have
long been known to carry gold, but before the Cliff mine was opened
none had been exploited on a commercial scale.

BEDIMENTS.

The sediments of the Port Valdez region are chiefly slates and
graywackes in proportions that vary greatly from place to place.
Local variations from these dominant types include siliceous and
carbonaceous slates and feldspathic quartzites.

1Bchrader, F. C., Reconnaissance of Prince William SBound and the Copper River district, Alasks, in 1808:
Twentieth Ann. Rept. U. 8. Geol. Survey, part 7, 1000, pp. 408-410. Schrader, F. C,, and Bpencer,
Arthor €., The geology and miners resources of a portion of the Copper River district: Bpecial publication
U. 8. Geol. Burvey, 1801

U.B.,and Higgns, D. F., R i of th logy and mineral resources of Princo Willlam
Bound Alsska: Bnil. U. B. Geol Burvey No. 443, mo, p]) 22-24.
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'The weathered surface of tho graywacke varies in color frq,m hght.
brown to gray, the brown usually indicating the presence of pyrite.
A finely pitted surface is characteristic of the rock where it is exposed
to weathering, but the pits are generally so small as to be distin-
guishable only with a lens. The rock cleaves irregularly and in the
fresh fracture is gray or blue. Even the massive graywackes may
show on the fresh fracture & minute banding caused by a'parallel
arrangement of the minerals. The graywackes are composed essen-
tially of minute angular and subangular grains of quartz and feld-
spar embedded in a cement of quartz, mica, and chlorite. In many
specimens, however, these minerals can be definitely recognized only
with the microscope.

Many of the gmywackes have been wholly or in part racrystal—
lized. Some spemmena are difficult to distinguish from igneous rocks
except by microscopic analysis. Grant mentions graywackes that
have been so altered as to become schists, but none of these was
seen by the writer. These graywackes are of sedimentary ori~in and
were probably deposited at a time when a large amount of material
was furnished by the erosion of igneous rocks.

A common variation from the above type is a schistose graywacke;
that is, one in which secondary cleavage has been developed. In
some places this cleavage amounts only to an irregular system of
fracturing; in others it is almost slaty cleavage. Another variation
is a feldspathic quartzite, in which the percentage of quartz is
increased at the expense of the feldspar. With the development of
secondary structure the quartzite passes into a quartz slate, and
with still greater alteration into a mica schist.

The graywacke oceurs most commonly in alternation with beds of
slate, but appears locally in masses aggregating in thickness at least
several hundred feet. The data at hand indicate that such masses
are large lenses in the graywacke and slate series rather than beds or
formations that perserve their continuity over considerable areas.

The rocks here classed as slates are fine-grained argillites which
have a more or less regular secondary cleavage. The weathered
surface of these rocks is in places gray, but where the slate contains
pyrite it is more often brown. On the fresh fracture it is gray-blue
to black in color. In none of these rocks is the cleavage as perfect
as that of moﬁng slate. In composition the slates are chiefly argil-
lites, which are in places altered to phyllites by the development of
muscovite along planes of foliation. Some of the slates are very
giliceous, grading into slaty quartzites. These siliceous slates locally
contain some feldspar, thus passing into slaty graywackes. At
several localities the slates carry a large amount of carbonaceous
material and are finely fissile, resembling a carbonac¢eous shale,
but in all these slates the foliation seems to be a secondary structure,
Many of the slates carry considerable disseminated pyrite.

48868°—Bull. 520—12——8
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Some belts of green chloritic shale found near the head of Mineral
Creek seem to form an integral part of the sedimentary series. This
rock is made up entirely of secondary minerals, and its original
character has not been determined. Grant found similar rocks on
the south side of Port Valdez and has suggested that they might be

altered voleanic tuffs. Grant also found a belt of greenstone on the.

‘northwest side of the entrance to Part Valdez.
IGNEOUB ROCKS.

No outerops of igneous rocks were examined in the district, but
some crosscutting dikes were seen from a distance. One of these,
in the Shoup Glacier region, was clearly visible and could be traced
up the slope to the crest of the ridge for 200 to 300 feet. A similar
dike was seen in the Mineral Creek basin. These dikes are almost
white and contrast strongly with the gray sediments which they
crosscut. What appeared to be material derived from similar intru-
sives was found in the débris of both Shoup and Valdez glaciers.

These intrusives are included in those termed by Grant® acidic
dikes. The specimens collected from the glacial débris are fine-
grained crystalline rocks, pale green to white in color. They appear
to be altered porphyritic rocks in which the phenocrysts were prob-
ably feldspar. The groundmass seems to be chiefly feldspar, but the
specimens obtained were so much weathered that no exact determina-
tion could be made of the original character of the rock. They can be
provisionally termed diorite porphyries. Schrader? has noted the
presence of dikes of granodiorite or aplite and diorite porphyry
cutting the sediments of the Valdez group. He has mapped a large
dike of granite near the head of Valdez Glacier and two smaller dikes
of aplite on some small islands near Valdez. The Iatter have been
studied by Grant and Higgins® who also found some crosscutting
dikes of diabase on the south side of the entrance to Port Valdez.

STRUCTURE.

The general trend of the bedrock structures is about east and west
and therefore parallel to the axes of Port Valdez and the bordering
mountains. On the south side of the bay strike lines measured by
Grant vary from N. 70° W. to N. 70° E., but the average is about
east and west. North of the bay the average strike line is about
N. 70° E. The observed dips are almost entirely to the north, at
angles varying from 45° to 80°. Minor folds observed at several
localities indicate that the monoclinal dips are the result of com-

1 0p.cit, pp. 4748,

3 Schrader, F. C., Reconnalssance of part of Prince Willlam Bound and Copper River district, Alaska:
Twentieth Ann. Rept. U. 8. Geol. Burvey, part 7, 1900, pp. 400-410.

1 @rant, U. 8., and Higgins, D. F., Reconnaissance of the geology and mineral rasources of Prince William
Bound, Alasks: Bull. U, 8, Geol. Burvey No. 443, 1010, p. 50.

1
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pressed folds overturned to the south. The best indications of fault-
ing observed were the evidences of the movements that formed the
fissures in which the quartz veins were deposited. In the Shoup Bay
region these fissures fall into at least two well-defined systems, one
trending N. 40° to 60° W. and the other N. 20° to 40° E. The data
at hand indicate that in the Mineral Creek region the fissuring is not
so pronounced, but here also two systems can be recognized, one of
them trending from N. 70° W. to east and west, the other from
about N. 30° W. to N. 50° W. No measure was obtained of the
extent of the movement along these fissures, but the facts that some
can be traced for considerable distances and that many show slicken-
sides and much crushed material indicate that it was considerable.

A later period of deformation is shown by faulting of some of the
quartz veins which occur in the fissures already described. The
only examples of this faulting which could be measured showed dis-
placements not exceeding 3 to 5 feet. There is, however, some evi-
dence of more extensive faults. In the outcrops seen the cleavage
of slates and slaty graywackes was mostly parallel to the bedding.
Some exceptions to this were noted, and the observations were not
sufficient to establish any general law. In some localities there is
a well-marked system of jointing, which trends about N. 10° to 30° W.
These joint planes, being lines of weakness to erosive agencies, are
marked in places by steep-walled gulches on the hill slopes. A second
system of jointing, which trends about N. 20° to 30° E., was noted.
Quartz stringers were seen along some of these joint planes, and the
joints may represent the results of the same epoch of movements as
do the fissures.

The facts stated indicate that the bedrock has undergone at least
three periods of disturbance. During the first, which was the period
of greatest movement, the folding that gave the sediments their
preserit structures took place. At a later date there was a period of
deformation during which the fissuring occurred. After the fissures
‘had been filled with' quartz there was another and probably minor
disturbance, which faulted some of the quartz veins.

AREAL DISTRIBUTION OF ROCKS.

Although the field observations are insufficient for the preparation
of a geologic map, they indicate that the sediments of the region occur
in more or less well-defined belts, each of which is characterized by
the dominance of one kind of rock or association of rocks. Thus,
in certain areas the rocks are predominantly graywackes, with
subordinate amounts of slate; in others they are chiefly slate, with
but little graywacke; and in still others they consist of graywacke
and slate in about equal proportions. These lithologically similar
areas, as would be expected from the dominant structure, form belts
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trending east and west. It is probable that these belts will be the
basis for geologic mapping at some future time, when it will be deter-
mined which represent distinct formations and which represent dupli-
cations brought about by folding and faulting.

In extent of areal distribution the slate-graywacke belts dominate
in the region. According to Grant’s notes this association of sedi-
ments characterizes nearly the entire south shore of Port Valdez,
both sides of the entrance, and the west shore as far north as Shoup
Bay. Grant has noted that a belt of slates skirts the shore of the
bay east of Fort Liscum. The strike of these slates would carry them
into the Lowe River Valley, where there is & pronounced develop-
ment of slate.

On the north shore of Port Valdez slates appear to dominate, but
for the most part they have been considerably altered. At the Cliff
mine the slates are highly silicified, and near the mouth of Mineral
Creek secondary mica has been developed, so that the rocks are
properly termed “phyllites.” Grant reports that mica schists occur
on the small islands lying between Mineral Creek and Valdez. These
are to be regarded as a more highly metamorphosed phase of the
slate. The slate and phyllite belt at Mineral Creek is about 2 miles
wide, but includes some bands of graywacke. It is bordered on the
north by a belt of graywacke and slate, which appears to be the same
one observed on the west side of the lower part of Valdez Glacier.

The northern boundary of the graywacke-slate belt has not been
determined, but considerable slate is found about a mile southeast
of McIntosh Road House, and the slates occurring near the
Valdez-Bonanza property and near the Valdez and Ibex properties
on Valdez Glacier are probably in the same belt. Half a mile north
of the Valdez-Bonanza is a series of massive graywackes, which
probably bound this slate belt, but have not been traced to the east
or west.

The bedrock of the upper part of the Mineral Creek Valley n.bova
the mouth of the East Fork is chiefly slate, with some bands of gray-
wacke.

Slates and graywackes in many alternating bands occur on the
west side of Shoup Bay. Between McAllister Creek and Shoup
Glacier slates dominate. These slates are bordered on the north by
massive graywacke, which attains a thickness of several hundred
feet. Slates are found again north of this graywacke. Greenstone
and chloritic schists were observed by Grant on the south shore of
Port Valdez, a mile west of Fort Liscum, where they are in part
interbedded with slates. Chloritic schists were also found east of
Mineral Creek Road House and 2 miles north of it, along the main
+ gtream. The evidence at hand indicates that the greenstone schists
are limited to small areas and do not extend for any considerable
distance along the strike line,
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MINERAL RESOURCES,
OUTLINE.

- Up to the close of 1911 one auriferous lode mine, the CLff, had
been developed in the district, and a little gold ore from other proper-
ties had been treated at & customs mill erected at Valdez in the fall of
1911. A shipment of copper ore is said to have been made from a
chalcopyrite deposit which has been developed on Solomon Gulch
since the writer's visit. The only other productive mining in the dis-
trict consists of the exploitation of some gold placers at various times
during the last 10 years. These operations were, however, on only
a small scale, and the output was insignificant.

CHARACTER OF ORE DEPOSITS.

The gold-ore deposits of the district that give promise of commer-
cial importance are all fissure veins; that is, they are fillings of fissures
or fractures in the country rock. A variation from this type,
though of the same genesis, is seen in mineralized zones of fracture
that have no well-defined walls. Local pyritization of the country
rock is also not uncommon in the district, and it is not impossible
that some gold deposition accompanied this action, but even’if this
is proved there is no evidence that the rock contains commercial ore
bodies of this type.

In some parts of the district the fracturing is pronounced, and indi-
vidual fissures can be traced for long distances. In the region adja-
cent to the west side of Shoup Bay, for example, two well-defined
systems of fissures are recognizable, one striking about N. 10° to 40°
E, and the other N. 40° to 60° W. In addition to the veins following
these systems, thore are veins that are nearly parallel to the bedding
striking about N. 70° E., and others whose trend does not fall into
any of these systems. The Cliff vein strikes about N. 30° W, and the
others nearby are probably about parallel to it, though no definite
measurement was obtained on any of them.

The system of fissuring in the upper Mineral Creek basin does not
appear to be nearly as well defined as that at Shoup Bay. Observa-
tions were made in the upper Mineral Creek basin on eleven veins,
five of which trended about east and west, two from N, 70° to 80° E.,
one N. 50°E., and two N. 20° W. So far as the observations go, they
indicate that the prevailing strike of the veins is from N. 70° to
90° E. Too few observations have been made near Valdez Glacier
to justify any deductions as to trend of fissures, but those made indi-
cate one system striking about east and west and another striking
about N. 30° W.

The fissures are mostly marked by a zone of brecciation and slick-
ensiding. In many of the veins the fragments of country rock form
much the larger part of the material included between the walls, the
foreign matter brought in being very subordinate in amount. Slick-
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ensides are almost everywhere present on one wall, with more or less
gouge. In a few fissures slickensides were {ound on both walls.
Some of the fissures are remarkably persistent for long distances. A =
number have been traced for more than a quarter of a mile, and there
is good reason to believe that one or two have been identiﬁed at
intervals for a mile to a mile and a half. Unfortunately the vein
filling by no means shows such persistency. In several fissures which
could be traced by slickenside and gouge for a long distance the
vein matter practically gives out in a hundred feet or less. In some
fissures the vein matter is in places almost entirely absent for
considerable distances, and reappears farther along.

Any statement as to the thickness of the workable ore body in &
field where only one productive mine has been developed can have
little value, for workability is evidently dependent on the cost of
mining and the amount of the valuable minerals in the vein. Most
of the veins that have been staked are narrow, and though some
larger veins have been found, fow of them exceed 2 to 3 feet in thick-
ness. The common impression among the miners of the district is
that the promise of this field is"in small, rich veins rather than in
large deposits carrying lower values, and this view is justified by the
facts in hand. Some of the lodes in the district, though they occur
along lines of more or less well-developed fissures, seem to be very
local accumulations of quartz. These masses of quartz are very
irregular and seem to have no persistency along either the strike or
the dip. As some of these have extensive outcrops and show a large
content of gold, thay have given hopes of large workable ore bodies—
hopes that were not realized when development was attempted.
Some of these quartz masses are local swellings along veins which in
their normal thickness may furnish workable ore bodies. Others are
simply irregular masses of mineralized quartz whose continuation at
depth or along strike is found only in very small stringers.

There is little evidence at hand regarding the continuity of veins
at depth. Veins have been found at sea level and at altitudes of
over 5,500 feet. This variation in the altitude of the veins and the
fact that the rocks stand nearly vertical and the veins are cross-
cutting indicate that theore bodies are not confined to any particular
level. At the Cliff mine the vein has been followed to a depth of
400 feet below its outerop. There is therefore no reason to believe
that the ore bodies will exhibit any greater irregularity at depth than
they show alcmg the strike line in their surface outcrops. Although
many of the veins occur in fissures which are traceable for considera-
ble distances, it is not to be supposed that all or even the larger part
of the velns are of this character, Many of those located pinch out or
disappear in a short distance along the strike or along the dip. On
the other hand, some lodes have been discovered during underground
exploration that did not outerop and yet seemed to be well defined.
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DISTRIBUTION OF ORE DEPOSITS.

Considerable prospecting has been done on the south side of Port
Valdez, where some promising ore bodies are reported to have been
found. None of these were examined, but they are said to be larger
and of lower grade than those to the north. Be this as it may, the
fact remains that most of the development work has been confined
to the region lying north of Port Valdez.

The accompanying map (PL VI, p. 108), on which many of the most
important prospects are indicated, shows that the area in which
the ore bodies have been found lies in & belt paralleling the inlet and
extending from Columbia Glacier on the west to and beyond Valdez
‘Glacier on the east, a distance of about 20 miles. It should be added
that prospects have been found both east and west of the area thus
defined. The most northerly prospects within this area are those on
upper Mineral Creek, which are about 8 miles from tidewater. It
appears that the inland limit of the occurrence of ores, as above
defined, seems to be determined by accessibility. Thus far the pros-
pectors have extended their search only to the headwaters of the
streams flowing into Port Valdez, rightfully regarding the region
beyond, with its high ranges, as too inaccessible at present to permit
the development of any ore bodies that might be found there. The
gold-bearing area as thus outlined must in light of present knowledge
therefore be regarded as a topographic province in which ores have
been found rather than as a geologic province within which the con-
ditions for the occurrence of mineral deposits are more favorable than
they are elsewhere. The actual limits of the prespective mineral
district will remain to be discovered in the future, when the knowl-
edge of the geology is more nearly complete.

Little is known of the geologic association of the ore bodies thus far
discovered. In view of the intimate relation? which exists in most
of the Alaska metalliferous districts between the occurrence of ores
and of igneous intrusives it is natural to look for similar relations in
the Valdez district. Here, however, the evidence is largely negative.
Intrusive rocks are by no means common in the areas examined, nor
does the glacial drift indicate the presence of any large masses of

.intrusives in the high ranges to the north. The facts in hand do not
warrant the conclusion that the mineralization of the district had any
connection with igneous intrusion, but a detailed survey may show
more intrusive rocks in the district than is now supposed. Gold ores
have been found in the areas of slate, of slate and graywacke, and
of graywacke. It appears, however, that the country rock adjacent
to the ore bodies usually has a more or less well-developed cleavage.
In other words, no promising ores have been found in the massive

1 Brooks, Alfred H., Geologio features of Alaskun metalliferous lodes: Bull. U, B. Geol Survey No. 480,
1011, pp. 5758,
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graywacke. Beyond this fact there is no evidence of any direct
relation between the lithology of the country rock and the occurrence
of ore. On the other hand, it is to be expected that the various
types of sediments found in the district may fracture in different
manner and thus affect the continuity of the ore bodies. The data in
hand are insufficient, however, to establish any generalizations con-
cerning the character of the fractures in the different rocks.

CHARACTER OF THE ORES. "

The mineralogy of the ores, so far as it is known, is simple. In
most of the ores pyrite, gold, and argentiferous galena are the only
metalliferous minerals recognized. Grant found some pyrrhotite
and chalcopyrite in a small vein about three-quarters of a mile west
of Fort Liscum. Chalcopyrite has also been found on Solomon
Gulch, on the south shore of the bay. Arsenopyrite ores are reported
from this part of the district. Pyrrhotite is said to occur on the Blue
Bird claim, located near the west entrance to Shoup Bay.

The gangue mineral is almost entirely quartz. Microscopice analysis
of mgny of the ores reveals the presence of some calcite, but in only

. a few.places did this mineral form more than a small proportion of the
gangue. Feldsps.r, chiefly albite, was observed in several of the veins
which wete studied under the microscope. The typical ore of the
district is pyritiferous gold-bearing quartz, in many places carrying
a little galena. Pyrite, always the most abundant metalliferous
mineral, occurs both in granular aggregates and in small cubical crys-
tals. The galena is present either in small isolated particles or in
association with the pyrite.

In the unoxidized vein material visible free gold is relatively rare.
When, present it occurs in small filaments and particles. Most of the
frée gold observed was in the weathered portions of the vein, where
it js agsocidted with iron-stained quartz.

The quagtz varies in color from white to bluish and in placea is
vitreous. Most of the veins show quartz erystals. In many veins
are druses lined with crysta.ls of vitreous quartz. The calcite, which
was seen only under the microscope, occurs in small, m‘agula.rly out-
lined masses. The feldspar generally occurs in wall-devaloped erys-,
tals. Insome of the veins the feldspars constitute a surprisingly large
percentage of the gangue material. Masses of country rock form a
lérge proportion of the vein material in many of the lodes. These
vary from horses several feet in diameter to small fragments which can
be seen only under the microscope. The larger fragments, which
ghow relatively less alteration than the small, are silicified, sericitized,
and usually heavily charged with pyrite. Small veinlets of quartz
forming networks through the fragments are common. The small
fragments of country rock are in many places entirely recrystalhzed
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and are made up of quartz mosaics, calcite, and sericite, with much
pyrite.

Many of the veins are banded, dark and light layers alternating.
These asem to be made up of bands of country rock consisting of
quertz, mica, and pyrite, alternating with bands of quartz carrying
pyrite and in many places calcite. Some veins that cut across car-
bonaceous rocks eontain carbonaceous matter, probably graphite.

Most of the specimens of ore collected by prospectors are taken from
the surface outerops and show considerable oxidation, which does not
seem to extend to great depth. At the Cliff mine evidence of oxida-
tion was seen to a distance of about 100 feet from surface but was
distinctly marked for only about half this distance. Oxidation of
about the same depth was noted at the few other localities where
observations were possible. In other places the decided decrease in
gold at a depth of a few feet indicates that oxidation was in such
places very superficial.

The important question of the gold content of the veins does not
admit of a categorical answer. There has been relatively little
sampling of a kind to yield definite information concerning gold
values of the lodes of the district. Current reports indicate that the
Cliff vein has averaged about $50 to the ton, mostly in free gold, with
very little change in depth. The concentrates are said to run about
7 per cent and carry about $100 worth of gold to the ton. This is
probably e fair measure of the gold content of the ores of the distriet,
though many property owners report values ranging from $75 to $200
and even higher. It is needless to state that many veins carry very
little gold—only $2 to 83 to the ton. Rich spotsin some of these veins
have misled prospectors who have not done careful sampling.

GOLD PLACERS.

Bome of the streams of the Valdez district were known to carry
auriferous gravels long before any workable quartz was discovered,
but up to the present time there has been no important placer mining.
The surface gravels on Mineral, Gold, and some other streams of the
district have been sluiced in a small way, but their gold content  was
not high enough to warrant profitable exploitation by the simple
methods used.

On Mineral Creek, Gold Creek, and in Solomon Gulch, as well as
on some of the other streams, there are gravel-filled basins that seem
to afford about the only hope for placer mining in the district. These
gravels are known to be auriferous on the surface at least, but few,
if any, attempts appear to have been made to test them to bedrock.
A hydreulic plant which is being installed on Gold Creek affords pre-
sumptive evidence that the exploiters have made some tests of the
extent and value of the alluvial deposits they propose to mine.
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NOTES ON MINES AND PROSPECTS.

Cliff mine.—The following account of the Cliff mine is baced on
notes taken in 1910, when only the main level and workings above
had been opened up, and on one very brief visit to the lower level
made in 1911, The mine is on the north-side of Port Valdez, about
a mile east of the eastern entrance to Shoup Bay (P1. VI, p. 108). An
outcrop of the vein was discovered in 1909 in a cliff close to tide-
water. The vein was subsequently found on a hill slope about 100
to 200 feet above, and has been traced probably over 600 feet and
reported beyond. Since 1910 it has been systematically developed.

The country rock at the mine appears to be chiefly dark siliceous
slate or phyllite, locally carbonaceous and with a blocky cleavage.
This slate carries mica and in places is heavily charged with finely
divided pyrite, which occurs in veinlets cutting the foliation and is
also disseminated along cleavage planes. Slickensided surfaces
oceur along these veinlets, showing that there has been movement
since the pyrite was formed.

The vein follows a well-defined fissure, which strikes from N. 30°
to N. 45° W., probably averaging about 35° and cuts across the
foliation of the slate. At the outerop and in the workings above
the main tunnel it dips to the southwest at an angle of 50° to 70°,
but exhibits some rolls. Throughout the mine werkings, which now
reach a depth of about 100 feet below sea level and extend for about-
600 feet along the vein, the fissure is plainly recognizable, but in
places the vein material is represented by only half an inch of gouge.
‘Where mined the lode probably averages from 14 to 30 inches, but
it locally widens to about 4 feet. In some places the lead is made up
of a single vein of quartz; in others of a network of quartz stringers
separated by masses of country rock.

A smaller vein, which has a course about parallel with the main
lead and which is about 45 feet distant from it has been opened up
on the lower level. The ore seems to be of about the same character
as that of the main vein and is said to be of about the same value.
There is some evidence that this may be an offshoot from the main
vein.

The ore consists of bluish to white vitreous quartz, with inclusions
of country rock. The ore contains pyrite in disseminated grains or
crystals and some galena. It is free-milling, but gold visible to the
naked eye is comparatively rare. Microscopic analysis shows that
it carries some albite and some calcite.

The three-stamp mill which had been installed and successfully
operated for about a year was burned in 1911. With characteristic
energy the management at once began to erect a new mill of five
stamps, which was completed and in operation before the end of the
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year. Meanwhile mining was continued and the ore was shipped to
Tacoma.

Several properties along the north shore of the bay east of the Cliff
mine have been more or less developed. The most work has been
done on the Imperial, about 2 miles east of the Cliff, where an adit
tunnel has been driven in at sea level and an air compressor installed.
The property was idle at the time of the writer’s visit in September,
1911, and the underground workings were not examined. Judging
by the direction of the adit, the vein appears to be parallel to that
of the Ciff.

Shoup Bay and Columbia Glacier regions.—The Alice claim is located
on a well-defined fissure on the north shore of Shoup Bay. This
fissure trends about N. 62° W. and dips 70° to 80° 8., crosscutting a
series of interbedded slates and graywackes. It is traceable across a
point to the water’s edge, a distance of about 1,100 feet. The foot-
wall side is well defined by slickensides and in places the hanging wall
also shows similar evidence of movement. Only a little work had
been done here at the time of the writer’s visit, but the vein seemed to
have a thickness of 7 to 22 inches. The vein material, which is heavily
iron stained, consists of a mass of brecciated and silicified country
rock cemented with pyritiferous quartz and carrying considerable
visible free gold.

About half a mile northwest of the Alice claim there is another
fissure, which trends about N. 10° W., and dips to the west at an
angle of about 70° or 80°. This fissure is traceable from tidewater
for over half a mile and its hanging wall side seems to be well defined
and slickensided throughout this distance. The vein matter shows
a varying composition and thickness, ranging from a few inches of
crushed slate with but little quartz or other evidence of mineraliza~
tion to 12 to 18 inches of quartz and slate fragments carrying pyrite
and galena. This vein is said to carry very little gold, but it is
reported to contain considerable silver. The Silver Gem claim is
staked on the north end of this fissure, where an adit tunnel about 400
feet long has been driven. Some work has also been done by the
Shoup Bay Mining Co. at a point more than half a mile to the south.

It is reported that a quartz vein has been found about 500 feet
above the sea on the west side of the entrance to Shoup Bay. This
vein has been staked as the so-called Blue Bird property. It was not
visited by the writer. The vein is said to strike about east and west,
parallel to the slate bedrock in which it occurs. It is reported that
the Jode has been exposed by open cuts for a distance of about 100
feet. The ore is said to carry pyrite, a little pyrrhotite, and free
gold. Near at hand also is the Whistler lode, in which the vein
material consists of silicified slate fragments and quartz, both carrying
pyrite and some free gold.
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The Sealy-Davis property, located on the east side of Shoup Bay,
was not visited. Here a vein is said to have been opened up by three
crosscut tunnels. From the position of these tunnels as seen from a
distance, the trend of the vein appears to be northerly, but no meas-
urement was obtained. The Gold Bluff claim, near the east entrance
of Shoup Bay, was not visited either.

The Spanish and the I. X. L. claims are located near McAllister
Creek, about a mile from tidewater, and lie on the same fissure,
which strikes from N. 70° to N. 85° W. Slickensides are found on
both walls. The vein so far as exposed is about a foot wide and
includes brecciated slate, quartz, and pyrite with, it is said, free gold.
The I. X. L. claim joins the Dorothy vein, which strikes ‘about N. 45°
W. At their junction a cut shows nearly 3 feet of vein matter, made
up chiefly of fragments of country rock, cemented by quartz with
much pyrite. Here both walls are well defined.

The Shoup Glacier Co. is developing a vein on what is known as the
Palmer claim. It is about a mile from tidewater and is said to be on
the same fissure as the I. X. L. A tunnel has been driven for about
100 feet on the vein, which strikes about N. 60° W. and stands nearly
vertical. The hanging wall is well defined by a slickenside, but the
footwall is not so well marked. The movement has crushed a zone
of the country rock from 24 to about 44 feet wide. There is a gouge
on the hanging wall side. This zone of crushed rock, said to carry
free gold, is permeated by quartz stringers that carry pyrite.

The Big Four claim has been staked on a vein outcropping in one
of the tributaries of upper McAllister Creek, about 2 miles from the
beach. This vein strikes about N. 35° K., dips 70° to the northwest,
and crosscuts a slate bedrock. It has clean walls, and in 20 feet
varies in width from 1 to 3 feet. The ore is banded, includes pyrite
and galena, and is said to carry only a little gold. This vein carries
more calcite than is normal for the veins of the district. About
30 feet away there is another wein, striking about east and west,

“having a width of 1 to 2 feet.

A shear zone in slates, which strikes about N. 40° W., occurs on
the divide between the head of McAllister Creek and Shoup Glacier.
This zone contains some iron-stained quartz stringers which have
been staked as the Alder claim. About a mile to the west are the
Hecla No. 1 and Hecla No. 2 claims. They are located on parallel
shear zones which trend about N. 40° W. and crosscut a graywacke
and slate series. The zone of shattering on Hecla No. 2 is about 7
or 8 feet wide, and includes irregularly distributed masses and
stringers of quartz. The quartz carries pyrite, some arsenopyrite,
and galena. It is reported that the same shear zone has been recog-
nized on the mountain about half a mile away from the cut, and
that it is there 10 to 15 feet wide. The vein material is said to carry
some gold and higher values in silver.
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The Ford & Thomson Mining Co. is reported to have done work
on a group of claims located near the Gold Creek divide about a mile
from Shoup Glacier. A quartz vein 18 to 36 inches wide is said to
have been traced over 100 feet on the Silver Falls claims. This vein
strikes about N. 60° W. and stands about vertical. The quartz is
well crystallized and carries pyrite, galena, and free gold.

The Hogan property, belonging to the Mayfield Mining Co., s located -
near the Columbia Glacier, about 6 miles from Shoup Bay and 8
miles from Columbia Bay. It was not visited, but the vein is said to
strike about east and west, to have been traced about 1,000 feet,
and to be from 4 to 8 feet wide. An offshoot trending northwest
goes out from.the main vein. Developments in September, 1911,
consisted of & tunnel about 50 feet long, intersecting the vein 55 feet
below the outerop. The ore is an iron-stained, well-crystallized
quartz with much pyrite and is said to carry high gold values.

Gold Creele.—Gold Creek was not examined nor was any informa-
tion obtained about the prospects on it. A trail has been built up to
the lower basin of the creek, where a hydraulic plant for placer
-mining was being installed during the summer of 1911.

' Mineral Creck.—The Buster, Sunshine, and Hercules claims are
located on the west slope of Mineral Creek valley 2,800 to 3,400 feet
above the sea and about 8 miles from tidewater. They can be
reached by & horse trail from Mineral Creek. At the Buster claim
about 18 inches of quartz which strikes about N. 50° E. is exposed
on the surface. ' The Sunshine vein has been developed by a 25-foot
tunnel in which a vein 2 inches to 1 foot in thickness is exposed.

- This vein varies in trend from about N. 60° E, to east-west. The
ore reported to carry some free gold is pyrite and galena, with a white
quartz gangue. The Hercules vein outcrops for about 50 to 70 feet,
with a width of 18 to 30 inches. It strikes about N. 80° E. and dips
70° N. High free gold values are reported in this vein.

The Big Four claim is located near the divide at the head of Brevier
Creek, a western tributary of Mineral Creek. The vein outcrops on a
steep talus slope broken by small cliffs at an altitude of over 5,000
feet above the sea and only about 200 feet below the crest line of the
ridge. Its trend varies from N. 55° to 80° E., and it dips 70° to 80° N.
Its width varies from about 1 to 3 feet, but in places it swells out to 5
feet. The vein can be traced on the surface for about 200 feet, but is
offset by several faults whose trend is N. 10° E. In two places the
vein is entirely cut out by faulting. It iz made up of iron-stained
vitreous crystallized quartz and said to carry considerable gold.

The Millionaire claim is also located on upper Mineral Creek,
almost a mile north of the Buster. It is an irregular quartz vein
from about 4 to 24 inches wide, which is said to carry much geld: It
strikes about east and west and dips 70° to 80° N. The country rock
is slate and graywacke, striking about N. 70° E. and dipping 60° N.

’
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The Monte Carlo claim is about half a mile north of the Millionaire.
It is staked on an irregular body of quartz, which branches in several
directions. What seems to be the main lead strikes N. 50° W., but
another shoot trends N. 50° E. This lode can be traced only about
50 feet, but in places is 8 to 9 feet wide. The vein matter is iron-
stained quartz and includes some druses showing well-developed
crystals. Pyrite is disseminated through this ore, which also carries
some galena. It is said that specimens taken from surface cropping
of the vein carry considerable gold.

A 30-foot tunnel has been driven on the Mineral King claim on
the south side of Brevier Creek, about one-quarter of a mile above its
mouth. A quartz vein about a foot wide outerops here. It strikes
about N. 40° W., and stands about vertical. About half a mile
north of this is the Chesna claim. Here a 3 to 4 foot quartz vein out~
crops, which pinches down to a foot in the tunnel and finally, at a
distance of 50 feet, can no longer be recognized as a distinct vein.
Beyond this point the tunnel penetrates a zone in which a stockwork
of quartz stringers occurs in the slate country rock. This stock-
work has a well-defined wall on the south but on the north has no
definite boundaries. These lodes strike nearly east and west. Just
south of the tunnel a network of veins is exposed in the creek bed.
Some specimens from the quartz at the entrance of the tunnel and
from the network of veins are said to have yielded high values in
gold.

The Mountain View claim is on_the east slope of the Mineral Creek
valley at an altitude of about 2,000 feet and just opposite the mouth
of Brevier Creek. Here there is a quartz vein east and west trending
and dipping about 70° to 80° N. At its point of discovery it has
a width of about 3 feet, of which 14 feet, next the hanging wall, con-
sists of massive iron-stained quartz with some slate fragments. The
balance of the lode is made up of slate fragments with, however, a
large amount of vein quartz. A tunnel intersects the vein at a depth
. of 30 feet, where its widest part is about 30 inches thick. In driving
the tunnel the lode was lost, but later a small vein, which may be
the main lead or may be a stringer, was found in & crosscut. The
vein material is quartz, accompanied by some feldspar and carbona-~
ceous matter and much yellow pyrite. It is reported that the gold
content of the vein at the outerop is much higher than in the vein
in the tunnel.

There is & shear zone in the slate graywacke series on the east side
of Mineral Creek about a mile above the roadhouse. This zone,
which strikes about N. 65° E., is 2 to 24 feet wide. Within the crushed
zone are a number of quartz veins, the largest of which is 3 inches in
thickness. These veins, as well as the crushed rock, are iron stained.
The Gold Sunlight claim has been staked at this locality. A similar
zone was observed on what is known as the Oleson & Woods property
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in a series of slates at an altitude of about 2,000 feet above the sea
and about & mile southeast of the roadhouse. This zone trends
about N. 25° W., and dips 70° E., and has been permeated by iron-
stained quartz veins, the largest about 1 foot thick. It is reported
that a quartz vein 2 to 3 feet wide has been staked near this locality
as the Golden Dollar claim. This claim was not visited by the writer.

A c¢laim, known ds the McIntosh property, has been staked on the
west side of Mineral Creek, nearly opposite the roadhouse. At this
locality there is an irregular shear zone, which traverses some gray-
wacke, trending as near as can be determined about N. 70° W, This
zone includes from 1 to 3 feet of shattered rock and some quartz
veins. This lode has no well-defined walls.

The Valdez Bonanza claim is located close to the divide between
Mineral Creek and the Valdez Glacier. It lies at an altitude of about
4,350 feet, and is about 3} miles due east of the Mineral Creek road-
house, from which point it can be reached by a horse trail. The ore
body, which outcrops as an irregularly shaped mass in a cliff, is from
2 to 5 feet thick and is traceable for about 50 feet. Its strike varies
from east and west to N. 75° E., and is about parallel to the cleavage
of the slate that forms the country rock. A tunnel has been driven
for about 100 feet just below the outerop of the vein. In this tunnel
the vein first shows a thickness of 18 to 24 inches, and then narrows
down to 2 inches of ribbon quartz, which finally also disappears.
The footwall is well defined by a slickenside and continues beyond
the point where the quartz has pinched out. A crosscut revealed
another large body of quartz, which carries some iron pyrite but is
said not to contain much gold.

The Blue Ribbon claim is about a mile northwest of the Bonanza,
where an east and west quartz vein, which is parallel to the
foliation of the associated slates, has been traced about 1,000 feet.
At the west end the quartz filling appears to pinch out, but the
fissure is continuous. At the widest place seen it included about 8
inches of ribbon quartz, said to carry considerable free gold, and 4 to
6 inches of white quartz, which carries pyrite but no free gold.

The William Genzler prospect is located on the north slope of the
East Fork of Mineral Creek at an altitude of about 4,000 feet. It was
not visited, but the vein is said to be from 18 to 24 inches wide, to have
good walls, and to carry considerable gold.

Valdez Glacier region.—The Valdez Mining Co. owns a group of
claims on the west side of Valdez Glacier about 8 miles from tide-
water, at an altitude of about 2,700 feet. It can be reached from
Valdez by a horse trail which traverses the glacier for some distance.
The country rock consists of interbedded schistose graywacke and
slate, which strike about N. 75° E. and dip about 75° N. The vein,
which at the outcrop is about 5 to 6 feet wide, strikes about N. 60° W.
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and dips 70° S. An adit, which reaches the vein at a depth of about
60 feot, has been driven 110 feet. A winze has been sunk 50 feet below
this level, at which depth a drift has been run on the vein for some 40
feet. The vein at this depth is well defined, having good walls and a
gouge on the hanging wall. The vein is from 3 to 8 feet wide in the
underground workings. It is made up of ribbon quartz, which car-
ries the gold in high values and measures from 2 to 4 feet in thickness,
and of massive white quartz. On the lower level the ribbon quartz is
from 24 to 50 inches wide. The white quartz also carries some
gold. The ribbon quartz includes coarse pyrite masses and crystals.
The vein includes druses containing well-developed quartz crystals,
Another adit, which has been driven about 115 feet, is intended to
crosscut the vein at a depth of 330 feet in a distance of 300 to 325
feet. The Ibex group of claims lies about one-fourth mile northwest
of the Valdez tunnel, where a 4-foot vein outerops at an altitude of
about 2,600 feet. Both walls of this vein are well defined. Banded
quartz in this vein is said to carry gold in high values. A tunnel has
been driven about 200 feet, but the vein was lost at a distance of 100
foet. The Ibex vein is believed to lie on an extension of the Valdez.

A number of other claims have been staked in the region adjacent
to Valdez Glacier, some of them east of the glacier. There was no
opportunity to examine any of these claims.

COMMERCIAL CONDITIONS.,

Valdez, a town of 700 or 800 people, is abeut 1,230 nautical miles
from Seattle. Two steamship lines maintain a service of six trips a
month between Valdez and Seattle, the voyage usually taking about
five days. Valdezis the coast terminal of the military road to Fair-
banks, and until the Copper River Railroad was completed most of
the inland travel was by this route. Valdez is connected by cable
with other Alasks ports and with Seattle, and by telegraph line with
points in the interior. The town is well built, has wharves, banks, &
number of hotels, good stores, and telephone and eleetrio-light service,
It is the headquarters of the Alaska Road Commission and of the
Copper River section of the military telegraphic service. Fort Lis-
cum, an Army post, is on the south side of the bey, where there is also a
wharf. The only other wharves on the bay are one near the mouth of
Mineral Creek, where there is a small settlement, and one at the ClLiff
mine. A road and trail Jead up Mineral Creek for a distance of about
8 miles. At low tide, wagons can be driven from Valdez to the mouth
of Mineral Creek. There is a new trail part way up Gold Creek.
Aside from these, there are only a few foot trails in the entire district.
Travel along the coast is easy by gasoline launches, of which there are
a number at Valdez,
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The town affords a good outfitting point for work in the district.
Provisions and supplies are not high, except coal, most of which is
brought from Vancouver Island and sells at $12 to $16 a ton.
The district contains some trees which can be used for mine timber -
and rough lumber, but most of the good lumber is brought from
Seattle.

The strong relief and steep slopes favor the opening of lodes by
crosscut tunnels. The heaviest item of expense is usually the trans-
portation of supplies and equipment from tidewater to the place of
utilization.

SUMMARY AND CONCLUSIONS.

The bedrock of the region is made up of closely folded and faulted
slate and graywacke and a little greenstone schist, with, so far as
known, only a few igneous dikes. Auriferous quartz veins constitute
the important known mineral deposits of the district. Part of those
developed follow well-marked fissures, which can be traced for con-
siderable distances. In parts of the district there are two systems
of fissures. There is no reason to suppose that these fissures will
exhibit any greater irregularity at depth than they do along the sur-
face. Although many of the fissures are traceable for considerable
distances, the vein filling of some of them locally pinches out com-
pletely, in some fissures to reappear farther along on the strike.

The principal metallic minerals of the veins are pyrite (locally
auriferous), free gold, argentiferous galena, and in a few localities
pyrrhotite, chalcopyrite, and arsenopyrite. Quartz is the chief
gangue mineral and in many veins appears in more or less crystalline
form. Calcite occurs sparingly in most of the lodes, and in a few
constitutes a considerable proportion of the vein matter, Feldspar,
chiefly albite, was observed in several veins. Where veins cut car-
bonaceous rocks, graphite is found in the gangue.

Many of the ore bodies that have been opened up are zones of
brecciation along fault lines, which have been permeated by quartz
and pyrite. In these the fragments of country rock are usually more
or less recrystallized. The country rock and ores are similar to those
of the Sitka district.!

“There is no reason to believe that the gold content of the pyritifer-
ous quartz veins will show any greater variation at a considerable
depth than it does at a moderate depth, but in many places the
~ weathered outerop shows marked surface enrichment. Assays of

samples of quartz veins from surface outcrops, even if carefully taken,
are likely to be very misleading. Many samples taken from outcrops
show a gold content of $100 or more to the ton, whereas samples
taken 10 or 20 feet below the surface at the same places contain less
than $10 in gold to the ton.

! Knopf, Adolph, The Sitka mining district: Bull. U. 8. Geol. Survey No. 504, 1912.
48868°—Bull. 520—12——9
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The most encouraging feature of the district is, of course, the fact
that one lode has been profitably mined to a depth of about 400 feet
and for about 500 feet along the strike. So far as can be seen there

- are no geologic conditions at the Cliff mine which are not found else-
where in the region. , Although, as in all mining camps, much the
larger number of the claims staked give little promise of developing
into mines, yet there & number show results that fully justify further
exploitation. The facts at hand indicate that it will be a district of
small rich veins rather than of large low-grade deposits. Some
larger deposits of low grade, which were not visited, are, however,
reported to occur on the south side of the bay.

The geographic limits of auriferous mineralization, as indicated by
discovery of gold-bearing veins, seem to be determined by accessi-
bility rather than by geologic conditions, and no evidence in hand
indicates that the ore bodies are limited to the particular district in
which they have thus far been found. The outlook for further dis-
coveries is therefore good and is made more hopeful by the fact that
auriferous quartz has been found on the east, along the Fairbanks
road near Beaver Dam, and on the west, near Port Wells.

On the whole, the commercial conditions in the district are favor-
able to economic development. The prices for most commodities
except coal are reasonable. Much of the distriet is readily accessible
from tidewater and most of it could be rendered accessible by roads
and trails at no great cost. Economies could be introduced in mining
by making available the water powers which are not now being
utilized.



GOLD DEPOSITS OF THE SEWARD-SUNRISE REGION,
KENAI PENINSULA.

By BertrAND L. JoENSON.

INTRODUCTION.

The following paper is a preliminary report on the main features
of the distribution and occurrence of gold-bearing lodes and placers
in the northern part of Kenai Peninsula and the adjoining Crow
Creek district. The discussion of the mineral resources is preceded
by a short résumé of the principal factors bearing on their economic
development. A more complete report on the mineral resources of
this region is in preparation. Many of the data on which this report
is based were obtained by the writer during an examination of the
lode and placer prospects of the region in the summer of 1911, but
free use has been made of field notes and reports of others.

The mineral resources of this district were first examined by the
Geological Survey in 1895, when Becker?! visited the placers near
Hope, then recently discovered. Early in 1898 Mendenhall * made
a hasty examination of the Mills, Canyon, and Sixmile creek placers.
Six years later, in 1904, a more detailed examination of the min-
eral resources of the northern part of the peninsula was made
by Moffit,> who gave particular attention to the gold placers, then
the only source of gold in the district. In the fall of 1906 Paige
and Knopf* visited the placers of Crow, Canyon, and Sixmile creeks
and the East Fork. Grant and Higgins® have briefly described
the gold lodes which were visited by them in 1908 and 1909, and
Brooks® has made numerous summary notes on the mining industry
of the region. In the work of the last season special attention was

1 Becker, George F., Reconnalssance of the gold fields of southern Alaska, with some
notea on general geology : Eighteenth Ann. Rept. U. B. Geol. Burvey, pt. 3, 1808, pp. 1-86.

* Mendenhall, W. C., A reconnaissance from Resurrection Bay to the Tanana River,
Alaska, in 1898 : Twentleth Ann. Rept. U, 8. Geol. Burvey, pt. T, 1800, pp. 265340,

@ Moffit, F. H., The gold placers of Turnagain Arm: Bull, U. 8. Geol. Survey No. 259,
1905, pp. §0-99; Gold flelds of the Turnagain Arm region, in Mineral resources of Kenal
Peninsula, Alaska : Bull. U. 8. Geol. Burvey No. 277, 1908, pp. 7-562.

4 Paige, Sidney, and Knopf, Adolph, Reconnaissance in the Matanuska and Talkeeina
baeing, with notes on the placers of the adjacent region: Bull. U, 8. Geol. Survey No. 314,
1907, pp. 104-1256.

5 Grant, U. 8., and Higgins, D. F., jr.,, Notes on the geology and mineral prospects in
the vicinity of Seward, Kenal Peninsula, Alaska : Bull. U, 8. Geol. Burvey No. 379, 1909,
Pp. 98-107; Preliminary report on the mineral resources of the southern part of Kenal
Peninsula, Alaska : Bull. U. B, Geol, Burvey No. 277, 1908, pp. 7-52.

® Brooks, Alfred H., Bulls. U. 8. Geol. Survey Nosg. 284, 314, 345, 879, 442, and 480.

131



132 MINERAL RESOURCES OF ALASKA, 1911,

given to the deposits of gold quartz, which have beconlhe increasingly
important during recent years. The writer wishes to acknowledge
the many courtesies shown him and the data furmshed during the
progress of the investigation by persons interested in the develop-
ment of the mineral resources of the region.

GENERAL FEATURES OF THE REGION.
GEOGRAFPHY.

Kenai Peninsula, which has an area of about 9,00*) square miles,
lies in the northern portion of the great southward-facing bend
of that part of the Pacific coast line which incloses the Gulf of
Alaska. Most of the peninsula lies between meridians 148° and 152°
west, longitude and parallels 59° and 61° north latitude. The bound-
ing waters are Prince William Sound, the Pacific Ocean, Cook Inlet,
and Turnagain Arm, (See Pl. VIL)

The surface of the peninsula exhibits two widely different physio-
graphic features. Mountains 5,000 to 7,000 feet high and valleys
deeply cut by glacial action, remnants of the former ice sheet still
remaining in the higher parts of the range, occupy the eastern, central,
and southern parts of the region, covering approximately three-
fourths of its area. The remaining fourth consists of a broad low-
land, 25 miles wide, extending along the entire western side of the
peninsula from Kachemak Bay to Turnagain Arm. The gold quartz
lodes are restricted to the mountainous area, as are most of the placers,
although beach placers occur at Anchor Point, on Cook Inlet, and
auriferous gravels are reported to occur on the lower Kenai River.

The watershed between the Cook Inlet drainage and that of the
Pacific Ocean and Prince William Sound lies close to the southeastern
side of the peninsula, so that most of the drainage of the peninsula
enters Cook Inlet or Turnagain Arm. Kenai River, discharging into
Cook Inlet at Kenai, is the largest stream on the peninsula and
drains its entire central portion, including lakes Skilak and Kenai.
Kasilof River, which flows into Cook Inlet a short distance south of
Kenai, drains Lake Tustumena, the largest body of fresh water on
the peninsula. Lakes Skilak and Tustumena lie on the borderland
between the Kenai Mountains and the Kenai lowland. Two smaller
streams, Chickaloon and Big Indian rivers, drain a portion of the
Kenai lowland and discharge into Chickaloon Bay near the west end
of Turnagain Arm. The principal streams tributary to Turnagain
Arm within the mountainous area are Placer, Portage, and Twenty-
mile rivers and Resurrection, Sixmile, and Glacier creeks. The
streams of the Pacific and Prince William Sound slopes are short,
none of them, except Resurrection River, being over 15 miles in
length. The discharge of most of the streams varies greatly in
different seasons of the year because they derive a considerable part
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of their waters from glaciers and melting snows. In the mountain-

ous area the steep gradients of many of the streams and the numer-

ous waterfalls offer possible sources of power for use in mining.
CLIMATE.

The following table affords a means of comparing the climatic
conditions on the north and south sides of the peninsula. The data
were obtained from the annual reports of Alaska agricultural experi-
ment stations for 1908, 1909, and 1910. The observations at Seward
were made by W. A. McNeiley ; those at Sunrise by A. Lawson. The
climatic conditions at these two places are obviously somewhat dif-
ferent, the Turnagain Arm section having much colder winters and
considerably less rainfall, although the number of days with precipi-
tation is slightly greater. Both the recording stations are only a few
feet above sea level. In the interior of the peninsula, where the ele-
vation is considerable, the winters are much more severe.

TasLe I.—Summary of meteorologic records at Seward and Sunrise, Alaska,

Temperaturs (°F.). ‘Weather conditions.
Precipitation|
Maxim Minim Dail L Clear d m“lpm-with
um, um, [ Daily mean, “lear days. | preci
Month. tion.
Bew- | Bun- | Bew- | Bun- | Bew- | Bun- | Bew- | Bun- | Bew- | Bun- | Bew- [Bun-
ard. | rise. | ard. | rise. | ard. | rise. | ard. | rise. | ard. | rise. | ard. | rise.
42 42 9| —8)30.56)23.06 | 10.43 | 4.68 8 11 16 12
45 40 156 — 2 (32,14 24.01 | 235|200 14 12 9 12
54 51 b 16 | 38.01 | 32.290 | 4.00 | 3.37 12 ] 10 14
65 66 32 27 | 44.51 | 42,87 1.63 | 2.63 14 9 12 12
80 T 36 30 | 50.98 | 50.29 45] .21 15 15 5
T3 70 11 36| 51.80 | 52.49 | 3.25| 2.28 12 T 13 12
7l T0 41 35 62.77 | 50.86 | 6.34 | 2.01 10 5 16 21
05 60 2a 17 | 45.81 | 40.71 | 4.20 | 5.00 13 10 9 16
51 53 11 2]|34.96| 20.24] 9.73]2.50 17 16 11 14
49 48 11 | — 7 | 33.40 | 27.80 [¥20.09 | 4.40 9 4 18
1l 42|~ 1| «13|29.20 23.50 | 12.38 | 3.37 ] 9] 18
43 20~ 5| =25]13.8 |—1.01 .52 .54 24 2 4
44 a9 2| —=17|22.20( 10.60 AT | 1.05 18 14 2 ]
49 49 10| ~9)31.20) 24.90 | 8.72 | 2.71 14 8 12 18
5 51 18 11| 86.50 | 33.10 | 3.03 | .68 16 13 8
73 (] n 26 ) 43.30 | 43.56 | 4.47 ) 2.27 12 13 15 13
B84 8 35 28 | 48.80 | 48.10 | 4.39 | 1.96 15 10 12 13
T 73 43 39 | 55.10 | 54.50 T2|11.79 12 11 8 13
75 70 40 35| 55.00 | 52.54 | 3.71 | 3.06 15 8 14 7
60 6l | a45 17 [a50.10 | 42.50 |a1.41 | 2.64 | (=) 9| =6 18
50 45 2 10 | 87.20 ] 29.90 | 8.92 | 2.56 17 12 12 15
48 42 0| —14|27.7 | 13.6 37| .40 25 21 2 5
40 43 4| =12 259 | 158 |12.803.36 12 10 15 18
a7 3B|—-8)-21)]188 7.9 332322 17 5 9 18
39 38 [ =12 | =27 | 24.4 | 15.2 4.52 | 4.39 13 8 8 11
49 80 |...... =16 20.2 | 22.5 2.50 | 1.66 16 B 8 16
53 50 10 1342 | 8.4 .65 | 1.55 20 6 4 11
75 kel 2 24| 43.6 | 41.7 1.43 | .86 17 9 ¥ 10
63 33 27 | 46.0 |e26.4 2.59 | 1.4 15 7 n 15
80 73 40 37 | 85.1 | 52.7 215 1.79 18 g 8 14
76 08 39 35| 55.1 | 51.1 2.45 | 1L.74 18 10 g 12
84 72 35 20| 51.4 | 4.2 7.12 | 2.80 14 11 14 15
55 5 19 8130.2 | 33.4 5.72 | 4.34 10 3 15 20
45 40 12| —8]30.1 |19.9 1.556 | 2.29 14 13 1 11
i b W e e | SR e 38 |...... -6 [..aenns 9.2 |.......] 408 ...... 15 |...... 15

o Record for 8 days only. b Accuracy of this figure questioned. ¢ I'robably intended for 46.2.
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Records were also kept at Kenai for several years, the extreme tem-
peratures for 4 complete years and additional periods aggregating .
12 months being given in the following table. The annual precipi-
tation at this place ranges from 13.50 to 18.53 inches, being consid-
erably less than at either Seward or Sunrise,

TaABLE II.—Summary of temperatures (°F.) at Kenai, Alaska.
[Lemgths of record, 4 complete years, 12 months.]

Month. Maximum. | Minfmum. Months. Maximum, | Minimum,

e e B A
Maren ., LT 52 85 16
April.... 58 60 =10
B assininmnsannsissmnny 63 44 —26
JODB. .erecissmnsrnnnnes 79 f.' 45 ~d43

TIMBER AND VEGETATION.

Kenai Peninusla, which is heavily timbered from sea level to ele-
vations of 1,200 to 2,000 feet, is in large part included in the Chugach
National Forest. The conifers are far more abundant than the broad-
leaf deciduous tiees, spruce predominating, although considerable
hemlock grows in the Turnagain Arm region. Cottonwood, willow,
poplar, birch, and alder are the principal deciduous trees. Com-
mercial timber is reported only on Turnagain Arm and in the vicinity
of Seward, but lumber adequate for many uses can be obtained at
reasonable cost near most of the camps. Spruce is the best timber
available for use in mining. Spruce timber from this region was
tested for use in bridges on the Alaska Central Railway, and although
the results obtained were not quite so good as those afforded by
Washington fir, the spruce was made satisfactory by using slightly
larger timbers than would have been used with fir, in order to offset
the difference in the strength of the two kinds of lumber. Some
scattered spruce trees near the lower end of Kenai Lake will trim
to 12 inches square, but only a few will afford 18-inch pieces. Larger
trees and better stands grow in the Seward and Turnagain Arm
regions. The hemlock found in the Turnagain Arm region is re-
ported to be unfit to withstand much strain. Sawmills have been
erected at Seward, Hope, and Girdwood. In Seward the price of
the native spruce dimension lumber in 1911 was about $25 per 1,000
feet. The better grades of lumber are brought from Seattle.

Native grasses are abundant, especially around timber line and in
the upper timberless parts of the valleys, furnishing good feed for
horses during the summer. Considerable hay is now being made in
the peninsula, especially in the vicinity of Hope and Sunrise. Native
hay in stacks in the Sunrise country brings from $10 to $12 a ton,
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occasionally late in the winter going as high as $20 a ton. Near
Seward, Sunrise, and Hope, where conditions are the most favorable
for gardening, vegetables are raised in considerable guantities for
local consumption. Cranberries, currants, blueberries, huckleberries,
and a few salmonberries grow wild. An experiment station was
established by the United States Department of Agriculture at Kenai
in 1899 and maintained until 1908, when, on account of the isolation
of the location, the work was transferred to Kodiak.

GAME.

Kenai Peninsula is well and favorably known as a big-game
country. Both brown and black bear are native to the peninsula, the
black bear being by far the most abundant. Fur-bearing animals
other than bear include lynx, ermine, some mink, and a very few
marten. Land and sea otters are found around Turnagain Arm.
Foxes are scarce, wolverines are only occasionally seen, beavers are
very rare, and wolves are practically extinct. Ground squirrels are
fairly numerous and rabbits are beginning to reappear. Porcupines
are abundant and form an easily obtainable food for the numerous
dogs.

Moose are abundant in the central and western parts of the penin-
sula. Mountain sheep are numerous, but mountain goats are rare.
Caribou are very scarce. Grouse, ptarmigan, and shore birds, as well
as waterfowl, such as ducks, geese, brant, swan, snipe, and curlew,
are found in most parts of the peninsula. Trout are found in many
of the mountain streams, and lake trout, whitefish, and a few gray-
ling are reported in the large lakes. In summer salmon in great
numbers run up most of the streams that flow into Resurrection Bay
and Cook Inlet.

POPULATION AND SETTLEMENTS,

The census of 1910 gives the population of the Kenai Peninsula as
1,692. The principal towns were Seward, 534 inhabitants; Kenai, 250
inhabitants; and Seldovia, 173 inhabitants. The population of this
region, as of other parts of Alaska, fluctuates greatly during the year,
being at its maximum during the summer. As the census of 1910
was taken in winter, the above figures represent probably the least
number of people on the peninsula at any time during the year.

Seward is the principal distributing point for this region. Situ-
ated at the head of Resurrection Bay, it has an excellent harbor, is
the terminus of the steamship lines to the States and to the Alaska
Peninsula, and the coastal terminus of the Alaska Northern Railway.
Seldovia is of considerable importance at present in any economic
discussion of this district, as it is the transfer point of supplies from
the large steamers to the numerous smaller boats (60 to 70 tons)
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running on the inlet for transportation to points on Cook Inlet,
Turnagain Arm, and Susitna River. Sunrise and Hope, at the
mouths of Sixmile and Resurrection creeks, respectively, and Gird-
wood, at the mouth of Glacier Creek, are small settlemerits, important
as distributing points for the placer and lode diggings in their
vicinity. The population of these places is small, Sunrise having but
12 inhabitants in September, 1911, and Hope only 35 or 40 in the
winter of 1910-11. Xern Creek, the present terminus of the Alaska
Northern Railway, is a transfer point of supplies from Seward to
Turnagain Arm points and Knik,

TRANSPORTATION.
WATER TRANSPORTATION.

Steamships of the Alaska Coast Co. and the Alaska Steamship
Co. run regularly between Seattle and Seward throughout the year,
for navigation in Resurrection Bay is never interrupted by ice.
Water transportation on Cook Inlet, however, is possible only dur-
ing a part of the year, for ice prevents navigation on the upper
part of the inlet for about five months. During the summer of
1912 the western terminus of the Alaska Coast Co. will be at Kodiak
and the steamers of this company will make several trips to Knik
Anchorage, serving upper Cook Inlet points directly or by barge
from Knik Anchorage instead of making the transfer of passengers
and freight, as formerly, at Seldovia and Port Graham to the
smaller boats plying on the inlet. The larger boats can not enter
Turnagain Arm, however, and small gasoline boats, of 80 to 100 tons,
which can reach the various settlements at high tide, will still have
to be used between Kern Creek, Girdwood, Sunrise, and Hope and
the ocean-steamer terminus in Knik Anchorage.

The Alaska Northern Railway offers a possible freight route from
Seward to Turnagain Arm, but because of the high freight rates
charged by the railroad most of the freight from Seattl® to points
on Turnagain Arm has come by water, by way of Seldovia and
Cook Inlet, a rate of $8 a ton being the usual charge between Seldovia
and Sunrise, Hope, or Girdwood. Water transportation on the
peninsula is restricted at present to Kenai Lake, where several small
gasoline launches were in operation last summer. This lake is
reported to freeze over about January 1 and to open up late in May.

LAND TRANSPORTATION.

The Alaska Northern Railway Co. has built 71 miles of standard-
gage track from Seward to Kern Creek, near the head of Turn-
again Arm. This line was in operation in 1911, gasoline passenger
cars being run almost every day during the summer. The passenger
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rates in 1911 were 20 cents a mile, or 15 cents a mile on round-trip
tickets. Freight trains were run only occasionally. The service was
maintained on this line only during the summer and fall.

‘Wagon roads have been built from Sunrise to Mile 34 on the Alaska
Northern Railway, from Hope for several miles up Resurrection Creek,
and from Girdwood to the Nutter-Dawson placer camp on Crow
Creek. Roads have also been built from the mouths of Bear and
Lynx Creeks to prospects near the heads. The Alaska Road Com-
mission has cut good trails from Hope to Sunrise and from Mile 29
on the Alaska Northern Railway through Moose Pass to Slate
Creek. During the summer of 1911 the commission finished the
portion of the Seward-Iditarod trail between Kern Creek and Knik,
by way of Crow Creek Pass and Fagle River. A trail has also been
laid out down Canyon Creek from Moose Pass to the Sunrise road.

Most people living away from the towns in the winter use their own
dog teams for transportation of supplies. In the summer pack trains
are run at irregular intervals from Mile 34 on the Alaska Northern
Railway to Hope and Sunrise and from Mile 29 through Moose Pass
to Mills Creek. The following rates, averaging approximately
$0.0025 per pound per mile, were charged in 1911:

Freighting charges in Seward-Sunrise region,

Cents per

pound.

Sunrise to Hope s = 2%
Sunrise to Guleh Creek__________ - __ 2
Sunrise to Lynx Creek S 4and b
Sunrise to Mile 34, Alaska Northern Railway____._______ 7
Guich Creek to Mile 34, Alaska Northern Railway_______ Hand 6
Mile 29, Alaska Northern Railway, to Mills Creek._______ b

_ MAIL SERVICE.

Mail from the outside arrives in Seward about six times a month
throughout the year. From December 1 to March 81 mail for Sun-
rise and Hope is carried overland twice a month, usually through
Johnson Pass, but in exceptionally bad weather by way of Moose
Pass. From April 15 to October 31 mail for settlements on Cook
Inlet and Turnagain Arm goes to Seldovia, whence it is forwarded
by small gasoline boats. During the early spring the mail deliveries
at points on Turnagain Arm are infrequent on account of the poor
transportation facilities.

POWER RESOURCES.

The possible sources of power for use in mining in this region are
the abundant timber below 2,000 feet elevation, the steep gradient
and numerous falls of many of the streams, the lignite of the Cook
Inlet region, and the higher-grade coals of the Matanuska Valley.
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Few power plants were in operation in 1911 in the Seward-Sunrise
region. The Kenai Alaska Gold Co.’s stamp mill on Falls Creek was
operated by a small steam engine with a wood-burning boiler, The
California-Alaska Mining Co.’s stamp mill was run by water power
furnished by a Pelton water wheel. The town of Seward was fur-
nished with electric light and power throughout the year by a 225-
kilowatt Allis-Chalmers (Bullock) alternating-current generator,
driven by a Pelton water wheel operating under an effective head of
360 feet. The coal resources of this region are at present unavailable.
British Columbia coal (Nanaimo coal), which alone is used, costs at
Seward about $10 to $12 a ton wholesale and about $17 a ton retail.

GENERAL GEOLOGY.
. SEDIMENTARY ROCKS.

The sedimentary rocks of the Seward-Sunrise region consist prin-
cipally of interbedded dark-colored graywackes and black or bluish-
black slates and argillites, with a few interstratified beds of conglom-
erate and quartzite and still fewer beds of dark-gray limestone, The
thickness of the slate and graywacke beds varies from a few inches to
many feet. The relative proportions of the slates, argillites, gray-
wackes, and conglomerates differ considerably from place to place,
conglomerates being the least abundant. The slates and argillites
need no particular description. The graywackes are massive sedi-
mentary rocks, composed chiefly of angular fragments of quartz and
feldspar, usually orthoclase and acidic plagioclase. Flat angular
fragments of slaty rock appear in many of the beds. Because of their
uniform width and longitudinal extent these graywacke beds are often
called “dikes” by prospectors. In local usage they are also often
referred to as diorites, but the sedimentary origin is in most places
readily discernible. The conglomerates contain well-rounded pebbles
of argillaceous rocks, granite, quartzites, and quartz.

The general strike of the rocks on the peninsula is from north to
N. 20° E., but north of Turnagain Arm more easterly strikes pre-
vail. The dips are generally not far from vertical. In places the
rocks show close folds, most of which have vertical axes, though in
one place folds overturned toward the west were seen. The finer-
grained sedimentary beds exhibit varying degrees of metamorphism,
resulting in the development of slaty cleavage or schistose structure,
in many places parallel to the stratification. TFaults are numerous,
but the uniform lithologic character of the rocks makes it difficult to
determine the extent of the displacement.

This slate-graywacke series, called the Sunrise series by Mendenhall,
forms the mass of the Kenai Mountains in central and northern Kenai
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Peninsula and between Knik and Turnagain arms, and also extends
along the coast from Prince William Sound to the west side of Nuka
~ Island Passage. Considerable doubt exists as to its age. The evi-

dence available indicates that it includes at least two formations,
which are unconformable but similar in lithologic character, the
younger containing fossils of Jurassic or Cretaceous age.

The unconsolidated sediments of the district are of interest because
they are in places auriferous. These deposits may be classed as
glacial and water-laid. Purely glacial deposits, such as moraines,
are comparatively rare. Terminal moraines have been found only on
Crow and Canyon creeks, but ground-morainal deposits have been
seen on several creeks. Valley trains are still being formed on Placer
and Snow rivers and on other streams, and remnants of earlier valley
trains can be seen in the high-bench deposits along many of the
streams. In numerous valleys where no glacier exists the streams
have cut down through these fluvioglacial gravels and have deposited
2 to 10 feet of sands, gravels, and clays, usually poorly stratified, on
top of bedrock or earlier gravels.

IGNEOUS ROCKS,
DEEP-SEATED INTRUSIVE ROCKS.

Several isolated masses of granitoid rocks, most of them coarse-
grained biotite granites, are intrusive into the sedimentary rocks of
the Kenai Mountains, especially in the eastern and southern parts.
A large granite area, which extends from Hive and Rugged islands,
in Resurrection Bay, to and beyond Aialik Bay, makes up all the
adjacent islands and much of the headland on both sides of the
southern half of the bay.! Another large granite mass forms Pye
Islands and the adjacent mainland, and prospectors report a granite
area in the vicinity of Russian River and Lake Skilak. At the head
of Crow Creek several small, closely grouped bosses of fine-grained
light-colored quartz diorite have intruded sediments of Jurassic or
possibly Cretaceous age. Grant,® in his discussion of the igneous
rocks of the Prince William Sound region, describes in detail the
granites of the eastern portion of the peninsula—on Port Nellie Juan,
Passage Canal, Ewan, and Eshamy bays—and concludes that “ the
lack of intense anamorphic changes and the occurrence of porphyritic
peripheral phases of the granites, as well as the absence of the com-
plicated aplite and pegmatite dike systems characteristic of deep-
seated intrusions, indicate that these granites solidified considerably
nearer the surface than is common with granitic intrusions.” The

1Grant, U. 8., and Higgins, D, F., Prellminary report on the mineral resources of the
gouthern part of the Kenal Peninsula : Bull. U. 8. Geol. Survey No. 442, 1910, p. 167.

# Grant, U. 8., and Higgins, D. F., Reconnaissance of the mineral resources of Prince
Willlam Bound, Alaska: Bull. U. B, Geol. Burvey No, 443, 1910, pp. 3348,
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on.ly evidence available as to the age of the intrusions is that fur-
nished by the Crow Creek locality, which places them in the middle
or later part of the Mesozoic.

DIKE ROOKS.

On Crow Creek numerous light-colored acidic dike rocks of fine-
grained to aphanitic texture occur as offshoots from the quartz
diorite bosses, to which they are similar in composition. Similar
acidic dike rocks, dioritic in composition, many of them of por-
phyritic texture, occur in different parts of the peninsula, as on
Palmer, Bear, Porcupine, and Groundhog creeks and in the Moose
Pass district.  Along the shores of Turnagain Arm these dikes are
easily distinguished by their light color from the dark-gray colored
graywackes and black slates into which they are intruded. The dikes
of Moose Pass and Palmer Creek are rather remarkable for their
length and comparatively slight width. The largest, the so-called
Moose Pass ledge, is a dike of much-altered, very fine-grained diorite
porphyry, over 12 miles long and averaging only 8 feet wide.
Knopf,! in describing somewhat similar dikes in southeastern Alaska,
has pointed out their occurrence in a graywacke-slate formation far
from known areas of diorite intrusions and their uniformity of
appearance in widely separated localities. This is also true of the
region under consideration, where, except in the Crow Creek section,
the acidic dikes are found many miles from the nearest diorite masses
and throughout the area show little variation either in their mineral-
ogy or their texture.

ECONOMIC GEOLOGY.

GENERAL FEATURES.

Only the gold deposits are deseribed in this report. The region con-
tains deposits of copper, antimony, and argentiferous galena, but
these are small and are of little present commercial importance, and
have already been briefly described in earlier reports.

The gold produced in the district comes from both lode and placer
deposits. The placers have attracted the most attention and they stilk
lead in production, but the increasing activity of the quartz pros-
pector and the increasing list of producing properties is steadily
emphasizing the importance of the gold-quartz deposits.

Gold was first discovered in Alaska in 1848, in the gravels of
streams tributary to Kenai River, by P. P. Doroschin, who was then
making an examination of the mineral resources of the district for

1 Knopf, Adolph, The Sitka mining district, Alaska: Bull. U. 8. Geol. S8urvey No. 504,
1912, p. 17.
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the Russian-American Co. The low gold content of the auriferous
gravels found in that year and in 1850 discouraged prospecting and
little is known of any that may have been done between 1850 and
11894, though gold is reported to have been discovered on Cooper
Creek about 1884, on Resurrection Creek in 1888, and at, Anchor
‘Point in 1889. Placer discoveries were made on Bear and Palmer
jcreeks in 1894 and on Canyon, Mills, and Lynx creeks in 1895. These
idiscoveries were followed, in 1896, by a stampede of several thousand
men to this field. Crow Creek was staked at this time but did not
yield any gold until two years later. In 1898 a second rush, partly
an overflow from the Klondike stampede, was made to the Turn-
again Arm section. Since 1898 placer mining has been in progress
on many of the creeks of the district, chiefly on Quartz and Cooper
creeks and in the region adjacent to Turnagain Arm.

Practically all the richer and more accessible creek gravels that are
workable at a profit by pick-and-shovel methods have been worked
out and the exploitation of the bench gravels by hydraulic methods
has begun. Attempts to work the gravels of Resurrection Creek by
hydraulic elevator and later by dredge were not satisfactory. During
all or part of the season of 1911 hydraulic work was in progress on
Resurrection, Crow, Cooper, Mills, Canyon, Quartz, Gulch, Six-
mile, and Silvertip creeks. The hydraulic plants on Resurrection,
Silvertip, and Cooper creeks were working the creek gravels, a
Ruble elevator being used on Cooper Creek. The other plants in the
district were at work on bench deposits. A little pick-and-shovel work
is also reported from the upper part of Mills Creek. On upper
Kenai River a small dredge was installed and the installation of a
larger dredge was begun; and on Kenai River near the mouth of
Killey River ground was systematically drilled to determine its
adaptability to dredging. Ground on Trail Creek between Kenai
Lake and Lower Trail Lake was also prospected by drilling.

Gold-bearing lodes were discovered in the Turnagain Arm region
soon after the placers were first worked. Gold-quartz float was found
on Summit Creek, in the Moose Pass district, by John C. Gilpatrick
in 1896, but the ledge was not found until 1906. Locations were
made on Palmer, Bear, and Sawmill creeks in 1898, and some devel-
opment work was done on these properties in that and the following
year. In 1903 and 1904, after the settlement of Seward, gold-quartz
veins were discovered in the hills close to the town, but were not
much developed for several years. On Falls Creek gold-bearing
quartz was first discovered in 1905 by F. P. Skeen and John Lechner
on property now owned by the California-Alaska Mining Co. The
property was bonded to C. D. Lane in October of that year, and
about 110 feet of development work was done. From 1905 to 1909
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no development work was in progress on the peninsula, although
many prospects were located. In June, 1906, J. W. and C. E.
Stephenson located the Black Butte ledge on Falls Creek, and in
August of that year John C. Gilpatrick made the first locations in
the Moose Pass district. The veins now being developed on the
properties of the Seward Bonanza (Gold Mines Co. and the Skeen-
Lechner Mining Co. were located in 1907. Considerable develop-
ment work was done on the Gilpatrick property in the Moose Pass
district in 1909, and many new locations were made in that vicinity.
New lodes were also discovered on Crow Creek and Resurrection
River. Arrastres were installed on the property of the California-
Alaska Mining Co. on Falls Creek and were operated for a short
time during that year and the next. In 1910 development work was
carried on at a few properties, notably on Crow and ¥alls creeks
and in the Moose Pass district. During the season of 1911 the
California-Alaska Mining Co. replaced the arrastres on its property
by a two-stamp mill, and the Kenai-Alaska Gold Co. erected a five-
stamp mill on the north side of the valley of Falls Creek. Both
mills were in operation during a part of the summer. Development
work was actively carried on at several properties and assessment
work done on many others, A large number of prospectors visiled
the region in 1911, and numerous gold-bearing veins were discovered.

The auriferous area considered in this report lies within the third
judicial division of the District of Alaska and includes portions of
Kenai, Knik, and Valdez districts. The boundaries of these three
recording districts were recently slightly changed by an order of
E. E. Cushman, district judge of the third division, dated April 24,
1911, and taking effect May 1, 1911. The Crow Creek deposits are
in the Knik mining district, the recording office of which is at Knik.
The recorder’s office of the Kenai mining district is at Seward. The
revised boundary of the Kenai mining district is described as follows:

Beglnning at Cape Douglas on the north shore of Shellkof Strait, running
thence fortheast up the center of the waters of Cook Inlel to a point opposite
the center line of Turnagain Arm; thence east along the center of the waters
of Turnagaln Arm to the easterly extremity of sald arm; thence in an east-
erly direction to the summit of the watershed, between the waters flowing into
Turnagain Arm on the west and the waters flowing into Prince Willlam Sound
on the east; thence in a southerly direction following the summit of the water-
shed between the waters flowing into Prince Willlam Sound on the east and
the waters flowing into Kenal Lake on the west to the southernmost extremity
of Cape Junken on the Gulf of Alaska; thence southwesterly to a point south
of Cape Elizabeth, the southernmost point of the Kenal Peninsula and midway
between sald cape and the Barren Islands and including all islands-contiguous
and adjacent to the mainland of the said Kenal Peninsula; thence west to
Cape Douglas and point of beginning.
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GOLD LODE DEPOSITS,

DISTRIBUTION.

The gold lodes of the northern portion of Kenai Peninsula may be
grouped tentatively as (1) fissure veins, (2) stringer lodes, and (3)
mineralized acidic dikes. The largest number of the deposits, includ-
ing those now of the greatest commercial importance, are fissure
veins. Two of these rank as gold producers and others will probably
soon become producers. The stringer lodes are few and have been
but little developed. The mineralized dikes of the Moose Pass dis- °
trict attracted considerable attention in 1909-10, when extensive
development work was done on one of them. The areal distribution
of the fissure veins, stringer lodes, and mineralized dikes is outlined
in the descriptions of these types. A linear arrangement of the lode
gold prospects in parts of the area considered is indicated on the map
(PL VII, opposite p. 132). In the Moose Pass and Palmer Creek
districts this arrangement is due to the location of most of the pros-
pects along the strike of mineralized acidic dikes. It appears prob-
able, however, that the area between Seward and the Trail Lakes,
near the main line of travel (the Alaska Northern Railway), has
been more carefully prospected than other parts of the region, so
that the numerous prospects show on the map a linear arrangement.
However, no reason is known for the localization of the gold lodes
in any one part of the mountainous region between Seward and
Turnagain Arm.

FISSURE VEINS.

CHARACTER AND DISTRIBUTION.

The term fissure vein is usually applied to ore deposits, tabular in
form as a whole, though commonly irregular in detail, occupying a
fracture or set of fractures in the country rock. Most of them are
characterized by regular and straight walls, by a fairly constant
width, and by a definite direction of both strike and dip. As a rule
they show no conformity to lines of structure. In form and occur-
rence these veins show great variety, those in the more massive and
rigid rocks being generally the better developed.

Deposits referable to this general type have been found in many
parts of Kenai Peninsula. The outcrops of most of the larger veins
are traceable for but a few hundred feet and many of the fractures
are short and gashlike. Some of the veins follow closely the structure
of the country rock, but those that are now most important commer-
cially occupy transverse fractures. Two distinct sets of fissures,
approximately at right angles to each other, are conspicuous in the
region examined. The strike of one set trends in general from north
to a little west of north; that of most of the other set lies between
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east and northeast, only a very few trending a little south of east.
Both sets of fissures are, in general, ore bearing, and are probably of
about the same age, although the latest movement appears to have
been along the east-west set of fractures. The veins dip at angles
ranging from 45° to 90°, and some individual veins show considerable
variation in dip.

The ores are simple in composition. The gangue is quartz with
here and there a little calcite, and the ores.contain sulphides in various
amounts. The principal sulphide is arsenopyrite, but galena, pyrite,
and sphalerite occur in subordinate quantities. Pyrrhotite, molyb-
denite, and chalcopyrite are also present in some of the ores, and
gold tellurides have been reported. The ores are free milling. The
gold occurs free in the quartz and also in close association with the
sulphides, some of it being included in the galena and arsenopyrite
grains, The wall rocks show metasomatic alteration, and dissemi-
nated crystals of arsenopyrite and pyrite have been noted in the
altered rocks, In the Moose Pass district the shattered diorite por-
phyry dikes have been sericitized by the action of ore-bearing solu-
tions that traversed them and the associated fissures.

Brief descriptions of a few of the characteristic fissure veins of the
Seward-Sunrise region will be given. There are many other pros-
pects on deposits of this type, but they shéw no important differences
from those here to be described, and individual descriptions of all
these would result only in a duplication of examples of the type of
deposit under consideration, which would be unnecessary in a pre-
liminary report. The properties in the southern part of the area
are described first and the other properties are considered in order
northward. The prospects near Seward having already been briefly
described by Grant® need only be mentioned here. Bodies of gold-
bearing quartz are reported by prospectors to occur on Resurrection
River, but have not been visited. Fissure veins occur also in associa-
tion with the mineralized dikes in the Moose Pass region. (See

p. 156.)
BEEWARD BONANZA GOLD MINES CO.

The Seward Bonanza Gold Mines Co.’s property is situated on the
west face of the mountain between Victor and Ptarmigan creeks.
The vein was discovered in 1907 by C. E. and J. W. Stephenson, but
underground development work was not begun on it until July, 1911,
after the property had been taken over by the present owners. The
lower tunnel was started 1,250 feet above Kenai Lake on a well-
defined fissure vein striking N. 75° W. and dipping 80° S. in black
slate, the cleavage of which strikes N. 17° W. On September 29
this tunnel had been driven 110 feet along the vein, whose thickness

1 @Grant, U. 8., and Higgins, D, F., Notes on the geology and mineral prospects in the
vicinity of Beward, Kenal Peninsula: Bull. U. B. Geol. Burvey No. 370, 1909, p. 107.
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ranged from 13 to 5 feet, and averaged about 2§ feet. The vein
outcrops along the bottom of a small gulch and has been uncovered
for about 300 feet above the mouth of the tunnel, and at one point
near its upper end it narrows to a thickness of only a few inches.
It is reported to have been traced eastward up the slope for the
length of five claims. At an elevation of approximately 5,000 feet
above sea level a crosscut tunnel has been driven 40 feet in a northerly
direction, cutting the reported continuation of this vein at its east
end. The rocks near the upper workings are mostly slate with small
amounts of graywacke and dark-gray limestone. The cleavage
strikes N. 7° E. and dips steeply to the east at angles ranging from
55° to 80°. The strike of the bedding is indeterminate, but appears
to be about north.

In an open cut above the crosscut tunnel parallel jointing occurs
in the slates, the joints striking N. 59° W., dipping 55° N., and
carrying narrow quartz veins. The main vein at this point is 10
inches wide and parallels the joints. A few quartz lenses also occur
in the slate. Numerous parallel, approximately east-west joints,
with steep dips, are characteristic of this deposit. These joints are
exceedingly well developed at the open rounded head of Stevenson
Gulch, but also show near the lower tunnel and at several places along
the trail joining the two workings. The ore body apparently
occupies one of the larger and more persistent of these fractures,
along which there was considerable movement after the quartz was
deposited, as is shown by the secondary banding of the vein parallel
to the walls, best seen at the lower tunmel. The joint planes in
the vein are in places closely spaced, but the bands range in width
from 1 to 18 inches. The joints appear to be closer and more abun-
dant along the hanging wall. The quartz is coarsely crystalline in
some of the bands, but no open cavities were seen. Sulphides have
been deposited along these joint planes, and the vein is more highly
mineralized where the joint planes lie close together. The quartz
breaks free from the walls but shows little or no gouge. The hang-

ing wall is better defined and freer than the foot wall.

* Between 75 and 90 feet from the tunnel mouth the vein grades
outward on the foot-wall side into a mass of shattered slate cemented
by intersecting, generally thin, quartz stringers. These stringers are
irregular in length, width, and distribution, although a few thin ones
follow joint cracks in the slate. The later development work reached
a point where the foot wall is well defined, the vein being 16 inches
wide and carrying gouge on both walls. Some quartz stringers
extend out from the vein into the country rock on the foot-wall
side. Numerous quartz stringers occur in the adjoining country rock,
in places showing parallelism with the vein.

48868°—Bull. 520—12——10
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The owners figure on $20 to $30 a ton on the ore from this vein,
although individual assays run as high as $85, and assays of ore
from the vein near the upper tunnel give higher figures. The ore
is free milling and contains abundant sulphides. Arsenopyrite, the
dominant sulphide, occurs as crystals in the quartz along the joint
planes in the veins and as disseminated crystals in the slate. Pyrite
occurs principally in small stringers in the slate, with or without
quartz gangue. Galena, sphalerite, and a small amount of chalcopy-
rite also occur. The gangue is quartz with some calcite. Gold
occurs free in the quartz. It is reported fine at the lower but
coarser in the upper workings, 10-cent nuggets having been found
in Stevenson Gulch.

CALIFORNIA-ALASEA MINING CO,

The property owned by the California-Alaska Mining Co. on Kenai
Peninsula is at the head of the canyon on Falls Creek, about 4 miles
from its junction with Trail Creek. The mine workings are on the
north bank of Falls Creek, the tunnel mouth being only a few feet
above the creek level. Gold-bearing quartz was first discovered in
the Falls Creek region on this property by F. P. Skeen and John
Lechner in 1905. The property was bonded to C. D. Lane in Octo-
ber, 1905; but after about 90 feet of tunnel had been driven on the
Betty claim and a winze, started 60 feet in from the mouth of the
tunnel, had been put down to a depth of 20 feet, the bond was
allowed to lapse, the property reverting to the original locators. No
further development work was done until after the property had
been deeded to the present owners, the California-Alaska Mining Co.,
in January, 1908. The winze has since been deepened to 40 feet,
and from its bottom 140 feet of drifts have been run on the vein.
Flooding of the lower level caused a cessation of further develop-
ment work. About 30 men, principally Greeks, were employed on
the property in June, 1911, but this number was much decreased
later in the season. A ditch of 500 feet was put in, 600 feet of pipe
line was laid, and a two-stamp mill and concentrator were installed
during 1911.

But little of the country rock is exposed in the vicinity of the
tunnel, the lower slopes of the valley being heavily covered except
where bedrock has been exposed along Falls Creek by the erosive
action of the stream. The rocks here consist of closely folded slates
and graywackes striking a little east of north and dipping 75° to 90°
E. A 12-foot bed of graywacke, striking N. 7° E. and dipping 75° E.,
oceurs at the tunnel and also opposite, a little upstream. This bed
carries small quantities of iron sulphides, and weathers rusty. No
igneous rocks are known to occur in the vicinity of the ore body.
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The vein occupies a nearly vertical fissure that strikes N. 51° E.
Near the face of the tunnel the strike swings farther east and the dip
changes to 75° SE. The vein varies in width from 8 inches to 4 feet.

" Twenty-five feet from the tunnel mouth the fissure filling is 43 inches
wide, mostly gouge, but carrying quartz stringers. Six feet beyond
is an 18-inch vein of quartz, which gradually widens to 46 inches,
then narrows to 1 foot about 8 feet from the winze, and then widens
until, directly over the winze, it is 31 inches wide, filling the entire
fissure. Narrow gash quartz veins occur in the graywacke walls,
which are in many places impregnated with arsenopyrite. Beyond
the winze the vein fissure splits up into three small fissures, 3 to 12
inches wide, and the graywacke has been shattered and recemented
with numerous small quartz veins and impregnated with considerable
arsenopyrite. The lower level could not be examined, because the
workings were flooded. The vein on this level, however, is reported
to be well defined and to have a width of 3 to 4 feet.

The vein material is quartz, massive and clear white in most parts
of the main vein. A small amount of calcite also occurs as gangue.
A bluish quartz lies in narrow stringers in the mineralized fractured
graywacke and is reported to occur in the main vein. No drusy
cavities were noticed in either kind of quartz. Free gold occurs in
the blue quartz in close association with the fine sulphides and less
abundantly in intimate association with scattered sulphide groups in
the white quartz. Arsenopyrite is the principal sulphide, galena
being subordinate. Numerous striated crystals of arsenopyrite are
embedded in the wall rocks next to the veins and narrow stringers.
Gold tellurides have also been reported from this ore, but their pres-
ence in appreciable amounts has not been proved. The ore is free
milling and is reported to average $30 to $40 to the ton in gold.

Two arrastres were installed in 1909 and were run for a short time
in that and the following year. Early in 1911 they were dismantled
and a two-stamp mill was installed. This was the first stamp mill to
begin actual operations on the Kenai Peninsula, the stamps dropping
for the first time early in June, 1911. The mill was run intermit-
tently during the season and about 90 tons of ore are reported to have
been treated. The present ore-dressing equipment consists of a Ford
crusher, a stamp-driven automatic feeder, standard type, supplying
ore to a two-stamp mill, and a Deister No. 2 concentrator. The power
for the plant is furnished by a Pelton water wheel, connected by belt
to the stamp mill and crusher and operating under an 80-foot head of
water from Falls Creek.

EENAI-ALASEA GOLD CO0.

The property of the Kenai-Alaska Gold Co. is -on the north
side of Falls Creek, The mill buildings are close to timber line,
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approximately 1,700 feet above sea level, on a small stream tributary
to Falls Creek. The mine workings, 2,825 feet above the mill, are in
the west wall of a small glacial cirque 275 feet above a small glacier.
The vein now being developed is on the Black Butte No. 2 claim,
located by J. W. and C. E. Stevenson in June, 1906.

No development work was done until July, 1910, after an option
had been taken on this and three adjoining quartz claims by T. W.
Hawkins, C. E. Brown, J. R. Hayden, and John Adams. The
Kenai-Alaska Gold Co., incorporated under the laws of Alaska in
November, 1910, acquired the property December 16, 1910. About
200 feet of development work was done in 1910, including two cross-
cut tunnels 20 and 100 feet long and 80 feet of drifting. In 1911
considerable development work was done on the property. Early in
the spring a road was constructed from the railroad to the mine, and
a stamp mill, assay office, and several other buildings were erected.
Stamps began dropping on August 25 and ceased October 1, when
the mill closed down for the season, after running 276 hours actual
time, and milling approximately 185 tons of ore. Work was started
at the mine on July 15, a 630-foot aerial tramway being installed
from the mouth of the lower tunnel to the end of the wagon
road on the lateral moraine of the glacier. The underground devel-
opments to October 10, 1911, comprised a 100-foot lower crosscut
tunnel, a 20-foot upper crosscut tunnel, 160 feet of drifts, one 69-foot -
raise connecting the upper and lower levels, and three shorter raises
connecting the lower level and stopes. The ore milled was taken
principally from the portion of the vein that lies east of the lower
crosscut tunnel. Raises were run from the lower level toward the
surface and the vein was stoped out for an area 30 feet in height
and 70 feet in length. An average of 21 men and two teams were
employed to October 1.

Only sedimentary rocks, slates, graywackes, and conglomerates
were seen in the vicinity of the prospects on Falls Creek, but it is
reported that greenstone ledges occur near its head. Conglomerate
beds are found in the slate graywacke series in the cirque walls near
the property of the Kenai-Alaska Gold Co. The pebbles are small,
most of them less than 2 inches in diameter, well rounded, and firmly
embedded in a slaty or siliceous matrix. The general tone of the
rock is dark gray. The slates are very fine grained, grayish-black
rocks, and the graywackes occurring with them are fine-grained gray
to dark-gray rocks, weathering much lighter than the slates, On the
east wall of the cirque in which the mine is located are black slates,
weathering with brownish bands, interbedded with thin graywacke
beds, 2 to 12 inches thick and striking N. 8° W. and dipping 70° E.
The rock exposed consists predominantly of slates. On the north
and west walls of the cirque the rocks have been closely folded. Some
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of the folds show a decided overturning toward the west, the axis of
one fold dipping 30° E. This folding has been accompanied by con-
siderable shearing and faulting.

Three veins have been discovered on this property. the one now
being developed on the Black Butte claim and two smaller ones on
the Moon Anchor claim. The ore body on the Black Butte claims
occupies a fissure, formed during or after the folding of the slate-
graywacke series, and having a general strike of N. 70° E. with a dip
ranging from 65° SE. to 90°. The strike of the fissure, as shown by
the mine workings, is slightly curved, varying from N. 50° E, to N,
97° E. On the surface the vein has been traced by outcroppings and
open cuts for over 1,500 feet. Considerable movement has occurred
along the line of this fissure, some of which has taken place since the
vein quartz was deposited, as is shown by the presence of slickensided
quartz surfaces within the vein, the close jointing in the quartz, and
the lenticular nature of some of the quartz masses. Slickensides are
also noticeable in the slate close to the vein. The width of the shear
zone is variable, ranging from 5 to 48 inches, the average width being
from 20 to 30 inches. The fissure filling consists of crushed and de-
composed country rock with numerous lenses and. stringers of quartz
which locally fill the entire fissure. The width of the quartz masses
varies from 1 to 30 inches. Twenty measurements on several of the
quartz lenses gave an average width of 11 inches, Larger and more
continuous bodies of quartz have been opened up in the eastern end
of the lower drift than in the western, and most of the development
work in 1911 was done in that portion of the mine. No development
work has been done on the veins on the Moon Anchor claim and but
little is known regarding their size or extent. Their width yaries
from 1 to 2 feet and one of the veins is traceable for about 200 feet
with a strike a little south of east and a vertical dip. Both veins
apparently occupy fissures.

The ore has a checked appearance due to the development of
roughly rhombohedral jointing in the quartz, which as a rule is
massive and compact. Specimens from the Moon Anchor claim,
however, show cavities containing well-developed quartz crystals.
The jointing makes the ore easy to mine. The quartz is milky-white
except where discolored by decomposition products of the sulphides,
Many of the joint surfaces are rusty and when cleaned show con-
siderable fine gold, left by the decomposition of the auriferous sul-
phides deposited on the joint surfaces. The ore is free milling. The
gold is all fine and sulphides are not conspicuous, mill tests showing
that it requires from 100 to 128 tons of ore to obtain 1 ton of concen-
trates. The gold occurs native, though in many places in close asso-
ciation with the sulphides, which are fine and widely disseminated.
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Only galena and arsenopyrite were noted. Tellurides are reported
from some of the veins in this vicinity.

No gold is reported in the country rock adjoining the vein or in
the fissure filling outside of the quartz, which alone is sacked for
milling. An average of several assays made by the company on the
vein quartz gave slightly less than $80 a ton. This, however, included
one exceptionally high assay of $718, without which the average
would be about $45 a ton. Assays as high as $84, $101, and $718
have been obtained from portions of the vein. The results of the
last season’s run at the mill showed that the ore plated about $45
to the ton. The concentrates, of which there was approximately
0.66 ton, assayed over $400 a ton. An assumed recovery of 80 to
90 per cent would place the value of the ore at $50 or $60 a ton.

During 1911 the ore sacked at the mine was hauled on go-devils
to the mill, where it was passed over a 13-inch grizzly, the oversize
going to a Blake ore crusher. It was then fed to a 5-stamp mill, the
stamps dropping 114 times a minute with a 6-inch drop, the pulp
being discharged through a 40-mesh screen. After passing over the
amalgamating plates the pulp went to a Risdon-Johnston concen-
trator. The concéntrates were shipped to the Tacoma smelter and
the tailings weré impounded pending the erection of a plant for the
recovery of their contained gold.

SBEEEN-LECHNER MINING CO.

The Skeen-Lechner Mining Co.’s property is on the north side of
Falls Creek about 4 miles above its junction with Trail Creek. Two
of the claims, the Portland and the Betty No. 1, were located by F. P.
Skeen and L. F. Shaw, respectively, early in 1907. Two veins, one
of which was discovered in the fall of 1911, have been uncovered on
these two claims. The earlier-known (upper) vein has been opened
upon the surface for 375 feet by trenches and open cuts, and the more
recently found (lower) vein is reported to be traceable for 300 feet.
On February 21, 1912, the underground development comprised 190
feet of crosscut tunneling and 160 feet of drifting, most of it on the
upper vein.

The country rock of the ore body is principally massive graywacke.
About 20 feet west of the last open cut on the upper vein there is a
graywacke-slate contact, striking N. 6° E. and dipping 85° W. A
small amount of slate with approximately this same strike occurs
along the vein west of the small fault that offsets the upper vein.
Slate, gmywacke, and conglomcrn.te bowlders are found in the talus.

The upper vein, occupying a fissure in the massive graywacke,
strikes N. 15° W. and dips 45° E. About midway of its present-
known length (375 feet) it is offset 40 feet on the tunnel level by a
vertical fault fissure striking N. 56° E. The sheared zone along the
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fault plane is 12 to 23 inches wide and is filled with crushed country
rock containing fragments of vein quartz. Slickensides are visible
both on this included vein quartz and on the walls of the fault fis-
sure. In the tunnel the vein is well defined, varies in width from
20 to 45 inches, and shows 1 to 4 inches of gouge on both walls. The
outcrop shows much less quartz, 28 inches being the maximum meas-
urement recorded, and in places the vein fissure filling is a sheared
pyrite-impregnated graywacke containing only a few narrow quartz
stringers The lower vein lies about 90 feet southwest of the upper
vein and appears to parallel it in strike and to dip in the same direc-
tion. Tt measured 46 inches at the original discovery, near the mouth
of the upper tunnel. This vein as exposed at present lies southeast
of the fault offsetting the upper vein.

The fissure filling of the two veins is massive white quartz, some-
what shattered and jointed. A slight tendency toward secondary
banding is seen in some places. Only a few small crystal-lined cavi-
ties are noticeable in the vein quartz. At the western end of the
outerop of the upper vein the quartz occurs as a network of stringers
in the shattered country rock, the graywacke being considerably iron-
stained. The quartz stringers here are frozen tightly to the gray-
wacke, and narrow rusty bands, showing the former position of iron
Hulphldes, lie along the contact. The country rock is impregnated
with iron sulphides at several places along the vein.

Sulphides are somewhat more abundant in these veins than in
those of the Kenai-Alaska Gold Co., but they are not nearly so plenti-
ful as in the vein on the adjacent property of the California-Alaska
Mining Co. Native gold occurs in association with arsenopyrite and
galena and in one specimen gold was embedded in an arsenopyrite
grain. The gold and sulphides appear as small grains, no large
masses being observed in either vein. The ore in the upper vein is
said to average over $35 in gold to the ton, and careful sampling and
assaying on the outcrop of this vein is reported to show the presence
of two distinet ore shoots. Assays of $50 a ton are reported from
the lower vein.

SEWARD GOLD CO.

The property of the Seward Gold Co. is about 4,250 feet above sea
level on the crest of the ridge between the forks of Groundhog Creek,
a tributary to Bench Creek from the west, crossing the Government
road from Sunrise 104 miles from Mile 34 on the Alaska Northern
Railway. The claims were located September 11, 1910, by R. L.
Hatcher and C. A. McPherson. Between September 20 and the
later part of November about 60 feet of tunneling was done on the
vein. On October 20, 1910, the property was deeded to the Seward
Gold Co. Development Work was done during the summer of 1911,
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but was brought to an end by the collapse of the tunnel. The total
work done since discovery consisted of 90 feet of tunneling, 23 feet
of winzes, a 12-foot crosscut, and a 15-foot shaft.

The country rock of the ore body consists of slates and some gray-
wacke, striking a few degrees east of north and dipping eastward
at an angle of about 60°. The strike and dip of the cleavage closely
correspond to that of the bedding. A vertical jointing near the
vein and almost parallel to it strikes N, 85° E. The joints are irregu-
larly spaced at intervals of a foot or more. A short distance above
the workings a pale-greenish porphyritic dike crosses the ridge,
striking N. 28° W, and dipping vertically. The dike measures as
much as 10 feet at one point, and the rock composing it is much
jointed, but appears fairly fresh and unaltered, its porphyritic tex-
ture being plainly evident in most specimens. It shows little evi-
dence of mineralization. About 150 feet northeast of this dike is
another dike of similar appearance, whose northernmost end lies
close to the easternmost extremity of the vein as now uncovered.
The outcrop of the vein has not been traced quite to the point where
it should intersect this dike, nor is this dike visible on the surface
north of the vein. It is of variable width, measuring 28 inches on
the first outcrop south of the vein, but in places reaching a width of
at least 8 feet. It is approximately parallel to the upper dike, strik-
ing about N, 40° W. Both dikes have been fractured and the frac-
tures have been filled with white, glassy-looking quartz, which at one
place carries native gold. Arsenopyrite was found in one of the
dikes,

The ore body consists of a zone of fractured slates, 5 to 6 feet
wide, extending S. 80° E. between the two dikes. The fractures
have been filled with quartz, much of it coarsely crystalline, which
forms a network of irregular stringers, between which there is con-
siderable crushed slate. The vein material is all more or less decom-
posed by surface weathering. The vein has been traced about a
hundred feet, and so far as present development work shows does
not extend beyond either dike. It is nearly vertical, dipping steeply
to the south. A narrow streak of gouge lies along the hanging wall.
In many places the vein quartz shows drusy cavities, indicating
deposition in open spaces. The quartz filling varies from narrow
stringers to veins over a foot in width., A small quantity of calcite
occurs in the veins. The gold is free in the quartz or in close asso-
ciation with arsenopyrite and galena. Specimens from the outcrop
show abundant free gold. Arsenopyrite occurs also in the slate wall
rock and in the dikes, its appearance in those places indicating meta-
somatic alteration by mineralizing solutions. The vein quartz car-
ries the gold, assays of the decomposed slate from the fractured
zone showing only traces of gold.
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BARNES PROPERTY,

The property of the Alaska Gold Exploration & Development
Co., usually referred to locally as the Barnes property, is at the head
of Crow Creek, in the Knik mining district. Glacier Creek, of which
Crow Creek is the most important tributary, enters Turnagain Arm
from the north 4 miles beyond the present terminus of the Alaska
Northern Railway. Although the first discovery of gold-bearing
quartz on this property was made in September, 1909, by Conrad
Hores, little work was done to open up the vein prior to August 1,
1910. Since that date, however, underground development has been
actively carried on, practically all of it on the Stella claim. Three
veins had already been found at the time this property was visited,
and a fourth was discovered on the Ruth claim late in the fall. The
outcrops of these veins have been traced only a few hundred feet.
The ore body on the Stella claim consists of two parallel veins, a
little over 100 feet apart, striking eastward, and a third vein crossing
these with a strike of S. 18 E. The vein on the Ruth claim is reported
to strike eastward. The developments on the Stella claim to January
1, 1912, consisted of 560 feet of adit levels, 56 feet of crosscut tim-
bering, 14 feet of drifts, and 52 feet of winzes, together with several
open cuts on the different veins. These developments include three
adit levels, two of which are on the southernmost vein, one 100 feet
vertically above the other. This southern vein strikes S. 83 E. and
dips 65° N. and varies in width from 8 ta 46 inches. The upper of
the two tunnels was 267 feet in length, and the lower tunnel, started
late in the fall, was only 50 feet long; two winzes, 42 feet and 10
feet in depth, have been sunk on the vein in the upper tunnel. On
the northern vein, which is nearly parallel to this one and about 100
feet distant from it, an adit level 243 feet in length has been driven.
This northern vein varies in width from 10 inches to 3 feet, strikes
N. 87° E., and dips 68° N. The third or crosscutting vein, which
ranges in width from 2 to 10 inches, strikes N. 18 W. and dips 80° W,
A tunnel, driven N. 47 E., crosscutting this vein 56 feet from the
mouth, shows that it is a narrow-fracture zone in the country rock
cemented by quartz carrying sulphides. The apex of the Ruth lode
is about 860 feet above the level of this crosseut, and it is reported
that very little work has been done on this vein, which is said to have
a width of 6 to 8 inches.

The country rock of the ore deposits consists of dark-colored slates,
banded argillites, fine-grained graywackes, and conglomerates, folded
and later intruded by numerous bosses of light-colored, fine-grained
granites, and fine-grained to aphanitic acidic dikes, offshoots from
the granitic masses. The strike and dip of the sedimentary beds
vary, but in general the strike is easterly and the dip northerly.
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Fossils are not abundant. Imprints of small Inoceramus of Jurassic
'or Cretaceous age were found during 1911 on the bedding planes of
the banded argillites in bowlders on the moraines of the Crow and
Raven Creek glaciers and in place on the west side of the Raven
Creek glacier. Inclusions of the banded argillites are found in some
of the granite bosses with sharp contacts between the igneous and
sedimentary rocks. No development of contact minerals is notice-
able. The angularity of the fragments of the talus, the appearance
of the weathered surfaces, and the dense character of the rocks, as
well as the reddish, rusty discoloration of the sedimentary rocks of
the area, suggest considerable heat action and mineralizing activity,
which are further indicated by the presence of molybdenite and
pyrrhotite in some of the quartz veins and by the occurrence of
pyrrhotite and chalcopyrite in narrow quartz seams in the shales.
Traces of contact-metamorphic action are visible along these seams.
Ellipsoidal or concentric jointing by the metamorphism of some of
the thicker argillite beds has also been noticed. Many of the dikes
are faulted, the displacement, however, being usually only a few feet.

The predominant gangue mineral of the gold veins is quartz, but
they contain also some calcite. The physical character of the vein
quartz varies slightly. Secondary banding parallel to the walls is
noticeable in places and sulphides have been deposited along some of
the fractures. At some places joints occur in the quartz. At others
the quartz is coarsely crystalline and the vein contains numerous
small vugs,

Pyrite, arsenopyrite, sphalerite, and galena are the principal sul-
phides. Chalcopyrite also occurs in small quantities. Pyrite and
arsenopyrite occur as disseminated crystals in the metasomatically
altered wall rock of the veins as well as in association with the other
sulphides in the vein quartz. In the open cuts galena is altered to
cerusite,

The ores are free milling. Tests on some of the more highly
mineralized ore are reported to have saved 80 per cent by amalgama-
tion and 16.4 per cent in the concentrates. The gold is free and also
oceurs in close association with the sulphides, and is often included in
galena and arsenopyrite grains. It is especially noticeable along some
of the joint planes where the auriferous iron sulphides have been
oxidized. Nuggets worth 63 cents have been found in the veins.
The gold of Crow Creek is of rather low grade, having a value of
about $15.90 an ounce.

The crosscut tunnel on the Stella claim passed through a small vein
containing molybdenite, pyrrhotite, and chalcopyrite in a gangue of
vitreous-looking quartz, but no visible free gold. Pyrrhotite and
chalcopyrite also occur in narrow seams in the banded shales near the
igneous rocks.
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The ore from the two larger veins on the Stella claim is reported
"by the owners to average $35 to $40 a ton .for the southern vein and
$12 a ton for the northern vein. Much higher assays have been ob-.
tained, however, in single samples. The limits of the ore shoots are
not yet defined. About midway of the upper tunnel on the southern
vein a stringer runs out into the hanging wall, and at this point sul-
phides are said to have been much more abundant and assay values
much higher than in other parts of the vein. Exceedingly high assays.
are reported from the crosscut vein on the Stella claim and from the
vein on the Ruth claim. The wall rocks of none of the veins are said
to carry gold, although the amount of pyrite and arsenopyrite would
suggest the presence of at least a little.

STRINGER LODES.

Typical stringer lodes are composed of numerous nearly parallel
overlapping quartz veinlets occupying irregular openings along
cleavage lines or in some places cutting across the structure. Several
deposits of this type, which is characteristic of slaty rocks, occur in
this region, the best known of which lie in a belt extending north-
ward from the Mile 4 property to the mouth of Porcupine Creek.
They include the Mile 4, Pullen-Davis, and Schoonover properties.
The Pullen-Davis lode differs somewhat from the others in that the
quartz stringers form a network recementing a fractured graywacke
bed. The other lodes in this belt are in slate, stand vertical, and
strike in general parallel to the structure, although some of them
cut the bedding at slight angles. At the Schoonover property near
the upper end of Porcupine Creek a compact stringer lode 9 feet in
width at the tunnel mouth and traceable for over 125 feet, contains
irregular lenses and stringers of quartz from 1 inch to 15 inches in
width. Assays up to $100 have been obtained on samples taken .
across the full width of some of the larger stringers. Other min-
eralized quartz stringers, 1 to 6 inches in width, are found on this
property outside of the zone mentioned. The interbedded slate and
graywacke strikes N. 17° W. and has a vertical dip. On the canyon
walls, however, surficial creep of the beds has caused an inclination
of the upper portion of the lode and country rock toward the creek
and has resulted in a false dip away from the creek.

The gangue in the stringer lodes is quartz, coarsely crystalline in
some of the larger stringers and showing interlocking crystals in
places at the center of the veins. Some calcite occurs with the quartz
as a gangue mineral. The gold occurs free in the quartz. Arseno-
pyrite is the most abundant sulphide; galena, sphalerite, and pyrite
are subordinate.

Other occurrences of stringer lodes are known on Palmer, Cub,
Groundhog, and other creeks of the district. . Most of the veins are
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small and comparatively short, gnd only where they are fairly
closely spaced and well mineralized can they be considered as pos-
sible ore bodies. The small amount of development work done on
deposits of this type in this region has not determined either their
lateral or their longitudinal extent nor demonstrated their economic
importance. Stringer lodes have proved to be of great value in some
portions of the Juneau gold belt and commercially valuable stringer
lodes may exist in the slate areas of Kenai Peninsula.

MINERALIZED ACIDIC DIEES.
DISTRIBUTION,

The only mineralized dikes in this district of any present economic
importance are those of the Moose Pass and Palmer Creek regions.
Other acidic dikes occur along Turnagain Arm, on Crow, Raven,
Groundhog, Porcupine, Mile Four, Bear, and other creeks, but are
so slightly mineralized that they appear of little economic value.
The possible existence of other well-mineralized dikes, however, is
not denied.

The characteristic feature of the Moose Pass and adjoining Palmer
Creek regions is the occurrence of several nearly parallel mineralized
acidic dikes striking in a general north-south direction and confined
so far as known to a relatively narrow strip of country between
Quartz, Canyon, and Resurrection creeks. The largest of these dikes,
known locally as the “ Blue Lead,” is in the Moose Pass district and
has been traced for approximately 12 miles from Slate Creek to
Donaldson Creek with an average width of 8 feet. Near the south-
ern end of the area several promising gold-bearing quartz veins have
been opened. North of Summit Creek the mineralized quartz
appears, so far as present developments show, to be confined chiefly
to the fractured and mineralized dikes, although small gold quartz
veins have been located at the head of Palmer Creek, and on Canyon,
Juneau, and Fresno creeks. Further prospecting in this northern
portion will probably reveal other gold quartz veins.

BTRIEKE.

The noticeable parallelism of the dikes of this district and their
length is evidence of extensive parallel fissuring prior to the in-
trusion of the acidic igneous material now filling those former
openings. These earlier fissures follow closely the dominant strike
lines of the district and dip nearly vertical, as do most of the sedi-
mentary rocks. The strike of the “ Blue Lead ” changes gradually
from N. 12° E. in its southern portion to N. 30° E. on Donaldson
Creek, where it disappears under timber cover. The Mascot ledge,
near the head of Fox Creek, has a due north strike and a vertical
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dip, and the Logman ledge on Palmer Creek, traceable for over 6
miles, has a north-south strike. The other dikes of this district
parallel these. On Bear Creek numerous large acidic dikes outcrop
and some of them have northerly strikes. Subsequent to the intrusion
of the acidic dikes further fissuring took place, faulting and fractur-
ing the dikes and opening new fissures for the deposition of gold-
. bearing quartz. These later fissures are vertical or nearly so. Their
strikes fall into two general groups, one group having northeast-
southwest strikes and the second a general northwesterly strike.
Small transverse slippings are noticeable in the tunnels at the south-
ern end of the big Moose Pass dike, but most of the offsets are small.
In places the dike walls are frozen to the country rock, but gen-
erally they break clear. The dikes are badly sheared in other places
and show gouge streaks and slickensides along the walls in many
localities.
MINERAL CHARACTER.

The dikes are very fine grained, badly altered porphyritic rocks,
light colored and greenish. Owing to the extensive alteration they
have undergone their porphyritic character is discernible in few
hand specimens. Under the microscope they show phenocrysts of
plagioclase feldspars and a colorless silicate (probably originally
biotite) embedded in a fine-grained groundmass of quartz and plagio-
clase feldspars. Considerable secondary muscovite (sericite) and cal-
cite are present and also a small amount of chlorite, to which last
the greenish tinge of the rocks is probably due. Sericitization of the
feldspars is well advanced, and the original biotite phenocrysts are
completely altered to chlorite, calcite, and sericite. The unaltered
rock would best be classed as a very fine-grained diorite porphyry.
Small seams of calcite oceur in the more altered portions of the dikes,
and calcite is present also in many of the quartz veins associated
with them. Striated crystals of arsenopyrite ara abundantly dis-
seminated through the altered porphyry adjacent to quartz veins
and stringers. Dendritic markings of manganese dioxide are foun
on many of the fractured planes of the dike rocks. In the more
mineralized portions the fractured dike rock is cemented by irregu-
lar quartz stringers with a little calcite. The gold is free in the
quartz gangue as well as closely associated with the sulphides.
Arsenopyrite occurs both in the quartz stringers and disseminated
in the altered dike rocks adjoining. (Galena, sphalerite, chalcopyrite,
and pyrite are also present.

The mineralization in the dikes is irregularly distributed, poorly
mineralized and barren stretches occurring at irregular intervals.
Low-grade mineralized zones of country rock as well as gold-bearing
stringer lodes of indeterminate lateral and longitudinal extent inter-
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sect the dikes, which are mineralized along the crossings, the crush-
ing and fracturing of the dike rocks having facilitated the circulation
of the mineralizing waters. The original dike rock carried prac-
tically no gold. Assays on average samples from the less altered
portions range from a trace to a little over $1. In the more mineral-
ized portions average samples are reported to assay from $1.40 to
$52.80 and picked specimens to run a great deal higher. The portion
of the “ Blue Lead ” between Summit and Colorado creeks is reported
by the owners to average $19 to $20 to the ton, this result being
obtained on average samples from five open cuts on the ledge between
those creeks. Comparatively unmineralized portions, however, occur
in this strip as in other portions of the dike, and these would lower
the general average considerably. No assays from the Logman ledge
on Palmer Creek are available at present save one running $100 to
the ton on a picked specimen. An average figure for the value per
ton of these mineralized dikes could not be given without careful
sampling and assaying. Their length, the probability of their con-
tinuance with depth as borne out by their igneous origin, and their
mineralization (which, though markedly irregular and in most places
slight, extends over a considerable area) suggest that they warrant
careful future consideration and some places may pay to work on a
large scale even under present economic conditions.

Some of the associated gold quartz veins appear of greater imme-
diate importance under existing conditions. On the. Gilpatrick
property, between Slate and Summit creeks, at the southern end of
“ Blue Lead,” gold quartz veins occur in close association with the
dike. One such vein follows along the west wall of the dike as
exposed in the upper tunnel. A crosscut to the west at the face of
this tunnel shows 5 feet 2 inches of slate and quartz separated from
the dike by 3 feet of slate with small rusty quartz stringers. Within
this vertical veins of quartz, 7, 16, and 18 inches wide, are visible,
and the slate between these veins carries numerous small quartz
stringers. - A crosscut to the west about 125 feet from the mouth of
this upper tunnel shows a 15-inch vein of quartz in slate 12 feet west
of the dike. A crosscut in the lower tunnel does not encounter this
vein and it seems probable that it occupies a later nearly parallel
fissure that crosses the dike between the two tunnels. The Summit
vein, on the crest of the ridge between Slate and Summit creeks east
of the dike, lies in sheared graywacke, strikes northwest, stands verti-
cal, and has a width approximating 3 feet. This vein has not been
traced to its intersection with the dike. The width of the quartz
ranges from 6 to 40 inches. Free gold is plainly visible to the unaided
eye, as are also the sulphides, galena, and arsenopyrite. Average
assays of from $30 to $68 are reported from this vein. Assays on
quartz from the upper tunnel run from $0.80 o $37, although higher
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results are obtainable on specimen ore. On the ridge between Slate
and Boulder creeks several quartz veins have been located, assays on
which are reported to run from $3 to $25.

DEVELOPMENT.

Comparatively little development other than assessment has been
done on the mineralized dikes of this region. On the Gilpatrick
property in Moose Pass there are three tunnels, two of which, 286
and 235 feet in length, with about 45 feet of crosscutting, were driven
along the big porphyry dike, and a third, now caved, was driven 117
feet along the quartz vein on the Summit claim. On the adjoining
property to the east a tunnel 204 feet in length has been driven along
a shear zone striking N. 57° E. On the Logman lode, Palmer Creek
drainage, a 40-foot tunnel has been driven on the south side of Coour
d’Alene Guleh. Assessment work only has been done on the other
claims and has been restricted to the construction of trails to the
properties and the making of a few open cuts across the dikes.

CONCLUSIONS.

The numerous gold quartz lodes and placer deposits scattered
through the mountainous portion of the peninsula indicate wide-
spread mineralization, coextensive, presumably, with the area under-
lain by metamorphic rocks. In the surrounding portions of Alaska,
in the Iliamna region, in the Nizina, Chistochina, Yentna, and Wil-
low Creek districts, and in southeastern Alaska, the gold deposits all
appear to be genetically related to Mesozoic dioritic intrusive rocks.*
On the Kenai Peninsula and the adjoining mainland, granitic and
dioritic intrusives occur at several places and the evidence available
indicates that they are of Mesozoic age. The mineralization of the
area took place subsequent to the intrusion of these igneous masses
and probably as an after effect of the igneous activity. In age and
association, therefore, the gold quartz lodes of this region are similar
to most of the auriferous lode deposits of Alaska.

The mineralogy of the gold ores of the Kenai Peninsula—pyrrhotite,
molybdenite, chalcopyrite, pyrite, arsenopyrite, galena, sphalerite,
gold, etc.—is characteristic of gold veins deposited by aqueous solu-
tions under conditions of moderately high temperature and pressure,
at minimum depths of several thousand feet below the surface.?* The
metasomatic alteration of the wall rocks of the ore bodies is also that
effected by heated aqueous solutions under deep-seated conditions;
and the present known range of auriferous vein filling, over 5,000

1 Brooks, A. H., Geologle features of Alaskan metallliferous lodes: Bull, U, B, Geol, Sur-
vey No. 480, 1911, pp. 43-93,

? Lindgren, W., The relatlon of ore depositlon to physlcal conditione: Heon. Geology,
vol. 2, 1807, pp. 113-116,
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feet, extending from practically sea level in the prospects near
Seward to altitudes of 4,000 to 5,000 feet on the properties of the
Kenai-Alaska Gold Co. and the Seward Bonanza Gold Mines Co., is
probably a minimum estimate of the range through which the auri-
ferous solutions were capable of depositing their contents. The deep-
seated origin of the ore deposits, their probable deposition from as-
cending thermal waters, the character of the mineralization, and the
extensive vertical range of auriferous vein-filling above sea level, all
indicate the continuity of the ore deposits to a depth below the limits
of profitable mining; and in general it is probable that gold quartz
veins are distributed through the rocks to considerable depths, in
much the same manner and form as in the rocks that lie above sea
level. However, the persistence of the general mineralization with
depth is no criterion as to the persistence of mineralization in indi-
vidual veins.

Secondarily enriched deposits do not occur in this district, the
powerful glacial erosion of comparatively recent times having removed
any enriched zones that may once have existed. Neither is there a
complete zone of oxidation. The original sulphide ore bodies are
now exposed at the surface, and no reason exists for suspecting any
marked change in depth either in the mineralogic character of the
ores or in the value of the lodes as a whole. The outerops of many
of the ore bodies have been modified slightly by the postglacial oxida-
tion of the sulphides contained in the veins, and in the more favorable
places partial oxidation of the sulphides has taken place to depths of
200 to 250 feet, these being the greatest depths yet attained in the
mine workings. The greater part of the contained gold appears to
have been left behind in the oxidized outcrops.

GOLD PLACERS.
GENERAL FEATURES.

Colors of placer gold have been found on most, if not all, of the
streams of the mountainous region of northern and central Kenai
Peninsula, but in few places have deposits been found sufficiently
rich to be of economic importance under present conditions. Con-
sequently, though the present known distribution of the auriferous
" gravels is widespread, the list of producing creeks is small. In 1911
it included only Resurrection, Crow, Cooper, Quartz, Gulch, Mills,
Canyon, Sixmile, Silvertip, Bear, and Winner creeks, and Kenai
River, being much the same as it was when the region was visited
by Moffit in 1904 and Paige and Knopf in 1906. About 25 claims
were being worked at one time or another in 1911, and from 75 to
100 men were engaged in placer mining during the open season. The
production of placer gold in 1911 from Kenai Peninsula, including
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Crow and Winner creeks, is estimated at 1,540 crude ounces, valued
at $26,000 for gold and $150 for silver. The value of the placer gold
of this region varies from $15.86 to $17.87 per ounce. Bear and
Crow creeks furnish the lower grades, the assay value per ounce
(after melting) of dust from these two creeks ranging from $15.86
to $15.90. Bear Creek gold is usually taken in trade locally at $15
per ounce.

The placer deposits of this region may be grouped as (1) creek
placers, (2) bench placers, (3) river-bar placers, (4) lake-bed
placers, and (5) beach .placers. The data regarding the principal
characteristics of each of these classes, with examples of each and
the methods at present used in working them, are tabulated here for
ronvenience in reference.

* Classification of gold placers of Kenai Peninsula and vicinity.

Class. Nature and location. Examples, Method ‘;gﬁf"”“f In
Hydraulleking
Creek........... ad,lacent to, and at the level |fResurrection Creek.. {ﬂ drnul.tcklng over
{1'10 Cooper Creek................ uble elevator.
Bench_......... Fluvmglmal or glacial deposits | Lynx, Crow, Clnwrt H!lla Hydrulicking.

in wvalleys but considerably Slnnll Gulch, Resurrec-

abcwe level of present streams, tion Quuu. and Cooper
terraced. creeks,

Riverbar....... aneJ x»ts in or adjacent to | Kenal River................ é

beds of ]m'gemmm. ugper enaimverln

[Amumulatiam in the beds of ) o~

mmﬂmhgmdﬁr Bml:h drrnﬂ.a on upper }Nut worked.
damming.

Adjacent to the sea or to large -\m'hﬂr Point, Coolk Inlet. . R.oc:l:;e.rs and sluice
B oo { bays to which waves have ac- [Saipers Point, Turnagain | Not worked.

SOURCE OF THE GOLD.

Most of the placer gold of the region is undoubtedly of local origin
and was probably derived from the erosion of gold veins in the slates
and graywackes of the Kenai Mountains. Most of it was derived
from veins within the area drained by the stream in whose valley the
auriferous gravels are found. The present distribution and arrange-
ment of the auriferous gravels resnlts principally from the glacial
and fluvioglacial activity of the recent past and from recent stream
erosion. No preglacial gravels are known to occur in place in that
portion of the Kenai Peninsula under consideration. Preglacial
stream deposits undoubtedly existed, but probably all of them have
been removed by glacial erosion and reworked by glacial streams.
As the ice retreated the shifting overloaded glacial streams laid down
valley trains in which the gold was necessarily widely disseminated.
Later, with a decrease in load after the disappearance of the glaciers,
the streams began to cut down through the valley trains, terracing

48868°—Bull. 520—12——11
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the older deposits and concentrating the gold contained therein in the
creek gravels. Most of the present creek placers are the product of
this concentration, although some of the placer gold of a few of
them may possibly have been furnished by postglacial erosion of the
lodes.

MINING METHODS.

The future of the region as a placer producer depends largely on
the introduction of economical methods of handling large bodies
of low-grade gravels. The channel gravels yielded most of the gold
in the earlier years of placer mining in the peninsula, but the richer
spots were soon worked out, and the remaining creek placers have
repeatedly proved unprofitable when worked by ordinary pick-and-
shovel methods. They are, moreover, in most places shallow and of
small extent. Where of greatest extent, as on Cooper and Resurrec-
tion creeks, values of only 30 to 50 cents a yard are reported, and
methods other than shoveling into sluice boxes must be -employed to
obtain a profit. As the topographic conditions and abundant water
supply of the region are particularly favorable to hydraulicking,
most of the placer mining in recent years has been by that method,
the material worked in most places being the bench deposits. These
bench placers are of much lower grade than the creek gravels; in
those of glacial or fluvioglacial origin the gold is widely dissemi-
nated. On some of the lower benches where remnants of the re-
worked high bench deposits have been left by the down-cutting
streams slightly richer deposits are found.

The handling of large bodies of low-grade gold-bearing gravels
by methods other than those of ordinary hydraulic mining has been
attempted at different times in the Kenai Peninsula, but thus far
has not been successful. The failure of a Risdon 5-foot open-con-
nected dredge on Resurrection Creek in 1905 is reported to have been
due partly at least to the numerous large bowlders contained in the
creek gravels. A small dredge, differing markedly from the usual
type, was erected on upper Kenai River in 1911 but failed to yield
satisfactory results; and it appears probable that nearly everywhere
on Kenai River dredges designed to handle heavy wash will be re-
quired. Attempts to work the gold-bearing gravels on Resurrection
and Sixmile creeks by hydraulic elevators were not successful. In
general it may be said that inadequate prospecting of placer ground
before a method or plant adapted to the conditions is chosen has
caused most of the failures.

Many conditions favor the placer miner; the open season is longer
than in either the Yukon country or on Seward Peninsula ; perpetually
frozen ground does not occur; compared with the interior of Alaska,
the country is easier of access, and the cost of labor and supplies is
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less; topographic conditions and the abundant water supply favor
hydraulic methods; and timber suitable for cabins, fuel, and mine
work is readily obtainable.

PRODUCTIVE CREEKS.

The general characteristics of the productive creeks have been
described in considerable detail by Moffit* and therefore only those
operations which were in progress in 1911 are here described. The
placers are described in geographic order, those in the southern part
of the area being placed first and the more northern ones last.

KENAI RIVER.

After the discovery in 1910, by C. D. Cunningham, of placer gold
in the gravels of Kenai River about a mile below the mouth of Cooper
Creek, practically all the lower ground bordering the river from the
lower end of Kenai Lake to Cook Inlet was staked as possible dredg-
ing ground. Little careful prospecting, however, has as yet been
done. Early in 1911 ground near the mouth of Killey River was
drilled to determine its suitability for dredging and later in the
season some of the claims between the upper and lower Kenai Lakes
were prospected by shafts. Gold values sufficient to justify dredging
are reported from parts of the lower river. Specially designed
dredges would, however, be required to work these deposits on account
of the occurrence of very heavy wash in many places.

Between Skilak and Kenai Lakes Kenai River flows among high
rounded hills. Gravel benches flank the stream; their upper surface
is at water level at the lower end of Kenai Lake, but is high above the
river in the vicinity of Cooper and Junean creeks, where the river
has cut deeply into them. The 200-foot bluff at the mouth of Cooper
Creek shows the structure of these high-bench deposits to be that of
a typical delta, deposited in ponded waters by a stream flowing west-
ward, as does the present river.

In recent geologic time it is probable that the trunk glacier ex--
tending down the valley now occupied by Kenai Lake and Kenai
River widened and deepened the preglacial valley and impressed upon
it the U-shape characteristic of glaciated valleys. Because of its
greater size and erosive power this glacier cut the bottom of 'its
valley considerably below the level of the tributaries’ valleys, so
that Cooper and Junean creeks were left as hanging valleys on the
retreat of the ice. The delta structure of the bench deposits indicates
that a lake of considerable size formerly filled the valley, being prob-
ably produced by ice damming Kenai River in the vicinity of Skilak
Lake. It appears probable that the ice front of the Kenai River

1 Moflit, ¥. H., Gold flelds of the Turnagain Arm reglon: Bull. U. 8, Geol. Burvey No.
277, 1008, pp. 7-52.



164 MINERAL RESOURCES OF ALASKA, 1011, .

glacier stood near the lower end of the present Kenai Lake during
the formation of the delta, which built out and filled the lake to the
extent indicated by the development of the present terracing. The
removal of the obstruction which gave rise to the lake was followed
by the cutting of the present channel through the delta deposits, a
process which is still in progress. The depth to which the Kenai
River glacier eroded its channel below that of its tributaries is not
known, and therefore neither the thickness of the unconsolidated
glacial and flavioglacial filling nor the depth to bedrock in this
portion of the river’s course is known, although it is probably con-
siderable.

From the delta character of the bench deposits it would be ex-
pected that the contained gold would be widely disseminated and
that no definite pay streaks would occur. As to the average value
per cubic yard of these bench deposits no data are at hand. It is
probably exceedingly small, much too small to be worked profitably
under present conditions. Panning tests in the delta bluff at the
mouth of Cooper Creek failed to show any colors. The fact that
these delta deposits are slightly auriferous, however, is shown by the
occurrence in the present stream gravels of fine flaky gold, which
must have been derived, partly at least, from the concentration of the
delta gravels.

Of the present river gravels that are locally considered as possible
dredging ground, those in the portion of the river’s course between
the upper and lower lakes are the resul¢ of the reworking and re-sort-
ing of the sands and gravels of the above-mentioned delta, as the
stream cut through it down to its present level. Coarser material,
derived principally from the erosion of morainic material and bed-
rock on the tributary streams, also occurs in the gravels of stream
flat.

The thickness of these river gravels is unknown. Prospecting
shafts reach only a depth from 4 to 8 feet before encountering water.
The stream-flat gravels of the lower end of Cooper Creek have a
thickness of only 8 to 10 feet, resting on a false bedrock of the delta
deposit in which this portion of the creek valley is cut. The river
gravels may be somewhat thicker.

The low gold content of the sands and gravels of the delta under-
lying the present river gravels has been pointed out. In the river
gravels, however, colors are obtained from the surface down with-
out any well-defined paystreak. The data available regarding the
value per cubic yard of these gravels varies considerably. The Kenai
Dredging Co., whose property is about a mile below the mouth of
Cooper Creek, is reported to have obtained $167 from 93 cubic yards
of gravel and from 2 to 25 cents from each pan from the river bars.
The results obtained from prospecting shafts 4 to 8 feet deep in
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the stream flat between the upper and lower lakes are much lower.
Values of 25 and 38 cents per cubic yard were obtained in two
of the shafts, and placer operations on the lower portion of Cooper
Creek are reported to show an average gold content for stream-
flat gravels of 30 to 50 cents a cubic yard. The average gold con-
tent of all material which would have to be handled in dredging
operations, as reported from a considerable number of these shallow
shafts sunk during the past season, was, however, only a few cents
to the cubic yard, less than the cost of dredging operations under
more favorable conditions in California. It is doubtful, however,
whether any of these shafts reached either the false or the solid bed-
rock, upon which higher values might be found.

Most of the gold in the gravels of Kenai River is very fine, light,
and flaky, and has a value of about $17.58 per ounce. Coarser gold,
flat but not flaky, has been introduced into the river gravels from
Cooper Creek. Active operations on the upper river have thus far
been confined to the original discovery, where, during 1911, the Kenai
Dredging Co. erected a small dredge which, however, falled to save
the values contained in the gravel worked. A Iarger dredge of the
same type, in process of construction, had not been completed at the
close of the season. Should the gravels in the upper river, after care-
ful prospecting, warrant the installation of dredging machinery, it
appears probable that dredges capable of handling rather heavy wash
will be required. The further possibility that the gold-bearing
gravels of the present stream in this portion of its course may be, and
probably are, of comparatively slight thickness should not be over-
looked.

COOPER CREEK.

Cooper Creek, 10 miles in length, enters Kenai Ri@r from the
south 3 miles below Kenai Lake. Stetson Creek is its principal trib-
utary. Cooper Creek in most of its course flows in a postglacial
rock canyon cut in a broad glacial valley. Its lower half mile, how-
ever, is cut in the sands, clays, and gravels of the delta deposit of the
Kenai Valley.

The auriferous deposits comprise both bench and creek gravels.
The gold content of the delta bench gravels is low (see p. 164), but
above the mouth of the rock canyon richer bench deposits of moraine
and fluvioglacial origin, containing both coarse and fine gold, rest on
the glacmted bedrock floor, The largest nugget thus far found had
. a value of $3.80. The larger nuggets are very much smoothed.

The creek gravels have been worked both in the canyon and on
the flat at the lower end of the creek. The latest work in the canyon
was done about 1903. The gravels are said to have varied much in
thickness and to have been richer than most of the gravel on the
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stream flat below. For several years active operations have been
confined to the wide flat at the lower end of Cooper Creek, where
the creek gravels, 8 to 10 feet thick, form a uniform layer over a
false bedrock of fine sand and sandy clay, with some lenses of pebbly
gravel. The surface of this bedrock is fairly even, with slight de-
pressions representing temporary channels of the shifting creek as it
wandered back and forth, downcutting the present flat through the
old delta deposits. The creek gravels are loose and easily handled.
Pebbles of dark blue-black slates and graywackes predominate,
interspersed with some conglomeratic bowlders. A few bowlders
of fine-grained acidic dike rocks are also found. Bowlders over
3 feet through are rare, most of them averaging 1} to 2 feet. The
larger bowlders appear principally in the lower part of the gravels.
Considerable fine material forms a matrix for the bowlders, but it
is gravelly and,crumbles readily. No distinct stratification is notice-
able, although most of the pebbles and bowlders are flattish or slabby
and lie approximately flat. These stream-flat gravels are reported
to average from 30 to 50 cents gold per cubic yard.

The gold is derived from three sources—partly from the delta
deposits that flank the stream flat, partly from the auriferous gla-
cial and fluvioglacial deposits in the glaciated valley of Cooper
Creek, and to a slight extent, probably by postglacial erosion, from
gold-bearing lodes in the bedrock of the valley. Two distinet runs
of gold are reported, one a little darker than the other.

The gold is small, flat but heavy, not flaky, and has a value of
about $17.60 per ounce. Nuggets up to 80 cents in value have been
found, some with quartz attached. Pyrite, arsenopyrite, and mag-
netite are found in the concentrates from the clean-ups.

The Coopgr Creek placers are the property of the Kenai Mining
& Milling Co., whose claims extend from Cooper Lake to Kenai
River. Hydraulic operations were in progress in 1911 on the stream
flat at the lower end of the creek. On account of the low stream
gradient a Ruble elevator with a 48-foot body 10 feet wide and a
12-foot extension at the lower end, has been installed, The gold-
saving attachments consist of four sluice boxes, 12 feet long by 4 feet
wide, set on a grade of 8 inches to the box length. The three lower
boxes were set with steel-capped wooden cross riffles, 4 inches by 2
inches by 4 feet in size, 2 inches apart with 1-inch spaces between the
steel straps, the dimensions of which were # inch by 3 inches by 4 feet.
Water for hydraulicking is obtained from Stetson, Wildhorse, and
Kickinghorse creeks by an upper ditch 4 miles long, a lower ditch -
1% miles long, and 1,300 feet of flume. Two No. 2 Hendy giants with
4-inch nozzles and two No. 4 giants with 5-inch nozzles made by a
Portland firm were available, but only one giant with a 5-inch nozzle
operating under a 200-foot head was in use in June, 1911. The usual
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mode of operation is to strip the soil down to the gravel layer and
then to wash all the gravel, down to the false bedrock, over the ele-
vator. Most of the gold is caught in the upper boxes,

QUARTZ CREEE.

Quartz Creek, tributary to Kenai Lake from the north near its
lower end, has a length of about 16 miles. In 1911 a hydraulic plant
was in operation on this creek a short distance above the mouth of
Devil Creek. In this portion of its course Quartz Creek winds south-
ward in a narrow, steep-sided valley cut in the bedrock floor of a
broad glaciated valley. Bedrock of interbedded slates and gray-
wackes striking N. 17 W. and dipping 60° W. outcrops in many
places in the stream course and in the valley walls. The character
of the unconsolidated material covering the bedrock on the slopes is
shown in the ditch which extends along the east side of the valley.
It is cut in a compact clayey gravel, which contains a few rounded
and striated bowlders and was evidently waterlaid in places. Small
gravel-covered benches lie ut different elevations on the valley sides.
The creek gravels are reported to have been good pay and to have
carried coarse gold. Present operations are confined to a gravel-
covered rock-cut bench, the bedrock surface of which is, at the pit,
about 15 feet above the present stream. The thickness of the gravel
on this bench varies from 12 to 22 feet because of the unevenness of
the bedrock surface. The gravels consist of fairly well rounded slate
and graywacke. Large bowlders, some as much 2s 6 feet in diameter,
are found, but most of the material is under 3 inches in diameter.
An average value of 27 to 32 cents a cubic yard is reported for these
gravels. The gold is coarse, pieces up to 73 cents in value having
been found, and has an assay value of about $16.90 an ounce.

At the Fairman and Madson plant water is obtained from Quartz
Creek, a short distance below the mouth of Johns Creek, by a ditch
14 miles in length with a grade of one-fourth inch to the rod. The
intake is situated on the west bank of the creek and the ditch follows
along the west side of the valley to a point about one-half mile below
the intake, where the water is carried across Quartz Creek on a 160-
foot flume 65 feet above the creek. The pipe line from the penstock
to the giants decreases gradually in diameter from 14 inches at the
penstock to 10 inches at the giants. Two No. 2 Kendall giants with
No. 8 nozzles operate under heads of 95 to 120 feet. The gold-saving
apparatus consists of 10 sluice boxes, set with longitudinal pole riffles,
4 poles wide and 6 feet long, 2 sets to each box. The head box was
set on a grade of 14 inches to the box length, the second box on a 12-
inch grade, the third on a 10-inch grade, and the remainder on a
9-inch grade. Most of the gold is caught in the first two boxes.
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Sluicing operations in 1911 began about June 25, when 10 men were
at work on the property; later in the season this force was much
reduced.

FALLS AND TRAIL CREEKS.

Using an Empire drill with a 4}-inch casing, the Houston Dredge
Co. drilled 20 holes in 1911 in the flats along Falls Creek between
Lower Trail and Kenai lakes. The unconsolidated material in the
flat between the two lakes is composed partly of morainic and fluvio-
glacial material deposited by the former Trail Creek Glacier and
partly of recent outwash-fan deposits of Falls Creek. The depth to
bedrock as determined by the drill holes varied from 10 to 23 feet.
The material passed through is reported as principally gravel, but
contains some bowlders too large for a dredge to handle. In some of
the holes prospects were found all the way from surface to bedrock,
but no definite pay streak was located and, from the nature of the
deposit, it would be expected that its gold would be widely dis-
seminated.

SIXMILE CREEK DRAINAGE.

Placer mining on Sixmile Creek, a tributary of Turnagain Arm
from the south at Sunrise, was in 1911, as in former years, confined
to a very few small hydraulic plants, worked by individuals and
operating on high-bench gravels bordering the stream. On Canyon
Creek, at a small hydraulic plant installed near the mouth of the
creek, only six days’ sluicing was done in 1911, a No. 2 giant under
150-foot head being used on bench gravels. The remainder of the
season was spent in development work preparatory to opening up
an old channel in the bench gravels on the west side of the creek.
Farther upstream hydraulic operations were continued on the bench
gravels on the Wible property. At the lower workings about 3 miles
above the “ forks” a well-defined rock-cut channel about 650 feet in
length, 100 feet wide, and 30 feet deep, crossing a nose in the bedrock
150 feet above the level of the present winding channel and filled with
horizontally stratified water-laid gravels, has been nearly worked out.
Considerable work was also done on high-bench gravels near the
mouth of Pass Creek.

But little active mining was in progress on Mills Creek during the
past season, A short distance above its junction with Canyon Creek
a hydraulic outfit using two giants, a No. 1 and a No. 2, piped off a
small low bench about 15 feet above the creek level. Four men were
employed during part of the season. Operations were discontinued
in the latter part of August, when the water supply from Moose
Creek became insufficient for hydraulic purposes. On Mills Creek,’
above the junction of Juneaun and Mills Creek, a few scattered placer
claims were worked and some prospecting done.
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On Gulch Creek, a small stream tributary to East Fork, about a
mile above its junction with Canyon Creek, two hydraulic outfits
were in operation in 1911. The smaller of these two outfits, in opera-
tion the entire season, was at work on a low bench, about 20 feet
above the creek level, at the junction of Gulch Creek and the East
Fork. The gravel, which varies from 10 to 15 feet in thickness, rests
on a smooth bedrock surface. The gravels are very compact, with
clayey cement and a few clayey streaks, and are roughly stratified.
The pebbles and bowlders, besides the usual slate and graywacke,
included an assortment of crystalline igneous rocks. The equipment
consisted of an 8-inch pipe with 23-inch nozzle. Water for the piping
was collected from the sidehill drainage on the north side of Gulch
Creek by a ditch 4,000 feet in length, 2 feet wide on the bottom. In
the spring sufficient water is continuously available for a full pipe
head, but later the supply decreases and the water is collected in a
reservoir for use as required. The gravel is piped into two lead
boxes and then into a string of nine 12-foot sluice boxes, 1 foot in
width, set with pole riffles. The gold recovered is flat, smooth, and
medium coarse to coarse, nuggets worth $70 having been found. At
the upper plant, the Dunfranwald gold mines, situated a short dis-
tance above the mouth of Gulch Creek, hydraulic operations were
begun on high-bench gravels early in June and discontinued about
August 15. This plant was not in operation when visited. The
deposit worked consisted of horizontally stratified clayey gravels,
very compact in places, with beds of sandy clay, resting in an old
channel cut in the interbedded slate and graywacke. Most of the
bowlders appear to be under'a foot in diameter. No data are at hand
regarding the gold content of these gravels. Water for hydraulic
operations is obtained from Gulch Creek by a large ditch about
three-fourths mile in length. The gold-saving apparatus consisted
of a string of 11 sluice boxes with 3-foot square cross section laid on
bedrock. The two head boxes and the lowest box of all were set with
steel-capped wooden cross riffles with 13-inch spaces. The next eight
boxes were set with block riffles, those in the first four boxes having
a square and those in the remaining four boxes a circular cross sec-
tion. One box length from the lower end an undercurrent, 6 feet
wide by 12 feet long, fitted with wooden cross riffles with 3-inch
spaces, Was inserted.

The shallow creek gravels, 3 to 4 feet deep, on Silvertip Creek,
about one-half mile above the road crossing, were worked in 1911
by a small hydraulic outfit. The work was carried on for about six
weeks by three men using 6-inch hose with a 2i-inch nozzle under a
head of 60 feet. Sluicing began June 28, and ceased in August on
account of insufficient water supply. The gold is reported to be sim-
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ilar to that from Gulch Creek, although the nuggets found are not
so large. Most of the larger nuggets had quartz attached.

RESURRECTION OREEE.

" Resurrection Creek, the earliest producer and the westernmost
productive stream of the Turnagain Arm region, flows northward
into Turnagain Arm through a broad valley, 21 miles in length,
floored with a thick deposit of gravels, in which, throughout the
greater part of its course, the stream has cut a deep canyon-like
channel. Near the lower end of the valley the stream flat widens
and a short distance below the mouth of Palmer Creek it has a width
of about 1,000 feet. High gravel benches here flank the stream flat
on both sides. Slate bedrock and rimrock outcrop in but few places,
the stream not yet having removed all the earlier unconsolidated
deposits in its course. The gold-bearing creek gravels cover the
stream flat to an average depth of 7 feet, resting on a false bed-
rock of earlier unconsolidated fluvioglacial deposits. At the placer
workings this consists of yellowish horizontally bedded clay contain-
ing some streaks of blue clay. The auriferous gravels are loose and
stream laid, with but little clayey sediment. Bowlders over 3 feet in
diameter are not very numerous, although a few very large ones are
found. Graywacke bowlders predominate, granite bowlders and
conglomerate bowlders being much less abundant. The gravels are
reported to average between 45 and 50 cents to the cubic yard. No
definite pay streak exists.

During 1911 these creek gravels were being worked by hydraulic
methods by the Mathison Mining Co. The property known as the
Texas-Oklahoma Consolidation extends from a point 4 miles above
the mouth of Resurrection Creek to within 1,500 feet of tidewater.
The work of 1911 was done near the upper end of the property.
Sluicing was begun on May 29 and work stopped on October 8, after
127 working days, during which approximately 16,000 cubic yal‘ds of
gravel were moved. An average of seven men were employed. In
August but two men were at work in the pit, on account of low water
in the creeks. Three miles of new ditch, 20 inches deep and 36 inches
wide, was built, tapping Bedrock and Rimrock creeks and Gold
Gulch for water supply, the water running through the ditch for
the first time about September 10. Two miles of the ditch were con-
structed on a grade of one-half inch to the rod and 1 mile on a grade
of 1 inch to the rod. Prior to the construction of this ditch the water
supply had all been obtained from Bedrock Creek. Approximately
8,000 feet of pipe-line, ranging in diameter from 16 inches down to
11 inches, is used to lead the water from the ditch to two No. 2
Hendy ball-bearing giants with 4-inch nozzles and one No. 1 giant
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with a 8-inch nozzle, all operating under 315-foot heads. Occa-
sionally a 4}-inch nozzle is used on one of the No. 2 giants. Two
of these giants are used in the face of the workings and the third
stacks the tatlings from the sluice boxes. Only three 15-foot sluice
boxes can be used, because of the low stream gradient. These are 3
feet in width and are set on an average grade of 9 inches to the box
length. Pole riffles are used in the head box, where most of the gold
is caugh¢, and Hungarian vacuum riffles in the remaining two boxes.
All of the gold-bearing gravel is driven into the boxes by the giants.
Small bowlders are handled by a derrick and stone boat and the
larger ones chained.

Near the above plant E. E. Carson has installed a small hydraulic
plant on a bench on the west side of Resurrection Creek. Water is
obtained from Wildhorse Creek through a ditch 1} miles in length.
The equipment is reported to consist of a No. 1 giant with a 3-inch
nozzle operating under a 60-foot head of water. The gravels are
gimilar to the creek gravels; they are horizontally bedded and rest
on a clay bench. In 1911 a shortage in the water supply permitted
only a short working season on these bench gravels.

CROW CREEE.

At present Crow Creek is the only important gold-producing
stream on the north side of Turnagain Arm. It is 4 to b miles in
length, heading against Raven Creek of the Eagle River drainage in
a broad pass (Crow Creek Pass) 3,540 (aneroid) feet above sea level
and entering Glacier Creek from the northwest, 5 miles from Turn-
again Arm. A considerable part of its water is derived from several
small glaciers occupying cirques in the mountains surrounding the
head of the valley. From the pass the creek flows southward in a
narrow U-shaped valley, bottomed with glacial till in which the
stream has cut a small V-shaped gorge, to a point within about
3 miles of its mouth, where it swings sharply to the southeast, the
valley broadening suddenly to a gravel-filled basin three-fourths
mile long. Below this basin the creek drops into a narrow gravel-
walled flat-bottomed valley, in which it flows for a considerable dis-
tance. In the remaining half mile of its course the stream flows
through a narrow rock canyon in a series of rapids and falls to its
junction with Glacier Creek.

Placer operations in recent years have been confined to the moraine-
dammed gravel-filled basin in the upper part of the valley, and to
an old buried channel at the head of the rock canyon about one-half
mile from the mouth of the creek. Hydraulic plants have been in-
stalled in both places. During the past season work at the upper
plant was suspended to avoid covering unworked gold-bearing gravels
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with tailings. The recent geologic conditions at this property have
been described in detail by Moffit * and Paige and Knopf ? and need
not be repeated here.

Near the middle of the rock canyon of the present stream mining
operations in 1904 disclosed an earlier well-developed gravel-filled
channel, cut in bedrock, crossed by the present channel and appar-
ently headed toward the gravel flat at the upper end of the present
rock canyon. Most of the later development work has been confined
to the removal of the unconsolidated deposits filling this channel.
The property has changed hands several times. The present owners,
the Nutter-Dawson Mining Co., completed in 1911, after several sea-
sons’ work, a cut through the high-bench deposits from the original
point of discovery of the channel in the canyon to the gravel flat
at its head. This cut, 1,800 feet in length, with a maximum depth
of about 225 feet, follows the course of the old channel. The filling
of this channel, up to the level of the bedrock surface at the head
of the present eanyon, consists chiefly of firmly cemented water-laid
pebbly clays, horizontally bedded, with a few scattered bowlders in
the lower portions near the rim and on bedrock along the sides and
bottom of the channel. Wash gravel of variable thickness is also
reported in portions of the channel. Overlying these pebbly clays
s 60 feet or more of yellowish irregularly stratified sandy and grav-
elly beds. These high-level unconsolidated deposits, which extend
for some distance up Crow Creek, have been trenched by the present
stream to a considerable depth contemporaneously with the develop-
ment of the rock canyon. Near the head of the present rock canyon
the stream flat has an average width of 250 to 300 feet and lies about
100 feet below the top of the high-bench deposits, which here have
an elevation of approximately 1,000 feet above sea level. The thick-
ness of the stream-flat gravels is not known. A shaft 70 feet in
depth is reported to have been sunk at the lower end of the flat with-
out reaching bedrock. No record of the material passed through is
available, but it appears probable that most of the section must be
similar to that exposed in the cut and must have about the same
gold content, and that the thickness of the stream gravels does not
exceed a few feet. The completion of the big cut has demonstrated
the low gold content of these high-bench fluvioglacial deposits.
Exact figures: are not available, but it appears that 13 cents per
cubic yard would be an exceedingly liberal estimate of the gold they
contain. The higher gold content of the gravels of the stream flat
is due to the concentration of the gold of the bench deposits by the

1 Moffit, F. H., Gold fields of the Turnagaln Arm region: Bull. U. 8. Geol. S8urvey No.
277, 1906, pp. 41-43. . .

¢ Paige, Sidney, and Enopf, Adolph, Reconnaissance In the Matanuska and Talkeetna
basing, with notes on the placera of the adjacent region: Bull. U. 8. Geol. SBurvey No.
314, 1907, pp. 121-122.
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present stream in the development of its present channel. Moffit
states that the results of mining operations in 1904 in the flat above
the canyon gave an average of 44 cents in gold per cubic yard of
dirt moved. No further data are available.

The recent geologic history of this deposit is probably as follows:
During the genera.l retreat of the ice following the intense glacia-
tion of the region the Crow and Glacier Creek glaciers separated.
The Crow Creek Glacier retreated the more rapidly because of its
smaller area of ice supply, but the Glacier Creek Glacier retreated
sufficiently to allow the escape of the Crow Creek waters, which cut
a gorge of considerable depth in the bedrock. A later advance of the
Glacier Creek Glacier, accompanied probably by a slight advance
of the Crow Creek Glacier, ponded the Crow Creek waters with a
resultant deposition of their load and the filling of the gorge and of
part of the valley with waterlaid sediments. With the final retreat
of the glaciers to their present position Crow Creek cut a new chan-
nel through the fluvioglacial deposits, deviating somewhat from its
former channel and exposing the latter where the channels cross.

Water for the present hydraulic plant is taken from Crow Creek
by a ditch 5,700 feet in length, 6 feet wide at the top, 4 feet wide at
the bottom, and 4 feet deep. A pipe line 3,000 feet in length, 24
inches in diameter at the intake and 15 inches at the giants, carries
the water to three No. 7 Hendy giants, with 7 and 8 inch nozzles,
operating under heads varying from 300 to 350 feet according to
their position in the cut. The gold-saving apparatus consists of a
bedrock sluice 600 feet in length, set in the bottom of the old chan-
nel, with boxes 5 feet wide by 4 feet deep placed on a grade of
9 inches to the box length. Twelve-inch cube hemlock block riffles
are used in the boxes. Two box lengths from the lower end of the
sluice two parallel 6-foot undercurrents have been installed. The
tailings are dumped into the rock canyon of the present stream at
the intersection of the two channels. Fifteen to twenty men were
employed on the property during 1911.



GOLD PLACERS OF THE YENTNA DISTRICT.

By StepaEN R. Carrs,

EXPLORATION.

The Yentna district, as the name is commonly applied, embraces
all the area that drains directly to Yentna River except the basin
of Skwentna River, the largest tributary of the Yentna. Thehigher
parts of the Alaska Range in the Yentna basin are so inaccessible that
they are still unexplored, and the lower portion of the basin, which
forms a part of the great Susitna Valley lowland, is a heavily tim-
bered, brushy flat which offers little attraction for either the pros-
pector or the geologist. The region covered by this report has there-
fore a roughly triangular shape, one side lying along the Yentna
Valley, the second stretching along the Susitna lowland, and the
third lying parallel to the Alaska Range and including its more
accessible parts (Pl VIII). A more complete report, including a
discussion of the geology and the mineral resources of the region
and a geologic map, is now in preparation.

'Since 1905, when gold was first discovered in this region, prospect-
ing and mining have been carried on continuously by which gold has
been found to be widely distributed through the area, yet it has been
obtained in paying quantities only in the so-called Cache Creek coun-
try, in the basin of Twin Creek, and at a few points in the valleys of
Lake Creek and Kahiltna Rlver A new impetus to prospecting was
given in the season of 1911 by the discovery of rich placer ground in
the benches above Dollar Creek. The present known economic value
of the region lies entirely in its placer gold, no valuable lodes having
been discovered. Lignitic coal occurs at many places but is too poor
in quality to attract much' attention, for better and thicker coal beds
occur at easily accessible points on Cook Inlet. The coal beds, how-
ever, have somé value as a source of local fuel.

Before the work on which this report is based was done little was
known of the geology of the region between Yentna and Susitna
rivers. In 1898 Spurr' ascended the Yentna to the mouth of the

18puarr, J. B, A reconnaissance in southwestern Alaska in 18098 : Twentieth Ann. Rept.
U. 8. Geol. Burvey, pt. T, 1800, pp. 31-264,
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Skwentna, but in his journey along that stream was able to obtain
little information in regard to the geology of the country to the
north. During the same year Eldridge* made an exploratory trip
up the Susitna and into the Tanana basin, and recorded many facts
concerning the geology of the range in the northern part of the
Susitna basin. In 1902 Brooks and Prindle ? went up the Kichatna
and obtained a geologic section of the Alaska Range along their
route. In 1906 R. W. Porter made a topographic map of the Yentna
district, and this, with some additions and corrections by the writer,
was used as a base map for the 'present investigation. The conditions
under which all of these explorations were carried on, however, made
it impossible to extend the geologic work more than a short distance
“on either side of the route of travel, and as both the Yentna and
Susitna rivers lie in broad, alluvium-filled basins, with few bedrock
exposures along the streams, the geologic conditions in the upland
area between them were unknown, except as they were indicated by
a few facts gleaned from reports of prospectors and miners who had
- vigited the region.

GEOGRAPHY.
TOPOGRAPHIC PROVINCES.

The Yentna district, bounded by Susitna and Yentna rivers and
the crest of the Alaska Range, may be roughly divided into three
provinces, each having distinctive topography. The first of these
includes the lowlands of Yentna, Susitna, and Tokichitna rivers.
This area extends westward from the base of the Talkeetna Moun-
tains, on the east side of the Susitna, to the foothills of the Yentna
district, a distance of nearly 50 miles, and has irregular projections
which occupy the valleys of Yentna, Kahiltna,and Tokichitna rivers.
It lies for the most part within 600 feet of sea level, and is character-
ized by broad, almost flat stretches along the main stfeams, and by
slightly rolling interstream areas. The lowlands are nearly every-
where covered by a good growth of spruce or ‘cottonwood timber,
and between the trees willow, alder, and other brush plants grow .
profusely. The larger streams that cross the lowlands flow in well-
defined valleys and most of them are swift, but many of the smaller
streams are sluggish and meandering, and the interstream areas con-
tain many small lakes.

The second topographic province includes the foothills belt which
lies between the lowland and the rugged mountains to the northwest.
In this belt are the Dutch, Peters, and Yenlo hills, and the hills at

1 Eldridge, G. H., A reconnaissance in the SBushltna basin and adjacent territory, Alaska :
Twentieth Ann. Rept. U. B, Geol. Survey, pt. T, 1900.

2 Brooks, A. H., and Prindle, L. M., The Mount McKinley reglon, Alaska: Prof. Paper
U. 8. Geol. SBurvey No. 70, 1911,
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the head of Twin and Camp creeks. In general, all of these hills
are smooth in outline and their summits reach elevations of 3,000
and 4,000 feet, although at the north end of the Dutch Hills some-
what rougher peaks rise to a height of 5,000 feet. Between the hill
ranges and around their margins is a high upland plain, cut trans-
versely by the Kahiltna Valley and sharply trenched by many of the
streams which cross it but still retaining enough of its old surface
to be recognizable. Between Yentna and Kahiltna rivers this plain
lies at an elevation of between 800 and 1,600 feet, and in the basin
of Cache Creek it rises to a height of about 2,000 feet. Very little of
this high plain is heavily timbered. Scattered groves of spruce occur
in favorable localities, but most of the vegetation consists of low
bushes, grasses, and sphagnum mosses.

The third region, of a very different character from the others,
comprises the rugged, alpine portion. of the Alaska Range. The
dividing line between it and the foothills belt extends from the
lower end of the Tokichitna Glacier southwestward to Yentna River,
a few miles above the forks of the stream. The mountains of the
lower, southeast portion of the alpine belt have elevations of about
4,000 feet, but the height and ruggedness of the range increase
abruptly to the northwest, culminating in Mount Foraker, 17,000
feet high, and Mount McKinley, 20,300 feet high, the loftiest peak
of the continent. From the foothills to the crest of the range is a
belt averaging about 25 miles in width and including an area of many
thousand square miles of territory which is almost unexplored, and
which, owing to the sharp, toothlike character of its ridges and to
its glacier-filled valleys, is most difficult of access.

DRAINAGE.

The drainage throughout the Yentna region is tributary to Susitna
River, most of it flowing to this stream by way of Yentna River, but
a small area being drained by the Tokichitna, which joins the Chu-
litna. Within the Yentna district three great valley troughs transect
both the mountain and the foothills belts at right angles to the trend
of the range. The Tokichitna Valley, which is the shortest of these,
is filled with a great glacier to within about 12 miles of the Susitna
lowland. Below the glacier the river has the character of most gla-
cial streams, being heavily charged with gravel and silt and spreading
with a multitude of channels across its wide valley floor. Kahiltna
River also heads in a great glacier, the upper portion of which lies
in an unexplored region, but which probably receives the ice from
the slopes of Mount Foraker. The glacier extends downward beyond
the confines of the higher mountains and at its lower end is nearly
4 miles wide. Below the glacier the stream is turbid and spreads

. with many channels and sloughs across a broad flat which lies at an
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elevation of less than 600 feet above tide. This flat narrows notice-
ably about 15 miles below the glacial source of the stream, and for
much of the remainder of its course to the Yentna the river flows
as a single stream through a narrow canyon-like valley. Lake Creek,
which lies between Kahiltna and Yentna rivers, heads in a lake in the
higher mountains and flows for about 20 miles across the high upland
plain in a valley cut but little below the level of the surrounding
country. East of Yenlo Hills it has, like the Kahiltna, intrenched
itself deeply and flows through a narrow valley having steep walls,
which in places rise 300 feet above the stream. The valley broadens
out and the banks become lower as the stream approaches its place of
junction with the Yentna.

The third great transverse trough across the mountains and foot- -
hills is occupied by Yentna River. It heads far back in the range
in glaciers which receive ice from the slopes of Mounts Russell and
Dall. As this portion of the range is lower than that farther north,
the glaciers are smaller, and the valley is free from ice much farther
into the mountains than its neighbors to the north. Above the junc-
tion of the two main branches which form this river both streams
have the characteristics of other glacial streams, with their many
branching channels and wide expanses of bare gravel and sand bars.
Below the junction the river maintains a much more definite channel,
contains few islands, and is easily navigable by light-draft launches.
The smaller creeks of the district are all tributary to one or the other
of the above-mentioned streams.

ROUTES OF TRAVEL.

The only practicable route to the Yentna district is by way of
Susitna and Yentna rivers. In the summer months the Alaskan
Northern Railway may be used from Seward to the head of Turn-
again Arm, a distance of 71 miles. From the terminus of the rail-
road, as well as from Seldovia and other points on Cook Inlet,
launches carry both passengers and freight up Susitna River to
Susitna station, which is the center of supplies for the Yentna
country. Launches make occasional trips during the summer from
Susitna station up the Yentna, which is navigable for light-draft
boats almost to the forks of the river. The route most followed
to the placer camps in the neighborhood of Cache Creek leaves the
Yentna at McDougall, a small village at the mouth of Lake Creck.
From McDougall a wagon road has been built which follows the
east bank of Lake Creek upstream for about 15 miles and swings
across to Kahiltna River. A bridge which was built across the
Kahiltna in the winter of 1910-11 was washed out in the spring
of 1911, so that if is necessary to swim horses at this point, travelers
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crossing in rowboats. Bayond the Kahiltna the trail follows the
high ground along the west slope of the Peters Hills and crosses
several miles of marshy ground which in midsummer is difficult to
pass by horses. The Cache Creek valley is reached at the mouth of
Spruce Creek and followed upward from this point.

As supplies can be transported overland much more cheaply by
sled in winter than by any means in summer, almost all of the
fre1ght1ng is done in winter, either from Susitna station or from
McDougall. From the former point the sled route follows Susitna
and Yentna rivers to either the mouth of Kahiltna River or to
McDougall, the route selected depending on the part of the country
to be reached. Much of the freight for Peters Creek and its tribu-
taries has been taken up Kahiltna River and Peters Creek. Practi-
cally all the freighting for Cache Creek is done by way of McDougall
and the wagon road to the Kahiltna, From the trail crossing at
Kahiltna River the sled route most used follows up the Kahiltna
Valley for several miles and then swings up the slope to meet the
summer trail a few miles south of Cache Creek.

Until 1907 this region was supplied in the summer by a pack
train which used a trail from a point on Yentna River near the
forks, and, following a course parallel with the base of the moun-
tains, crossed the Kahiltna just below the glacier. It then lay along
the northwest edge of the Cache Creek basin and terminated at
Home TLake, in the Tokichitna Valley. This trail is now little used
and, though portions of it can still be distinguished, it is for most of
its length overgrown by brush and grass, so that one not familiar
with its course would have difficulty in following it.

The diggings in the basin of Twin Creek are usually reached by
way of the Yentna to McDougall. From McDougall supplies are
sledded up the wagon road to a point more than halfway to the
Kahiltna, where a winter trail branches to the west and follows
up Lake and Twin creeks. In leaving the country in the fall the
miners from Twin Creek usually build boats or rafts and float down
the Yentna. From Cache Creek the trail and road are used to
McDougall and launches taken from that point to Susitna station.
From the headwaters of Peters Creek the trail to Tokichitna River
is often followed and boats are built to descend this stream and the
Chulitna to Susitna River.

VEGETATION, '

One of the serious problems which confronts the miners in the
various camps is the difficulty of obtammg timber suitable for sawing
into lumber for sluice boxes and other mining uses, as most of the
mines are located above timber line. Cache Cregk valley and its
branches had formerly some timber up to a point a mile or so above
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the mouth of Thunder Creek where a sawmill was built. Spruce
trees 2 feet in diameter at the base were not uncommon. The heavy
demand for logs for the sawmill has now caused the cutting away of
all the best trees as far downstream as the mouth of Spruce Creek,
so that a haul of at least 7 miles to the sawmill is necessary. A toll
for sawing of half the logs brought in is charged the miners at this
mill. Peters Creek is timbered below the lower canyon, and logs
are brought from it to the diggings on upper Peters Creek and its
affluents, both for lumber and for fuel. Some logs for these camps
are procured also from the Tokichitna Valley. Lumber and fuel for
the mines on Mills and Twin creeks are obtained from the lower
reaches of these streams, a few miles below the camps.

Between June 1 and 10, grass sufficient to supply forage for horses
appears at McDougall, but in the higher basins, such as that at the
head of Cache Creek, the snow does not always disappear until early
in July, and horse feed is not abundant until that time, From the
beginning of July until the middle of September the grasses flourish
with exceptional luxuriance, and good grazing may be found almost
anywhere that horses can be taken.

GEOLOGY.

As the region here considered lies apart from areas which have
already been studied, and as the hard rocks have failed to yield fos-
sils, the age of the older formations represented is still uncertain.
The areal distribution of the several formations is shown in Plate TX.
The oldest rocks of the district consist of a series of slates and gray-
wackes, which form the cores of all of the fuothill ranges and are
an important element of the Alaska Range, especially along its
southeastern flank. The slates and graywackes are interbedded, in
some places in about equal amounts, in other places with one or the
other phase predominating. The slates range from fissile, thin cleav-
ing rocks to more massive argillites, and the strong development of
the lines of schistosity in many localities makes it difficult to dis-
tinguish the original bedding of the sediments. The graywacke beds
are commonly hard and massive, and are with difficulty distinguish-
able from fine-grained dike rocks, for which they are often mistaken
by the miners. This slate-graywacke series forms the hard bedrock
of the placer camps in the Cache Creek basin.

Next younger in age than the slates are the diorites and granites
and associated dikes of the high range. These cut the slates, and sc
are younger. The slates have undergone contact metamorphism near
the large intrusive masses, and the abundant veins and stringers of
quartz which are present for several miles from these bodies are
probably the source from which the gold of the placer districts is
derived.
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Tertiary (Eocene) sediments of little-consolidated sands, shales,
gravels, and some lignitic coal overlie the slates in the more favor-
ably situated depressions between the foothill ranges and extend east-
ward from these hills, the beds forming the so-called “soft bedrock”
of the miners. They disappear beneath the later deposits of the
Susitna basin, but their structure along the slopes of the Yenlo and
Peters hills and their presence in the deep canyons of Kahiltna River
and Lake Creek indicate that they probably underlie much of the
broad Susitna basin. Coal, which is probably from this formation,
has been mined on the sout,h bank of Yentna River, some 7 miles
above its mouth. In the area near the head of Twin and Camp
creeks, the coal-bearing series is overlain by a heavy deposit of
stream-washed Tertiary gravel, much coarser than anything seen in
the coal-bearing series itself. Exposures of this gravel are found
also on the west side of Treasure Creek. The gravels are many hun-
dred feet thick, and seem to be structurally conformable upon the
coal-bearing beds. FElsewhere the coal-bearing series is overlain by
the widespread blanket of glacial material which masks the older
formations throughout a great part of the area outside of the high
mountains. The glacial beds consist of morainic materials deposited
directly by glacial ice and of gravels laid down by glacial streams.
The morainic material commonly consists of tough blue clay in which
gravels, bowlders, and angular pieces of rock are embedded, and in
which the assortment of materials found in water-laid beds is com-
pletely lacking. Glacial striations are particularly abundant on the
rocks in the glacial till of this region. The glacial gravels are most
often seen as benches along the sides of the stream valleys. The
glacial deposits shown on the map (PL IX) vary greatly in thickness,
but over the area shown they are sufficiently thick to conceal the
underlying formations. The latest deposits considered are the
gravels of the present streams. These form narrow strips along
most of the creeks of the area and in the valleys of the more
important rivers cover large areas.

MINERAL RESOURCES.
GOLD PLACERS.
GENERAL FEATURES.

Placer gold is of widespread occurrence throughout the Yentna
district. Fine colors of gold may be found almost anywhere along
Yentna River, and some gold has been recovered along the bars of
the lower Kahiltna and Lake Creek, many miles from the mountains
from which it must originally have come. Gold in sufficient concen-
tration to encourage continuous mining has, however, been discovered
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only in certain rather well-defined areas. The most important of
these is the broad basin drained by Cache Creek and the headward
- tributaries of Peters Creek. The only other important producing
camp is in the upper basin of Twin Creek. A study of the map will
show that both of these areas lie between the troughs of the main
river valleys. The factors which bear on the distribution of placer
gold in paying quantities can not be adequately discussed for this
region without first considering in some detail the former extent of
the glaciers which reached so great a development along the Alaska
Range, and such a study is beyond the scope of this paper. It will
be undertaken later in the more complete report which is to follow.
It may be said, however, that the present glaciers are only remnants
of a vast ice sheet which once filled the Susitna basin and extended
far down Cook Inlet. This great glacier was several thousand feet
thick in the lower parts of the Yentna region, perhaps completely
covering the Yenlo Hills, and leaving only the upper portions of the
Peters and Dutch hills exposed, if indeed these two ranges were not
also covered by the ice. At the time of the greatest glaciers an ice
tongue moved southward through the broad valley of Cache Creek
and, a portion of this glacier pushed across the Peters Hills along the
valley now occupied by Peters Creek, greatly eroding and deepening
this valley, which may indeed owe its existence to erosion by glacial
ice. Later, when the thickness of the vast glacial sheet had somewhat
diminished, each of the many valleys of the foothill ranges was
occupied by a vigorous valley glacier. The erosive action of these
great slow-moving ice tongues was enormous, especially along the
larger valleys, which head in the high mountains, and any placer
gold that may have been concentrated in the valleys was scattered
and mixed up with glacial deposits that are now spread over the
lowlands, Only in places that were by their topographic positions
protected from great ice erosion could the preglacial placers survive;
and only in such places or in places where an unusual amount of
postglacial erosion has permitted the reconcentration of the glacially
scattered gold, or where erosion since the ice retreated has effected a
new concentration, is gold now found in quantities sufficient to
justify mining. So little is known of the more rugged portions of
the Alaska Range that nothing can be said of the possibility that
lodes which existed there might have supplied gold to the stream
gravels. In the district around Cache Creek, where the geologic con-
ditions are known, the heads of all the streams that carry placer
gold are in valleys eroded in the slate-graywacke series. The rocks
of this series contain many quartz veins and stringers, and although
these have not yet been found to contain gold, it should be noted
that only a small amount of prospecting for gold lodes has been done
in them. Some pieces of quartz float containing free gold have been
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found in this region and the sluice boxes have yielded much gold
to which quartz was attached, and even small pieces of quartz
stringers with free gold and with fragments of the slate that formed
the walls of the quartz vein. As almost all of the streams that
cut the slates contain some gold, it appears highly probable that the
placer gold has been derived from quartz veins in the slate-graywacke
series.

In the basin of Twin Creek the conditions are different, for the
gulches which have yielded the placer gold are cut into the gravels,
sands, and slates of the coal-bearing series. It seems certain that
the placer gold on these streams has been derived by reconcentra-
tion from the gravels of the upper part of the series. Whether or
not those gravels originally received their gold from the slates is
still a matter of conjecture.

Gold was first discovered in the Yentna district in 1905, and all
the streams of the region on which mining is now being done have
been worked steadily or intermittently for several years, no important
new locations having been made. The most important development
of the last year was the discovery of rich ground in an old pre-
glacial channel on Dollar Creek, a discovery suggesting the possi-
ble existence of similar old channels in benches of near-by streams.
During the summer of 1911 mining was done on Cache Creek and
its tributaries, Dollar, Falls, Thunder, Rambler, Nugget, and Gold
creeks; Peters Creek and its tributaries, Bird, Willow, and Poorman
creeks; and Mills and Twin creeks and the small gulches which they
drain,

CACHE CREEK BASIN.

FEATURES OF THE STREAMS,

Cache Creek is a rather large stream which joins Kahiltna River
about 13 miles below Kahiltna Glacier. It and its larger tributaries
head in Peters and Dutch hills, and its course lies through a broad,
elevated trough, which runs between these ranges and is continuous
from the Tokichitna to the Kahiltna, sloping gently toward the
latter. Cache Creek drains the southwestern part of this trough.
The many tributaries head in glaciated valleys in the hills; but on
entering the broad interhill trough they pass from the slate-gray-
wacke formation, or hard bedrock, out onto the loosely consolidated
beds of the coal-bearing series which form the so-called soft bed-
rock. As Cache Creck in the upper part of its broad basin has an
elevation of about 2,000 feet, and its junction with Kahiltna River is
less than 600 feet above sea level, it falls 1,400 feet in 18 miles. It
has therefore been able to intrench itself into the soft underlying
formation and flows through a gorge whose walls in places rise 300
feet above the creek. Its tributaries also have made deep cuts where
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they cross the basin. The largest tributaries enter the stream from
the northwest, and mining has been confined altogether to these
streams and to the main creek. .

CACHE CREEE.

CHARACTER AND EXPLOITATION OF THE DEPOBITS.

Cache Creek heads in a small glacial valley in the Dutch Hills,
through which it flows for only 2 miles before it emerges into the
broad and wide valley which it follows to Kahiltna River. In the
hills its valley is cut in the slate-graywacke series, and the stream
gravels lie upon hard bedrock. Near its head the stream has eroded
its valley but little in postglacial times, but for a short distance
back from the base of the hills it has cut a sharp canyon into the
slates. This canyon ends abruptly at the contact between the slate
series and the sands and shales of the coal-bearing formation, and
from this point downstream the creek, though intrenched below the
level of the broad plateau, has a wider valley floor. The valley walls,
or benches, are about 50 feet high at the mouth of the canyon. At
the mouth of Nugget Creek the stream bed is about 250 feet below
the level of the surrounding deposits, and the depth increases to
nearly 300 feet between Nugget and Spruce creeks. Below Spruce
Creek the stream has a steep gradient through a bowlder-filled
canyon, below which it reaches the Kahiltna Flats. :

Gold was first discovered on Cache Creek in 1906, the year after the
first discoveries in this region were made on the headwaters of Peters
Creek. The first ground mined was at the canyon near the head of
the stream on Discovery claim, which has been worked every year
since. During the summer of 1911 two men were mining a short dis-
tance below the mouth of the canyon. The ground worked was that
of the present stream flat and the gravels moved range from 4 to 7
feet in depth and lie upon slate bedrock. There are some large
bowlders present, but most of them can be handled by one man. A
short distance below the canyon the slate bedrock gives place to the
coal-bearing series, which changes character within short distances,
ranging from a fairly firm, gritty sandstone to soft clay shales. The
pay streak is said to be rather well defined in the canyon and for a
short distance below it, but spreads out in the wider valley below and
is difficult to trace. The gold is rather unevenly distributed, for
though most of it is found on bedrock the degree of its concentra-
tion depends somewhat on the character of the bedrock, the harder
strata having retained it better than the softer. No records have
been kept which would show the gold content of the gravels to the
cubic yard or to the square yard of bedrock, but it is reported that
the returns have averaged about $10 a day for each man employed.
The sluice boxes, 14 inches wide, are set on a grade of 5 inches to the



184 MINERAL RESOURCES OF ALASKA, 1011,

box length. The gravels are groundsluiced by the aid of canvas hose
and water under pressure from the bench to the southwest to within
a foot or so of bedrock and the rest of the gravel is shoveled in and
bedrock cleaned by hand. The stream at “ Discovery ” claim can be
depended upon to run a sluice head of water for the boxes used
throughout the season and most of the time flows two sluice heads.
The gold is coarse and bright and somewhat worn, though many
pieces are rough and some cubes of crystalline gold have been found.
Pieces worth $20. have been taken from this claim, and only about one-
third of the gold recovered will pass through a 16-mesh screen.

The coarseness of the gold and-the roughness of some of it indicate
that it has traveled no great distance from its bedrock source and it
must originally have come from the quartz veinlets of the slate-
graywacke series in the upper part of the Cache Creek valley. The
upper valley at one time contained a vigorous glacier and ice also came
into it from the head of Bird Creek, across a low divide. This glacier
eroded its basin and doubtless scattered and removed any preglacial
gold which may have been concentrated in its upper portion. No
ground carrying commercial values in gold has been found above the
canyon of Cache Creek. Toward the mouth of the slate valley the
ice scour was less severe, as the glacier joined a large, sluggish ice
sheet in the broad basin between Dutch and Peters hills. Here the
. valley deepening was not pronounced and a part of the material
picked up by the ice in the upper valley was dropped. It may be
that the glacial deposits here covered up portions of the preglacial
channel of Cache Creek without disturbing them. With the melting
away of the glacier the stream cut through the glacial deposits and
at and below the canyon intrenched itself into the slates and the
softer beds to the eastward. In the rehandling of the glacial mate-
rial any of the gold which it contained was concentrated in the stream
bed, and if the valley was cut through any undisturbed portions of
the old preglacial channel, this, too, would have contributed to the
richness of the present placer deposits.

The possibility that remnants of the old channel still exist in the
benches is suggested by several facts which have been learned during
the years that mining has been carried on here. It is said that the
pay streak terminates rather abruptly at its upstream end in the
canyon, although some gold has been found farther upstream. In
the spring of 1911 a cut was run into the high bench at the point
where the pay streak failed. The bench consists of gravels lying on
decayed rocks of the slate series and overlain by 15 to 20 feet of
glacial till. In groundsluicing the upper portion of this cut some
gold was recovered, but most of it lay on or in bedrock. The gold was
coarse, the largest nugget being worth $9. It may be that at this
place there is a portion of a preglacial stream channel which con-
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tained workable placer. At the time visited the development work
on the bench was insufficient to show définitely the presence of such
an old channel or to give any definite clue as to its length or direction.

In 1911 two men were mining on Cache Creek about a mile above
the mouth of Nugget Creek. The ground worked was on the present
stream flat and ranged in depth from 4 to 7 feet. The usual number
of coarse bowlders were encountered, but most of them could be
readily thrown from the pit. The gravels lie on “soft bedrock,”
composed of the clay, sand, and soft conglomerates of the coal-bearing
series. At one place the creek is crossed by a bed of lignite, which
held the gold and yielded good returns. The gold in the gravels is
mostly found on bedrock, the richness of the ground depending
to an important degree upon the character of the beds crossed.
Where the bedrock is clay, little gold is found, but the sandy and
gravelly beds have retained the gold much better. A grade of 5
inches to the box length is maintained, this being less than the fall
of the creek. The sluice boxes in use are 20 inches wide, and the
creek at this point supplies enough water for them throughout the
summer. Water under pressure is obtained from Columbia Gulch,
a small tributary of Cache Creek from the north, and is carried by
ditch over the bench to a point opposite the pit, to which it is con-
ducted through 6-inch canvas hose. A working head of about 75
feet is thus obtained and a 24-inch nozzle is used in piping the
gravel into the boxes. It is reported that the returns from the
season’s work on this ground were not large.

In the main valley of Cache Creek mining was done at a number
of points between the mouths of Nugget. and Spruce creeks from 1906
to 1908. In some places the ground worked was in the present
stream flat; in others the gravels on benches along the valley sides
were mined. In 1908 the Cache Creek Mining Co, was organized and
purchased all of the main creek valley from a point 2} miles below
Spruce Creek to the mouth of Gold Creek, a distance of more than 12
miles, as well as a number of claims on the more important tribu-
taries. The total holdings of the company embrace more than 3,000
acres, and extensive preparations have been made for developing the
ground. A sawmill has been built on the main creek one-half mile
above the mouth of Thunder Creek, which furnishes lumber for
buildings, penstocks, flumes, and sluice boxes; and several thousand
feet of hydraulic pipe, some as large as 34 inches in diameter, has
been placed on the ground. During the season of 1910 and 1911 the
energies of the company were in large part directed to proeuring
an adequate supply of water under pressure, so that their ground
could be mined by hydraulic methods. A ditch, originally designed
to carry 1,500 miner’s inches of water, was surveyed to tap Nugget
Creek on claim “ No. 7 above,” but was only partly completed. Its
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connection with Nugget Creek ‘was never made, but during the period
of the spring run-off it receives a considerable volume of water from
the melting snows on the Dutch Hills and on the broad high bench
which it traverses. A second ditch, to carry 2,300 miner’s inches of
water, was almost completed in 1910. This ditch was to draw its
water from Cache Creek a short distance below the mouth of Nugget
and carry it for nearly 2 miles to a penstock, from which it was to
be taken through a 34-inch steel pipe to the point where needed. The
working head at the penstock was 120 feet, and this would be
increased to 180 feet at the sawmill. In building this ditch some
slumping ground was encountered, and during the summer of
1911 the lower portion of the ditch was abandoned, and the water
was carried from the completed portion to the so-called Pineo Bar
through steel pipe. ‘

In 1910 mining was carried on at two localities by this company.
The upper one of these, on Pineo Bar, lies about halfway between
the mouths of Nugget and Thunder creeks. The ground worked is
a few feet above the present level of Cache Creek, and the gravels
lie upon the sands, clays, and conglomerates of the coal-bearing
series. In the bluffs on either side of Cache Creek the beds are seen
to lie with only a slight inclination from the horizontal, but on the
northwest side of the stream there has been extensive slumping,
and the strata shown in the exposures of bedrock in the cut stand
nearly vertical. The bench gravels here are certainly deposited upon
a slumped portion of the valley wall. Tn 1911 work was continued at
this place, but nothing was learned in regard to the gold recovered
per cubic yard of gravel moved.

In 1910 a portion of the bed of Cache Creek was worked at a point
near the mouth of Rambler Gulch. The creek was here flowing close
to bedrock, and by diverting the stream from its channel during low
. water bedrock could be cleaned by removing only a thin layer of
gravel. Gold was recovered here in considerable amounts, but its
distribution was irregular, depending upon the character of the bed-
rock. Wherever the stream crossed a sandy or conglomeratic bed
the gold had lodged, but the clayey beds were almost bare, the gold
having passed on over them to find a more favorable resting place on
the rougher bedrock. It is said that one working upstream could
predict when a clayey bed was to be crossed by the exceptional
richness of the sandy or gravelly portion of the bedrock just below.
In 1911 a cut was run from the mouth of Rambler Creek up that
stream for about 700 feet. A portion of the ground at the mouth
of the creek was mined by pick and shovel, but that farther up was
piped in by means of hydraulic giants. The depth of gravel was irreg-
ular, ranging from 18 inches to 10 or 12 feet, and the surface of the
soft bedrock was uneven. At the stream mouth the gold was recov-
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ered from a bedrock of rather firm conglomerate, called cement rock
by the miners, but farther upstream the beds of the coal-bearing series
were encountered, the clayey shales predominating, with some sandy
and gravelly beds and a little lignitic coal. These beds are tilted
at various angles, and have evidently been affected by slumping.
For the lower end of the cut water was supplied to the 3-inch noz-
zles from Rambler Creek, with a head of about 60 feet. Later in the
season water was secured from the upper end of Lucky Gulch, with
& head of 230 feet at Cache Creek. The dirt was piped into 24-inch
boxes, set on a grade of 6 inches to the box length. At the upper end
of the cut the values are reported to have decreased and work was
discontinued, the plant being shifted to a bench on Cache Creek
about 400 feet above the mouth of Rambler Creek. Here the surface
of the gravels lay about 10 feet above the level of Cache Creek and
the depth to bedrock averaged about 6 feet. Large bowlders were not
common in this cut, and those encountered all lay upon bedrock. The
value of the gold recovered is said to have averaged approximately
$1.50 to the cubic yard of dirt moved.

GOLD CREEK.

Gold Creek is the uppermost tributary of Cache Creek from the
north, and lies between the head of Cache Creek and Nugget Creek.
It is a small stream, its total length being only 1} miles, its upper
end heading in the slate hills and its lower portion flowing through
a valley cut in the coal-bearing series, Gold was first discovered
on it in 1909 near the point at which it passes from the slate onto
the softer deposits. At this point the valley is narrow and V-shaped,
the gravels to be mined rarely having a width of more than 20 feet.
The depth to bedrock ranges from 2 to 6 feet, the gold being found
on bedrock or in the crevices of the slates, which are here standing
on edge. The gold is coarse and shotty, pieces up to $14 in value hav-
ing been found. Its assay value is $17.81 per ounce, of which $0.06
is in silver. No mining was being done on this ground in 1911,

NUGGET CREEE.

Nugget Creek is the uppermost large tributary of Cache Creek,
joining it a few miles below its head. Its source is in the Dutch
Hills, through which it flows in a wide, straight, U-shaped valley,
which shows strongly the erosive action of the great glacier that once
occupied it. In the hills the basin of Nugget Creek is composed of
the rocks of the slate—graywacke series, and the stream flows in a
postglacial canyon which is shallow toward the valley head but
which becomes narrower and deeper downstream. At the point
where it leaves the slate hills the creek occupies a canyon cut 200
feet into the rocks, but at tie base of the hills the slates give place
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to the softer rocks of the coal-bearing series, and through these the
stream has widened its gorge, though the valley walls are high and
steep throughout the remainder of its course to Cache Creek.

Gold was first discovered on Nugget Creek in 1905 and the ground
first worked was in the lower portion of the rock canyon. Since that
year mining has been carried on in the valley each summer, The
claims lying immediately above the mouth of the canyon, known as
Nos. 1, 2, and 3 below, have yielded the greatest part of the produc-
tion and are now practically worked out, but a considerable area of
ground which is known to contain paying quantities of gold remains
unworked. L

During the summer of 1911 mining was done on this creek by
four parties. The largest camp, consisting of 10 men, was on
No. 4 below, the ground worked lying a short distance below the
mouth of the slate canyon. The stream gravels are from 6 to 8 feet
thick, and lie upon the soft bedrock of the coal-bearing series. The
gold is recovered principally from the gravel within a foot of bedrock
and on the bedrock itself, which is of sandy or clayey material or
loose conglomerate. The gold is very coarse, somewhat rusty, and
moderately worn and smoothed. Nuggets worth $16 have been found
below the canyon, and in the canyon one worth $60 was recovered.
Simple mining methods are used, the upper portion of the gravels
being groundsluiced off by means of water under pressure, delivered
through canvas hose, with a head of 70 feet. The gravel immediately
above bedrock and a part of the bedrock itself are shoveled by hand
into 14-inch sluice boxes.

Above the present stream flat, at the mouth of the canyon, portions
of the former valley floor of Nugget Creek appear as terraces or
benches, seven of which can be distinguished. Workable placer has
been found on & number of these benches, and one bench, 170 feet
above the stream, was being mined at the time of visit. The gravel
here, which was from 1 to 6 feet deep, lay on slate bedrock and is said
to have yielded much gold. None of the benches, however, is large
and the amount of paying ground on them is small.

Three men were engaged in mining at the junction of claims Nos.
1 and 2 above, at which place Nugget Creek lies in a slate canyon
about 70 feet deep. The stream is crooked and its flat narrow, only
small patches of gravel appearing between the creek bed and the base
of the canyon walls. The ground worked ranged from 5 to 6 feet in
depth and contained a good many bowlders, most of which, however,
could be moved by hand. Hydraulic methods were employed for
stripping away the upper portion of the gravels, and the water was
obtained from a small tributary on the northeast side of the creek
and conducted through a ditch over a thousand feet long to a point
above the cut, where it was delivered through canvas hose with a head
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of 70 feet. Bedrock here consists of slates and graywackes, which
stand at high angles and strike in the general direction of the course
of the creek. The gold is coarse and somewhat worn, and is unevenly
distributed over the bedrock. Where the bedrock is rough, much
gold is found, but where it is smooth the gold recovered is not
sufficient to pay for the handling of the ground.
" On claim No. 3 above two men were mining on a bench which lies
_some 10 feet above the level of the stream. Pick-and-shovel methods
were used for getting the lower part of the gravels into the sluice
boxes, after the upper portion had been removed by groundsluicing.
Sluice boxes 12 inches in width were set on a grade of 8 inches to the
box length, and sufficient water was to be had during the entire season.
Most of the gold recovered was found on bedrock, which is here slate
or graywacke. The gold is coarse, nuggets ranging in value from $1
to $6 being common. It is planned to build a ditch in 1912 to bring
water under 70 feet pressure to the cut, and to install 24-inch boxes,
so that a larger quantity of ground may be handled.

Claim No. 4 above was purchased by a party of three men who
commenced mining in the spring of 1911. A wing dam was con-
structed which diverted Nugget Creek for about 300 feet, and the
bed of the creek was mined by shoveling the gravel into the sluice
boxes, The ground ranges in depth from 2 to 9 feet, and most of
the gold was found on or near bedrock, which is here composed of
the uptilted beds of the slate-graywacke series. Much of the gold is
coarse, somewhat rusty and worn, and although some fine gold was
recovered the greater part occurred in pieces worth from 10 cents to
$3.50. The result of the season’s work on this claim are reported
to have been fairly satisfactory, and it is the intertion of the owners
to obtain water under pressure by building a ditch, and to enlarge
their sluice boxes next summer,

Two parties were mining during the summer of 1911 on the Jump-
ing Jack claim, in the valley of Nugget Creek close to its junction
with Cache Creek. Two men were working on the south side of the
creek and one man on the north side. The gravels here range from
3 to 5 feet in depth, lie on soft bedrock, and are comparatively free
from large bowlders. The bedrock surface is irregular, being cut by
shallow grooves which diverge like the rays of a fan, showing the old
channels which Nugget Creek once followed as it left its own valley
to join Cache Creek. The gold is irregularly distributed over bed-
rock, the ground being “spotted,” as the miners say. The gold is
brighter and finer than that found in upper Nugget Creek. The
season’s work showed the gold tenor of the gravels in lower Nugget
Creek to be too low to warrant working by pick-and-shovel methods.
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LUCKY GULCH.

About 14 miles below the mouth of Nugget Creek a small valley,
Iknown as Lucky Gulch joins the Cache Creek valley from the north-
west. This valley is sharply V-shaped and has a steep gradient. It
heads on the broad bench in which Cache Creek has intrenched itself
and is scarcely more than a mile long. Lucky Gulch lies exclusively
within the area of the coal-bearing series, and throughout its length
the stream flows over “soft bedrock,” which is covered by only a
shallow filling of stream gravels. At times mining has been done
in this gulch in a small way, but its total production has not greatly
exceeded $1,000. No work was being done at the time it was visited
in 1911,

RAMBLER GULCH.

Rambler Gulch joins the Cache Creek Valley three-fourths mile
below Lucky Gulch, from the same side, and, like it, is short and steep
and lies altogether in the coal-bearing sediments. In its upper por-
tion the ground was shallow and easily worked, and the creek bed
was worked out in the early years of the camp, a few thousand dollars
in gold being obtained. In 1911 mining was resumed on the lower
portion of the creek, under conditions that have already been des
seribed (pp. 186-187).

THUNDER CREEE.

Thunder Creek heads in the slates and graywackes of the Dutch
Hills near Nugget Creek. On leaving the hills it bends to the
south, following the general direction of the Cache Creek valley, and
joins Cache Creek 3} miles below the mouth of Nugget Creek. In its
course below the hills it is intrenched below the level of the surround-
ing plateau, its valley lying for the most part in the beds of the coal-
bearing series. For a portion of its length, however, it has cut
through the softer sediments into a ridge of underlying slates. The
bedrock conditions, therefore, vary in different portions of the stream’s
course. During the summer of 1911 one man was mining on claim
No. 3 below. The gravels, which are from 2 to 3 feet deep, were
groundsluiced and the lower portion was shoveled into the boxes.
Bedrock here consists of the soft materials of the coal-bearing series.
Some lignite outerops in the high bluffs of the stream. The gold is
bright and fairly coarse, but the pay streak is irregular and the gold
content varies greatly from place to place, so that the returns are
uncertain. The lower mile of Thunder Creek has been staked as an
association claim, and four men were mining on the upper half of it.
The gravels average about 5 feet in depth and contain few bowlders
which a man can not roll from the pit. The bedrock is of varying
character, at places being of the soft coal-bearing beds, and at other
places appearing to be a much-weathered and decayed phase of the
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slate series. Sluice boxes 22 inches in width, set on a grade of 6
inches to the box length, were in use, and a 1,200-foot ditch supplied
water from Thunder Creek with a head of 35 feet at the cut. Canvas
hose and a nozzle were used for piping off the upper portion of the
gravels, and the ground near bedrock was shoveled in by hand. The
gold is bright and rough, many pieces having quartz attached to them,
and seems to have traveled no great distance from its source. It
assays $17.80 to the ounce, and the ground worked ran from $2 to
$2.50 per cubic yard. Toward the end of the season the work was
retarded by a shortage of water.

FALLS CREEEK,

Falls Creek is the next important tributary of Cache Creek south
of Thunder Creek. It heads in the slates and graywackes of the
Dutch Hills, flows in a course roughly parallel to that of Thunder
Creek, and joins Cache Creek about three-fourths of a mile south of
it. At the point where it passes from the slates onto the beds of the
coal-bearing series it has formed a narrow canyon and a waterfall,
which suggested its name. Gold was first mined on Falls Creek in
1905, in the canyon cut through the slates, and the stream afforded
considerable production for a few years. In the narrower portion
of the canyon the difficulties of diverting the creek prevented mining
during the season, except for a short time in the spring, when the
volume of the stream was small. At the time this creek was visited
in 1911 two men were preparing to sluice ground on a high bench on
the northeast wall of the valley, on claim No. 3 above. A ditch 2,000
feet long to supply water under pressure was almost completed, but
aside from a few small prospect pits no mining had yet been done.

DOLLAR CEEEK.

Dollar Creek, the lowest large tributary of Cache Creek from the
west, joins Cache Creek 2 miles below the mouth of Falls Creek.
The geologic and topographic conditions in its basin are much like
those on Thunder and Falls creeks. - Dollar Creek flows from the
slate hills at its head out onto the Cache Creek plateau in a sharply
incised valley, which gradually becomes deeper downstream, until
" at the mouth of the creek the valley bottom lies over 300 feet below
the general level of the surrounding country. Even below the
border of the Dutch Hills the slate bedrock is exposed by the stream
cut for some distance out onto the plateau, showing that the old
slate surface upon which the soft bedrock sediments were laid down
was uneven. Since 1905 placer gold has been known to be present
in this stream and a few thousand dollars have been recovered
from the stream gravels in the slate canyon since that time. In
previous years, however, the gravels have yielded only moderate
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returns for the expense and lgbor required to work them. During
the spring of 1911 two men began mining on claim No. 2 above, but
finding that the pay streak in the creek ended abruptly upstream
they ran a cut into the high bench on the northeast side in the hope
of finding the source of the gold. In working up the valley side
the miners found that slates and graywackes extended to an elevation
of about 70 feet above the creek. In the creek channel the beds of the
slate series are hard and firm, but toward the top they are weathered
and appear as fairly soft sandstones and shales. The beds of the
coal-bearing series, which are only a few feet thick, appear above
the slates. Some pieces of lignite were found in the cut. Above the
soft bedrock lay a bed of stream-washed gravels, from which rich
pans were obtained, as much as $2.50 being taken from a single pan.
Above the stream gravels the exposure showed 20 feet of typical
bowlder-studded glacial clay. At the time the place was visited too
little work had been done to determine exactly the conditions at
this place, but the facts gathered seem to show that the stream
gravels were laid down in an old channel—perhaps a former chan-
nel of Dollar Creek—before the great glacial advance, as is shown
by the overlying layer of glacial bowlder clay. It is also of interest
to note that there was a good concentration of placer gold in pre-
glacial times. The gravels in the old channel are of the same ma-
terials as are now found in the stream bed, the largest bowlders being
18 inches in diameter. The material is oxidized to a yellow color,
and the pebbles are somewhat decomposed, the whole being cemented
into a loose conglomerate which yields with difficulty to hydraulic
methods of mining. The gold is coarse, rusty, and very angular.
Some pieces, which seemed to be small nuggets, were found on close
examination to consist of a large number of small grains cemented
together by iron oxide. It is reported that the developments later
in the summer showed that the gravels occupy a distinct channel,
which diverges upstream from the present valley of Dollar Creek,
although it was traced for only a short distance. It is also reported
that two distinct pay streaks were found in the gravels, one a few
feet above the other, and that the gold was associated with much
broken, angular quartz, indicating the possibility that it came from
a vein at no great distance. The season’s output from this mine is
said to have been highly satisfactory, and preparations were being
made to install a hydraulic plant so that operations could be con-
ducted on a larger scale.

PETERS CREEK BASIN.
PETERB CREEK,

Peters Creek occupies a valley intermediate between Kahiltna and
Tokichitna rivers and in its upper portion is roughly parallel to
these two §treams. It heads in a bread, severely glaciated, U-shaped
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valley in the Dutch Hills, emerges from them to cross the Cache
Creek Plateau at a right angle, crosses the Peters Hills through «
deep, transverse trough, and enters the broad lowland of the Susitna
Valley, the west edge of which it follows to its junction with
Kahiltna River. Its total length is more than 35 miles. In its
course through the higher parts of the Dutch Hills it flows in the
bottom of the glacial trough in a channel which has been notched
little or not at all into the slates and graywackes of these hills. In
the more easily eroded coal-bearing beds of the Cache Creek plateau
it has intrenched itself deeply in a canyon-like valley that extends
headward into the slates for some distance above the mouth of
Bird Creek, and a similar canyon extends for more than a mile up
Bird Creek. As the Cache Creek plateau slopes downward toward
Peters Hills, the stream valley becomes shallower and wider in that
direction, but on entering the valley through these hills the creek
again flows through a rock canyon. This second slate canyon ter-
minates at the east border of the Peters Hills, the stream once more
flowing between valley walls of the coal-bearing series, the banks
gradually becoming lower downstream through the little known area
of the Susitna lowland to the south and east.

Gold was discovered at a number of places on Peters Creek and its
affluents in 1905, and mining has been done on that creek each sum-
mer since that time. TIn 1911 work was in progress at two places on
the main stream. At the mouth of the canyon through Peters Hills,
a short distance above the point at which the stream passes from the
slates onto the soft bedrock, two men were mining on a bench about
30 feet above the stream level, where a few feet of gravel lies upon
a slate bedrock. Water under a pressure of 70 feet, brought by ditch
and canvas hose, was used for piping the gravels into the sluice
boxes. The gravels contain rather abundant bowlders, and at the
time the place was visited some of the ground was still frozen. The
gold, which is for the most part concentrated on bedrock, is coarse,
flat, worn, and somewhat rusty, and gives evidence of having trav-
eled some distance from its source. The largest nugget found
weighed 9 pennyweights, and the gold assayed about $17.75 to the
ounce. The ground worked in 1910 was a short distance downstream
from that worked in 1911, on a bench only a few feet above the
stream. The bedrock at this place is a hard, rusty dike intruded into
the slate. Prospect holes in the creek gravels below the canyon show
placer gold on soft bedrock, but the gradient of the creek is too low
and the ground too deep to permit mining by pick and shovel.

The bedrock source of the gold in lower Peters Creek is still open
to question, but this gold, like that in the other parts of this district,
was doubtless derived from the quartz stringers in the slates and
graywackes. In lower Peters Creek some of the gold may have come

48868°—Bull. 520—12——13
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directly from the rocks of Peters Hills through which the valley is
cut, but as gold is found in the stream gravels above the Peters Hills
and up to the head of the stream it seems probable that the present
placers are in large part the product of reconcentration of gold that
was scoured from the upper tributaries of the stream by glacial ice,
scattered throughout the valley, and again reconcentrated by post-
glacial erosion. _ ,

About three-fourths mile below the mouth of Bird Creek, at the
lower end of the upper rock canyon of Peters Creek, two men were
mining near the contact of the slates with the soft bedrock. A dike
of a crystalline intrusive rock crosses Peters Creek at this place.
The creek gravels average about 6 feet in depth, and the gold is con-
centrated on or near bedrock. At the time the creck was visited in
1911 little ground had been mined, but the claims between the mouth
of the canyon and Bird Creek are said to have produced a few
thousand dollars altogether.

BIRD CREEK.

The valley of Bird Creek, a tributary of Peters Creek, lies alto-
gether in the slates of Dutch Hills and is but little more than 2 miles
long. Its head is a broad cirque, which was once occupied by a gla-
cier that evidently joined the valley of upper Cache Creek. Bird
Creek, however, turns northward from this broad valley, and in the
last mile of its course flows through a narrow postglacial canyon.
The canyon walls show excellent exposures of the slate and gray-
wacke series, which at several places are cut by light-colored dikes.
Gold is being mined at three places in the canyon. At the upper
place, on the fourth claim above the mouth of the creek, the stream
flows in a narrow gorge, which is 80 feet deep. The gravel benches
are from 1 to 8 feet deep and are of small area, as in many places
the stream fills the canyon bottom. Most of the gold mined has
been recovered by diverting the stream with wing dams and cleaning
the bedrock in the stream channel, much gold having penetrated a foot
or two info the crevices of the slates. The gold is coarse and rough,
and assays about $17.90 an ounce. One man was working on this
ground in 1911. The gold is irregularly distributed, rich spots being
succeeded upstream or down by barren ground, so that the returns
are uncertain.

One man was mining on claim No. 8 above, and one on No. 2 above,
under conditions much like those described for claim No. 4 above.
The ground is 4 to 5 feet deep and is worked by groundsluicing and
shoveling in. The slates are very irregularly bedded and great care
must be exercised in cleaning bedrock, as the gold penetrates deeply
into the cracks. At one place where & dike crosses the creek gold
was found in crevices 5 feet below the stream bed. The gold is
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bright and coarse, and although many pieces are worn smooth much
of it is rough and angular. The great drawbacks to mining are the
irregular distribution of the gold and the large percentage of bowl-
ders in the stream gravels.

The rock walls of the canyon of Bird Creek are in many places
capped by a heavy layer of glacial clay from which some gold has
been recovered, but not enough to encourage its further exploitation.

COTTONWOOD CREEK,

The only important tributary of Peters Creek from the north is
Cottonwood Creek, which flows close to the west base of the Peters
Hills and which itself has two western tributaries of economic
importance.

Willow Oreek—The lower tributary of Cottonwood Creek is Wil-
low Creek, which heads on the southeast flank of Dutch Hills and
* flows for about a mile through a slate valley, below which it is
intrenched in the coal-bearing beds to its mouth. Gold was first
found on Willow Creek in 1906, near the contact between the slates
and the soft bedrock, and mining has been in progress on this stream
each season since. In 1911 claim No. 1 below was being worked by
five men. As the volume of the stream diminishes greatly toward the
end of the summer it is the practice to groundsluice off as great an
area in the period of early spring flood waters as can be mined during
the remainder of the season and to clean up bedrock later, when tho
~ water is low. Water from a high ditch that gave 30 feet pressure at

the cut was used in stripping off the upper gravels. The gravels

mined are from 6 to 8 feet deep, and the gold is recovered from a
soft, sandy bedrock. It is coarse, rusty, and somewhat worn, and
assays $17.85 an ounce.
" On Discovery claim 11 men, working in two shifts of 10 hours each,
were mining by pick and shavel methods on ground a short distance
below the mouth of the slate canyon. The ground was from 6 to 8
feet deep, and most of the gold was concentrated on soft, sandy, or
gravelly bedrock. The work at the cut was hampered by the low
grade at which the boxes had to be set, as it had been necessary to
build a wall at the lower end of the claim and to pile tailings in order
to keep from covering the ground on claim No. 1 below. The gold
is bright, somewhat worn, and very coarse, nuggets having a value
of $30 having been found and pieces weighing one-half ounce being
common. The operations on this claim in both 1910 and 1911 were
very successful, although a shortage of water in the fall of 1911
reduced the output below what it otherwise would have been.

A number of small tributary streams of Willow Creek, known as
Rocky, Snow, Slate, and Falls gulches, all in the slates of the upper
portion of the basin, have at times been mined in a small way. The
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total production of all four, from 1906 to 1911, inclusive, is estimated
‘at between $7,000 and $8,000.

Poorman Creek.—Poorman Creek lies northeast of Willow Creek
and is roughly parallel to it, joining Cottonwood Creek about 2 miles
abové the mouth of that stream. The gulches at its head have cut
down into the rocks of the slate and graywacke series, but for most
of its length it crosses the soft coal-bearing beds and is intrenched
into them. Discovery claim lies across the contact between the
slates and the soft bedrock. It was staked in 1906 and has been
mined every year since that time. The greatest production was in
1907, when six men working for only a short season and with a
very small supply of water, recovered 1,329 ounces of gold. The
gravels mined that year lay on slate bedrock, and the ground was
very shallow, so that it was quickly worked out. Since that year
most of the work has been done on the lower portion of the claim,
where the gravels are in places 11 feet deep and lie on soft bedrock.
Some mining has been done on the benches above the present stream
flat, and paying ground has been found on them. The creek gold is
coarse and much of it is dark colored and rusty. Pieces valued at $33
have been found. The bench gold is brighter and not so coarse as
that in the stream bed.

Claim No. 1 below and a fractional claim between No. 1 below and
No. 2 below have been mined by the owner since 1906, but at the time
the place was visited he and another man were working on the upper
end of No. 2 below, by groundsluicing and shoveling in. The gravels
are from 8 to 11 feet deep and lie on a loose conglomerate of the coal-
bearing series. A bed of lignite, which crosses the creek on claim No. 1
below, has furnished some fuel for the camp. The gravels are
nowhere exceptionally rich, but the gold is said to be evenly dis-
tributed in them across the whole width of the flat, a distance of 150
feet in places, and might be profitably recovered if some more eco-
nomical method of mining could be employed. The gold, most of
which occurs in the lower 3 feet of gravels, is coarse, rusty, and
worn smooth, The largest nugget found had a value of $28. The
small flow of Poorman Creek has always hindered mining during the
later half of the season.

TOKICHITNA BABSIN.

A tributary of the Tokichitna, known as Long or Dog Creek,
heads in the broad plateau near the head of Cottonwood Creek. In
1908 three men mined successfully on this stream, the gold being
found on slate bedrock. In 1910 an attempt was made to continue
mining here, but the depth of gravels increased abruptly in the
stream bed, and a deep excavation made by groundsluicing with an
automatic dam failed to reach bedrock. The production in 1911
was therefore light.
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LAKE CREEK BASIN

LAKE CREEE.

Lake Creek is a large stream, 40 miles long, which heads in a lake
in the high mountains between Yentna and Kahiltna rivers and
flows over a high plateau in the upper half of its course. Through-
out the lower half of its course it is intrenched in glacial materials
and beds of the coal-bearing series, flowing in a canyon which in
places has a depth of 300 feet. In the headward portions of its basin
gold has been found in many places, but in sufficient quantities
to mine only in the basin of Mills Creek. In the lower intrenched
portion of the valley some gold was recovered from the stream bars
several years ago, but no permanent camps were established. It
is reported that in 1911 one man was mining gravels on a bench 50
feet above the stream, about 12 miles from its junction with Yentna
River. All the gold taken from lower Lake Creek is fine and has
evidently traveled far from its source. Much of it was probably
taken up by the glacial ice from the higher mountains and deposited
in the glacial clays and was reconcentrated by the stream.

MILLS CREEK BASIN.

Mills Creek is a tributary of Camp Creek from the west. Camp
Creek, which empties into Lake Creek, drains a portion of the foot-
‘hills and of the high plateau between that stream and Yentna
River. In the upper portion of Mills Creek basin only the soft beds
of the coal-bearing series and their associated gravels are exposed,
the rocks of the slate and graywacke series which are seen in the
basins of the streams of the Cache Creek region not appearing at
the surface. Gold in paying quantities has been found only in the
gulches of the hills that surround the two main forks of the stream.
These hills were formerly covered and smoothed by the great glacier
which mantled the region, but since its retreat the streams havé cut
considerable valleys in the easily eroded materials of which the hills
are composed.

Gold was first discovered in this basin in 1906 in Wagner Gulch,
a small tributary of Mills Creek, near its head. The gulch is steep
and narrow and contains only a small stream. The ground to be
mined averaged only 20 to 30 feet wide in the valley bottom and was
from 3 to 10 feet deep. The gold was found on a somewhat consoli-
dated bed of gravels in the stream bed or on the sands and clays of
the coal-bearing series, It is bright in color and is flat and much
worn, showing evidence that it has been transported some distance
from its bedrock source. This gulch is about mined out, as the pay
streak terminated rather abruptly upstream. No work was done on
it in 1911,
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In Chicago Gulch, another tributary of upper Mills Creek, the
conditions for mining are much like those on Wagner Gulch, except
that the valley is smaller and steeper. The fall of the creek is about
1 foot in 6, and the stream gravels average about 20 feet in width
from one valley wall to the other, Bowlders are numerous, but few
are too large for one man to handle. The flow of the stream becomes
small during the later part of the summer and sluice boxes 12, 10,
or 8 inches wide are used, according to the supply of water. The gold
is coarse, but is flat and flaky, and few large nuggets have been found.
The pay streak in this gulch, like that on Wagner Creek, played out
abruptly upstream. One man was mining on Chicago Gulch in 1911,

Little work has been done in the main valley of Mills Creek, as
prospectors there have always had difficulty in reaching bedrock.
The dryness of the season of 1911 put an end to mining on the smaller
gulches at an earlier date than usual, and a number of men thus
found opportunity to sink a bedrock drain in the main creek valley
a short distance above the mouth of Chicago Gulch. Bedrock was
reached at a depth of 12 feet, and it was reported that sufficient gold
to warrant mining was found. .

Twin Creek forms one of the headward forks of Mills Creek and,
like it, lies in a basin composed solely of the gravels, sands, and clays
of the coal-bearing series. Gold has been mined on three small tribu-
taries known as Big Boulder, Little Boulder, and Johns creeks.
They are small, steep-sided gulches cut into the soft bedrock, with
steep gradients and narrow valley floors. The conditions in these
gulches are like those in Wagner and Chicago gulches, already
described. The stream gravels have been mined for the last six years
by various people and the production, though never large, has been
fairly steady.

The bedrock in the basins of Mills and Twin creeks is quite differ-
ent from that in the heads of the streams in the Cache Creek region,
and the same explanation of the origin and distribution of the placer
gold can not be applied to both areas. In the Cache Creek district
all the producing creeks head in the slates and graywackes of the
foothills ranges or flow through materials which have come from
these hills, and the gold was certainly derived from the slates. The
basins of Mills and Twin creeks lie altogether in the sands and shales
of the coal-bearing series and the associated gravels, and the present
valleys of the streams have been eroded in postglacial time. It seems
certain, therefore, that the placer gold of the creeks was scattered
through the deposits in which the streams are eroding and has been
concentrated by them to form workable placer. Sufficient prospect-
ing of the materials of which the hills are composed has not been
done to determine their gold content, but the manner in which the pay
streaks terminate rather abruptly upstream in the several gulches
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suggests that most of the gold is derived from certain well-defined
strata in the hills and is found in the creeks only below the point at
which these strata are crossed by the streams. The gold is flat and
worn, having been rehandled by the streams. Its original source
may have been the slates in the mountains to the northwest, but of
this there is no definite evidence.

PROSPECTS.

In addition to the producing creeks already described, prospecting
has been done on many streams in the Yentna district, some of which
give considerable promise and may soon support a mining popula-
tion. XKichatna River and its tributary, the Nakochna, which lie
southwest of Yentna River, above the Skwentna, have been pros-
pected by a number of men, and have yielded some fine gold. It is
reported that these streams afford extensive areas of gold-bearing
gravels suitable for dredging. Independence Creek, a small tribu-
tary of the Yentna below its forks, contains some gold and has been
prospected for several seasons.

The streams between Mills Creek and Kahiltna River, includ-
ing Camp, Sunflower, and Lake Creek basins, have been pros-
pected, and though gold is present in all of them, no paying ground
has so far been found. Unsatisfactory prospects have also been found
on the streams between Dutch Hills and the main mountain range.

On the east side of Peters Hills, on the headward tributaries of
Martin Creek, coarse gold has been found, although this drainage
basin has received little attention from prospectors. The geologic
conditions are somewhat similar to those on the producing tributaries
of Cache Creek, and from this it would appear that this neglected
area .is at least worthy of more thorough prospecting.

The recovery of considerable fine gold from the bars of Lake
Creek and Kahiltna River and reports that encouraging amounts of
gold in the wide flats on the lower courses of these streams give hope
that at some future time these streams may support a dredging
industry.

SUMMARY OF PLACER MINING.

Placer gold has been mined in the Cache Creek district since 1905
and in the basin of Mills Creek since 1906. Though the region has at
no time been the scene of great activity or of large production, its
output has been steady and the interest in it has steadily grown
greater. The population has increased from a few men in the early
years to more than 100 men in 1911, most of whom were actively
engaged in mining or in development work. In the Cache Creek
district the gold assays from $17.70 to $18.10 per ounce, and in the
Mills Creek camps it averages about $17.65 an ounce. The total out-
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put up to the present time is estimated at $383,000, of which about
$63,000 was produced in 1911. These figures should be encouraging
if the lack of transportation and the freight charge of 10 to 15 cents a
pound for all supplies and equipment brought to the mines are con-
sidered. Should a railroad penetrate the Susitna Valley and reduce
the time and expense of landing supplies at the camps, much ground
which is not now worked could be mined at a profit and the gold
output of the region would be greatly increased.

COAL.

The accompanying map (Pl IX) shows the areas over which the
beds of the coal-bearing series of rocks outcrop at the surface, but it
by no means indicates all the area underlain by this series, which in
- many places is covered by glacial materials and stream gravels. It
should not be understood that all the area so mapped contains work-
able coal beds, for in most places the exposures are imperfect, and
only a portion of the series can be seen. At many localities in the
Yentna district, however, there are outcrops of lignitic coal of
varying thickness. All the coal examined was of low grade and was
light and woody in texture, with a black to brownish color, and
would be classed as medium to low grade lignite. No coal has been
mined commercially and no extensive openings have been made which
show it in an unweathered state, The best natural exposures of coal
are on Cottonwood Creek, a small stream near the Mills Creek
mining camps; on Short Creek, a small tributary of Cache Creek;
and on Peters Creek below the lower canyon. At these localities
coal beds ranging in thickness from 3 to 12 feet are exposed. Coal
taken from them has been used for fuel by miners in places where
timber is scarce, but has no other present commercial value.



GOLD PLACERS BETWEEN WOODCHOPPER AND FOURTH
OF JULY CREEKS, UPPER YUKON RIVER.

By L. M. PrinpLE and J. B, MERTIE, JR.

GENERAL CONDITIONS.

An area roughly blocked out by the basin of Fourth of July Creek
on the east, Woodchopper Creek valley on the west, Yukon River
on the north, and an ill-defined line paralleling the Yukon on the
south has long been known to contain auriferous grave]s The region
thus blocked out, which is here to be deacnbed comprises more than
a thousand square miles.

The town of Eagle, on the Yukon 30 miles above the eastern
boundary of the region, and Circle, on the Yukon 30 miles below its
western boundary, are the nearest settlements. There are steamboat,
landings and a few buildings at Nation, on the Yukon near the
mouth of Fourth of July Creek, and also at the mouth of Wood-
chopper Creek. Besides these there are some scattered small mining
camps back from Yukon River. The northern part of this region
is readily accessible from the Yukon, but in the parts that are remote
from that river the means of communication are still very primitive,
Trails and winter sled roads lead up most of the principal creeks.

Some mining was probably done in this region as early as 1898,
but the developments here to be noted have been made chiefly dur-
ing the last six or seven years. The incomplete data at hand indicate
that the value of the total gold production of the region to date is
less than $150,000, the greater part of which has come from Mineral
Guleh, a tributary of Woodchopper, and from Fourth of July Creek.
Some gold has been taken from Coal Creek and a little from tribu-
taries of Washington Creek. In 1911 placer mining was being done
on Woodchopper, Coal, and Fourth of July creeks and employed
about 30 men. The long-continued drought, which resulted in low
water in the streams depended on for sluicing, seriously interfered
with mining, and consequently the gold output was very low.

201
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STURVEYS AND INVESTIGATIONS.

The accompanying sketch map (Pl. X) includes data obtained by
Geological Survey parties at different times. Most of the drain-
age shown has been taken from the map of the Circle quadrangle,
which is based on accurate topographic surveys made in 1903, 1904,
1905, and 1908. The basin of Fourth of July Creek and vicinity,
however, has not been covered by instrumental surveys, and its
drainage as indicated on the map is based on foot traverses and is
therefore only approximately correct.

Among the previous geologic workers in this field whose results are
here utilized are Collier,* who investigated the Tertiary coal measures
of Washington Creek; Brooks and Kindle,? who studied the Yukon
section ; and Brooks,* who has reported on the placers of Woodchopper
and Washington creeks. The senior writer ¢ in 1903 traversed the
southern part of the area here to be described, and in 1911, assisted
by Mr. Mertie, made brief visits to parts of the basins of Woodchopper,
Coal, and Fourth of July creeks.

The region considered is bounded on the north by the Yukon Val-
ley, which here has a winding course, resembling incised meanders,
In this region the valley is from half a mile to a mile wide, but a few
miles below the mouth of Woodchopper Creek it widens out to merge
into the Yukon Flats. It is bounded by steep walls which rise to an
upland about 800 to 1,200 feet above the water. Into this upland
the streams, such as Woodchopper and Fourth of July creeks and
their tributaries, have incised sharply-cut narrow valleys, and the'
interstream areas, which are remarkably even-topped, rise southward
from the river. Along an irregular line from 10 to 25 miles south of
the Yukon the flat-topped ridges give way to an upland of much
stronger relief, made up of an intricate system of high ridges and
spurs and some prominent peaks, of which Mount Sorenson (5,620
feet) and Twin Mountain (5,660 feet) are the highest. This part of
the region has a minutely ramifying drainage system, the streams
traversing open valleys whose slopes are much more gentle than those
of the valleys nearer the Yukon.

All the area is drained to the Yukon by parallel streams which
maintain northerly courses. Charley River, the largest of these,
traverses the central part of the field, but most of its drainage basin
lies outside the region here considered.

t Collier, Arthur J., The coal resources of the Yulkon, Alaska: Bull. U. 8. Geol. Survey No. 218, 1603,
pp. 25-20.

# Brooks, A. H., and Kindle, E. M., Paleozoic and iated rocks of the upper Yukon, Alaska: Bull.
Qeol. Boo. America, vol. 19, 1908, pp. 255-314.

% Brooks, Alfred H., The Circle precinet: Bull. U. 8. Geol. Survey No. 314, 1907, pp. 108-204,

4 Prindle, L. M., Description of the Circle quadrangle: Bull. U. 8. Geol. SBurvey No. 295, 1906.




qu'm

‘SHAAAD
Nuorp rrwab po | auprRAD po
“rporest 'mp:'uo mq
RIATNARTY A
: 7% %
1A0QHE-38d

<

iR pay
‘3000imad TNy BOqr  (ewmppvor puz ‘rrom .
awwmopucs ore|g } g *&‘["Dlm ,

peo
QOEUL] A

JO HLEA0H ANV HEdd0HOTOOM Nﬂm&r NOIDHEY 40 VA HOLAES JID0OT0FD

L st e et

g
=
4//

o
7
PSS

P=gd
¥,

- ’-d' !
LN

-

’

—1

3
7 AT _('_.
| w LA 5%
Py - R e .
3 7 "-E\\\ VAL N
T ] i G IR 4
g é Z ‘
{ O
I H
= = &7 ot
¥ IAvid 924 NILITNG -
"
4 ]
| '
l i
? £




GOLD PLACERS, UPPER YUKON RIVER. 203
VEGETATION.

A large part of the region stands above timber line, which is here
at an altitude of about 2,500 feet. The valleys in the highland area
to the south are but scantily timbered with spruce. The best timber
is found in the valley bottoms, near the Yukon, where spruce trees
up to 18 inches in diameter yield the timber needed for use in mining,
The ridges near the Yukon are also forest-covered, but the spruce
here is smaller and is serviceable chiefly for fuel.

Grass is abundant in the open valleys and also above timber line.
This region, ltke other parts of the Yukon basin, will grow some crops,
but its adaptability to agriculture has thus far been tested only by a
few small gardens.

GEOLOGY.

The bedrock includes schists, regarded as pre-Ordovician; a variety
of sedimentary and volcanic Devonian and Carboniferous rocks;
Lower Cretaceous slate and sandstone; Tertiary conglomerate, sand-
stone, and shale; and Quaternary silt, sand, and gravel. Nearly a
third of the area is made up of intrusive granitic rocks, which form
one large mass in the southwest. The distribution of these rocks is
shown on Plate X.

Pre-Ordovician rocks.—The pre-Ofdovician rocks include quartzite
schist, quartz-mica schist, hornblende schist, carbonaceous schist, and
crystalline limestone. The occurrence in the western part of the area
of garnetiferous and staurolitic varieties of quartz-mica schist is
noteworthy.

The schists everywhere show complex structure. They have been
so closely folded and overturned that many of the folds are nearly
horizontal. The predominant characteristic, differentiating them
from the rocks of the succeeding group, is their content of mica, which
gives them a more or less glistening appearance. These rocks are to
be correlated with the Birch Creek schist, which is so widely dis-
tributed in the Yukon-Tanana region. There is evidence that they
were the bedrock source of some of the gold now found in the placers.

Paleozoic rocks—Many kinds of Paleozoic rocks lie adjacent to the
Yukon, both north and south of the river. These include shale, slate,
chert, greenstone, conglomerate, and linrestone. 'These rocks occupy
a large part of the area shown on the map. Their structure is com-
plex. They have been closely folded, but do not exhibit the meta-
morphism characteristic of the pre—Ordovician rocks. Some of them
are definitely known to be of Devonian and Carboniferous age (the
latter including Nation River and Calico Bluff formations), and it is
probable that they include also Silurian rocks. The most prominent
members of this group are greenstones, which form rough, irregular
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ridges close to the Yukon, and massive limestones, also found in the
vicinity of the Yukon, conspicuous both by their light color and by
the precipitous slopes of the spurs in which they ocecur. '

The areas occupied by the unaltered Paleozoic sediments have not,
as a rule, been regarded as favorable localities to search for placer
gold. On the other hand, some of the associated greenstones are
known to be mineralized, and the sediments themselves may be
mineralized where intruded by igneous rocks,

Mesozoic rocks.—The Lower Cretaceous rocks are closely folded
slate, sandstone, and quartzite. Some of the slates in the lower part
of the valley of Washington Creek contain quartz veins, which,
according to Brooks, are most probably the source of some of the
placer gold found on tributaries of Washington Creek.! The follow-
ing statement is quoted from his report:

This occurrence, though probably of emall commercial import, has a far-reaching
significance, as it indicates that there has been an intrusion of mineralized veins gince
these younger rocks were deposited. The writer is, however, of the opinion that this
mineralization is not general enough to encourage the search for placers where these
Cretaceous slates form the country rock. .

Tertiary rocks—The rocks of Tertiary age are predominantly con-
glomerate, but include less extensive beds of slate, sandstone, and
interbedded lignitic coal. The conglomerate is the most conspicuous
member of this division. It is composed principally of red, green,
and black chert, quartzite, and vein quartz, though it contains some
pebbles of schist or granite. The largest pebbles are about 5 inches
in diameter. The beds of conglomerate are massive, and their total
thickness probably exceeds 1,000 feet. Folding has been close, and
in places along Seventymile River the beds are vertical. In other
places the beds are nearly horizontal. The conglomerate weathers
easily to gravel resembling stream gravels, and the surface of the
high ridge between Seventymile River and Fourth of July Creek is
composed, of gravel derived from the underlying conglomerate. In
this area the width of the conglomerate north and south is about 10
miles. The occurrence of the conglomerate also on Washington,
Coal, and Woodchopper creeks suggests that it forms a continuous
belt from Seventymile River to 'Woodchopper Creek and beyond
toward Circle.

The economic mporta.nce of this donglomerate has been empha-~
sized by Brooks,* who writes:

There appears to be a fairly well defined belt of conglomerate running parallel to
the Yukon from Seventygpile Creek to Birch Creek, near the big bend. Both in the
Beventymile basin and on Woodchopper Creek placers have been found which must

bave derived their gold from this rock. Therefore the conglomerate must, in part
at least, be auriferous.

1 Brooks, Alfred H., Bull. U, B. Geol. Survey No. 314, 1607, p. 160,
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This conglomerate was probably laid down in Tertiary time, after the mineraliza-
tion of the older rocks, and its gold content is comparable to that of the present placers,
Buch auriferous conglomerates have long been known in the Yukon region, having
first been noted by Spurr, who termed them ‘‘fossil placers.” There is no evidence
that the conglomerate itself carries sufficient value to pay for milling, though this is
not impossible. The fact that the associated placers are only of moderate richness

argues against any considerable values being found in the parent rock.
© Much of the conglomerate is only loosely consolidated and weathers so readily that
it is easily mistaken for high-bench gravel. Asa result prospectors sometimes assume
that it marks an old river channel and expect to find very rich leads. Though it
is not impossible that the conglomerate represents the deposit of an old watercourse,
it by no means follows that such a deposit would be any richer than the placers of
the present stream. The term “old channel” has a very alluring sound to those who
are familiar with the occurrence of gold in California. Even if this conglomerate should
locally be found rich in gold, only such parts of it as are decomposed could be mined
by placer methods. Therefore the gold in it, except where it has served to enrich
present streams, has now no commercial significance.

Quaternary deposits.—The unconsolidated materials include silt,
sand, and gravel, separable into Pleistocene and Recent, according
as they have been deposited on high benches, up to about 200 feet
above the Yukon, or on the low benches and bottoms of the present
valleys. The high-bench deposits are found mostly in the vicinity
of the Yukon. The deposits of the present streams have been
derived largely from the conglomerate and are described in detail
under the heading ‘‘Gold placers” (pp 206-210).

Granitic rocks.—The large area of intrusive rocks shown on the
map, in the southwestern part of the region, is only a part of a much
larger mass. The predominant types are biotite granite, grano-
diorite, and quartz diorite. Some of these have cut Paleozoic
rocks and have been the source of bowlders in conglomerates that
are regarded provisionally as Cretaceous. It is probable that they
were not intruded contemporaneously, but that some are pre-Cre-
taceous and some post-Cretaceous. Twin Mountain is one of the
prominent points formed by these rocks. They occur near the
heads of both Woodchopper and Coal creeks and have contributed
material to the alluvial deposits of these streams. Garnets and.
staurolite, which are very abundant in the schists near the head of
Woodchopper Creek, are doubtless due in part to their contact action.

A close genetic relation between the igneous intrusives and the
auriferous mineralization in the Yukon-Tanana région has been
established,! and the presence and distribution of the igneous rocks
may therefore have important bearing on mineral resources.

1 Prindle, L. M., Occurrence of gold in the Yukon-Tanana region: Bull, U, 8, Geol, Burvey No. 345,
1908, pp. 179-188,
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GOLD PLACERS.
SOURCES OF THE GOLD.

So far as known no workable gold-bearing veins have been found
in the region considered in this paper, so that the placers are the
only mineral resource which need here be discussed. The placer gold
has been derived in part from the Tertiary conglomerate, in part from
the old schists, and in part from the Paleozoic sediments and green-
stones. A little alluvial gold has also been found, which had its bed-
rock source in mineralized portions of the Mesozoic slates. This
region therefore contains placer gold which has been derived from the
four different bedrock sources of gold in the Yukon-Tanana region.
The occurrences of placer gold on the different creeks will be described,
so far as the data at hand will permit.

PRODUCTIVE CREEKS,

FOURTH OF JULY CREEK.

Fourth of July Creek rises about 12 miles from the Yukon, and flows
northeastward throughout the greater part of its course. Crowley
Creek, its largest tributary, enters it from the east about 6 miles below
its head. About 4 miles farther downstream the creek leaves its
valley, crosses the flat of the Yukon in a northwesterly course, and
enters a slough of the Yukon, Michigan Creek, a neighboring stream
on the east, which leaves its valley aj about the same distance from
the Yukon as Fourth of July Creek, is reported to enter the same
slough only about a quarter of a mile farther upstream.

The main part of the valley of Fourth of July Creek is cut to a
depth of about 2,000 feet below the level of the ridges. The stream
flat throughout most of the valley is from 200 to 400 feet wide. The
stream above the mouth of Crowley Creek flows close to the steep
slope of the ridge limiting the valley on the east. A gentle benchlike
slope on the west, about 1,000 feet wide, merges with the base of the
‘ridge, limiting the valley on the west. The portion of the valley below
Crowley Creek is mostly narrower, the upper valley being limited by
steep slopes on both sides till the valley of the Yukon is approached,
where the valley floor widens and merges with that of the Yukon.
At this point there is a benchlike slope on the east a half mile or more
in width. The grade of the creek is about 100 feet to the mile. The
drainage area is comparatively small and the precipitation for this
general area is low, the maximum averaging hardly more than 10
inches a year, so that the quantity of water is generally insufficient
for use in mining. The timber resources are limited to a compara~-
tively light growth of small spruce and a small amount of birch and
poplar. Some larger spruce timber grows in the valley of the Yukon.
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The bedrock of Fourth of July Valley from the mouth to Crowley
Creek is predominantly limestone, which at the point where the creek
enters the Yukon Valley forms picturesquely weathered cliffs that
tower above the stream on its western side. Upper Carboniferous
fossils are abundant in similar limestone near the mouth of Michigan
Creek, and the limestones at both these localities are regarded as of
the same age and are correlated with upper Carboniferous limestones
on the north side of the Yukon above Nation River, described by
Brooks and Kindle.! The limestones occur as massive beds, which
at some localities have been so folded as to be in a vertical position,
and at others, where cut by the Yukon, form conspicuous open folds.

The bedrock from Crowley Creek to the head of Fourth of July
Creek and around all the headwaters, so far as observed, is con-
glomerate, which is continuous with the conglomerate of Seventy-
mile River, whose age has been determined as Tertiary. Along the
Seventymile these rocks have in places been closely folded and here
and there the beds are nearly vertical. Their structure on the ridges
is for the most part obscured by the gravel into which they have
weathered. It has been rather definitely determined that the gold of
the placers hag been derived from this conglomerate, the only portion
of the Fourth of July Valley and its tributaries where gold has been
mined being those areas where the conglomerate is the bedrock and
"where the streams have had no access to any other bedrock.

Most of the work on the main creek has been confined to about six
claims. The depth to bedrock averages about 9 feet and the thickness
of gravel that is being mined is 5 to 6 feet. Most of the gravel is
comparatively fine, the largest pebbles being about 6 inches in
diameter, but it includes a few bowlders of quartzite and hard
Paleozoic conglomerate, 3 feet or more in diameter. All pebbles and
bowlders observed were well worn, and there is but little doubt that all
have been derived from the Kenat conglomerate.

Most of the gold lies close to bedrock, the greatest part of it being
found in the lowest foot of gravel. The width over which it is found

"had not been determined. Most of it is in flat and rather thick
flakes, the largest one-fourth inch in diameter. It is reported to
range in assay value from $18.89 to $18.91 per ounce, and is recovered
in amounts reported to range from $8 to $75 per box length of 12 by
12 square feet, the average being about $25.

The most noteworthy feature of mining during 1911 was the intro-
duction of mechanical means for working the gravels on a larger scale.
An 86-horsepower steam scraper was put in operation during the first
week in September, and those in charge of it expected to use it
extensively during the summer of 1912. This scraper was trans-

1 Brooks, A, H., and Kindle, E, M., Paleozoic and associated rocks of the Upper Yukon, Alaska: Bull,
Geol. Boo. Ameriea, vol. 19, 1908, pp. 205-207, :
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ported during the summer under its own power from the Yukon a
distance of about 10 miles over the brushy valley at an average speed
of about half a mile a day. Holes were dug at regular intervals
in the frozen ground. A large hook was used as a deadman, and the
scraper was pulled forward on its foundation of logs by means of the
cables attached to the drum.

Open-cut work was being done in 1911 on Ruby Creek, which
enters Fourth of July Creek about 3 miles above the point where
the scraper was in use. The bedrock of this valley, so far asobserved,
is only the conglomerate. The depth to bedrock where mining was
in progress is 12 to 15 feet. The gravel is made up of material
derived from the conglomerate. The gold is found in about 20
inches of gravel next to bedrock. Values are reported from $50 to $75
to the box length of 12 by 12 square feet. Operations had been at a
standstill throughout most of the season on account of lack of water.

WASHINGTON CREEEK.

Washington Creek was not visited, and therefore the following
account is quoted from Brooks’s report ! based on his examination
in 1906: .

Washington Creek flows through a northward-trending valley whose floor is half a
mile to a mile in width. The bedrock for the lower 3 miles of the creek is black slate
or shale of Cretaceous age.? Farther upstream the creek cuts a greenstone and chert’
formation, probably of Devonian age, and 10 miles from the Yukon it crosses another
belt of Cretaceous age which forms the bedrock in Nugget Gulch, a emiall southerly
tributary. These rocks are succeeded to the south by a broad belt made up of a
Tertiary conglomerate, sandstone, and shale series, which contains some lignitic coal
seams, This belt of coal-bearing rocks has a width of at least 10 miles. 8till higher
up the valley older rocks are said to occur again.

Placer gold has been found at two localities in the Washington Creek basgin—(1) in
Nugget Gulch, about 9 miles from the Yukon, and (2) on Surprise and Eagle Creeks,
about 10 miles above. The placers on Nygget Creek consist of very muchlocalized
accumulationo of coarse gold on bedrock. Values are so irregularly distributed that
it is questionable whether the placers can be mined at a profit. The gold appears to
have its source in the Cretaceous slates, and it is worthy of consideration at least
whether the mineralization of the bedrock is not sufficiently localized to pay the
cost of extraction. The upper locality was not visited by the writer,but from the best
accounts the gold here appears to be derived from a conglomerate. The value of the
total production of Washington Creek does not exceed a few thousand dollars,

COAL CREEK.

Coal Creek is about 20 miles long. The placer deposits of the
lower part of its basin probably derive their gold, as do those of the
adjacent parts of Woodchopper Creek, from the Tertmry conglc;m-
erates. These placers were not visited.

1 Bull. U. 8. Geol. Burvey No. 314, 1807, pp. 200-201.
Colller, A. J., Coal resources of the Yukon: Bull. U. 8. Geol. Burvey No. 218, 1608, pp, 28-32.
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The most noteworthy discovery in the Coal Creek Valley has been
made at a point about 15 miles from the mouth of Coal Creek, several
miles south of the belt of conglomerate. The rocks in this portion
of the valley are chert, shale, greenstone, and limestone, regarded as
Paleozoic, forming a belt several miles wide. Still farther south are
schists, regarded as pre-Ordovician, and intrusive granite.

The auriferous gravel found is near the southern extension of the
Paleozoic rocks at a point about 1 mile below a narrow portion of the
valley, referred to by the miners as the canyon. Gold was discovered
in the spring of 1910. The depth to bedrock where ground was
being prepared for working is only about 7 feet and the productive
gravels are reported to be over 100 feet wide. Some of the gold is
coarse, pieces worth $12 to $14 having been found. Only work
preparatory to mining in 1912 had been done at the locality. The
season had been very dry and scant opportunity had been given to
work sufficient ground to determine the gold content of the gravels.
Many garnets are mixed with the gold at this locality, and the gravels
contain also fragments of garnetiferous schist like that forming much
of the bedrock near the headwaters of Coal Creek. These facts
suggest that the placer gold has been derived in part, at least, from

the schists.
WOODCHOPPER CREEK.!

Woodchopper Creek, which is about 12 miles long, enters the Yukon from the west,
about 30 miles above Circle. Its flood plain is about half a mile in width, and the
alluvium is probably 8 to 15 feet deep. Five miles from the Yukon, Mineral Creek,
the scene of some placer mining, joins Woodchopper Creek from thesouth. The floor of
the Mineral Creek valley is 100 to 150 [feet] wide, and the slopesare broken by benches,
Woodchopper Creek has a gradient of about 100 feet to the mile. Remnants of benches
are to be seen along the creek, the highest of these being marked by the ridge on the
northwest gide, which is flat and slopes toward the Yukon.

In the lower mile of Woodchopper Creek only massive greenstones were observed.
Above these is a belt of black slate and limestones about a mile wide that continues
nearly to the mouth of Mineral Creek, where it is succeeded by friable conglomerates
in a belt eaid to be several miles wide. Chert and quartz pebbles dominate in the
conglomerate, which is only imperfectly consolidated and outcrops in few places.
This fact often leads to its bamg mistaken for bench gravel by the prospector.

So far a8 known the gold—beanng alluvium is confined to those creeks that cut the
conglomerate, which therefore appears to be the source of the gold. Mineral Creek
and its tributary, Alice Gulch, are the only streams which have thus far been found
to be productive. Prospects are reported from Grouse and Iron creeks.

At the mouth of Mineral Creek the alluvial floor of the valley is about 75 yards wide,
but narrows upstream. A mile upstream, at the mouth of Alice Gulch, it broadens
out again into & basin about 75 yards wide. On the south wall of Mineral Gulch three
well-defined benches were observed having altitudes of about 20, 150, and 250 feet
above the creek,

Muck is encountered on some claims to a depth of 30 feet; the gravels underneath
vary in thickness from 2 to 5 feet and are made up chiefly of well-rounded quartz and
chert pebbles. The pay streak lies in parallel channels 12 to 14 feet wide, as many

1 Matter in smaller type quoted from Brooks, Bull. U. B, Geol. Survey No. 314, pp. 203-204.
48868°—Ball. 520—12——14
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a8 three of these channels having been found in a width of 80 feet. The pay streak
under present systems of mining is from 1§ to 4 feet in thickness, A varying amount
of bedrock is taken up, depending on its looseness, Apparently gold occurs in bedrock
beyond the depth to which it can be profitably extracted. The bedrock appears to be
chiefly conglomerate, but in some places a plastic clay which may be a weathered
shale interbedded with the conglomerate has been encountered. Prospectors report
that the values are found in the conglomerate but appear to be absent in the clay.
The conglomerate bedrock is invariably iron stained, where found under the placers.
Gold has been found in the lower benches of the creek, but the higher benches have
not been prospected.

The gold in the creek bed is usually bright colored, but that of the benches is dark,
Most of the gold is coarse, the largest nugget having a value of §30. The value of the
gold as reported by the miners is $19.09 to $19.30 per ounce, which would make it the
highest of all found in the Yukon Province. Values of 6 to 50 cents to the pan on bed-
rock are reported, but there are no data available for the average tenor of the pay
streak.

Besides the areas on Mineral and Alice creeks, where mining was
in progress in 1906 and also in 1911, the area of possibly productive
gravel had been enlarged by the discovery of gravels in the Wood-
chopper Valley about 1 mile above the mouth of Mineral Creek and
8 miles from the Yukon.

West of the stream in this part of the valley there is a flat, a half
mile or more wide, on which, several hundred feet from the creek,
gold has been discovered. - The bedrock is conglomerate; the depth
to bedrock is about 22 feet, and the thickness of gravel is about
11 feet. In the lower part of the gravels there are a great many
granite bowlders, the largest 2 feet or more in diameter. The gold
is reported to occur in the lower 6 feet of gravel, next to bedrock.
The productive ground is reported to have a width of about 70 feet
and to carry as high as $1 to the square foot of bedrock surface.
Sufficient work has not been done, however, to determine whether
there is a persistent body of productive ground. If this deposit
should prove to be economically workable its accessibility to the
Yukon will be an important factor in its exploitation,

Auriferous gravels are distributed over a considerabie area along
Woodchopper Creek, but no very rich placers have been found, nor
have any very extensive deposits of low-grade gravels been developed.

The relative accessibility of the placers to the Yukon is favorable
to cheap mining, but the small amount of water available for sluicing
is a drawback. With one exception all the operations have been of a
primitive type, the steam shovel on Fourth of July Creek being the
only machinery employed except a few steam hoists.



PLACER MINING IN THE FORTYMILE, EAGLE, AND
SEVENTYMILE RIVER DISTRICTS,

By E. A. PORTER.

GENERAL CONDITIONS.

The estimated value of the combined gold production of the
Fortymile and Seventymile river districts for 1911 was $212,000;
the estimated value of the output for 1910 was $200,000. The result
of the work done during the open season of 1911 was disappointing
to most of the small operators in these districts, as the creeks were
at an extreme minimum stage for practically the entire season, and
it was impossible to strip or tear down any large areas of overburden
in order to get at the gold on bedrock. The winter operations were
somewhat more successful, however, but even the winter yardage
was considerably less, for fewer miners were at work on the creeks
than in preceding years. On the other hand, the dredges and other
large ‘enterprises were very successful, and the result of their work
tended to overcome the general depression prevailing among the
smaller operators.

The increase of the gold output for 1911 over that for 1910 must
be attributed to the success of the two dredges on the headwaters
of Fortymile River. They were the only dredges in operation in the
district during 1911, but their success was so marked that no doubt
others will be installed, especially on Seventymile River. It was
fortunate that these dredges were so successful, for they gave employ-
ment to many men who otherwise would have had to leave the dis-
trict for more promising fields. The drought and the abandonment
of Fort Egbert, at Eagle, threw many men out of employment,
forcing them to seek work in other parts of the district or elsewhere.

On Dome Creek extensive ditch building for hydraulic mining was
undertaken to develop the higher placer grounds along the creek.
During the season of 1911 a small ditch was in operation and an
extension was planned which would enable it to deliver practically
the entire flow of Dome Creek. Further plans call for a 5-mile ditch
with a capdcity of 20 second-feet. All these improvements were

undertaken by the Auburn Gold Mining Co.
211
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Other ditches for hydraulic work were either built or contemplated
on Denison Fork, Franklin Creek (below its mouth), and Twin Creek,
in the Fortymile River district, and on Alder, Pleasant, Sonickson,
and Crooked creeks, in the Seventymile district, but owing to the dry-
ness of the season they could not exert much influence on production
along these creeks.

No new discoveries were made in this reglon, but in December
it was reported that a rich strike had been made near the head of
Sixtymile River, which is close to the headwaters of South Fork of
Fortymile River. The extreme headwaters of the Sixtymile are in
Alaska, but the greater part of the river is in Canada. It is not
known at this time whether the reported strike is in Canada or
Alaska. The gold is said to average one dollar to the square foot of
bedrock, and the rock lies about 20 feet deep. The valley in which
the discovery was made is about 20 jmiles long and 2,000 feet wide.

During the season of 1911 a new power plant was put in operation
by the Treadgold interests near Dawson, Yukon Territory. It
utilized water power from Klondike River and was thus able to
supply cheap power to both the Treadgold projects and the Guggen-
heim interests. As a result the power supplied by the Coal Creek Co.
lost its market, and the expensive plant on Coal Creek was forced to
close down. Hs.vmg large capital invested, the Coal Creek Co. was
forced to seek a new field and naturally turned to the Fortymile
district as the one nearest at hand. Near the close of the season of
1911 representatives were sent to various parts-of the district to
find new ground to open up, but the results of their invéstigations
have not yet been announced. It is only reasonable to expect,
however, that the Coal Creek Co.will transfer their power to the Forty-
mile district if they can get proper inducements.

The difficulty of transportation in the Fortymile and Seventymile
regions is burdensome to both permanent residents and transient
visitors. Several years ago a road was constructed from Eagle to
the head of Discovery Fork—about 16 miles—but this has been so
much neglected that it has become almost impassable. There is also
little indication of the road once constructed between the head of
Discovery Fork and Fortymile River. An old road from Steele
Creek to Jack Wade Creek is in use, but during the open season the
first few miles of this road are so boggy as to be impassable. Well-
worn or even well-defined trails are rare, and the few miles of good.
trail have been located and built by mail carriers and other indi-
viduals. A private road has been built from Eagle to Seventymile
River by the miners of the district, who by hard labor and with few
appliances maintain it in winter, so that it is fairly serviceable for
small loads. In summer this road is so wet and spongy as to be
almost impassable. Private trails have been blazed, but most of



PLACER MINING IN THE FORTYMILE DISTRICT. 213

them are hardly recognizable. A road from Eagle northward to
Fortymile River and southward to Seventymile River seems to be
greatly desired by the people of the district. Such a highway, if
properly built and maintained by the Government, would be amply
justified, for good roads would do more than any other thing to rees-
tablish confidence in the district. The topography and geology of
this region is similar to that of the Klondike district and other parts
of Yukon Territory, so that the problem of locating and construct-
ing good roads should not be difficult.

FORTYMILE DISTRICT.

A report on water-supply investigations in the Fortymile and
Seventymile districts (pp. 219-235) furnishes information that bears
on this report. The water was exceptionally low during the season
of 1911, when the minimurn stream flow for the district was probably
reached. With a low water supply the production of the placer
mines must fall below the average, and had it not been for the sue-
cessful work of two dredges the total production of Fortymile district
during the season would have been very small. In fact, the climatic
conditions and the abandonment of many claims have kept the output
of the small operators at a minimum ever since the discovery of gold
in the district.

Considerable lode prospecting was attempted during the season,
but no important lode was found. The ground is covered with a
heawy growth of moss, which seriously handicaps the work of the
quartz or lode prospector.

NOTES ON LODE PROSPECTS.

A little work has been done on a copper deposit situated near the
headwaters of Kechumstuk Creek. This property was not visited
and nothing was learned of the character of the deposit. So far as
known not much development has been accomplished.

In the basin of Mdsquito Fork small quartz veins cut the green-
stones and greenstone schists, which form the country rock. These
are iron stained and some carry gold. None have been developed,
except on what is known as the Tweeden property, near the mouth
of Gold Creek, where a cliff of greenstone, which has been fractured,
contains some quartz veins and stringers along lines of cleavage.
These veins or stringers are iron stained and carry free gold, which
is probably derived from the decomposition of iron sulphides. The
ore exposed is small in amount, but the owner reports that it carries
a large content of gold. The development work accomplished when
the place was visited consisted of a 4 by 8 foot tunnel, 40 feet long,
entering at the base of the cliff, and a crude arrastre propelled by a
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water wheel placed in Gold Creek. Operations were discontinued
early in June, as the owner was unable to collect the gold, which is
very fine.

. PLACER WORKINGS.

Eagle Creek.—Five men spent the season in various kinds of work
on Eagle Creek and were able to take out some winter ground for
sluicing during the spring run-off. On account of low water the
summer was practically lost, so far as productive mining was con-
cerned, but much dead work was done in preparation for the winter
work. The winter of 1911-12 promises to be exceptionally prosper-
ous, as the prospecting indicated that the gravels carry much gold.

Chicken Creek and branches.—It is estimated that 26 men were at
work on Chicken Creek and its branches during the season of 1910-11
and all were working up to June 12. After that date very little
was accomplished, as the water supply fell to the minimum and
remained low for the rest of the season. On one or two of the small
crecks the operators were unable to finish sluicing their winter
dumps, It has been estimated that, on account of the dry season,
the production of Chicken Creek fell 65 per cent below what it
would have been with a good water supply. Toward the end of
the season there was talk of options for dredging being taken on
the entire creek, and it is known that advances were made to sev-
eral of the miners. A meeting was held at Chicken Creek in August,
at which a neighboring power company proposed to pump water
from Mosquito Fork to the head of Myers Fork and thereby sup-
plement the present supply. It is understood that the proposed
undertaking was not considered feasible on account of the great
cost of raising the water to the higher elevation.

The placer grounds of Chicken Creek contain much gold, although
the gravel is rather deep, and if an adequate supply of water can
be procured without too great expense, they should yield good
returns. Various plans contemplate obtaining water either by stor-
age, by pumping, or by diverting water at Kechumstuk into a canal
running to Chicken Creek. The plan last named seems the most
practicable, but it would involve heavy expense and should be pre-
ceded by extensive prospecting to determine whether the quantity of
gold obtainable is sufficient to warrant the expenditure.

Denison Fork.—Adjoining the right bank of Denison Fork near
its mouth are some bench lands that carry gold in placers. In the
summer of 1911 Mr. J. V. Anderson constructed several hundred
feet of ditch to a small branch, and during the spring run-off expects
to get enough water to work down these benches and recover the
gold. This plan seems feasible, even though it is on a small scale
and can be carried on for only part of the season.
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Napoleon COreek.—Owing to the poor water supply but little work
was done on Napoleon Creek in the summer of 1911. Practically
the whole output for the year was obtained from the winter dumps,
which were sluiced during the early summer.

Franklin Creek.—Franklin Creek was practically dry throughout
the season. Mining was done for only a few days.

Walker Fork.—The main source of production on Walker Fork
came from the upper Mulvane dredge, which had a very successful
season, although for about three weeks in August there was barely
enough water to float the dredge. It was kept afloat by making
the low dams as tight as possible, and no other difficulties were met
with in operating it. The dredge consists of a 25 by 60 foot scow
drawing 3 feet of water and carrying 36 open-connected buckets,
which have a capacity of 24 cubic feet each. It is capable of dig-
ging to a depth of about 30 feet, but on Walker Fork the average
depth to bedrock was about 12 feet. The ground ahead of the
dredge has been stripped for the last two seasons, and there was
very little frost to interfere with the operation of the buckets. It
is planned to work the dredge up to the mouth of Poker Creek in
1912 and there dismantle it and move it downstream about 3 miles.
Here the dredge will be rebuilt, and it should have ground for three
seasons’ work. The ground at this place has been stripped and pros-
pected by a drill every 50 feet across the creek bed. The plans for
moving the dredge indicate that the prospecting afforded encouraging
results.

On Poker, Davis, and Cherry creeks work was done by about six
men, who were handicapped all summer by the low water. Below
Cherry Creek no work was going on, as the dredge formerly located
here had been moved to South Fork of Fortymile River.

Wade Creek.—There was almost no production from Wade Creek
on account of the inadequate water supply. The winter work was
more successful, and this occupied about 28 men. Several operators
left Wade Creek at the end of the season, not intending to return. Its
production is not likely to be again as great as it has been in the past,
unless some more rich ground is found or cheaper methods are used to
work the low-grade placers now known.

Canyon and Squaw creeks—On Squaw Creek also the season of 1911
was a failure on account of lack of water. Much dead work was
accomplished, however, and several prospect holes were sunk. If
the season of 1912 has an average water supply there should be
renewed activity on the creek.

The season of 1911 was an average one on Canyon Creek. Below
Squaw Gulch an outfit was at work with a steam plow and seraper
and accomplished much assessment work. Most of the placers on
Canyon Creek are reported to be of low grade, but it is hoped that
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they can be successfully worked by dredge. One man did some work
near the head of Canyon Creek, but was unable to take out much gold
on account of continued low water.

South Fork of Fortymile Riwer.—The principal producer on the
South Fork was the Mulvane dredge, which began operations about
the 20th of June at a point known as Pump Bar, about 3 miles below
Franklin. This dredge consists of a 30 by 70 foot scow with a draft
of 3 feet and carries 28 open-connected buckets with a capacity of 3
cubic feet each and a 35-foot ladder. The depth of the workable
gravels averaged about 11 feet. In 1909 a dredge was installed at
practically the same point, but proved to be a failure. The new
dredge, however, gave encouraging results from the start, and the
season’s work appears to have been very satisfactory to the company.
High water occurred several times during the summer, but caused no
delay, as the superintendent was prepared for it.

The gold seems to be deposited not across the entire bed of the
stream but mainly along the sides or on the inside edges of the curves.
The dredge passed over several spots where the ground above low-
water level had been worked some years ago by men who used rockers,
and who had evidently done their work well, for in the clean-up on the
dredge little gold was recovered at these places. This result empha-
sizes the fact that much preliminary prospecting should be done
before a dredge is installed, At the end of the season the company
obtained options on the river claims up to the mouth of Franklin
Creek, and it will probably take at least two years to dredge these
claims.

The success of this work shows that many of the placers of the
district can be worked by dredge and has restored confidence among
the miners of the district, many of whom, because of repeated failures,
had become discouraged. Almost every failure, however, is trace- .
able to lack of proper equlpment or to poor judgment in the installa-
tion of the plant.

Dome Oreek.—As already stated (p. 211), the Auburn Mining Co.
has undertaken to develop the placer benches along this stream. A
5,000-foot ditch has been constructed to divert the waters of Powers
Pup to a high bench farther down Dome Creek. Further plans call
for an extension of this ditch to a point 4 miles above Powers Pup,
where the waters from Dome Creek will be available for an increased
supply for the ditch. This ditch will have a capacity of 20 second-
feet (1,000 inches), with a grade of 1 foot in a thousand. The
water will be used in washing down the deep gravels along the high
benches near and below the Eagle summer trail. During June, 1911,
the company employed nine men in building ditches and other work,
and it proposes to construct an additional ditch in 1912, J
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Other ereeks—A 9,000-foot ditch has been completed, which diverts
the waters of Twin Creek into a small reservoir 150 feet above a high
bench extending along Fortymile River. The miners were unable to
operate this plant because of the scant water supply. The bench is
said to carry considerable gold in places, but scarcity of water pre-
vented the stripping of much graund to bedrock.

On Flat Creek and Fortyfive Pup little work was accomplished on

account of low water, and in the North Fork area of t.he Fortymile
practically nothing was done.

The two dredges near the mouth of Fortymile River—the smaller
being in Alaska and the other on the Canadian side—were sunk at
the spring break-up. A few men attempted to obtain a little gold
from the Fortymile bars by rocking, and another man built several
hundred feet of ditch below Franklin Creek to wash down bench

gravels.
EAGLE DISTRICT.

In the Eagle district, as in the adjoining districts, mining opera-
tions were handicapped by lack of water, and operations probably
reached the lowest stage known in many years. On American Creek
four men worked for a part of the season, but the production was
very small. The only excitement on the creek was caused by the
finding of a $135 nugget on ‘‘No. 8 above.”

On Discovery Fork the production was limited by the small water
supply, although some very rich ground was practically stripped.
On Wolf Creek considerable dead work wes done in constructing a
first-class automatic dam. The builders left for the Ruby strike in
July, but intended to return and prospect the ground thoroughly

during 1912,
SEVENTYMILE DISTRICT.

The total production from the Seventymile district for 1911 fell to
& minimum, the decrease being due in large measure to a lack of
water. Because of the continued drought the miners found it impos-
sible to remove the overburden from the bedrock. Eighteen men
were working in the district nearly all summer but were unable to
accomplish very much except on Crooked Creek, where the operators
were satisfied with the results of the season, though they were handi-
capped by lack of water. Flume Creek was abandoned except for
assessment work. On Alder Creek three men were at work for the
whole or a part of the season. The operations on this creek are in &
preliminary stage, and consequently little gold was taken out, but the
results appear to have been encouraging.
Barney Creek.—Nothing was attempted on Barney Creek until the
later part of the season, and during that period the creek was so low
that it was barely possible to get a sluice head. By utilizing the
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water supplied by light rains an operator was able to strip a small
area to bedrock.

On the bench land between Barney and Pleasant creeks four men
attempted to wash down a part of the bench by hydraulic pressure.
Several thousand feet of ditch was built, but owing to lack of water
nothing was accomplished.

Washington Creek.—One man by hard work was able to take out
alittle gold at the mouth of Washington Creek and on the neighboring
benches, but his operations were small.

Sonickson COreek.—The ditch recently constructed leading from
Sonickson Creek to the bench lands near the falls on Seventymile
River was much used durmg the season of 1911, The canal proved
to be very ‘successful, giving a head of 150 feet at the falls. The
pressure was used in washing the overburden into the main river and
leaving the bedrock exposed to be shoveled in later.

Crooked Creek.~—Three men were at work on Crooked Creek for the
entire season and operations were more successful here than else-
where in the Seventymile district. A considerable area of bedrock
was cleaned up on a group of claims, but for several periods during
the summer operations were suspended on account of low water.
However, the season on Crooked Creek was fairly satisfactory and
much dead work was accomplished for the future. '

Other creeks—On Fox Creek three men were at work for two
months and stripped about 300 feet of ground with the aid of an
automatic dam, but the results of the season were very unsatisfac-
tory, as much time was lost on account of the low stage of the creek.

On Curtis Creek or bar one man attempted to strip a small area of
ground, but was unable to accomplish much with the small amount
of water available. On Hudson Collie, a pup of Rock Creek, several
shafts were sunk to bedrock during the winter season, but the results
were not enco

Alittle ”smpmg" was done on the Seventymile River bars near the
falls and considerable gold was taken out during the short time
available, .



WATER SUPPLY OF THE FORTYMILE, SEVENTYMILE,
AND EAGLE DISTRICTS.

By E. A. PORTER.

INTRODUCTION.

The object of the water-supply investigations in the Alaska placer
districts, begun in Seward Peninsula in 1906 and extended to the
Fairbanks district in 1907, is to obtain information that will be of
value to the mining industry. The work consists of stream gaging
not only in well-developed districts like the Fairbanks but also in
districts like the Fortymile, where but little use has yet been made of
water.

In 1910 * studies of water supply were begun in the Fortymile and
Seventymile regions, by C. E. Ellsworth. In May, 1911, the work
in these regions was taken up by the writer and continued through
the season, and its results are given briefly in this preliminary report.
» The season of 1911 was exceptionally dry, but some very interesting
and valuable data were obtained in regard to what is considered to
be a comparatively low run-off of the several streams.

The writer desires to express thanks to the many mine operators
who not only have cordially cooperated in the work, but who have
extended every courtesy to different members of the Survey working
in this field. Among those who deserve special mention are J. V.
Anderson, J. P. Carroll, Mr. Coffin, Mrs. E. C. Curtis, Earl Davis,
August Fritch, Arthur Froelick, F. J. Herbster, J. A. Kemp, Jack
McLin, Charles Martin, L. G. Michaels, Jay A. Mattison, Frank
Montgomery, James Murphy, Mr. Patterson, T. E. Phillips, John
B. Powers, John Roberts, E. A. Robertson, Joseph Shatshok, Henry
Siemer, Ole Tweeden, and Alex. Turnbull.

GEOGRAPHIC SKETCH.

The country included in the Fortymile and Seventymile River
drainage areas is a typical example of a thoroughly dissected upland.
It is a westerly continuation of the famous Klondike region and
forms part of the Yukon Plateau. Long ago it was elevated and was

1 Ellsworth, C, E., and Parker, G. L., Water supply of the Yukon-Tanana reglon, 1010; Bull, U, 8, Geol.
Survey No, 480, 1010, pp. 173-215,
: 219
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deeply trenched by a number of small streams; in comparatively
recent times it has been again elevated, the uplift resulting in a
further deepening of the valleys by 500 to 700 feet. Parts of the .
old valley bottoms, still covered with heavy accumulations of gravel,
are found at many points, where they form terraces along the river
valleys. From a distance the region has a hilly or mountainous
aspect, but in reality it consists of a series of long branching ridges,
the summits of which have been carved by unequal denudation into
irregular hills and hollows. Most of the ridges radiate from domes,
of which there are many in this region. Elevations range from
about 800 feet above sea level at Eagle, to 6,000 feet or more at other
points, the highest area being the Glacier Mountains, not far west of
Eagle. On this_rugged well-defined ridge snow lies late and comes
early, and in protected spots remains throughout some years; masses
of ice also accumulate in sheltered canyons and afford a steady
supply of water to Mission Creek and to tributaries of the North
Forks of Fortymile and Seventymile rivers.

CLIMATE AND VEGETATION.

Much general ignorance prevails in regard to the climate of Alaska
and especially of the Fortymile and Seventymile regions, to which
many ascribe a year of continuous ice and snow. It is true that
" the cold is intense at times, but not for long periods. The snowfall
in the interior of Alaska is very light compared with that in other
parts of Alaska and that in the northern United States. The winter
days are short but both days and nights are generally clear, and the
sharp air is invigorating. The summers are very pleasant, and
there is practically no darkness from May 25 to August 10. Data
regarding precipitation in the Fortymile region are included in the
tables appearing elsewhere in this volume (pp. 248-250).

At Eagle, Steele Creek, and other points many vegetables are
grown that compare favorably in size and quality with any of the
imported products. _

The timber supply of the region is moderate, but affords the
various miners and companies plenty of logs and lumber. The most
valuable timber consists of birch and spruce, which grow in many
valleys. Cottonwood grows rapidly in many places, and the majority
of the ridges are overgrown with a thick, tough brush. The entire
area is covered with a heavy growth of moss.

WATER POWER.

The following tables summarize briefly the records made of the
flow of streams in the Fortymile and Seventymile River districts
that offer a possibility of water-power development.
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In comparing the columns showing days of deficient discharge for
different years on any stream, allowance should be made for difference
in length of periods, also for the part of the season covered by the
records. Ordinarily the longer the period the greater will be the
number of days of deficient discharge for any given number of horse-
power, and the less favorable will be the comparison with some other
year in which the records extend over a shorter time. Moreover
the days of deficient discharge will be a greater percentage of the
total number of days if the observations include only the low-water
months,

The tables also give the horsepower (80 per cent efficiency) per
foot of fall that may be developed at different rates of discharge
and show the number of days on which the discharge and the corre-
sponding horsepower were respectively less than the amounts given
in the columns for ‘“discharge’ and ‘“horsepower.” .

Estimated discharge and horsepower table for Fortymile and Seventymile rivers for 1911.

Days of deficient Days of deficient
discharge. discharge.
- (80| Forty- | Beventy punrn (80| Forty- | Seventy
Wer y- = e venty-
Discharge | BorGen | “mile | mile |2 cent | mile | _mile
oosntt- 1o ) River at | River at (|0 3000 )| Riverat | River at
. per foot | Bteele | ‘‘the * | perfoot | Bteele ‘the
fall. | Creek, | falls,” fall. | Creek, | flls,”
Mav 16 | June'20 || ug 18 | Juno 20
to %ﬁ' to Sey to Sapt. | to Sept.
| 20, 1011, | 25, 1911, 20, 1011, | 25, 1011, ,
185 15 18 770 70 20 88
176 18 30 880 80 3 02
187 17 33 900 90 43 95
108 18 @ | 1,100 100 I o0
200 19 4 1,650 150 66 8
20 20 0 43 2200 200 70 98
o5 a5 1 43 2,750 250 8 08
330 30 3 64 || 3,300 300 88 o8
385 35 i 71 3,850 350 88 08
440 0 9 4 4,400 400 93 08
405 45 10 75 4,960 450 Y o8
550 50 | 15 83 5,500 500 103 98
720 w| = o |

FORTYMILE DISTRICT.
LOCATION OF AREA.

The Fortymile district is included in the area drained by Forty-
mile River. The district has been topographically surveyed and is
covered by three maps,' two published separately and one in process
of compilation.

! Fortymile quadrangle, No. 640: Maps can be obtained from the Director, U. 8. Geologleal Susvey,
‘Washington, D, C., at 5 cents per copy.

Circle quadrangle, No. 641° Contained in Bulletin 205, which can be obtained from the Director, U. 8.
Geologlcal Burvey; also in print as a separate publication, price 10 cents,

Area south of Circle and Fortymile quadrangles: In process of compilation.



222 MINERAL RESOURCES OF ALASKA, 1911,

The following list gives the locations it which gaging stations were
maintained or discharge measurements were made in 1911 in the
Fortymile district:

Fortymile River drainage basin:

Fortymile River at Steele Creek,

King Solomon Creek at Liberty.

Liberty Fork at mouth,

Dome Creek at trail crossing. '

Dick Vale Creek at trail crossing.

Twin Creek at head of ditch,

Steele Creek at mouth.

Canyon Creek below Squaw Gulch:

Squaw Gulch at claim ‘‘No. 1 above.”

South Fork of Fortymile River drainage basin:
South Fork of Fortymile River above Franklin Creek.
Denison Fork at mouth.

Mesquito Fork above Chicken Creek,
Gold Creek at mouth.

Mosquito Fork below Kechumstuk Creek,
Kechumstuk Creek at mouth.

Walker Fork at mouth.

Walker Fork above Cherry Creek.

Wade Creek at claim * No. 10 above.”
Buckskin Creek above Fortyfive Pup.
Fortyfive Pup at claim No. 13.

North Fork of Fortymile River drainage basin:
North Fork of Fortymile River above Middle Fork.
Champion Creek below Arkansas Creek.
Champion Creek above Bear Creek.

Bear Creek at mouth.

Bullion Creek at mouth.

Hutchinson Creek below Confederate Creek.
Hutchinson Creek below Montana Creek.
Montana Creek at claim No. 7.

FORTYMILE RIVER DRAINAGE BASIN.
FORTYMILE RIVER.

Fortymile River, which is formed by the union of its North and
South forks, flows eastward for about 40 miles and joins the Yukon.
The total drainage area of Fortymile River is approximately 6,350
square miles; about 4 per cent of which lies in Canadian territory.
Parts of the uppermost headwaters of Walker Fork, a tributary of
South Fork, lie in Yukon Territory, Canada, and the main river
crosges the Canadian boundary about 23 miles above its mouth. The
mouth of Fortymile River is midway between Dawson and Eagle, 45
miles from either. ‘

Near the international boundary the river flows through a narrow
rock canyon, from which it emerges into an open valley and thence
takes a more moderate grade to its union with the Yukon. A promi-
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nent feature of the lower Fortymile is a well-defined bench that

marks the elevation of an earlier valley floor. At Steele Creek this

bench is about 500 feet above the water level. The plane of the

present valley floor and that of the older one converge downstream

and unite near the mouth of Kechumstuk Creek at an elevation of
. about 2,000 feet above sea level.

Below the junction of the forks of the Fortymile the river is joined
by O’Brien, Flat, Twin, Nugget, and Uncle Sam creeks from the north
and Steele, Canyon, Davis, and Moose creeks from the south. All
these streams have heavy gradients and most of them are marked by
high bench lands at their mouths.

Daily discharge, in second-feet, of Fortymile River at Steele Creek for 1911.6

[Drainage area, 5,800 square miles,]
Day. May. June. July. Aug, Bept.
17,600 1,220 580 1,020
11,100 1,220 475 920
11,700 970 425 830
11,100 2,400 400 750
200 3,180 400 700
13,400 | 6,560 400 700
10, 200 5,700 400 700
7,550 | 4,080 225 600
6,000 | 3,030 075 670
5100 | 2,080 250 ‘840
4,50 | 1,850 875 920
3,630 | 1,420 790 1,550
4,760 | 1,120 | 1,370 2'975
3, 560 875 876 2,140
3,630 | 1,5%0 @20 2,020
5100 | 5,800 1,420 1,800
4,500 | 4,880 | 2)540 1,320
4,680 | 2,280 | 2080 070
4,000 1,950 1,950 640
8,100 | 1,850 | 1,800 550
2,470 1,120 1,420 |..........
3,200 1,420( 1020/ ...000
800 1,650 BT5 |evrnnnans
1,650 | 1,550 THO [oereenrans
1,600 970 810 |.eecnnnnee
1,420 920 580
1,270 920 525 |-
1,270 | 1,470 500 |-
1,470 1,550 800 |..
.................. 1,220 970 500
.......................................... 710 500
MOEIL. oo iy siivanvanisanssann apraininalasanaas 13, 700 5,470 2,130
Mean per square mile... . ... .. 101l sl Ths +930 1361 141
R {depth in Inches on drainage area)........... 1.38 1.0 .42 16

& The rating curve is well deflned below 16,000 second-feet.

A hydrograph showing the discharge of Fortymile River at Steele
Creek in 1911 is given on ITla.ta XI.
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[Drainage ares, 4.4 square miles.]

125 square

Steelo Creek at muuth.:mfn?imge area, | Twin Creek at head of canal.b
es.

Daily discharge, in second-feet, of Steele and Tuin creeks for 1911.
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Daily discharge, in second-feet, of Liberty Fork and King Solomon creeks for 1911.

Liberty Fork Creek at mouth.s [Drain- B]nFSnlmmn(keekatLlhmtyFork.b
ageml&aqmmﬂu.] quare miles,]

June. Jnly. f Aug. || Sept. | Oct. | June, | July. ’ Aug. | Sept. | Oct.

(—1-1-T-1- e -1-1--1-]

BEREE B¥Eos vavoo BIZNS Baaaﬁ

8
5
8
8.
6.
8].

7
17.8

E

n The rating curve is well defined below 40 seound-feet
b The rating curve is well defined below 120 second-feet.

Daily discharge, in second-feet, of Canyon and Squaw creeks for 1911,

on Creek 2 miles
S8quaw Creek at claim *No, 1
begowsqunzgllaekm': Thove. s [Drainage area, 24.4
Day. square miles.) square miles.)

July. | Aug. | Bept. | June. | July. | Aug. | Sept.

1.2 87| 1.9 0.7 3.1

6.0 8.7{. 1.9 A ] 3.1

1.2 7.0 3.1 N 3.1

7.9 7.9 3.1 .6 2.5

.2 R REBRERER 0.7 .8 2.5

6.. 7.2 % 4.7 .6 25

7 6.9 B leennsnss 4.7 N ] 2.5

8 6.9 7. .0 3.1 .3 |. =
9 6.9 ... .0 L9 AN
10. 7.9 . 7] L9 N AR
... s} 3 5] et 07.7 1.2 1.2].

2., 0.8 [eeennns 59.0 g1 13
13.. Ok oineasns 4.1 .7 1.2,|..
14.. [ N R 81.7 N 3.1).
15 10.3 |... 26.7 19 3.7

aThe dlscharges are well mm below 8 aeoond-lut
b The discharges are well defined for all atages,

48868°—Bull. 520—12——15
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Daily discharge, in :MJM, of Canyon and Squaw creeks for 1911—Continued,

Creek 2 miles
Squaw Creek at claim “‘No, 1
[ 'qu above. iilmtmge ares, 24.4
Day. square miles.) square miles.|
July. | Ang. | SBept. | Junme. | July. | Aug. | Bept.
1.0 |........ 20.8 1.2 4.7 |.
10.3 2.8 1.2 47|
e 10.3 |.. 20.8 W7 6.7 |.
. 0.4 16.5 .7 4.7
. 8.71.. 14.4 .7 3.7
s [N T ) 1! 8.7 12.2 .7 3.1
- e A Al PRk Fr g P 7.9 12.2 .7 3.1
2. 3.9 7.9 0.2 .5 2.5 |.
24 6.6 701 8.7 .6 191
25... 7.2 .5 B 6.7 N IR aiies
26.. 7.2 7.0 |.caanaas 6.7 .6 LY Liasians
.. 7.9 7.6 5.8 .8 1.9,
28,. 9.4 7.8 |. 5.6 2.5 1.2
29.. 7.9 7.0 (. 4.7 2.5 L3
30.. 7.2 7.9 3.1 12 1.2|..
3. ?.2. T AT, ot o7 - 5 ) [P
e e e AR S SRS 7.2 8.4 8.0 27.0 17.0 2.0 2.8
Hmn]&ersqummlle -123 L144 . 185 1.1 897 L0821 114
Run-off (depth in inches on drainage area). ... .04 A7 . .96 .80 L] .03
Miscellaneous measurements i1n Fortymile River drainage basin in 1911.
Drainage| Dis- o wi
Date. Stream and locality. sra | chargs. | square
mile.
Sec.t. Sr:.g!.
June 0| Dome Creek, at summer trail 20.30 .82
Juty 7|..... e S RPN CE 5.91 .4
8 | Dick Vale Creek at forks 2.75 .21
27 | Dome Creek at suammer 4.54 .18
BEpts  [iviiallleusisivanmisninngon puiia o 2.83 it
B crsilllpnnsnsraestotmrrnneinstbbrme sty odbsndass s buns oot dtotirey 2.50 .10

SOUTH FORK OF FORTYMILE RIVER.

South Fork of Fortymile River is formed by the union of Deni-
son and Mosquito forks about 25 miles above its mouth. From
the forks the river flows due east for about 4 miles to a point below
the mouth of Atwater Creek, where the stream makes an abrupt turn
to the left and flows north to its union with the North Fork.

The principal tributaries to the South Fork from the west are
Butte, Buckskin, and Franklin creeks; those from the east and south
are Uhler and Napoleon creeks, Walker Fork, and Atwater Creek.
The largest of these is Walker Fork, which has its source in Canadian
territory. This stream is important because the placers on several
of its tributaries, including Wade, Twelvemile, Davis, and Poker
creeks, have been large producers of gold. Liberty Fork and Cherry
Creek are the most important streams flowing into Walker Fork from
the'south.

Mosquito Fork, which with Denison Fork forms South Fork of
Fortymile River, heads at an elevation between 3,000 and 4,000
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feet in the ridge paralleling Tanana River at & distance of about 20
miles. The first tributary to Mosquito Fork above its mouth is
Chicken Creek, which although it has a very small drainage area, is
important on account of its great production of placer gold. Eagle
Creek, also the scene of some mining, affords only a scanty water
supply. Gold Creek is an important branch of Mosquito Fork,
which it joins about 12 miles below Kechumstuk Creek, the largest
tributary of the fork. Near the mouth of Kechumstuk Creek, at an
elevation of about 2,000 feet, an abrupt decrease in the gradient of
the fork is noticeable, and its valley above this'point widens out into
low, grassy meadows divided by many sloughs. These meadows
narrow again about 8 miles above Kechumstuk Creek at a point
where a spur from the south approaches the fork. This spur marks
the lower end of the flat swampy area known as Mosquito Flats,
which constitutes a large part of the upper drainage area of Mosquito
Fork. The flats extend along the stream for about 20 miles and at
some places are 12 to 14 miles wide., They are a tangle of swamps
and lakes and sloughs and during wet seasons are said to be practically
covered with water.

Denison Fork, the other main tributary of the South Fork, rises
not far from Tanana River. The flat basin at its head is not so
pronounced as that of Mosquito Fork, but the valleys are broad and
swampy and have very gentle slopes. Its drainage area of 1,540
square miles is about equally divided between two forks which unite
to form the main stream about 12 miles above its mouth.

Doaily discharge, in second-feet, of South Fork and Denison Fork for 1911,

South Fork of Fortymile River &t | poiie mork O
Franklin.a 3150 ork Creek at mouth.b rain-
square mnm[]Dmimaa e s arga,lmaqummﬂesfn
Day.

May. | June. | July. | ‘Aug. | Sept. | Jume. | July. | Aug. | Sept. | Oct.

340 340

340 340

0 340

340 265

340 265

340 265

1,040 25

1,250 200

7056 200

795 200

750 200

750 302

W 340

660 415

3,210 415
........ 495 | 4,140 415 495 b
........ 495 | 3,700 | 418 15
........ 495 | 2,210 5
7,000 495 | 1,420 495 BAD |earncissfcanaimeshiincmsanfssasvas|ipnannua
6,000 415 705 485 340 b (118 PO SN R e e

a The rating curve is well defined be]ow 5 000 seeund feet.
 The discharges are probably accurate within 10 per cent.



228

MINERAL RESOURCES OF ALASKA, 1911.

Daily discharge, in second-feet, of South Fork and Denison Fork for 1911—Continued,

Bouth Fork of Fortymile River at
Drainags 5

Franklin, area, 3,150
Day. Bquare miles. ago area, 1,540 square
May. | June. | July.
2 5,000 415 660
- s ,000 | 415 | 575
... ,000 | 415 495
... 3,000 415 455
25.. 2,690 340 415
26. . 3,100 340 415
27.. 2,690 340 378
;. 2,170 | 340 378
.. 1,780 340 340
30.. 2,300 340 340
3l... 4,100 |........ 340
Mean.........| 8,600 970 832 =
Mean, per square
.............. 113 305 . 293 cssssssalesesssan
Run-off (depth in G
incheson drainage
BTBR)crecrasnrrrses .56 .34 34 12 ) (AP - [1 FERRN] Fr——. srmnsnan

Daily discharge, in second-feet, of Gold, Mosquito Fork, and Kechumstuk creeks for 1911,

Mosquito Fork Creek

Kechumstok Creek at

Gold Creek at mouth.e [Drain- | at Kechumstuk.? Kechumstuk, b
age area, 115 square 8] [Dralnage area, 8524 rainage area, 159
square miles, ) square
May. | June. | July, | Aug. | Aug. | Sept. | Oct. | Aug. | Sept. | Oct.

MiUB.sessassanssss
Run-oft (depth in
inches on drainage

g% ZPSEE PB38% BIZEE avees zzaum |

882

BIOB).uerunns
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second-feet, of Walker Fork, and Wade and Napoleon crecks for 1911,

in

1

WATER BUPPLY OF THE FORTYMILE DISTRICT.

Daily discharg,

May.
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& The discharges are well defined below 20 second-feet,
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Daily discharge, in second-feet, of Forty-five Pup and Buckskin creeks for 1911—Contd.

Forty-five Pup at claim No, 13.6 [Drainage area, | Buckskin Creek above Forty-five Pup.s
v l:'!2!.1 sqummnes.][ ! [Drainage area, 23 sqummjl&]p'
Day.
May. | June, | July. | Aug. | 8 pt. | Oect. | May. | June. | July. | Aug, | Sepi.
13.2 1.8 4.4 4.4
30.5 1.3 3.5 3.5 1.
18.6 .7 8.5 3.5 |.
7.4 .7 2.5 3.5
5.5 T 3.5 3.5 |-
5.5 oy 1.8 2.5
3.5 .7 1.3 3.5 .
3.5 .7 1.3 3.5 1.
3.5 .7 1.3 3.5
3.5 .7 o7 4.4 .
3.5 1.3 F 4.4 .
1.8 5.5 7 5.5
1.8 5.5 .7 5.5 |.
1.8 4.4 .7 6.5 |.
1.8 3.5 o 6.0 |.
........ 2.5 b %1 PO
........ 9.54 1.8 2.2 4.2
Mean per
sqllemre
mile...... 1,04 198 L 242 461
Run-off
ig.e th in
d.mins;en
BICH) av-valovsaanen 116 .22 27 .51

Dis- |Discharge

Date. Stream and locality. s B P

mile.

8g. miles. See.l-g! Sec.-g.
July 17 Mns&uito Eork ol migulh. . o v iv s s v e e R e E 1,120 337 .28
20 [.enns L A U RS 1,120 193. 4 A7
Aug, 23 ... 0 - aei e | 1,120 198.0 .18
27 | Walker Fork at mouth. 414 20.8 .06

NORTH FORK OF FORTYMILE RIVER.

North Fork of Fortymile River is a swift and large stream whose
volume fluctuates with the precipitation in its basin. The main
tributaries of the North Fork rise in an area of irregular ridges ranging
in elevation from 3,000 to 6,000 feet above sea level. The North
Fork is joined by the Middle Fork, which is a trifle larger than the
North Fork. The headwaters of the Middle Fork rise in a country
similar to that of Mosquito and Denison forks, and therefore it prob-
ably has a more uniform flow than the North Fork. Besides these
two streams Comet and Champion creeks are also worthy of mention.
The volume of the North Fork is increased by Slate, Bullion, and
Hutchinson creeks, entering the main stream from the west. All
these streams have heavy grades and their seasonal flow is relatively
constant. During the season of 1911 the basin of the North Fork
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was practically deserted, and it was impossible to obtain records on
the run-off of the streams, except in the Hutchinson Creek basin.

About 10 miles below the union of the North and Middle forks the
river formerly followed a large meander locally known as the ‘‘Kink.”
Although the distance around it was 2} miles, the two channels at
the neck of the meander were separated by a sharp rock ridge only
about 100 feot high and about the same distance in width at the
water level. Several years ago a channel was blasted through the
rock ridge to divert the water and thus drain the meander for mining.
A fall of 17 feet was thus concentrated in a horizontal distance of
only a little over 100 feet and is capable of developing considerable
water power.

Daily discharge, in second-feet, of Montana and Hutchinson creeks for 1911,

Creek & at | Hutchinson Creeks be- | Hutchinson Creekas be-
A low Confederate Creek,

July. | Aug. | Sept. | July. | Auog. | Bept. | July. | Aug. | Bept

12! 205/
12 16.0 |.
L2 8.8/
12 4.4 .
L2 4.2 |.
12 3.9 |. 7.8
L2 3.7 0.1
1.2 3.5/ 0.7
1.2 3.5 1. 10.3
12 6.5 |. 1.1
1.2 12.8 35.0
...... 2.9 10.7 3.3
...... 2.9 8.8 28.9
.7 4.0 7.9 27.2
.8 3.9 10.0 12.4
1.2 4.4 10.0 |. 1.1
L2 4.4 10.0 |.
112 3.2 10.0 |.
1.2 2.9 10.0 |.
1.2 2.7 12.0 |.
3.2 2.2 12.0
3.5 2.7 12.0 |.
L5 4.0 12.0 |.
1.7 L7 12.0
ha L6 14.1
1.7 6.3 |
2.2 7.9 |
L1 4.8 (.
L2 4.5 |.
1.2 4.2 |.
12 18.0
1.6 .82
271 . 543
.19 .83 s

& The records are reliable for all stages of stream.
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Miscelianeous measurements in North Fork of Fortymile River drainage basin for 1911.

Discharge
Drmainage| Dis-

Date, Stream and locality. ey _ s

July 5: * 8q. mile, | Sec-ft. | Secft.
ip.m. Quamkaa.ttelngmphlm .................... T AN— &% ..........
p.m RIS R RrE ity (i T P
Aug. 18 Chnmpion Creek at Arkansas Cabin. ... . . 43.4 43,63 0.78
17 Chnm fon Creek just below Bear Creek............. nean 173.0 B7.48 .50
17 eskatmouth. .. ....ccieeiiiieiiiaiaanas win 48.0 28, 55 .60
18 North Fork of Fortymile Elvar ahuva Lﬂdlﬂa ]S‘ur]: - 724.0 | 1,063, 00 1.47
18 | Bullion Creek at mouth. . P Ees 34.3 B.97 .28

SEVENTYMILE DISTRICT.
LOCATION OF AREA.

The Seventymile district comprises the area drained by Seventy-
mile River and all its tributaries. This area adjoins the Eagle dis-~
trict on the north and borders the lands drained by tributaries of
North Fork of Fortymile River. The district lies within the Eagle
precinct, and Eagle is the supply point for all the mines. The area
has been topographically surveyed and is shown on the Geological
Surveys maps of the Fortymile and Circle quadrangles.

The gaging stations, or points of measurements, for 1911 follow:

Beventymile River drainage basin:
Beventymile River above Granite Fork.
Seventymile River at the falls.
Flume Creek one-fourth mile above mouth.
Alder Creek at claim ““No. 7 above."”
Deep Creek at mouth.

Nugget Creek at mouth.

Granite Creek at mouth.

Barney Creek at ditch intake.
Barney Creek ditch below forks.
Barney Creek at mouth,

Sonickson Creek at ditch intake,
Sonickson Creek ditch at head.
Sonickson Creek ditch at mouth.
Washington Creek at mouth.
Broken Neck Creek at mouth.
Mogul Creek at mouth.

Crooked Creek below Eldorado Creek.
Curtis Bar Creek at mouth.

Fox Creek at Rolf’s claim.

Bryant Creek 2 miles above mouth.
Rock Creek at bridge.

SEVENTYMILE RIVER DRAINAGE BASIN.

Seventymile River drains an area of about 700 square miles,
practically three-fourths of its basin lying on the south side of the
river, The headwaters of the main river lie in the high rugged
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divide separating the basins of Seventymile and Charley rivers.
Seventymile River drains the eastern slope of this divide and flows
eastward for about 60 miles to a point 4 miles from its mouth, where
it makes a right-angle turn and flows northward, joining the Yukon
about 20 miles below Eagle.

The principal southern tributaries of Seventymile River, beginning
the enumeration at its headwaters, are Diamond Fork, Flume, Alder, *
Deep, Nugget, Granite, Green, Sonickson, Mogul, and Bryant
creeks. Of these streams, Granite and Mogul creeks furnish a steady
supply of water to the main river. Both creeks have a heavy fall,
but no workable placers have yet been found on them. The heavy
timber on Mogul Creek now supplies some large saw logs to the
district. The tributaries of the Seventymile from the north are
small, short streams, usually falling to a minimum as soon as the
snow leaves the ridges. They are Barney, Washington, Broken Neck,
Crooked, and Fox creeks—all containing workable placers.

Seventymile River is in the main a swift, treacherous stream,
which falls from its head to the flats near its mouth at a rapid rate.
Like Fortymile River it has been eroding its bed rapidly. Bench
lands are conspicuous along the valley slopes at altitudes ranging
from 50 to 150 feet above the river. At the point known as the
“falls” there is a vertical drop of about 25 feet, capable of developing
considerable power.

Daily discharge, in second-feet, of Seventymile River at the falls for 1911.0
[Drainage ares, 465 square miles.]

Day. June. | July. Ang.l Bept. Day. June, | July. | Aug. | Sept.
150
450
310
180
265
265
450
442
370
254
26
344
739 .650 471
85 .76 43

& The rating table is well defined below 500 second-feet.

A hydrograph showing the discharge of Seventymile River at the
falls in 1911 is given on Plate XI (opposite p. 222).
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Miscellaneous measurements in Seventymile River drainage basin for 1911.

SR —— Se—rrree

Drainage| Discharge i5ChArge

Date. Stream and locality. ares, in 4 feet per
square | second- | "o 2
» miles, feet. rqnﬂe

June 19 l(ngulka at mouth. . 4.4 120.3 1.87

n Creek at mouth. . a7 .9 .33

... 2.7 .4 .15

2% Deeanekstmouth..h 4.8 .8 .17

25 | Granite Fork at mouth... 138.0 194.7 1.4

2% Creek st mouth .8

2| W n Creek at mouth 14.0 2.2 .15

26 | Broken Neck Creek at mouth 2.9 1.3 .45

27 | Curtis Bar Creek at mouth L7 1.3 .76

27 | Rock Creek at 7.3 .6 .08

- B RO T SR 7.3 4 .06

Tuly 1 | Mogul Creek at mouth 64.4 60.9 1.08

2 | Bryant Creek at trail 21.4 57.5 2.69

5 | Rock Creek at bridge... 7.3 9 .12

1] Bar Creek at mouth 1.7 .95 .56

6 | Broken Neck Creek at mouth.......... 2.9 .60 L3l

7 | Granite Fork at mouth. .. 138.0 40.2 .30

7 tymile River above Granite Fo. 207.0 53.2 .25

8 | Barney Canal below forks..........- & ). e

] BarneykaorRightI-‘ork... SR SR |, RN

11 | Mogul Creek at mouth. . " B4.4 120.3 1.87

11| W Creek at month. 14.6 3.53 4

11 | Broken Neck Creek at mouth 2.9 1.10 .40

13 Bar Creek at mouth 1.7 1.80 1.08

13 | Bryant Creek at trail. 2.4 50. 40 2.35

13 at ge, 7.3 1.20 16

EAGLE DISTRICT.
LOCATION OF AREA.

The name Eagle district as used in this report denotes the area
adjacent to the town of Eagle. The streams included in this area
are Mission Creek, with its tributaries, and Yukon River at Eagle.
The entire district has been topographically mapped, and consider-
able mining has been done within it.

Below is given a list showing the locations at which gaging sta-
tions were maintained in 1911 in the Eagle district:

Mission Creek drainage basin:
Mission Creek above Oregon Creek.
Mission Creek above Excelsior Creek.
Mission Creek below Excelsior Creek.
Mission Creek above American Creek,
Excelsior Creek at mouth.
Wolf Creek at Swanson dam.
American Creek at claim ‘‘No. 8 above.”
American Creek at United States pumping plant.
Discovery Fork of American Creek below Star Gulch.

MISSION CREEK DRAINAGE BASIN.

The Mission Creek basin lies between the Fortymile and Seventy-
mile basins and eontains approximately 170 square miles. Mis-
gion Creek enters the Yukon at the town of Eagle and is about 30
miles long. The water of the ereek comes mainly from the eastern
slope of the Glacier Mountains, and American Creek is also an impor-
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tant tributary. Mission Creek has a precipitous fall throughout its
length, and at some flood periods the stream is very hard to cross.
In the last 9 miles of its course the creek follows the base of the high
ridge that extends westward from the Yukon at Eagle.

American Creek, which rises in the high ridges bounding the extreme
northern part of the area of Fortymile River, is the largest tributary
of Mission Creek and enters that stream from the south about a mile
above its mouth. It flows northeastward and is about 10 miles in
length. Discovery Fork is the main branch of American Creek and
joins it about 8 miles above the mouth. American Creek and its
branches flow through narrow V-shaped canyons. The stream has a
high grade and is rapidly eroding its floor. The placers of American
Creek and Discovery Fork have yielded considerable gold, chiefly to
small operators. Wolf Creek is a small but swift stream entering
Mission Creek from the south about 4 miles above its mouth.

Daily discharge, in second-feet, of Mission and Wolf creeks for 1911.

Mission Creek above Oregon Wolf Creek above Bwanson
Creek.s |Drainage area, dam.b [Drainage ares, 19.5
20 square miles.] square miles, ]
Day.
June, | July. | Aug. | Bept. | June, | July. | Aug. | Bept.
18.0| 120 120|. 7.5 5.
18.0 1.5 14.0 |, 5.0 5.
170 | 1.0| 160 | 7.5 3.
17.0 10.0 18.0 |. Tl Liiiasiclcancsnss
7.5 10.0 20.5 |. 5.0 |..uuuu..
20.5 0.0 M8 lecieares 5.0
17.0 9.0 20.5 A
14.0 9.0 2.0
12.0 9.0 4.0 |..
1L5 2.0 2.0
11.5 20.5 2.5
11.5 17.0 19.0
11.5 14.0 18.0 3.5 |.
1.6 | 20.6| 180 |........ T P IR,
11.0 20.6 I |oaianas 3.5 ..
11.0 20.5 |. 3.5
8.0 10.0 24.0 |, 2.0
652.6 10.0 22.0 |. 2.0
525 10.0 20.0 | 2.0 |.
4.0 9.0 18.0 |. 2.0 |.
36,0 15.0 17. 4.3 |.
30.0 20.5 X 8.8
24.0 17.0 1 0.2 .
22.0 14.0 4.2 |
20.5 17.0 '] 13.0 |.
2.0 205 44.7
.0 17:0 26.0 |..
24.0 17.0 19.0 |.
2.5 15.5 11.5 |.
18.0 14.0 7.5
.......... 13.0 T Pt
33.6 14.8 . 7.7 4.5
1.68 740 690 ] . 231
87 85 .80 52 40 (1]

5

@ The discharges for this sta are only approximaute,
® The rating curve is well defined for all atages.
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Daily discharge, in second-feet, of American Creek and branches for 1911.
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o Records are believed to be reliable within 6 per cent.

Miscellaneous measurements in Mission Creek drainage basin for 1911,
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Btream and locality.

Excelsior Creek at mouth.....
Mission Creek below Exoelsior .. ..
Mission Creek above American Creek,
Mission Creek below Excelsior........

Wolf Creek at

Date.

20
27

2
81
13

July
Aug.

June 27 | Misslon Creek above EXCel8IOr. . ..oouuiiieiiiinenrannnnnnnnn,
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YUEON RIVER AT EAGLE.

A daily record of the flow of the Yukon at Eagle has been kept for
the open season of 1911. It extends from May 9 to October 1 and
is probably the most reliable as well as the longest record yet obtained
on this river. The Yukon has two distinct seasons, which are known
as the “open” and the ‘““closed” season. In the former, which
extends from about May 20 to October 20, the river is open, or free
from ice. By the “closed” season is meant that period when the
river is filled with floating ice or covered with a solid sheet of ice, as
it is from about October 20 to May 20. During the closed season the
watershed of the river becomes frozen, and in March and the early
part of April the flow of the Yukon is obtained mainly from open
springs and from lakes. As a result the river reaches its minimum
stage during this period. By the end of April the sun is high enough
~to thaw the drainage area, and the water from melting snow and
ice causes the river to rise very rapidly. About the 10th of May
the river usually reaches a stage so high that the ice begins to move,
and after a run of ice extending over ten days the river is practically
clear. The maximum stage of the river occurs at the end of May
and has no doubt at times reached a discharge of approximately
330,000 seconid-feet at Eagle. In 1911 the crest, or maximum dis-
charge, occurred May 22 and was 249,000 second-feet. On April 24
the river was measured at Eagle and gave a discharge of 10,100
second-feet, which is believed to be about the minimum for the year,
and it is reasonable to assume that this result will represent very
closely the minimum at Eagle from year to year.

Mr. William Ogilvie, a Canadian engineer, has estimated the flow
of the Yukon at the international boundary, which is about 12 miles
south of Eagle, upstream. In December, 1895, he estimated the
winter flow as about 96,000 second-feet, the mean summer flow as
135,000 second-feet, and the flow at flood stages as 180,000 to 225,000
second-feet. These data serve for a comparison with the results
obtained at Eagle during 1911. In the table herewith the mean
summer flow is shown to be not far from 135,000 second feet, but
Mr. Ogilvie’s figures for the winter flow are shown to be too large,
and his estimates of flood stages too small.

Other measurements of flow have been made on the Yukon, but
these can not serve to indicate the flow at Eagle. At the mouth of
the Yukon the average flow, as estimated by the Coast and Geodetic
Survey, is about 436,000 second-feet, and below the Lewis and Pelly
the average flow is given by Canadian engineers as 67,000 second-feet.

A hydrograph of the daily flow of the Yukon at Eagle from May 9
to October 1, 1911, is given on Plate XII, and the following table
shows the mean monthly discharge and run-off per square mile:
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Daily discharge, in second-feet, of Yukon River at Eagle for 1911.0

239

[Drainage area, 122,000 square miles.b]

Day. Apr. May. June, July. Aug, Bept.
186,000 | 143,800 [ 107,500
184, 500 ,000 | 112,000
174,400 | 130,000 130, 000
173, 000 600 1000
171, 600 ,000 | 130,600
170,200 | 152,000 | 124,000
173,000 | 152,000 122,000
174,400 | 145,000 | 117,000
175,800 | 143,800 113, 000

600 | 137,800 | 111,100
106,000 | 135,400 | 107,500
190,500 | 133,000 500
178,600 | 134,200 112,000
173,000 | 134,200 111,100
150,000 | 133,000 108, 400
161,800 | 131,800 1086, 800
184,500 [ 131,800 | 104,
203,000 | 135, 400 103, 000
187,500 | 142, 108,000
176,800 | 140,200 101,200
167,400 | 130,000 100, 300

, 000 400 99, 400
156,000 | 133, 000 97,700
156,600 | 131,800 96, 800
152,000 | 127,000 95,300
150,000 | 122,000 93, 000
,400 | 117,000 | 90,000
162,000 | 114,000 88, 000
152,000 | 112,000 87,000
150,600 | 111,100 | 86,000
156,200 | 107,500 |...... ...
170,600 | 133,700 106, 800
i.40 1.1 1876
1.61 1. .98

a The rating curve for this station is well defined for all stages. All hydraulic data in May, 1911, were

secured by lce floats.
b Approj;.lmnh and subject to revision.



PLACER MINING IN THE FATRBANKS AND CIRCLE
DISTRICTS.

By C. E. ELLSWORTH.

FATRBANKS DISTRICT.
GENERAL CONDITIONS.

Slow but steady progress is being made in the Fairbanks district
toward placer mining by more improved methods and on a larger
scale. The only important improvement made in 1911 consisted of
the installation of a dredge on Fairbanks Creek, the first to be operated
in the district. Plans are reported to be under way for installing
more dredges in the near future in places where conditions favor
their employment.

The value of the gold production of the Fairbanks district in 1911
is estimated to be approximately $4,500,000; the value in 1910 was
$6,100,000. The decrease is due mainly to the fact that most of the
bonanzas of the camp have been worked out, and the major part of
the mining during the last year was therefore confined to relatively
low-grade deposits. A stampede to Ruby Creek caused a shortage
of men in June and July, when some of the larger operators closed
down their plants. The usual lack of water prevailed, producing
conditions that were probably worse than in 1910. It is estimated
that the number of men engaged in mining varied from about 800
during the dull period in the winter to a maximum of nearly 2,000 at
the height of the summer season, and the number of claims being
worked varied’ from 75 to 125. The winter mining operations are
believed to have produced about $1,000,000 worth of gold.

PRODUCTIVE CREEKS.
GOLDSTREAM BASIN.

Goldstream Creck was probably the largest producer in the Fair-
banks district during the winter of 1910-11 and the summer of 1911.
Although many of the large producing mines of earlier years have
been worked out, the tracing of the pay streaks has continued with
marked success, particularly along the left limit bench claims above
and below Fox Creek. Several new workable deposits have been
found, some of which are of relatively high grade. It is estimated
that 12 claims employing 85 men were worked in the winter of 1911,
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and during the height of the summer season there were probably
800 men engaged in mining on 20 claims.

On Engineer Creek during the winter 11 claims furnished work for
160 men, and in the summer 10 claims employed a maximum of 360
men. Most of the operations were large, several mines at times during
the summer employing as many as 100 men.

Pedro Creek, on which, in 1901, gold was first discovered in the
Fairbanks district, had a prosperous year. 1In the winter very little
beyond prospecting was done, but in the summer 10 or 12 plants of
various capacities furnished employment for about 200 men. Several
steam scrapers. were operated successfully on the creek. Consider-
able ground on Pedro Creek is owned by a dredging company, and it
is expected that by the end of the season of 1912 a machine will be
in operation.

From 50 to 60 men were engaged in mining on Gilmore Creek most
of the year. Open-cut methods were chiefly employed jn the summer,
but the winter operations were, of course, entirely underground.
The mines on First Chance Creek, which have been small producers for
several years, did better in 1911. During the winter 14 men were
engaged in drift mining on First Chance, and 4 men worked at open-
cut mining during the summer.

Good prospects were found on Allen Creek, a small tributary of
Goldstream.

CHATANIKA RIVER BASIN.

Cleary.Creek showed a marked decrease in operations in 1911, par-
ticularly along the middle and upper parts of the stream, which have
produced much gold in the past. Farther down, in the vieinity of
Chatanika, several large outfits, employing from 20 to 50 men, were
working continuously during the summer. In the winter the work
was confined mainly to blocking out ground in preparation for the
open season, when water would be available for washing the gravel as
fast as hoisted. The Cleary Creek pay streak has been traced well
out into the Chatanika Flats, and although the ground is deep and
expensive to work, the flats promise to show considerable activity
for several years. From 25 to 30 outfits were mining along Cleary
Creek and the Chatanika Flats throughout the year, employing from
100 to 125 men in the winter and from 300 to 350 men in the summer.

Encouraging results have been obtained on Wolf Creek, where from
10 to 15 men were engaged in mining most of the year. Some min-
ing was done on Chatham Creek also.

The production of Dome Creek for the last year probably exceeded
that of 1910. Several small outfits were working between ‘‘No. 13
above” and “No. 7 below,” but the increase in production was due
to the rich gravel found on the Niggerhead Association claim, near

48868°—Bull. 520—12——16
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the mouth of the creek. The pay streak is said to be several hundred
feet wide and to average about 3 feet in depth. Most of the pros-
pecting was done with a churn drill.

Very little mining was done on upper Vault Creek, the principal
producing claims on this stream being the Alabama, Oregon, Sierra,
and Isabel associations, which are situated in the Chatanika Flats,
near the mouth of the creek. The operators believe that the Vault
pay streak joins that of Dome Creek on the Alabama Association
claim. An average of about 75 men were engaged in mining on the
creek during the year.

On Treasure Creek 4 outfits employing 25 to 30 men were working
in the winter, and during the summer 10 men were mining on 3
claims,

On Little Eldorado Creek the gold is very irregularly distributed,
and considerable loss was suffered last year before that fact became
known. 1In 1911, however, the operators were more successful; more
placers will proqbably be found as prospecting continues. From 8 to
10 claims were worked during the year, employing in all from 75 to
175 men. '

The hydraulic plant on Homestake Creek was put into operation as
early in the season as climatic conditions would permit and the work
was carried on with fair success during the period when the melting
of ice and snow furnished a sufficient supply of water. The rainfall,
however, was very light and the plant remained idle for a considerable
part of the season.

FISH CREEK BASIN.

Fairbanks Creek continues to-be one of the important producers
of the district, and its production for 1911 will probably exceed that
0f 1910. From 10 to 15 outfits were working between “ No. 10 above”
and “No. 11 below,” and about 150 men were employed On “No.
2 below’” a new discovery seems to have been made. The gold is
so different in appearance from any that has been found before on
the creek that the operators believed they have found an entirely
new pay streak. Latest reports indicate that the pay streak is over
200 feet wide. The gold is very coarse, and some of the ground is
said to contain as much as $2 to $3 to the pan.

On “No. 8 above” a dredge was installed in the summer by the
Alaska Exploration Co. The dredge had been operated on Stewart
River, in Yukon Territory. In July it was taken by river to Chena,
where it was dismantled into parts that could be handled and was
shipped by train to Gilmore, thence it was hauled on wagons over the
divide to its present location, where it was reconstructed and put in
operation September 11. It is of the Risdon make and has 3% cubic
foot close-connected buckets and a 40-foot ladder. The scow
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measures 32 by 90 feet and draws 3% feet of water. The gross weight
of the machine is 300 tons. The cost of moving, dismantling, and
reconstructing was reported to have been $30,000. The motive
power is steam, wood being used for fuel. Considerable delay was
caused by the breaking of links in the bucket chain, and late in October
the dredge was closed down for the season. New links will be shipped
over the trail, so that operations may be resumed early in the spring.

Considerable mining was done on Fish Creek, but the ground is
said to be of lower grade than last year's results had led many of the
operators to expect. During the summer 6 steam plants with self-
dumping hoists were in’ operation and about 50 men were employed.
Between 75 and 100 men wintered along the creek, but the work
done was mostly prospecting.

On Last Chance Creek 4 or 5 men were mining by open-cut methods
on one claim during the summer.

A pay streak is said to have been located on Pearl Creek, which is
the tributary to Fish Creek from the right opposite ‘“No. 7 below.”

CRIPPLE CREEK BASIN.

Mining operations on FEster Creek continued to decline during
the past year, and many of the richer claims are now worked out.
Several new discoveries have been made, however, and the outlook
for next season’s mining seems fairly good. Commercial placers
have been found on the second and third tiers left limit bench claims,
and the known area of occurrence continues to increase as prospecting
proceeds.

Eva Creek, which is a small tributary of Ester Creek from the left
limit, opposite “No. 5 below,” has been prospected extensively, and
rich gravel is reported to have been found.

On the right limit of Ready Bullion one plant was working by open-
cut methods; all other work was by drifting.

Some mining was done on St. Patrick Creek, but. nothing was
done on Cripple Creek proper. It is estimated th&t about 35 men
were mining in the basin during the winter and about 500 in the
summer. '

BEAVER CREEK BASIN.

No more discoveries were made in the Beaver Creek region, although
about 25 men were prospectmg in the basin during the winter. Dis-
covery claim, on Ophir Creek, is said to contain workable placers, and
mining will probably be done there during the winter of 1911-12.
Some very coarse gold has been found on the right limit bench claim
of Nome Creek opposite the mouth of Ophir Creek, and one man
continued prospecting by open-cut methods through the summer,
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when there was sufficient water. Only 4 or 5 men remained in the
basin after the opening of the summer season.

CHENA RIVER BABIN.

Two or three outfits were mining on Smallwood Creek. The
depth to bedrock is about 125 feet, and the pay streak ranges from
20 to 120 feet in width. The reported values are about $1 per square
foot of bedrock, and the gold is rather coarse. On “No. 4 below” a
nugget valued at $50 was found. About 10 men were engaged in
mining during the summer.

It is reported that & company has been organized for dredging and
hydraulicking on Middle Fork of Big Chena River in the vicinity of
Palmer and Shamrock creeks, and that work would begin there in
the fall of 1911. Another outfit was prospecting with a churn drill
along the headwaters of the Big Chena.

SALCHAKET-TENDERFOOT REGION.

Mining continued in the Salchaket and Tenderfoot regions on
about the same scale as in preceding years. Details of the operations
are lacking, as the writer was not able to visit this field.

CIRCLE PRECINCT.
GENERAL CONDITIONS.

The value of the gold production of the Circle precinct in 1911 is
estimated at approximately $350,000, which exceeds that of any
year since 1898. The increase was due entirely to the improved
methods employed. Five hydraulic plants were in operation during
the whole or a part of-the summer, and, although the water supply
was insufficient during the greater part of the season, hydraulic
methods, where intelligently applied, have proved to be superior
to the hand methods that they have in part supplanted. h

PRODUCTIVE CREEKS.
MASTODON CREEK.

Mastodon Creek was, as usual, the largest producer of the dis-
trict. It is estimated that during the winter there were 7 produc-
ing claims employing 14 men and during the following summer from
8 to 10 outfits employing from 50 to 60 men. Three hydraulic
plants were installed in the course of the year. The largest one,
situated near the mouth of the creek, was put in operation in May.
The water supply was derived from both Mastodon and Independence
creeks and was carried in 18 to 26 inch riveted steel pipes. On the
Mastodon Creek branch 9,000 feet of pipe was used, and a working
head of 245 feet was obtained. From Independence Creek the water
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was carried 4,000 feet by pipe, and a head of 95 feet was available,
A hydraulic elevator with a 10-inch throat was installed to elevate
the gravels in the creek bottom. The two upper plants, one on
claim ‘“No. 14 above’’ and one on claim ‘‘No. 23 above,” were smaller
and were used mainly to strip the ground and prepare it for other
methods of recovering the gold. At the plant on ‘“No. 14 above,”
a Ruble elevator was reported to have been used with considerable
success.

MAMMOTH CREEK.

The hydraulic plant on claim ‘“No. 7 below” on Mammoth Creek
was operated until about the middle of July, when it was moved
to a location just above the mouth of Miller Creek where work was
resumed later. About 10 men were employed in operating the
plant, and it is understood that when the water supply was sufficient
the results were satisfactory. The Porcupine branch of the Bonanza
Creek ditch was completed in July, and throughout the summer
several men were employed in repairing and enlarging the main
ditch.

EAGLE CREEK.

Notwithstanding the severe shortage of water on Eagle Creek,
the hydraulic plant moved a large body of gravel and demonstrated
conclusively what could be accomplished by this means even under
the most adverse conditions, Two shifts of 4 men each were ordi-
narily employed. '

Some mining was done with pick and shovel on Mastodon Fork of
Eagle Creek.

DEADWOOD AND SWITCH CREEKS.

No new developments were made on Deadwood Creek, and the pro-
duction was probably about the same as in 1910. About 30 men
were engaged in mining during both winter and summer. Consider-
able prospecting with a churn drill was done below where the creek
emerges from the foothills, to determine the feasibility of dredging
in that vicinity, but none of the results are known.

On Switch Creek 2 or 3 outfits employing from 1 to 3 men each
were mining from time to time during the year.

OTHER CREEKS.

On Independence Creek 2 outfits employing 6 nien were mining
in the summer. No winter work was done on the creek. Mining
was also done on Half Dollar and Greenhorn creeks. About 10 men
were working by various methods along the bars of Birch Creek,
and the prevailing low water was particularly favorable to them.



WATER SUPPLY OF THE FAIRBANKS, SALCHAKET, AND
CIRCLE DISTRICTS.

By C. E. ELLswORTH.

INTRODUCTION.

Since 1907 water-supply investigations have been carried on in the
Yukon-Tanana region by the United States Geological Survey, and
each year the essential results have been published in the general
progress report for Alaska in as brief form as the proper use of such
data would permit.

The following report is a continuation of those already published,
and only such matter is quoted or in part republished as is considered
necessary to make this report in itself of working value to engineers
and mine operators.

The thanks of the writer are due to many residents of the country
for their kindly cooperation. Ie also wishes to acknowledge special
indebtedness to the following gage observers: Messrs. George L.
Dalby, Jack Hendricks, William Hugel, Alfred Johnson, Frank
Miller, Dan Nickelson, John Olsen, J. R. Parkin, Charles H. Rogers,
Louis Schmidt, H. A. Stade, Mrs. F. Warren, a.nd Messrs. Robert
Warren and James Woods.,

DATA AND METHODS.

The methods of carrying on the work and collecting the data were
essentially the same as those used for similar work elsewhere in the
United States, but were adapted to the special conditions found in
Alaska.

In the consideration of industrial or mining enterprises which use
the water of streams it is necessary to know the total amount of
water flowing in the stream, the daily distribution of the flow, and
the conditions affecting the flow. Several terms are used—such as
second-foot, miner’s inch, and gallons per minute—to describe the
quantity of water flowing in a stream, the one selected dependmg on
the use to be made of the data.

“‘Second-foot”” is in most general use for all classes of work, and
from it the quantity expressed in other terms may be obtained. It
is an abbreviation of cubic foot per second, and may be defined as the
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quantity of water flowing per second in a stream 1 foot wide and 1 foot
deep at the rate of 1 foot per second. It should be noted that it is a
rate of flow, and to obtain the actual quantity of water it is necessary
to multiply it by the time.

““Second-feet per square mile’’ is the average number of cubic feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed uniformly, as regards
both time and area.

“Run-off, depth in inches on drainage area,” is the depth to which
the drainage area would be covered if all the water flowing fromitina
given period were conserved and uniformly distributed on the surface.
It is used for comparing run-off with rainfall, which is expressed in
depth in inches.

The ‘‘miner’s inch,” the unit used in connection with placer min-
ing, also expresses a rate of flow and is applied to water flowing
through an orifice of a given size with a given head. The head and
size of the orifice differ in different localities, thus making it a most
indefinite and unsatisfactory unit. Owing to the confusion arising
from its use, it has been defined by law in several States. The Cali-
fornia miner’s inch is in most common use in the United States and
was defined by an act approved March 23, 1901, as follows: ‘‘The
standard miner’s inch of water shall be equivalent or equal to 1} cubic’
feet of water per minute, measured through any aperture or orifice.”
This miner’s inch corresponds to the so-called ‘‘6-inch pressure’ and
is one-fortieth of a second-foot.

The determination of the quantity of water flowing past a certain
section of a stream at a given time is termed a ‘‘discharge measure-
ment.” The quantity is the product of two factors—the mean veloc-
ity and the area of the cross section. The mean velocity is a function
of surface slope, wetted perimeter, roughness of bed, and the channel
conditions at, above, and below the gaging station. The area depends
on the contour of the bed and the fluctuations of the surface. The
two principal ways of measuring the velocity of a stream are by floats
and current meters,

All measurements by the engineers of the Survey were made with
the current meter except those on Yukon River at Eagle (see pp. 30-31),
but as float measurements can readily be made by the prospector the
method is described below.

The floats in common use are the surface, subsurface, and tube or
rod floats. A corked bottle with a flag in the top and weighted at the
bottom makes one of the most satisfactory surface flodts, as it is
affected but little by wind. In flood measurements good results can
be obtained by observing the velocity of floating cakes of ice or débris.
In all surface-float measurements the observed velocity must be mul-
tiplied by 0.85 to 0.90 to reduce it to the mean velocity. = The subsur-
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face and tube or rod floats are intended to give directly the mean
velocity in the vertical. Tubes give excellent results when the chan-
nel conditions are good, as in canals.

In measuring velocity by a float, observation is made of the time
taken by the float to pass over the “run”—a selected stretch of river
or creek from 50 to 200 feet long. In each discharge measurement a
large number of velocity determinations are made at different points
across the stream, and from these observations the mean velocity for
the whole section is determined.

The area used in float measurements is the mean of the areas at
the two ends of the run and at several intermediate sections.

PRECIPITATION.

Such records as are available for 1911 indicate that the precipitation
throughout the Yukon-Tanana region did not vary far from the
norinal. In many localities its distribution was very unfavorable
for mining. Most streams reached a lower stage than had before been
recorded, although the average for the summer was about normal.
On some streams the month in which the minimum flow occurred shows
a mean run-off in excess of the average.

. Most of the stations at which the most reliable and longest records
have been kept are located at a considerably lower elevation than the
mines. The Chicken Creek, Discovery Fork, and Crooked Creek
stations probably represent very closely the average meteorologic
conditions that prevail in the mining districts, and when several
years’ records shall have been obtained the data collected at the
lower stations will be of greater value for comparison. -

The following table gives the monthly precipitation at all points in
the Yukon-Tanana region where records have been kept subsequent
to 1903. Such scattered records as were kept previous to 1903 have
been compiled by Abbe.!

Monthly precipitation, in incies, at stations in Yukon- Tanana region, 1908-1911.
[Rainfall or melted snow is given in the first line; snowifall in the second line.]

Station. | Year, Jan. | Feb. | Mar. | Apr. | May. | June.| July.| Aug. | Sept.| Oct. | Nov.| Dec. | A%

1 Abbe, Cleveland, jr., Prof. Paper U. 8. Geol. No. 45, 1908, pp. 180-200,
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Monthly precipitation, in inches, at stations in Yukon- Tenana region, 1903-1911—Con.

Ststion. | Year| Jan, | Feb. | Mar, | Apr. | May, | June.| July. | Aug. | Bept. | Oct. | Nov.| Dec. IIAu:.L
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o September 1 to 22,
WATER POWER.

The records of stream flow gathered at points showing the greatest
possibility for water-power development have been briefly summarized
in the table below. In comparing the columns showing days of defi-
cient discharge for several years on any stream, allowance should be
made for the difference in the length of periods and also for the part of
the season covered by the records. Ordinarily the longer the period
the greater will be the number of days of deficient discharge for any
given number of horsepower and the less favorable will be the com-

arison with some other year in which the records extend over a shorter
ength of time. Also the days of deficient discharge will be a greater
percentage of the total number of days if the observations include
only the low-water months. .

The table gives the horsepower (80 per cent efficiency) per foot of
fall that may be developed at different rates of discharge and show the
number of days on which the discharge and the corresponding horse-
power were respectively less than the amounts given in the columns
for “discharge” and ‘“horsepower.”
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Estimated discharge and horsepower for Chatanika River and Birch Creeck for 1907-1911.

g Days of deficient discharge.
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FAIRBANKS DISTRICT.
DESCRIPTION.

The Fairbanks district extends about 60 miles to the north of Fair-
banks and is from 40 to 50 miles wide. The greater part of it lies in
the lower Tanana basin, but a portion to the northwest drains
directly to the Yukon. Generally speaking, the district embraces
three divisions—a low, proad alluvial plain, a moderately high dis-
sected plateau, and a mountain mass.

The low, broad plain forms the bottom lands of the lower Tanana
Valley, which in this section is divided into several parts by the
Tanana and its slough like channels. The main slough starts near
the mouth of Salcha River, about 30 miles above Fairbanks, and
diverts a portion of the Tanana waters. Its course is northward along
the foothills of the plateau, and it receives Chena River about 9 miles
above Fairbanks. The plain is swampy and is well covered with
timber along the banks of the streams. In the vicinity of Fairbanks
it has a general elevation of about 500 feet above sea level.

The plateau is drained by streams tributary to Tanana River which
flow through rather broad, unsymmetrical valleys, chiefly extending
in a northeast-southwest direction. Their bottom lands range in
elevation from 500 to over 2,000 feet above sea level, and the divid-
ing ridges are in general 1,000 to 3,000 feet above the stream beds.
That portion of the plateau discussed in this report is drained princi-
pally by Little Chena and Chatanika rivers. The upper region of
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these drainage basins is crosscut by a zigzag range, which separates
the Yukon from the Tanana drainage.

The mountain mass north of this plateau forms what might be
termed the apex of the divide between the Tanana and the Yukon
drainage basins; its highest points reach altitudes 4,000 to 5,000
feet above sea level, and its corrugated slopes are drained principally
by tributaries of Yukon River.

All drainage areas tributary to the Tanana are similar in character.
The streams have little slope except near their source and flow over
wide gravelly beds in shifting and tortuous courses, keeping to one
side of the valley. Most of the channels have rather steep banks
that form approaches to broad, level bottom lands which extend
1,000 to 4,000 feet or more before they meet the abrupt slopes of the
dividing ridges. The drainage basins are 4 to 15 miles wide and are
cut up by small tributary streams that flow through deep and narrow
ravines.

A large portion of the area is covered with a thick turf, known as
tundra, which is wet, spongy, and mossy and ranges in thickness from
6 inches to 2 feet. In some localities this is meadow-like, producing a
rank growth of grass and a variety of beautiful wild flowers. Ground
ice is found beneath this tundra in many places, particularly on the
northern slopes, where the scanty soil supports little timber or other
vegetation. The soil of the southern slopes is for the most part clay,
underlain by a mica schist which affords suitable ground for ditch
construction. When stripped of its mossy covering and exposed to
the sun it thaws rapidly, so that the plow and scraper can be used to
advantage.

Above altitudes of 2,000 to 2,200 feet pragtically the only vegeta~
tion is a scrubby bushy growth which attains a height of 2 to 4 feet.
In general the country below this altitude is timbered by spruce and
birch, with scattered patches of tamarack and willow along the banks
of the smaller streams. The timber increases in density and size
toward the river bottoms, where the prevailing growth is spruce,
much of which attains a diameter of 18 to 24 inches.

The Fairbanks mining district lies between Little Chena and Chata-
nika rivers, It embraces an area, of about 500 square miles and
extends 30 miles north of Fairbanks, which is situated on Chena
Slough nearly 12 miles above its confluence with the Tanana. Most,
of the producing creeks rise in a high rocky ridge, of which Pedro
Dome, with an elevation of about 2,500 feet, is the center. At least
half of the mines are located at an elevation of over 800 feet, and 25
per cent are over 1,000 feet above sea level.
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GAGING STATIONS AND MEASURING POINTS.

'The following list gives the locations at which gaging stations were
maintained or discharge measurements made in 1911 in the Fairbanks
district:

Gaging stations and measuring points in the Tanana River basin, Fairbanks district, 1911,

Chena River drainage basin:

Chena River above Little Chena River,
Little Chena River below Fish Creek.
Fish Creek below Solo Creek. '
Fish Creek at mouth.

Bear Creek at road crossing.

Miller Creek at mouth.

Chatanika River drainage basin:
Chatanika River below Faith Creek,
Chatanika River below Poker Creek,
McManus Creek at mouth.

Smith Creek above Pool Creek.
Pool Creek at mouth,
Faith Creek at mouth.
Charity Creek above Homestake Creek,
Homestake Creek at mouth.
Hope Creek at mouth.
Sourdough Creek 1 mile above mouth,
Poker Creek above Caribou Creek.
Caribou Creek at mouth,

. Beaver Creek drainage basin:
Beaver Creek above Roy Creek.,
Big Champion Creek at mouth.
Little Champion Creek at mouth.
Nome Creek below Moose Creek.
Moose Creek above Ophir Creek.
Ophir at Discovery claim.
Roy Creek 5 miles above mouth.
Roy Creek 2 miles above mouth.
Bryan Creck 2 miles above mouth.
Trail Creek 2 miles above mouth.

CHENA RIVER DRAINAGE BASIN.

Chena River drains the area lying between Chatanika River on the
north, Birch Creek on the east, and Salcha River on the south. It
has a length of about 100 miles and flows slightly south of west to the
lowlands of the Tanana Valley, where it empties its waters into
Chena Slough. The principal tributaries are West Fork and Little
Chena River from the north and South Fork from the south.

Little Chena River and its tributaries Sorrels and Fish creeks drain
the southern slope of the divide between Chatanika and Chena rivers
from the headwaters of Smith and Flat creeks to Pedro Dome, a dis-
tance of about 25 miles. The drainage basin is irregular in shape and
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is crossed by a network of small, ramifying streams with precipitous
slopes in their upper courses. The upper portion of the main stream
is also steep, having a fall of 100 to 150 feet to the mile, but this slope
decreases rather abruptly to about 18 feet to the mile in the vicinity
of Elliott and Fish creeks.

Above Fish Creek the Little Chena flows through a rather broad,
unsymmetrical valley, but below that stream it takes the center of a
deep, rather narrow channel for about 10 miles, to Anaconda Creek,
an important tributary which enters from the left. Below this point
the valley gradually widens again until the stream reaches the low-
lands tributary to Chena River, with which it unites 6 or 8 miles
above the confluence of Chena Slough. -

The principal tributaries of Fish Creek are Bear, Fairbanks, and
Miller creeks.

Daily discharge, in second-feet, of Chena River and Fish Creek, 1911,

| Chena River above Little Chens River,a | Fish Creek below Bolo Creek.b
|Drainage area, 1,440 square miles.] %’:ﬂ‘s’ ares, 215 square
Day. :
: June. | July. | Aug. | Hept. | Oct. | Junme. | July. | Aug. | Sept.
529 5.3 28
507 5.1 42
472 5.3 25
465 4.3 22
465 4.3 18.8
465 a9 18.4
465 3.9 16.2
30 453 B.5 16.2
790 450 7.1 15,6
570 450 18.0 16.0
310 450 27 10.2
200 619 16.8 16.2
120 | 1,510 o 16.6 16.0
060 | 1,400 | 1 764 ORUE . 17
020 | 1,500 | 1,050 N8 L....... 10.3
;T PRI 964 | 4,550 | 1,000 7s|....... 10.3
b - ST N— 873 | 6,120 1,080 B850 |........ 8.5
- PR S SR S APt 812 | 5,610 M7 634 |....... 8.5
E . ———— I 783 | 5,360 936 634 |....... 7.6
- | (ISR A IR L 4, 340 010 611 18.8 6.8
420 883 588 18.8 6.8
840 ss3| se0| 66| 6.8
, 420 873 530 12.3 6.0
210 803 536 11.3 6.0
810 536 10.3 5.3
81| 54| 9.4 53
1,020 522 6.8 6.0
1,140 500 6.8 6.8
1,270 8500 6.8 8.0
1,870 {........ 21.0( 5.3
R e S e - 5.3
1,090 126 14,5 |
.757 5561 586 674 |,
B4 .50 24 .78 ).... 24
a The d! of Chena River are oul! spproximate,
bThedhhnguworFBhCrukmb on a fairly well defined rating curve..
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Miscellaneous measuremenis in Chena River drainage basin, 1911,

Discharge

Date. Stream and locality. DIROREe | hoeye, [Persquare
Sq.miles. | Secft. | Secoft.

Aug. 6 | Little Chena River below Fish Creek. 1| e 014
6 th w02 153 a7

6 12.8 2.8 22

6 16.7 15 080

CHATANIKA RIVER DRAINAGE BABSIN.

Chatanika River is formed by the junction of Faith and McManus
creeks, which drain the high ridge constituting the divide between
the lower Tanana and Yukon basins. The river flows southwest-
ward in a winding course through a long and rather narrow valley
snd unites with the Tolovana from the east about 30 miles above the
confluence of that stream with the Tanana. Its course lies mostly
to the west side of the valley, which is from half a mile to 7 miles
wide and about 80 miles long. The drainage area of the river above
its mouth is approximately 1,300 square miles.

. Below the junction of Faith and McManus creeks the stream has a
shifting, gravelly bottom. In low and medium stages it flows in a
series of pools and rapids in a channel 75 to 200 feet wide; during the
high-water period it may spread through several channels covering a
width of 100 to 400 feet. This high-water channel is usually well
defined by steep, alluvial banks ranging from 8 to 10 feet in height.

Below Poker Creek, a tributary from the right about 40 miles
downstream from the junction of Faith and McManus creeks, the
valley widens and the bottom lands become marshy and swampy.
From the left the Chatanika receives Clegry, Eldorado, Dome, and
Vault creeks and other less important streams from the mining
district proper. Below these tributaries the valley narrows to a
gorgelike channel, which it follows for about 10 miles; below this the
dividing ridges disappear and the stream meanders through the low
swampy grounds north of Tanana River. About 10 miles from its
mouth Goldstream Creek, its largest tributary, joins it from the left.

The average elevation of the divides in the upper drainage area of
the Chatanika is between 3,000 and 4,000 feet above sea level, and
the altitude of the ridges bounding the valley on the east and west is
about 2,000 feet. Below an altitude of 1,800 to 2,000 feet the slopes
are heavily timbered.

The tributary streams from the right are short and precipitous,
flowing through V-shaped valleys; those from the left have less pre-
cipitous courses and broader valleys and gradually lose themselves
in the rather broad expanse of swamplike bottom lands.



256 MINERAL RESOURCES OF ALASKA, 1911,

Smith Creek is the principal tributary of McManus Creek and
enters it from the south about a mile above Faith Creek. Pool Creek
joins Smith Creek from the east about a mile above McManus Creek.

Monthly discharge of Chatanika River, 1907-1911.

Chatanika River Below Faith Creek.
[Drainage area, 132 squars miles.]

Discharge in second-feet. Run-oritn
Month, Mean per £e oo
Maximum. | Minimom, Mean. n&imm area),
93 55 7.8 0.514 0.28
ugus 205 72 125 4T 1.09
September....... — 1,990 119 2.50 2,80
The perlod, 76 A&Y8........vveernennn 1,990 55 178 1.81 4.26
1,340 320 508 4.5 1.85
200 &2 131 2 .70
270 95 137 1.04 1.20
530 102 208 1.58 1.76
1,340 82 241 1.8 5.51
0683 473 3.58 .93
2,000 118 an 2.8 3.19
203 48 6.1 652 .75
1,010 49 197 1.49 172
430 141 233 1.7 1.65
. 2,000 48 235 L78 8.24
1,010 408 681 5.23 1.56
836 140 441 3.88 3.72
334 28 101 . 765 .88
1,280 24 146 1.1 127
125 53 79.8 + 604 .
1, 24 228 L7 7.97
Chatanika River Below Foker Creek.
. [ Drainage area, 456 square miles.]
1907,
June 20-30 250 228 0.500 0.20
July..... 253 167 211 463 .53
&s 1,160 216 428 . 939 1.08
September., 3,160 300 954 2.00 233
Ok 114 oo nusarnanasnnassssrsnsnsne saanna 860 32 506 111 47
The period, 117 d8Y8.....ccvnnnnnnans 3,100 167 496 1.08 4.61
4,120 1,730 2,730 5.99 3.56
2,280 283 884 2.16 2.41
042 204 332 .T28 8
\ 455 182 284 .623 .72
1,160 266 461 L0 1.12
342 179 234 .513 .40
4,120 179 609 153 | 9.08
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Monthly discharge of Chatanika River, 1907-1911—Continued.
Chatanika River Below Poker Creek—Continued,

Discharge in second-feet,
Mouth, depth in
ol Mean per 1es on
drainage
Maximum. | Minimum, | Mean, square m‘e:g
3,620 474 1,870 4.10 3. 51
1,220 152 416 012 1.02
533 219 414 010 1.05
1,740 170 530 1.16 1.34
219 130 151 .331 87
110 92 103 220 .04
3,620 92 508 1.31 7.33
1,900 600 044 2,07 1.16
3,260 248 686 1.50 1.67
822 104 106 430 .50
2,720 95 481 1.06 1.21
1,410 208 553 1.21 1.35
352 123 208 456 .48
3,260 95 472 Lo4 6.38
3,500 1,170 2,550 5.59 5.41
1,760 53 818 1.7 2.00
566 1 2% 605 .70
1,740 88 372 “816 J04
422 147 262 578 .64
330 87 167 . 366 .42
101 87 4.8 208 04
3,500 87 677 1.48 10.15
Daily discharge, in second-feet, of Chatanika River, 1911.0
Chatanika River below Poker Creek. Chatanika River below Faith
[Drainage aren, 450 aquare miles.) [Drainage area, 132 square miles.]

May. | June, | July. | Aug. ] Bept. | Oct. | Nov. | May. | June, | July. | Aug, |Sept.

am| 14| sm| 30 5 20| 28( 00
566 | 100 | 338 | 300 a8 | 200| 28| 125
467 | ‘4| 42| 267 612 3| 28| 113
43| 91| 30| 245 20| 24| 13
am| 8| 39| 245 518 20| 24| 100
am| 88| 308 ;2. mo| ;| | w
38| 8| 2m| 207/ a2| B 24| o
42| o7/ 280| 2070 w! 1| w0
30| 101| 21| 207 . 37| 10| | w0
ao| 1| =s| 196|110 | &) @] W
37| 10| 25 o8| | w0
67| | 21 87| 70| 80
23| 21| 24 75| 830 T8
308 29 5 68 58 70
373 [ 1,00 | 2 o7 1,28 | 6l
%7 | 1,740 [ 212 57| 46| 0
35| 1,140 | 201 57| 43| 10
2 || ise 57| 3| @
04| ' 1M 51| .| el
169 | 57| 101 @) 1| @
47| 467 194 0| ur| e
147 a3s7| 104 38| 1| ‘@
47| 38| 17 | n3| el
140 308 | 168 3| 11| 7
we! zm! 7| 10l 76! =2l @0l ..l

& The discharges at these otathn.ulm based on well-defined rating-curves.
48888°—Bull, 520—12——17
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Daily discharge, in second-feel, of Chatanika River, 1911—Continued.

Chatanika River below Poker Creek. Cuntwadin FEver Dokow it
Dy {Drainage area, 456 square 'mtlas.] [Drainage area, 132 square miles.)
May. | June, | July. | Aug. | Sept. | Oct, | Nov. | May. | June. | July. | Aug. | Bept.
330 136 267 273 1,010 200 34 0nl......
300 136 267 338 200 M 0 |......
203 147 267 a7 549 169 30 90 |......
233 140 260 379 680 140 28 80 a
308 121 235 358 489 154 28 80 |......
109 285 [ceanre- 66 |. 28 80 |......
818 276 372 262 691 441 101 148 |......
Mean per square
y o1 R R 5.60| 1.79| .605( .816 | .&76 5,23 3.83| .7656 | 1L.M1}......
Rup-off (depth
in ing ]
area).| 5.41| 2o00| .70 .o4| .64 .42- .04 1.56( 3.73| .88( L27{......
Daily discharge, in second-feel, of McManus and Faith crecks, 1911.9
McManus Creek at mouth, Faith Creek at mouth.
[Drainage ares, 80 sguare miles.] [Drai area, 51 aq miles.]
Day.
May. | June. | July. | Aug. | Bept. | June. | July. | Aug. | Sept.
12.0 34 17.0 39
12.0 | 60 17.0 49
12.0 53 17.0 43
12.0 48 15.2 43
12.0 44 14.0 a7
12.0 39 14.0 43
12.0 39 14.0 43
12.0 39 140 44
12.0 a0 14.0 a7
15.0 30 20 37
24 34 o -~ 3 62 a7
19.6 30 (... 43 49 a
1907 24 oo a0 37 35
19.6 24 35 30 32
354 M eeiese. 32 760
203 30 422 35 243 a2
203 30 444 | 35 243 32
140 2 313 35 163 30
B4 24 356 32 ] 28
78 24 313 28 81 28
60 24 28 26 85 28
48 24 a8 24 56 28
44 24 200 24 52 30
39 30 167 22 49 3z
39 iy 139 20 L B (R
39 115 20 4
39 120 20 43
39 9% 18.8 43
30 77| 17.0| 87
30 81 17.0 a7
30 ceeen|  17.0 37
Mean 55.2 | 329 223 48.7 78.2
Mean per square mile........ 680 411 4.37 955 1.53
Bu.n-nge (depth in inches on
drainage BTe8) . e e uieecan.n LBO| 3.00 .7 .80 .38 2. 44 1.10 1.76

a The discharges at these stations are based on well-defined rating curves.
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BEAVER CREEK DRAINAGE BASIN.

Beaver Creek drains an area of 5,360 square miles lying north of
Chatanika River between Preacher Creek on the east and Tolovana
River and Hess Creek on the west. It joins the Yukon from the
south about 40 miles below Birch Creek and nearly opposite Hosiana
River. It is formed by the junction of Big Champion and Little
Champion creeks, whose headwaters interlock with those of Preacher
Creek. It flows westward for about 25 miles, when it makes a right-
angle turn around the southern extremity of the White Mountains
and gradually assumes a northeasterly course, which it follows until
it leaves the foothills and enters the flats of the Yukon, where it makes
an abrupt turn to the northwest and meanders in a tortuous course to
its mouth.

The average fall between Nome Creek and Fossil Creek is about 12
feet to the mile. The principal tributaries, named in order down-
stream, are Roy, Bryan, Brigham, Fossil, Willow, and Mascot creeks
on the right limit and Nome, Trail, Wickersham, and Victoria creeks
on the left limit.

Ophir Creek is the largest branch of Nome-Creek and enters it from
the south about a mile above Beaver Creek:

Daily discharge, in second-feet, of Nome Creek above Ophir Creek, 1911.¢
|Drainage area, 76 square miles.]

Day. July. | Aug. | Bept. Day. July, | Aug. | Bept,
17.9 23.0 ) N R
17.0 35.0 86.0 [ .conean
18.5 27.0 55.0 |-
15,1 30.0 L7 T
15.1 25.0 38.0 |.
14,2 23.0 | 36.0 |.
140 25.0 36.0 |-
14.0 7.0 30.0 |.
15.0 26.0 35.0
18.8 22.0 39.0 ).
18.8 37.0 |.
Moserarananesnsinrbnmannalsns b 50.0
‘l% ......... 355 ;g.g ........ ¥ Me&n.mne.. wé]g gﬁ.zg
ST, S, i £, |- o ean uare P .26 |.
TR a0.0 | 320 37 Kun-o%erdsgpthininahea
15.....e 33,0 | 5380 36 on dr ares)....... .28 L45 | oannns
35.0 | 499.0 35
45,0 | 394.0 |........
40.0 | 328.0 |........
28.0 | 220.0 |........
25,0 IQ.OI ........

& The dlscharges of Nome Creek below 60 second-feet are well defined.
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Miscellaneous measurements in Beaver Creek drainage basin, 1911.

Discharga

Drainage| Dis- per

Date., Stream and locality. by charge. | square

1nile.

8q. miles.| Secft. | Seeft.

July 10 | Beaver Creek above Roy Creek. .. ....ocooriinnniiiocinannn.- 357 328 0.92
11 | Big Champion Creek at mouth. . I 122 137 1.12

11 | Little Champion Creek at mouth._. 67 58 87

14 | Nome Cree’ oW Moose Creek. . .. ....oovciiiiiiiiieeaai e 24.9 19.2 W17

] OphimeekatDiscoveryclaim e m e ah A D B A 22.1 5.5 .25

10 |.....do. 2.1 4.6 W21

11 Sido..l 2.1 13.8 .62
12{..... do.. 22.1 57 2.58

12 ..do.. 22.1 47 2.13

13 L.do.. 22.1 28 127
Aug. 9. .. O i iz i e s S 22.1 .81 087
July 11 | Roy Creek § miles above mouth 5.8 3.8 .66
10 | Roy Creek 2 miles aboye mouth,. - 18.5 8.4 40

10 Brynn(}regk2milessbowmoulh......._._“.,....,_A......... 60. 8 o4 1.06

10 | Trail Creek 2 miles above mouth. ..., .. ... iiaiiiian. a7.o0 7.9 .2

SALCHAKET DISTRICT.
DESCRIPTION.

The Tanana precinct, which includes the Salchaket district,
embraces the area drained by the Tanana and its tributaries from
and including Salcha River to a point on Tanana River south of Lake
Mansfield. The larger streams included in this area are Salcha,
Goodpaster, Volkmar, and Healy rivers from the north and Delta
River from the south.

TANANA RIVER DRAINAGE BASIN,

Tanana River rises near the international boundary line and flows
in a general northwesterly direction for about 440 miles to its junction
with Yukon River at Fort Gibbon.

The river in general follows the north side of the valley and is one
maze of channels and islands. At MecCartys, just above the mouth
of Delta River, which is 95 miles from Fairbanks by the Government
road, it flows in three channels except at extreme low water, when
the middle one is dry. During the summer of 1909 the Alaska Road
Commission installed ferries on the right and left channels and
bridged the center one.

Salcha River rises opposite the head of South Fork of Birch
Creek, about 25 miles from the Yukon. The average fall of the river
from the Splits to the mouth is 10 feet to the mile, and from a point
about 2 miles from the summit of the divide at the headwaters it
averages 19 feet to the mile. At the mouth, which is 40 miles from
Fairbanks, a ferry, post office, store, and road house are located and
good accommodations are at hand for the traveler. Redmond Creek
enters the Salcha from the south about 15 miles above the mouth.
" Junction and Mosquito creeks, which join to form Redmond Creek,
drain an area 6 to 8 miles north of the Tanana and parallel to it.
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Little Salcha River, which is tributary to the Tanana from the east,
enters the river at a point midway between the town of Salchaket and
the Salcha telegraph station.

Miscellaneous measurements in Salchaket district, 1911.

Dralnsge| Dis- .
Date. Stream and locality. st | charge. squm
mile.
.miles.| S . | See.
June 25 | Balcha Riverat Salchaket......ooeeeeeiivrannnnnann P OH IRy » 2,170 “s';gm -{]so
¥ B e e e e S e 2,170 3 1.36
a|..... 7 o 2,170 2,890 1.33

CIRCLE PRECINCT.
DESCRIPTION.

The area north of the Yukon-Tanana divide between longitude
143° 40’ and 146° 50’ is known as the Birch Creek district of the
Circle precinct. Generally speaking, it consists of two geographic
divisions—a low, broad alluvial plain and a dissected plateau.

The northwestern portion of the low, broad plain forms the bottom
lands of the Yukon Flats north of Crazy Mountains; the southeastern
portion is an irregular area surrounded by a low ridge along the
Yukon, the Crazy Mountains, and the range of hills 20 to 40 miles
farther south. This portion is cut by Birch and Crooked creeks; it
is well timbered along these streams and contains large areas of
meadow-like swamp land that furnish forage for both summer and
winter use. e

The plateau division, whose longer diameter trends east and west,
lies between two distinct ridges—the eastern extensions of the White
Mountains. The ridge to the south is high and barren and forms the
main Yukon-Tanana divide; that to the north is lower, irregular, and
barren, and separates the upper tributaries of the Birch Creek basin
from the lower, and is itself divided by the deep canyon-like gorge
through which Birch Creek flows on its way to the Yukon.

At elevations of 2,000 feet or more above sea level the country is
as & rule barren and rocky; below this altitude, especially in the flats
where Birch and Crooked creeks join, considerable timber is found.
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GAGING STATIONS AND MEASURING POINTS.

The following list gives the locations at which gaging stations were
maintained or discharge measurements made in 1911 in the Circle
district:

Gaging stations and measuring points in Cirele district, 1911,

Birch Creek drainage basin:
Birch Creek below Clums Fork.
Birch Creek above Sheep Creek.
Birch Creek at Fourteenmile House.
Clums Fork at mouth.
Wolf Creek 1 mile above mouth,
Buckley Bar Creek at mouth.
Sheep Creek at mouth,
South Fork of Birch Creek above Big Windy Creek.
South Fork of Birch Creek below Big Windy Creek.
Big Windy Creek at mouth.
North Fork of Birch Creek drainage basin:
North Fork of Birch Creek above Twelvemile Creek.
North Fork of Birch Creek below Twelvemile Creek.
Ptarmigan Creek at mouth.
Golddust Creek at mouth.
Butte Creek at mouth.
Bear Creek at mouth.
Twelvemile Creek below South Fork.
North Fork of Twelvemile Creek at mouth.
Crooked Creek drainage basin:
Crooked Creek at Central House,
Porcupine Creek above ditch intake. |
Porcupine Creek below Bonanza Creek.
Bonanza Creek below ditch intake.
Bonanza Creek ditch at intake.
Bonanza Creek ditch below Porcupine Creek ditch.
Mammoth Creek above Miller Creek.
Independence Creek at Claim ‘‘No. 9 above.”
Miller Creek at mouth.
Boulder Creek at road crossing,
Deadwood Creek above Switch Creck,

BIRCH CREEK DRAINAGE BABIN.

Birch Creek flows into Yukon River at a point almost exactly on
the Arctic Circle and about 25 miles directly west of Fort Yukon,
Its mouth is about 5 miles west of the confluence of Chandalar River
with the Yukon.

The drainage comes almost entirely from the south and west
through a complex system of watercourses, and in outline the basin
is extremely unsymmetrical. The headwaters interlock with those
of Little Chena and Chatanika rivers and flow eastward for about 60
miles to the junction of the South Fork, where the stream makes an
abrupt turn northward. About 12 miles beyond this point it leaves
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the mountainous country and enters the lowlands of the Yukon,
through which it sluggishly meanders for over 100 miles, roughly
paralleling the Yukon at a distance varying from 10 to 20 miles.
The principal tributaries from the south and east are Clums Fork
and South Fork. From the north and west the North Fork and
Harrison, Crooked, and Preacher creeks are the chief branches. The
headwaters of the South Fork rise opposite those of Salcha and
Charley rivers.

L]
Monthly discharge of Birch Creck at Fourteenmile House for 1908 to 1911.
[.Dnlnsn area, 2,150 square miles ]

Discharge in second-feet, " 3
Month, Mean mm
per

Maximum, | Minimum, | Mean, square m“’l)'
1,160 1,020 1,000 0.507 0.00
2,630 847 1,140 .530 .61
1,620 825 1,080 L5 .58
6,070 900 2,150 1.00 1.08
6,070 | 82| 1,423 1.48 2.3
9,970 3,320 5,930 2.76 1.74
8,640 1,800 3,410 1.59 L77
, 280 960 2,200 Le 118
3,020 074 1,830 .851 .98
960 730 799 1312 .42
792 792 ™ 1368 ‘@
9,970 730 2,510 117 6.12
8,620 3,200 4,790 2,23 1.58
8,000 1,100 2,500 1.16° 1.2
5,400 551 1,430 .685 .
1,880 432 950 442 .51
3,280 1,040 1,620 1753 o84
1,140 1,080 1,000 L6507 511
6,620 432 2,010 .935 5.10
15,300 4,120 8,100 3.81 2.41
9,490 1,010 3,740 1.74 Lo4
3, 262 987 450 .58
21060 208 609 .283 .33
118 501 -233 126
614 1908 318 178 15
15,300 208 2,080 .953 5.62




WATER SUPPLY OF THE CIECLE DISTRICT.

Daily discharge, in second-feet, of Birch Creek, 1911,
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Birch Creek below Birch Creek above
Clums Fork.e Birch Creek at Fourteenmile House,e
[Dralnage area, [ Dralnage area, 2,150 square miles.]
Day. square miles. ]
June. Jl:lly.|Aug.|Bep‘L June, May. | June. July.‘&u(
4, | 454
% 3, 520
% 3, 560
3, 087
3, 614
3, 571
8 3, 520
2, 454
8 2, 384
) 2, 343
B 1, 004 200
1, 937 260
2, R34 280
2, 672, 5 260
2, 266
35 2, 603 1,2 a27
2| 2, 535 f 400
5 3, 487 1} 384
2, 454 1 43
2, 427/ 1 260
1, 400 24
1, 67 202
435 108
327 -
305
2.
28..
...
30.. 262
... 262
Mean.... 389 2,150 087 379
Ieln pal'
1.93) 0.648| 0.492] 0.373 2.46) 3.810 L74) 0. 0.283] 0,243 0.176
Rnn-nﬂ{ |
on
drainage '
area)........ 1. 95| W57 .30] 2.74) .64 | 59| .30 | 241 L.e4 .53| .33 | .20 | .15
& The discharges are based on a well-defined rating curve below 800 second-feet,
b These dhchmmwmamﬂknﬁwmm iawel] defined toralllhgc«.
¢ The rating curve for this station is fairly well defined below 8,000 second-fee
Miscellaneous measurements in Birch Creek drainage basin, 1911,
l?l’-
Dminage Dis- charge
Data. . Btream and locality. per
¥ area. | charge. | (B,
mile,
Sq. miles,| Sec-fi. | Secft.
Ang. 1| Clums Forkatmouth.............cooiniiinnnnnnnnsnnnnsnsnnns 172 % 0.14
July 30 | Woll Creek, 1 mileabovemouth................. 50.8 4.2 o
27 | Bouth Forkof B (kuknhwemgwmdy(}mn - anr 4 W1
n mmunmmwuwnuwmdy 320 53 A7
27 | Big Windy Creek at mouth....... i R 99.2 26 .26

Nortz.—The shove measurements probably indicate about the lowest run-off for the season.
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Daily discharge, in second-feet, of Buckley Bar and Sheep creeks, 1911.

Bmm :&m Bheep Creek at mouth. [Draine

miles.] age area, 40.7 square miles.]
Day.
June, | July, | Aug. | Bept. | June. | July. | Aug. | Sept.
1.0 0.34 T8 Lvssisnolsosnrnfrcnacass 8.2
25 1.1 .34 2 = G
14.5 0.4 .34
12.2 6.5 .32
1.1 4.8 .32
11.4 3.2 .32
8.2 2.8 .33
6.2 2.4 L4
5.4 L7 .32
4.2 1.2 .34
3.6 1.} o34
4.1 1.2 .04
3.6 1.0 34
3.8 .92 .34
3.4 .88 .02
2.8 T4 2.0
6.2 T4 L9
12.5 .70 1.8
7.9 .65 L6
5.4 .65 1.4
3.1 .65
2 2.7 .65
.. 2,2 62
24... 1.9 60
25... 16 .52
20... 1.4 .62
.. 1.4 .48
28,. 1.4 .39
2.. 1.1 .36
80 L1 .36
1., .36
5,61 1.66
gmﬂecd oy by =l oy "drainage” g | o
L= epth in inc] NI
............................... 59 17 .09 10 Leasiiiiafssssnnos]|ossnsass]snssnnsse
a These discharges are well defined for all stages, b Approximate.

NORTH rbBK OF BIRCH CREEK DRAINAGE BABSIN.

Eagle and Ptarmigan creeks, whose headwaters are opposite
those of Crooked Creek, join to form North Fork of Birch Creek.
Below the junction North Fork takes a southwestward course for
about 7 miles, to the mouth of Twelvemile Creek, where it turns
abruptly to the south and follows that direction for about 8 miles.
Here its waters unite with those of Harrington Fork to form Birch
Creek proper, which flows east to its confluence with South Fork, a
distance of approximately 45 miles.

Beginning at the head, the main tributaries from the north are
Fish, Bear, and Twelvemile creeks. From the south, in the same
order, Golddust and Butte creeks are the only important streams.
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Daily discharge, in second-feet, of North Fork of Birch Creek, 1911.

N R o Sreek | North Fork of Biroh Creek below
[Drainage ares, 88 square | LWeIY 'mlhl Uznk.bmn[é']] Tain
Day, miles.] age area, 141 square )

Jupe. | July. | Aug. | Bept. | June. | July. | Aug. | Bept.

14.0 4 . 900 20.0 a8

12.0 31 . 0630 19.6 39
12.0 a8 |. 290 16,6 40

12.0 48 |. " 310 19.6 41
12,0 “ . . 240 ) 1.0 42

H 10.0 4 |, 420 10.0 “
" 12.0 a5 |. 200 20.0 43
. 12.0 23 . 160 20,0 41
58.0 14.0 28 |, 100 20.0 a0
3.0 14.0 24 |. 80 20,0 43
......... 3.0 14.0 a1 60 23,0 b
53.0 14.0 35 544 L] 20.0 1]
35.0 14.0 35 627 b4 21.0 80
475 35.0 14.0 30 602 45 4.0 66
505 35.0 58.0 30 ™ 45 72,0 b4
431 35.0 83.0 39 ™ 41| 1440 56
460 24,0 83.0 a1 842 35| 130.0 48
431 24.0 T70.0 31 0684 34 1320 4“4

402 24.0 64.0 -] 5560 32) 120.0 41

340 210 58.0 23 401 32| 110.0 a

280 18.3 5.0 2 350 30 90,0 39

20 21.0 48.0 24 276 n 80.0 a

260 18.3 4.0 31 w2 26 70.0 30

200 16.2 30.0 35 251 24 60.0 40

180 16.2 no 35 199 n B0.0 4l

170 16.2 2.0 a1 176 - 40.0 54
240 16.2 4.0 35 287 24 .0 75

160 16.2 4.0 31 182 2 82.0 81

110 14.0 24,0 |-euunnsd] 125 2 82.0 75

14.0 18.3 J---uueue 199 an ano T4

........ 14.0 18.3 1. va 20 80.0)........

89.9 30.6 33.2 422 ;g 0.7 40.4

34 102 48 317 29| .. .352 350

2.41 1.18 .40 .30 21 1.09 .41 40

a Disel well dofined below 250 second-feet.
1] Dmrguh"m fairly well defined for all stages. .
Miscellaneous measurements in North Fork of Birch Creek drainage basin, 1911,

Drain Dis- |Discharge

Date. Stream and locality. m‘"‘ charge, [Perequare

8g.miles.| Bec.fl. | Sect.

July 18'| Ptarmigan Creek at mouth. . 19.0 4.6 0.24
18 | Golddust Creek at mouth. 8.5 3.6 .38

18 . 9.2 a5 .38

18 12.4 4.3 .86

2.6 5.9 .28

22,6 4. 3a .19

2.6 4.8 .41

22.9 5.5 24

22,9 2. fa; .11

2.9 7.5 .83

@ Probably about the minimum for the season.
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OROOKED REEK DRAINAGE BABIN.

Crooked Creek, which is formed by the junction of Mammoth and
Porcupine creeks, meanders through a rather broad valley for about
30 miles and discharges its waters into Birch Creek about 10 miles
above the Fourteenmile House. Not far below the Central House
the valley loses its identity in the flats of Birch Creek.

Mastodon and Independence creeks unite to form Mammoth Creek,
which receives Miller Creek about 2 miles below this junction from
the west. The total length of Mammoth Creek is less than 4 miles.

Deadwood and Boulder crecks are tributaries from the south,
below and above the Central House, respectively. They follow
parallel courses about 3 miles apart, with a length of about 18 miles.

Albert Creek, the principal tributary from the north, drains the
southern slope of the Crazy Mountains,

Daily discharge, in second-feet, of Crooked, Independence, and Miller creeks, 1911.

St Gk st Coatrl | GG Sabove. s | Milr Crk s ot
g, 87e8; | [Drainnge ares, 8.6 square : "“ﬁ square
Day. 161 square m?fes.] m.lles.'l miles,
May, | June. | July. | Aug. | June. | July, | Aug. | Sept. | June, | July. Aug.’ﬂept.
111 5.3 |. 54.0 1.0 3.0 8.5 0.9 0.9
200 5.0 |. 164.0 L6 4.1, 14.7 .9 .9
685 [ 3 P 68.0 1.6 3.1 4.0 .9 .9
591 4.8 |... 170.0 1.3 2.6 |. 4.0 .9 .9
560 4.5|....0-. L0 L3 2.6 |. 26.0 .9 .9
374 4.5 39.0] 32.0 1.3 2.2). . AT .9 9
353 4.5| 48.0| 1L8 1.3 1.9 26.0 8.5 N .9
218 45| 40| 78| 13| 16| 26.0| 85 M ......
174 4.6 35.0 5.3 1.3 1.3 | 26.0 5.3 E J .
104 45| "28.0 6 L9 2.2 147 3.0 N R
68 45| 210 2.1 1.9 36| 14.7 3.0 N —
68 4.5 | 420 41 L9 evrvas 14.7 5.3 S} (ST
68 4.5] 35.0 31 1.9 ... 26.0 3.0 o |eneeaa
&1 4.5| 480 a1 2.3 |eeernes 14.7 3.0 o9 Jeoscas
38 4.5| 63.0 26 411....... 26.0 3.0 ) S .
36 2.0 7.0 26 -5 ) A 26,0 3.0 3.0 anenn
a8 26.0 | 140.0 2.6 Bl liassees 26.0 3.0 [ % 3 P
a8 30.0 | 119.0 2.6 2.8 |ieennnn 4.0 3.0 [ ) PO
32 20.0 | 7LO 2.6 28(....... 26.0 16 5.3 [aenaa
2 23.0| 420 2.6 23}....... 14.7 1.6 3.0 feeess
30 3.0 350 2.6 2.2 3 1.6 3.0 l.....
30 23.0f 23.0 4.3 221 1.6 &P livesan
24 17.0] 26.0 2.2 2.2). 1.6 P [
12.2 | 14.6| 28.0 2.2 Lo L0 [ ] S
0.0 12.2| 210 22 L9 1.8 . BN
10.0| 12.2| 147 L9 1.9 1.2
81| 12.2] 10.6 1.9 1.9 1.2
8.1] 10.4 6.7 1.9 2.6 1. 12
85| 122 5L0( L1L6| 2.6 .8
6.5) 10.4| 30.0 L6 2.6 ). .9
6.2 85|....... Le| a1 -9
120 11.2| 44.0| 20.3) 2.10| 2.62| 1.1 | 713
801 070 | 5.12| 2.36 244 305 | Ls2| .67
.02 08| 443 2.72 .28 A2 1.62 .78 .18 .02

o The rating curve for Crooked Creek is well defined below 300 second-feet.
b Discharges falrly well defined below 50 second-feet.
¢ Rating curve well defined for all stages.
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WATER SUPPLY OF THE CIRCLE DISTRICT.
Daily discharge, in second-feet, of Porcupine, Bonanza, and Deadwood creeks, 1911.

Deadwood Creek above
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Daily discharge, in second-feet, of Bonanza Creek ditch, 1911.

Bonanza Creek ditch at Intake. I Bonanta Creek ditch at outlet.

Aug. | Bept.

Soooo

o090

coooo

®eo000
viciedrdeded

July.,

June, | July. | Aug. | Bept. | June.

Day.

: mto Aug, 2.
ximate use of insufficlent measurements to determing
ditions.
Miscellaneous measurements in Crooked Creek drainage basin, 1911,

discharges are only a;
afeot of varlous changss mede in chamia) con:

o Water turned out of lower section of ditoh from Jul:

Note.—The above

the

Btream and loeality.

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

Bananza Creek ditch below Porcupine ditch.
Boulder CTo8k &F TOBA CTOSTIME. -~ 20 nenvesmsensmee e ssnsmnenns

Porcupine Creek above ditch infake. ...
Mammoth Creek above Miller Greek..

Date.

Aug. 18

ng. iy
July 19

. g..“
July 3 |

July 20




THE RAMPART AND HOT SPRINGS REGIONS.

By Henxry M. EAxgin.

INTRODUCTION.

The Rampart and Hot Springs gold-placer districts comprise the
greater part of the triangular area lying between Yukon and Tanana
rivers west of longitude 150°. The Rampart district lies north of
the divide, on Minook Creek and its tributaries; the Hot Springs
district includes the basins of Baker and Patterson creeks, which
flow directly into the Tanana, and American Creek, which flows
into Fish Lake. The region comprises also the territory lying
within a few miles of the Yukon as far west as longitude 154°,
which is ineluded in order to cover the basins of Grant, Illinois, '
and Mason creeks, tributaries of the Yukon from the north below
the mouth of the Tanana.

During the season of 1911 the writer made a geologic reconnais-
sance of the region outlined above and learned the facts here pre-
sented. This report, however, is intended to present only the results
of this study that pertain to the general geology and mining activi-
ties of the region, the more intricate geologic and physiographic
problems being left for treatment in a more complete report, now
in preparation, which will be accompanied by geologic and topo-
graphic maps.

GEOGRAPHY.

The Rampart-Hot Springs region lies near the geographic center
of Alaska, between longitudes 150° and 154°, adjacent to Yukon and
Tanana rivers, which join near its center. (See geologic sketch map,
Pl. XTII1.)

The drainage of the region is all tributary to the Yukon and
Tanana. The largest of the secondary streams is Tozitna River,
perhaps 100 miles long, which enters the Yukon from the north
about 15 miles below the mouth of the Tanana. The other streams
of the region are relatively small, the largest being only about
20 miles long. .

The greater part of the Rampart-Hot Springs region has strong
topographic relief. Elevations of 2,000 to 4,000 feet are common,

2n



272 MINERAL RESOURCES OF ALASKA, 1911.

and the valleys are usually steep sided and are carried with low
gradients well back into the hills, where they head abruptly. In the
lower parts of the smaller valleys and along the larger streams
extensive lowlands are developed.

The climate of the region is that prevalent in the interior of
Alaska, being semiarid and marked by great seasonal variations in
temperature. Continuous observations for a year at Rampart and
supplementary records for shorter periods indicate an annual pre-
cipitation of 11.96 inches. A longer period of observation might
alter this figure somewhat, but not enough to show more than a very
scanty rainfall. |

The annual temperatures of the region are summarized by Brooks?*
in a recent report. Concerning the interior province of Alaska,
which includes the area under discussion, he says: “ The average
winter temperature in this province is —5° to —10°, with a minimum
of —65° to —76°. For the suminer months of June, July, and
August the mean is 50° to 60° and the recorded maximum 90°.”

The open season in the Rampart-Hot Springs region commences
between the 1st and the 10th of May and ends between the 1st and
the 15th of October.

Timber suitable for fuel and some suitable for lumber grows in
all the valleys of the region. Spruce is the most important kind,
being more widely distributed than any other and in places supply-
ing logs that measure more than 2 feet in diameter. Cottonwood
and birch are also valuable, especially near Hot Springs, where the
trees are unusually large. A few tamarack were noted on some of
the Yukon tributaries, and willow and scrub alder thrive beside the
streams and on the higher slopes. Probably four-fifths of the tim-
bered areas have been burned over in the last decade, and the supply
has been correspondingly reduced.

Agricultural products, including the ordinary vegetables and a
variety of grains, are grown successfully. The Government agricul-
tural station at Rampart is experimenting with these products with
encouraging results.

The mining districts support several small settlements. Rampart
on the Yukon and Hot Springs on a slough of the Tanana supply
merchandise and business facilities to their respective districts.
There are two other settlements in the Hot Springs district—Tofty
on Sullivan Creek and Glen on a tributary of Baker Creek. A few
cabins and road houses are grouped on the bank of the Yukon near
the mouth of Grant Creek, of the Gold Mountain district. The
largest settlement of the region is Tanana, on the right bank of the
Yukon near the mouth of Tanana River. It is the connecting point

1 Brooks, A. H, The Mount McKlinley reglon: Prof. Papér U, §, Geol. Burvey No. 70,
1911, p. 199,

]
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. for the Yukon and Tanana River routes and the seat of Fort Gibbon,
a United States military post. -

TRANSPORTATION.

Easy access to all parts of the region is afforded by Yukon and
Tanana rivers, which are navigated by a fleet of well-equipped steam-
boats during the open season, usually from early June to the last
of September. The freight rates from Seattle depend on the nature
of the commodity and the routing, as indicated in the following
table:

Freight and passenger rates from Reattle to towns in Rampari-Hot Springs
region.

{Based on tariffs of 1910-11.]

. £ Forage per ton. | Passenger rates

Town. Route. 4

dise, per er M.
ton, r Hay. | Grain, m mﬂ
i $82-8115 |  $77.50 | $53.00 | $77.00 |$111.00 | $80.00
-------------- o il aenlr| %do| 85.00| %000 |Moc| 810
e S e | Bu| g9 g8 lea) K
¥ . " s .
ot Springs.............. {3t fiohaet 55| 82,50 | 55.00| 55.00 [ 115.00 | 90.00

Local freight rates from river points to the creeks vary with road
conditions and the seasons of the year. In both the Rampart and
Hot Springs districts some excellent roads are maintained. The
rapid development of the Sullivan Creek placers within the last two
years has demanded additional road improvements, which were being
pushed during the summer of 1911. The summer rate on goods from
Hot Springs to Tofty, a distance of 12 miles, was 5 cents a pound.
and considering the difficulties of the journey this charge was not
unreasonable. When the road now under construction is completed
the summer rate will probably be reduced to about the present winter
rate, 1} cents a pound. .

All the river communities are in touch with the United States mili-
tary telegraph, the lines of which are shown on the map (PL XIII).
Local telegraph lines give service in the Rampart and Het Springs
districts. Regular United ‘States mail service extends to all the set-
tlements in both winter and summer,

Labor was plentiful during the summer of 1911, wages being $5
a day and board. This amounts to a total expense of about $6.50
a day for each man.

48868°—Bull. 520—12——18
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GENERAL GEOLOGY.
OUTLINE.

The base of the geologic column in the Rampart-Hot Springs
region is represented by a series of metamorphic rocks. Although
mainly of sedimentary origin, igneous flows are common in some
of its members, and locally it contains granitic intrusives. Differ-
ences in original constitution and in degrees of alteration have
resulted in wide divergence between the rock types included in the
series. It is probably in the main of Paleozoic age, but it may also
include Mesozoic beds, The metamorphic series is overlain locally by
Tertiary beds and broadly by those of Quaternary age. Granitic
intrusives are distributed widely through the region in small, discon-
tinuous areas. They are accompanied by a complex system of dikes,
which are probably related to them genetically.

METAMORPHIC SERIES.

The metamorphic series’ can be arranged in four lithologic divi-
sions, each division including a different group of rock types that
are constantly associated over a considerable area. The areas occu-
pied by the several groups are distinguished on the map (Pl XTII).

The northernmost area of the other rocks is occupied by a group
of greenstones, derived from ultrabasic flows and tuffs that are
mainly of a diabasic character. With these basic rocks are associated
considerable areas of rhyolite and a smaller quantity of slate, chert,
and impure limestone.

South of the greenstone area, between Yukon and Tananpa rivers
and the Gold Mountain district, are areas occupied by a more highly
metamorphosed group characterized by an abundance of crystalline
Hmestone and a variety of schists. The latter are mainly quartzite
schists, but include also quartz-mica schists, garnet schist, greenstone
schist, and caleareous, graphitic, and feldspathic schists. The green-
stone and feldspathic schists grade into less metamorphosed types
that are clearly of igneous origin. Some of the quartzose schists
are apparently sheared cherty rocks, which were developed through
replacement of original limestones. The micaceous and garnetifer-
ous schists are associated with permatite dikes and quartz veins and
comprise only a small part of the mass of the group.

From the foregoing description it is apparent that the limestone
and schist groups have suffered both regional and contact meta-
morphism, and that, so far as their physical condition indicates,
they are older than the greenstones and the other groups that remain
to be described. _

The third area of metamorphic rocks includes most of the Hot
Springs district and reaches northeastward beyond the limits of
the quadrangle. It is occupied by phyllites, quartzites, and schists
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less altered than the limestone-schist group and apparently overlying
them.

South of the last area and occupying the big bend of Tanana
River southeast of Baker Flat is the fourth group of the meta-
morphie rocks, which includes highly contorted red and green slates,
sandstones, and fine conglomerates.

TERTIARY SEDIMENTS.

Several small isolated areas of Tertiary sediments occur in the
region adjacent to Yukon River. These rocks rest unconformably
upon the various members of the older formations and ‘yield fossil
plants and invertebrates of Eocene age.

QUATERNARY SEDIMENTS.

Unconsolidated silts and gravels mantle much of the region. The
former are believed to be mainly of lacustrine origin and they are
assigned provisionally to the Pleistocene epoch. The gravel deposits
are of two types—a widespread deposit of variable thickness under-
lying the silts, and the fluviatile deposits of the modern flood plains.
All of the unconsolidated sediments of the region have been included
under the same pattern in mapping.

IGNEOUS ROCKS.

The oldest, igneous rocks of the region are probably the flows and
tuffs of the metamorphic series now altered to greenstones.

Prior to the principal deformation of the metamorphic series, ex-
tensive intrusions of granite occurred in the Gold Mountain region
and farther west. These intrusions are now represented by gneisses
and feldspathic schists in the prominent range of mountains that
extends southwestward along the Yukon from a point near the
head of Mason Creek.

At a much later period (late Mesozoic or early Tertiary) exten-
sive intrusions of granite occurred in discontinuous areas widely
scattered over the region, accompanied by the formation of an
elaborate system of dikes, ranging in composition from granites,
aplites, and acid pegmatites to gabbros and diorites.

ECONOMIC GEOLOGY.
IMPORTANT MINERALS.

Gold is the only mineral whose occurrence in the Rampart-Hot
Springs region has proved to be of economic importance. It has
been mined profitably in both the Rampart and the Hot Springs dis-
tricts and is known to occur at a number of other localities.

* Brooks, A. H., The Mount McKinley region : Prof. Paper U. 8. Geol, Survey No, 70,
1911, p. 75.



276 _ MINERAT, RESOURCES OF ALASKA, 1911.

Tin occurs with the gold in the placers of Sullivan Creek, and small
quantities have been recovered incidentally to the gold mining. So
far, however, no serious attempt has been made to recover any large
part of the tin ore, and only a small quantity has been shipped.

Lignitic coal pccurs in the Eocene beds near Rampart, but no seams
thick enough for profitable mining have been found.

GOLD.
HISTORY OF PROSPECTING AND MINING.

Placer gold was discovered in the Rampart quadrangle probably
as early as 1808. The first discoveries were made on Minook Creek
and its tributaries, and since 1896 systematic mining has been done
in this district. Later, as the area being prospected increased, placers
were located and mines developed on the tributaries of Baker Creek
along the northern border of the flats, and still later on Sullivan
Creek and neighboring streams tributary to Patterson Creek.

Prospecting on the tributaries of the Yukon and Tanana west of
the productive areas has revealed the presence of gold at several
places. (See map, PL XIII). Although much ground is held on
some of these streams, especially in the Gold Mountain region, the
presence of gold in commercial quantities has not been demonstrated.
In the Gold Mountain region this may be largely due to the facts
that very little beyond annual assessment work is being done and that
this work is largely of a futile character.

The scene of greatest activity in mmmg in the Rampart. quadrangle
has shifted southward with successive discoveries. The Rampart dis-
trict yielded its greatest output in 1906 and 1907. The placers along
the north margin of Baker Flats reached their maximum production
about the same time but have not fallen off so rapidly since. The
Patterson Creek locality has steadily increased its production since
operations were begun, the season of 1911 recording the largest out-
put in its history.

Value of gold produced in the Rampart district.

IBBE 10 1004 e e —————— $6186, 000
p 1 1 RO SRE SR S = 90, 000
O e s mmsi e e o o s S S e 80, 000
1008 S 120, 000
e 1 ) e S e S S S S 125, 000
1808 e e - ——- 75, 000
O e e i e e e e e e e 100, 000
DO o e o 5 e S 43, 000
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Value of gold produced in the Hot Springs district,

1902 t0 1904 . $262, 900
e R S, 145, 500
T N 120, 000
1906 . 180, 000
b1 SRR 175, 000
Y908 e 150, 000
1909 oo __________ 825000
T S R i 325, 000
AN e ... 785,000

BOURCE OF THE GOLD.

The distribution of the gold in the Rampart-Hot Springs region
is definitely related to the metamorphic rocks. The bedrock in the
Rampart district is the lower part of the greenstone group, which
includes besides greenstones a variety of more or less altered slates,
cherts, and impure limestones. The Hot Springs district, from
American Creek to the Baker Creek placers, lies within the slate-
quartzite-schist area, and the placer ground of Quail Creek, which
heads against Little Minook Creek, is a continuation of the same area.

Quartz veins are so plentifully distributed in the older rocks of
the entire region that a greater abundance in the areas yielding the
placers can hardly be asserted. But although as a rule the quartz
veins are barren of visible mineralization, there is some evidence that
in the placer districts they are gold bearing. On Little Minook a
vein 6 feet wide is said to yield gold on being crushed and panned.

- In theé Sullivan Creek placers the richer ground is thought by the
operators to be marked by an unusual abundance of quartz veins. In
both districts nuggets composed partly of quartz are common. In
the Gold Mountain district is a quartz vein known to be auriferous,
but an unsuccessful attempt has proved that it is not of sufficient
extent or richness to be mined profitably.

Although there is evidence that much of the placer gold comes
from quartz veins, another source is suggested for a part of it at least
in the Hot Springs region. Nuggets from What Cheer Bar near Glen
include fragments of black slate. The tailings of one of the Sullivan
Creek mines contained a piece of quartzite having tiny stringers of
gold running along its cleavage planes. On these creeks it would
appear that the gold was deposited in the available spaces in the
country rock, wholly without gangue minerals. The formations com-
prising the country rock in all the placer districts contain members
that are very rich in carbonaceous material. Carbon is believed to
influence the precipitation of gold under certain conditions, and it
seems possible that the distribution of gold in the region may be
related in some degree to that of the carbonaceous beds.
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Still another source of gold may be the hematite deposits in the
neighborhood of the granite areas near Hot Springs and Roughtop
Mountain. Brecciated zones of the country rock ranging from a few
inches to several feet in width have received deposits of hematite.
Samples taken from these deposits in both localities are said to yield
steady assay returns of several dollars a ton in gold. Although this
is an unusual mode of occurrence for gold, the hematite deposits may
possibly be auriferous, but further sampling, including entire cross-
cuts of minable bodies of the ore, will be required before thelr
economic value will be established.

AURIFEROUS GRAVELS.

The auriferous gravel deposits of the Rampart-Hot Springs region,
considered in their relation to modern topography, are of two types—
stream gravels, forming the beds and flood plains of modern streams,
and terrace gravels, situated above the present valley floors. Some of
the terrace gravels cover benches that undoubtedly owe their origin to
the present streams, but the relation of others to streams is doubtful.

STREAM GRAVELS,

The stream gravels have yielded the greater part of the production
of the Rampart district, the operations on all the creeks except Hunter
being confined to them. On Hunter Creek only a small part of the
production has come from this source.” The stream gravels of the
district are shallow as a rule; on Minook Creek they are from a few
feet to 15 or 20 feet thick, and on the smaller streams the range is .
even less, the usual thickness being about 6 or 8 feet. The gravels
are usually covered with a deposit of muck and silt, which thickens
as the sides of the valley are approached. Tt appears that the valleys
were at one time more or less completely filled with silt, a large part
of which has since been removed. Near the courses of the streams,
where the removal has been most complete, open-cut methods are
employed ; but nearer the valley walls, where the overburden is very
heavy, drifting becomes necessary.

In the Hot Springs district a large part of the production from
the streams tributary to Baker Creek has come from the stream
gravels. The deposits of this type are similar to those of the Ram-
part district, except that they are generally overlain by a much
thinner overburden of silt or muck. The stream gravels of the Pat-
terson Creek group have not been productive. They carry gold in
small quantities, but are nowhere rich enough to be mined profitably.

TERRACE GRAVELS,

-

Terrace gravels occur in both the Rampart and the Hot Springs
district. In the Rampart district well-defined benches occur on
Minook and Hunter creeks.
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The Hunter Creek benches lie along the valley walls and may rep-
resent stages in the downcutting of the stream. The lowest bench
is only 15 or 20 feet above the stream, as a rule, and has been the
principal source of the gold. Its bedrock surface is irregular, in
some places sloping downward away from the stream toward the
valley wall. The actual surface always slopes upward toward the
margin of the valley, this being especially noticeable in the vicinity
of lateral streams. The upper part of this bench deposit seems to
be composed largely of materials delivered to the main valley by its
tributaries in the form of alluvial fans of varying steepness. The
deposits of the lower terrace of Hunter Creek are minable by open-
cut methods along their streamward margins, being made up, as a
rule, of 3 to 6 feet of gravel, with a few feet of muck as overburden.
The notable thickening of the overburden toward the margins of the
valley limits the extent to which such methods are applicable.

Rather indefinite remnants of terraces occur at various elevations
along the sides of Minook Valley, but only the lower bench, which
resembles that of Hunter Creek, has been productive.

The ridges between the eastern tributaries of Minook Creek are
peculiarly flat-topped and rise in a succession of broad steps to the
eastward from 600 to 800 feet above the level of Minook Creek. In
part they carry gravel deposits that have proved, locally at least, to
be gold bearing. Prospecting has revealed various depths of the
deposits at different places, the greatest being more than 100 feet.
The materials of most of them include fragments of the local country
rock, more or less worn, yellow clays or silts, and scattered quartzite
bowlders, some of great size, which are foreign to the immediate
neighborhood. Only very low values have been reported from these
deposits, and their elevated position, even if they should prove to
contain larger amounts of gold, would render their exploitation very
difficult.

In the Hot Springs district bench gravels have been productive
on most of the gold-bearing streams tributary to Baker Creek, and
practically all of the Patterson Creék placers are in deposits that have
no evident relation to the present streams.

The -peculiar type of bench deposits characteristic of the Hot
Springs district is illustrated by What Cheer Bar. This deposit
skirts the point between Fureka and Pioneer creeks, about 250 feet
above and 2,000 Teet up the side of the valley from the latter stream.
A space 2,000 feet long and from 150 to 200 feet wide has been
mined and the resulting cut reveals the general character of the
deposit. What Cheer Bar is a flattened space on a gently sloping
valley side, which formerly bore auriferous gravels ranging in depth .
from 3 to 10 feet. The gravels range in size from fine material up
to bowlders several feet in diameter. In its long direction the bench
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has no perceptible grade, but crosswise, in the direction of Pioneer
Creek, it slopes.-at a grade which was found suitable for the sluice
boxes but which is less than the general slope of the hillside. At
the uphill side of the bench the bedrock rises at a steeper angle
nearly to the surface and then flattens to the general slope of the
hillside. The bowldeérs found in the deposit are mostly of quartzite
with some conglomerate, both known to occur within the basin
of Pioneer Creek and perhaps in the hill on which the bench is
developed. Other benches that carry a little gold occur on the hill-
side above What Cheer Bar, and farther up the valley of Pioneer
Creek on the same hillside similar deposits have been productive.

A heavy deposit of gravel occurs along the north side of Baker
Flats west of Eureka Creek, apparently unrelated in its origin to the
present. streams, which flow transversely across it. Although, as a
rule, this deposit has proved of too low a tenor to be worked, it
carries some gold and probably has been the source of much of the
gold found in the gravels of the streams where they cross it.

In the Patterson Creek locality shallow gravels are worked by
open-cut methods on Quartz Creek and Tofty Gulch. The deposit
on Quartz Creek, known as Homestake Bar, is about a quarter of
a mile from the creek on a slightly sloping hillside. Tt consists of 3
or 4 feet of gravels overlain by 3 feet of yellow silt. The gravels are
little worn, except a thickness of about 1 foot next to bedrock.
The entire hillside is covered with deposits similar to those being
worked except that they carry less gold. The workable deposit ex-. .
tends horizontally along the hillside, and there are no surface indi-
cations to show its extent. However, the bedrock slopes at a lower
angle toward the creek than the surface of the ground, and at the
uphill margin it rises more sharply, forming a so-called “rim.”
The “rim” seems to mark the limit of the richer deposit. The
ground is worked by groundsluicing and pick-and-shovel methods.

On Tofty Guleh a considerable open cut has been made on a bench
on the hillside about 1,000 feet from Sullivan Creek. The deposit
consisted of 4 to 6 feet of gravel covered by several feet of yellow
silt and black muck. Large bowlders were very common in the top
layers of the gravel, some being found in the lower part of the silt.
The black muck contained a great quantity of remains of trees, which
added considerably to the difficulty and expense of mining. In
working the deposit the top layers of muck and silt were ground-
sluiced off, dynamite being employed to break up the tangle of wood
débris in places, after which the gravels were carried to the sluice
boxes with a steam scraper.

The other placers of Sullivan Creek and those of Cache Creek are
deeper, being from 30 to 75 feet below the surface. They are worked
by drifting, machinery being employed to hoist the gravel to the
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surface. The thickness of the gravel deposits ranges from 10 to’'35
feet, the remaining depth being made up by an overburden of silt.
At one place between Cache and Sullivan creeks a thickness of 90
feet of silt is said to have been penetrated in sinking an unsuccessful
prospecting shaft. The gravels include some well-worn materials,
" but are mostly made up of angular fragments of the country rock. In
fact, it is often difficult to distinguish the surface of the bedrock
because it is so closely resembled by the fragmental deposits. One
prospect hole was abandoned on reaching a lens of these deposits,
but when deeper holes revealed rich gravels near by, the shaft was
sunk deeper, and on reaching the true bedrock workable gravels
were found.

The better worn materials are usually of the most resistant types,
a hard vitreous quartzite being common. Many bowlders of this
type, too large to handle, are encountered in all the drifts; in some
5-foot drifts all the vertical space is taken up by a single bowlder.
However, as these bowlders are generally more or less isolated, they
present no serious difficulty to the miner.

Most of the bedrock surface’is considerably weathered, being brec-
ciated and carrying gold to a depth of a foot or more. The bedrock
in all the deeper mines has the form of a succession of flat benches
that rise one after another toward the higher ground. The richest
gravels are commonly found near the uphill margin of the benches.

The auriferous gravels of American Creek are somewhat similar
to the bench gravels of the Patterson Creek locality. The later
discoveries are reported to be on bench ground rather than in the
stream gravels. The depths range from 10 to 20 feet. The gravels
are worked by drifting, and so far no steam machinery has been used
in hoisting.

On Grant Creek and some of its tributaries and on Illinois Creek,
in the Gold Mountain district, good prospects are reported to have
been found, but so far no valuable deposits have been discovered.
Prospecting is seriously hindered by the great depth of the gravels
in much of the district and by live water where they are thawed.
On Illinois Creek a hole is said to have been sunk 183 feet and then
abandoned, on account of live water, without having reached bedrock.
The hole is said to have penetrated several beds containing a little
fine gold.

On Grant Creek the results have been much the same, holes sunk
from 30 to 135 feet having been abandoned on account of live water,
The only holes sunk to bedrock on Grant Creek are about 23 miles
above its mouth and are about 30 feet deep. A few holes about 20
feet deep have been driven on Lynx Creek, the principal eastern trib-
utary of Grant, discovering a foot of gravel on bedrock, which is
said to have yielded at the rate of $10 or $12 a yard. After a little
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- drifting had been done the works were abandoned. On American
Gulch, a small tributary of Grant Creek near its head, the gravels
are said to yield the best prospects found in the region, some estimates
putting the values as high as $1 a square foot of bedrock. The
gravels are 10 to 12 feet deep and are thawed. The construction of
a bedrock drain, which has been unsuccessfully attempted, would
doubtless permit more definite knowledge of the deposit to be gained.

WATER SUPPLY.

With the exception of Minook Creek and its tributaries, Hunter
and Hoosier creeks, the streams of the Rampart and Hot Springs
districts afford a very scanty supply of water for mining. Hunter
Creek usually furnishes water sufficient for two 8-inch nozzles under
a 150-foot head; and in time of freshets, of course, the discharge is
much greater. Its recorded minimum flow?* is 3.7 second-feet, or
about 150 miners’ inches, and its maximum, 27 second-feet, or more
than 1,000 miners’ inches. Hoosier Creek is very nearly the same
size. Little Minook Creek carries less than a sluicehead during much
of the drier part of the season.

Eureka Creek at its mouth has a discharge similar to that of Hunter
Creek. About half of this is contributed by Pioneer Creek and
about a fourth by the main head of Eureka above Pioneer. None of
the tributaries of Patterson Creek at the locality of the mines fur-
nishes sufficient water for constant sluicing during much of the sum-
mer, and pumping is commonly resorted to at most of the plants,

v MINING.
RAMPART DISTRICT.

General statement.—Active mining in the Rampart district during
1911 was limited to Hunter and Little Minook creeks of the Big:
Minook basin and Quail Creek, a tributary of Troublesome Creek.
In general, a lower tenor of gravels was encountered than in former
years, and the difficulties experienced in exploiting them were greater
owing to an increase of the overburden as the valley walls were
approached and to obstruction to the disposal of tailings due to
former operations.

Hunter Creek—On Hunter Creek two hydraulic plants were
operated during the summer of 1911. A steam hoist was installed on
Dawson Creek, a tributary of Hunter, but owing to an accident was
abandoned for the summer. A single claim was worked in a small

1 Covert, C. C., and Ellsworth, C. BE., Water-supply Investigations in the Yukon-Tanana
reglon, Alaska, 1907 and 1008; Water-Supply Paper U. 8. Geol. Survey, No. 228, 19809,
pp. 58-88; also Ellsworth, C. E.,, Water supply of the Yukon-Tanana region, 1809 : Bull
U. B. Geol. Burvey No. 442, 1010, pp. 270281,
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way with pick and shovel. About 12 men were employed on four
claims a part of the summer.

Little Minook (Creele—On Little Minook Creek five claims were
worked to some extent during the year. The operations included
winter drifting on two claims, and the use of two splash dams during
the summer employing about 7 men.

Quail Creek—This creek was not visited by the writer. It was
learned, however, from the miners near Rampart that four splash
dams were operated most of the summer, employing from 8 to 12
men at different times.

HOT SPRINGS DISTRICT.

General statement—The year 1911 witnessed a marked decrease in
mining operations in the part of the Hot Springs district tributary
to Baker Creek contrasted with an increased activity in the Patterson
Creek camp. In the former locality Thanksgiving, Omega, Pioneer,
Eureka, and Hutlinana creeks were active. In the latter mining was
in progress on Sullivan, Cache, Quartz, and American creeks.
. Thanksgiving Creek—In the early summer about 20 men were

employed on Thanksgiving Creek at groundsluicing and shoveling in.
Later in the season operations were at a standstill owing to lack of
water. )

Omega Creek.—A single claim is reported to have been worked on
Omega Creek in 1911, drifting and hoisting being done by hand.
The ground was about 16 feet deep, and the results were said to be
satisfactory.

Eureka Creek.—A steam scraper was employed in open-cut work
on Eureka Creek near the mouth of Boston Creek. On the upper
-part of Eureka a claim was worked by means of a splash dam. FEight
or 10 men were employed on this creek.

Pioneer Creek—Four men were employed at shoveling in on the
bench ground of What Cheer Bar, on the right limit of Pioneer, a
little above its mouth. Two or three claims were being worked
higher up on Pioneer, but were not visited. About 15 men were said
to be employed in the summer workings on Pioneer.

Hutlinana Creek—Four men operated two splash-dam outfits on
the upper part of Hutlinana Creek during the summer. Nothing
definite was learned of their success.

Sullivan Oreek—The greatest activity in the whole region was in
the Sullivan Creek locality. Six steam hoists, employing about 150
men, were in operation most of the summer. The claims range in
depth to bedrock from 30 to 70 feet, most of the overburden being
yellow silt and the rest gravel and black muck.

The gold is usually in the bottom 2 or 3 feet of gravel and in the
shattered bedrock. The tenor of the gravels expressed in terms of
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the area of bedrock uncovered ran from about 50 cents a square foot
to more than $20. Selected pans from the pay streak of the richest
claim are reported to have carried $10 to $15 in gold. The tenor
of the gravels actually removed ranged from about $3.50 a yard to
very much higher figures, as may be inferred from the rich pans
described above.

The costs of mining vary with conditions on the different claims
and the management employed. Many of the plants were compelled
to pump water for sluicing, which adds considerdbly to the expense
for fuel and cost of upkeep. The lowest estimate of the cost of
operation was 35 cents a square foot of bedrock, which is equivalent
to about $2.50 a yard of gravel. Under some conditions the costs
were probably double this amount.

Valuable gravels were discovered during the summer on a claim
adjacent to those being worked and further prospecting will very
likely disclose a still wider distribution of pay in this locality.

Cache Creek.—Three steam hoists were operated on Cache Creek
in the early part of the summer, but at the time of the writer’s visit
two had shut down. The third plant was employing about 25 men,
but had only a small amount of ground remaining to be worked.
The general mining conditions are similar to those-of Sullivan Creek,
the pay gravel being at a depth of 50 feet and the water supply
requiring the use of the pump for sluicing,

Quartz Creek—A single plant was operating on Quartz Creek
The ground is on & bench on the right limit of the creek and is
shallow, allowing the use of open-cut methods. A large area had
been stripped by groundsluicing off a covering of moss and about 8
feet of muck, and two men were shoveling in. The gravel deposit
is from 1 to 2 feet deep and consists mostly of angular, little-worn
material, except very near bedrock. Although the entire waters
of the creck were diverted into the ditch they were sufficient for
sluicing less than half the time. There is said to be much ground
along this bench which could be profitably worked if sufficient water
could be had for hydraulic mining, but which can not be worked hy
the more expensive hand methods.

American (reek.—Discoveries of placer gold on American Creek,
a small stream flowing into Fish Lake about 15 miles west of the
Patterson Creek mines, were reported early in 1911. Active pros-
pecting during the summer located pay gravel on at least four claims,
from one of which a considerable production is reported. A hand
windlass was used in hoisting the gravel, the ground being only 12
or 15 feet deep on most of the claims. Thirty to 50 men were on the
creek most of the summer and preparation was being made for ex-
tensive work in both prospecting and mining during the winter.
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TIN.

Smoothly rounded pebbles of cassiterite, the oxide of tin, occur in
the placers of the Sullivan Creek group in company with the gold.
The neighboring placers on Cache and Quartz creeks are barren of
the mineral, so that the area in which it occurs is small, being less
than a mile in its longest direction. In quantity, the tinstone or stream
tin, as it is commonly called, varies with the gold, the placers com-
monly being rich or lean in both minerals. In the richest spots as
much as half a pound of tin to the pan is reported, which at the
present price of the ore would give the gravels a value, not allowing
for costs of mining or transportation, of $18 to $20 a yard, according
to assay.

Gravels that contain as little as 9 pounds of cassiterite to the yard
are being profitably mined in the York region, Alaska. There can
be little doubt that a great part of the gravels mined on Sullivan
Creek carry as high a content of tin and that some may run much
higher. But on account of the inconvenience that the presence of
the tin ore occasions in the separation of the gold it is deemed a
nuisance by the miners of the district rather than a possible resource.

The bedrock source of the tin has been the subject of a great deal
of speculation, and considerable effort has been spent in trying to
locate it. The search has been made in the region around Roughtop
Mountain rather than the neighborhood of the placers, under the
impression that only an area of igneous rock could supply the min-
eral. Although it is true that in its typical occurrence in bedrock
there is an evident relation of the ore to some igneous rock from
which the tin-bearing solutions probably emanated, cassiterite may
also occur in quartz veins and small dikes at some distance from any
large igneous mass. There is a strong likelihood that the tin of the
placers has not been brought a great distance to its present position
but that it has been derived from veins and dikes of the country rock
that have been eroded from the same area in which the tin-bearing
placers are found. Bedrock prospecting in the vicinity of the mines
is difficult, owing to the thick covering of gravel and silt. A closer
scrutiny of the bedrock exposed in the mines and in the neighboring
hills is desirable, especially of the quartz veins and micaceous dikes,
which may possibly be tin bearing. Should any angular and little-
worn cassiterite be found in the gravels it would be good evidence
of a bedrock deposit near at hand. That the quartz veins of the Sul-
livan Creek area are probably the source of the tin as well as of a
large part of the gold is indicated in the structure of the ore, which is
in the form of a recemented breccia. The fragments composing the
breccia are vein quartz; the cementing material is principally cas-
siterite. Blue and brown tourmaline and small quantities of fluorite
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also fill spaces between the quartz fragments in some of the speci-
mens. From this structure it is inferred that the quartz veins were
originally formed barren of the other minerals along the joint planes
of the country rock, and that subsequent dynamic stresses caused
movement along these planes and the brecciation of the quartz veins.
These stresses were possibly due to the injection beneath the region of
an igneous mass which may have furnished the tin-bearing emana-
tions from which the ores were derived.



THE RUBY PLACER DISTRICT.

By A. G. MabpreN.

INTRODUCTION.

The recent activity in the Ruby gold-placer district is, in a measure,
a renewal of interest on a larger scale in a district that has received
a small amount of attention from gold seekers since 1907. Late in
the summer of that year a report was circulated along the Yukon
that prospects of placer gold had been discovered on Ruby Creek, a
southern tributary of the Yukon about 8 miles long. The discovery
was made at the mouth of the creek in some fine gravel at the level of
the spring high-water mark of the Yukon.

The accessibility of the locality, especially from Tanana, Rampart,
and Fairbanks, attracted many men there during the later part of
1907, who, without making any actual discoveries, located extensive
tracts as placer-mining ground. Most of those who came at that time
were not prepared to remain longer than a few weeks. Only about 30
men remained in the vicinity of Ruby Creek during the winter of
1907-8. Some of these prospected with the crude facilities at hand
on various creeks within easy reach of the Yukon. A number of
holes were dug during the winter, largely with the aid of three small
steam boilers, but the result of these operations was apparently not
encouraging, for by July, 1908, most of the men had left the district
and the only property then worked was Discovery claim, on Ruby
Creek. Mining was renewed on this claim in 1909 and 1910 and
carried on for a month or so in the early part of each summer, while
there was enough water to sluice with, and several thousand dollars
worth of gold was thus taken out of an open cut.

During the summer of 1911 the report of new discoveries attracted
a large number of persons to this district. A new settlement named
Ruby, the population of which has fluctuated between several hun-
dred and a thousand or more persons, was established on the south
bank of the Yukon at the mouth of Ruby Creek, the town site being
on Discovery claim. The accessibility of this district, due to its loca-
tion on the lower central part of the Yukon, the main route of trans-

287
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portation into the interior of Alaska, undoubtedly led to this influx
of population.

The actual discoveries of placer gold up to the time of the latest
reports, however, do not seem to indicate that this will be a new
bonanza field, but they have been interpreted by some to indicate the
existence in this vicinity of much more extensive deposits of gold-
bearing gravel. Whatever may prove to be the fact the community
is in excellent condition to open up rapidly to a producing stage any
mining ground that may be prospected thoroughly enough to demon-
strate its value, Ground that would not pay to mine in many other
districts in the Yukon Valley should be profitable here because of the
accessibility of the district. It is reported that active preparations
are now being made for the commercial development of several
properties, '

The writer * spent seven days in making a hasty examination of this
district in July, 1908. In 1910'the most mountainous part of the
district, lying along the divide between the basin of Nowitna River
and the basins of the Yuko and North Fork of the Innoko, was
traversed topographically by a survey party under C. G. Anderson.
H. E. Birkner, a member of this party, made some geologic observa-
tions along the route traveled. The following statement is based on
the above official investigations, supplemented by information derived
from various sources, but especially from notes on the most recent
developments furnished by Mr. Harry G. Abercrombie, accompanied
by a sketch map of the drainage of the district, showing the names
of the creeks. A drainage map of the district (Pl. XIV) has been
prepared, which is based on Mr. Anderson’s survey, 1910, and Mr.
Abercrombie’s sketch map.

GEOGRAPHY.
LOCATION AND EXTENT.

The area known as the Ruby placer.district (see map, PL. XIV),
from the name of the small stream on which gold was first discovered
in it, lies along the south bank of Yukon River, about 175 miles below
the town of Tanana and 110 miles abdve Nulato, the two nearest large
settlements on the Yukon. On the northwest it is bounded by the
valley of Yuko River and on the southeast by the valley of Nowitna
River. That part of the Kaiyuh Mountains included in the Ruby
district may be deemed to extend southward to Twin Butte Moun-
tain. This mountain, whose elevation is about 1,700 feet, is situated
about 32 miles south of the Yukon and is separated from what may be
considered as northerly outliers of the Kuskokwim Mountains by a

1 Maddren, A. G., Gold placers of the Ruby Creek dlstrict: Bull. U. 8. Geol. Burvey No.
370, 1909, pp. 220-233; and The Innoko gold-placer district, Alaska, Ruby Creek area:
Bull, U, 8. Geol. Burvey No. 410, 1010, pp. 75-80. .
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saddle some 4 or 5 miles wide, whose elevation is about 600 feet above
sea level. This low pass lies about 8 miles east of Twin Butte Moun-
tain and separates a western headwater of Solatna River, named
Long Creek, from an eastern headwater of the North Fork of the
Innoko, which drains the southeastern flanks of Twin Butte Moun-
tain. As thus bounded the Ruby district embraces an area extend-
ing about 85 miles from north to south and about 30 miles from east
to west, and includes about 1,000 square miles of territory.

RELIEF.

For a distance of 10 miles along the south bank of the Yukon the
Ruby Creek area is made up of rolling hills, from 400 to 600 feet
high, which border the river, forming rock bluffs 200 or 300 feet high.
These hills may be considered as forming the northeast end of the
Kaiyuh Mountains, which extend for about 175 miles toward the
southwest to lower Innoko River. The Ruby Creek hill country is
noteworthy as being the only tract on the south side of Yukon River
between Tanana River and Bering Sea, a distance of over 800 miles,
where highlands of the older rocks and bluffs of consolidated bedrock
form the immediate bank of the Yukon. The south side of the Yukon
throughout all the rest of this distance is bordered by low banks and
here and there bluffs of unconsolidated alluvial silt, which covers the
older hard-rock formations for distances of 5 to 20 miles or more back
from the river. Southward from the vicinity of Ruby the rolling
hills gradually rise to low, dome-shaped mountains, 1,500 to 2,000 feet
in height. These mountains extend southwestward to the lower
Tnnoko Valley as the Kaiyuh Range. Southeast of the Kaiyuh
Range are northwestern outliers of the Kuskokwim Mountains,
which are drained by the headwaters of Innoko River. There is
a topographic connection between these two ranges about’ 35 miles
south of Ruby, consisting of a low saddle ridge about 600 feet above

sea level.
DRAINAGE.

The drainage of the Ruby district is of that type which may be
expected to characterize a low, rolling, moderately mountainous
region that has been gradually worn down to its present form dur-
ing a long period by rather small streams having no great erosive
power. None of the present streams carry much water; their grades
are not steep, and the character of the relief that they have produced
suggests that they have remained about as they now are since the
Yukon cut through what appears to have been a bedrock barrier
across its_present chanmel in the vicinity of Ruby, or perhaps since
an earlier time.

The streams that drain the Ruby district may be conveniently
described in three groups—those which flow directly into the Yukon,
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those which flow eastward into the Nowitna, and those which flow
westward into the Yuko and the North Fork of the Innoko. The
groups will be considered in the order named.

Big Creek has its source 3 or 4 miles south of Ruby and discharges
into the Yukon about 4 miles above the town. Independence Creek,
whose open valley stretches along the western border of the Nowitna
Flats about 5 miles east of Big Creek, enters the Yukon some 9 or 10
miles above the town of Ruby. These two streams drain the eastern
part of the hilly country that borders the Yukon east of Ruby. The
western part of this group of hills is drained by Ora Creek, which
empties into the Yukon about 5 miles below Ruby, on the eastern
edge of the Yuko Flats. South of these creeks a considerable area of
the hills is drained by the headwaters of Main Creek, which also
enters the Yukon after flowing westward across the Yuko Flats.
Ora and Main creeks are said to discharge into a slough that leaves
the Yukon just below the Ruby Bluffs.

Big and Ora creeks, as has just been stated, drain opposite sides
of the Ruby Hills. North of the divide that separates their upper
basins from the channel of the Yukon lies a strip of hilly country,
from 2 to 3 miles wide and about 10 miles long, that extends along
the south bank of the Yukon, the bluffs already mentioned overlook-
ing the river. These bluffs are separated by small valleys which run
at right angles to the Yukon and which are occupied by creeks from
1 to 3 miles in length. These short streams that drain direetly into

Yukon River, named from east to west, are Flat, Center, Melozi,
~ Ruby, Short, and Hannah creeks. They all have a very scanty
water supply. South of the headwaters of Main Creek the Ruby
Hills rise to low, dome-shaped mountains, which form a divide
between waters that flow eastward into the Nowitna and those that
flow westward into the Yuko and thence into the Yukon.

Nowitna River discharges into the Yukon from the south about 36
miles above or east of the town of Ruby, after meandering across
wide flats that extend southward from the Yukon for 30 miles or
more. Westward from these wide flats broad strips of bottom land
extend up the valleys of the larger tributaries of the Nowitna, reach-
ing well back into the low mountains. These valleys are separated by
the low, partly timbered ridges and foothills of the northeastern end
of the Kaiynh Range. A large western tributary of the Nowitna,
named the Solatna, has its sources on the southeastern slopes of
this part of the Kaiyuh Mountains, and its principal headwaters
drain a considerable basin, which lies within them northeast of Twin
Butte Mountain. The western headwaters of the Solatna,-the chief
of which is Long Creek, arise southwest of the divide on the north-
east side of which the above-mentioned streams have their sources.
The largest streams whose sources are in the Ruby district flow east-
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ward into the Nowitna Flats between the Solatna and the Yukon.
These streams, named in order from north to south, are Beaver, Flint,
Trail, and Quartz creeks.

The latest discoveries of placer gold are on Long Creek, and some
of its dozen or more tributaries, one near its head named Bear Pup.
and one near its mouth named Midnight being the most promising;
also on Flint Creek and its headwaters, Glen and Birch; and on
Trail Creek, which lies southeast of Flint.

Yuko River discharges into the Yukon about 23 miles below or
west of Ruby. The Yuko, like the Nowitna, meanders in its lower
course across broad flats containing sloughs and small lakes. These
flats are bounded on the east and south by the northwestern flanks
of the Kaiyuh Range and are traversed from east to west by several
large streams that rise within the part of the range that is included
in the Ruby district. The largest of these streams is the East Fork
of Yuko River. A low divide south of the Yuko Valley separates it
from the valley of the North Fork of the Innoko. The pass across
this divide makes a wide break between that part of the Kaiyuh
Mountains constituting the Ruby district and the southwestern ex-
tensicn of this range. The southwestern part of the Ruby district
is drained by creeks that flow into the North Fork of Innoko River,
Most of these streams have their sources on the western and southern
flanks of Twin Butte Mountain,

VEGETATION.

Spruce, birch, cottonwood, aspen, alder, and willow are the prin-
cipal woody plants. Spruce is the only tree available for use as lum-
ber, and only on thé flats and lower slopes near the larger streams
does it grow large enough to be suitable for this use. On the hills
and higher mountain ridges practically all of it is small and scrubby,
although in favorable spots individual trees attain a good growth,
especially high up in some of the gulches. Most of the mountains of
elevations above 1,500 feet have open summits. Some tangled
growths of stunted trees in the saddles along divides are so thick
as to make it necessary to chop a trail through them for the passage
of pack horses. Most of the spruce of cabin-log or lumber size stands
in groves, interspersed with swampy meadows and brushy tracts of
willows and alders on the Nowitna and Yuko flats, especially along
the banks of streams.

Willow and alder grow thickly not only on the flats but also along
the bottoms and slopes of nearly all the valleys and gulches -within
the mountains, reaching above the limit of spruce growth. They
extend across many divides and up the slopes of mountains quite
to their summits. At the higher elevations, however, their growth is
not so vigorous as on the lower levels.
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White birch is scattered among the spruce, both along the streams
and on the slopes. Aspen grows on the drier hillsides in charac-
teristic clumps, and cottonwood is- found along the sluggish reaches
of the streams, in places in considerable groves, especially on the
flats of the Yukon.

GEOLOGY.

The bedrock of the hills and low mountains of the Ruby district
comprises various old, altered sedimentary rocks, crystalline and
cherty limestone, garnet-mica schists, quartzite schists, and mica-
quartz schists being the most common. Much of the mica-quartz
schist has a texture so fine that it may well be termed coarse-grained
slate or phyllite. ’

These rocks are fairly well exposed in the bluffs along the Yukon
and in a less satisfactory manner here and there on stream banks,
valley slopes, crests of ridges, and mountain summits. Throughout
most of the district, however, the bedrock is covered with vegeta-
tion and its small outcrops are so poor and so widely scattered that
it is impossible to judge whether any particular kind of these rocks
is more abundant than the others. All kinds have been considerably
changed by metamorphism but not so much as to obliterate their
sedimentary origin and their arrangement. They are presumably
to be correlated with lithologically similar formations that occupy
large areas of the mineral belt between Yukon and Tanana rivers,
200 miles farther east.

Diabasic and dioritic rocks are associated with the altered sedi-
mentary formations, These igneous rocks are widely distributed
throughout the district, but apparently do not make up a large part
of the bedrock. Whether the diabases are old lava flows interbedded
with the sedimentary rocks or whether they have been intruded into
them as sheetlike masses or dikelike bodies has not yet been deter-
mined. The diorites, however, are distinctly intrusive, for they cut
across the bedding and structure of the sedimentary rocks in various
directions as dikes, ranging in thickness from a few to several hun-
dred feet, the narrow ones being the more abundant. In texture the
diorites range from compact crystalline to moderately porphyritic.

The strikes of the sedimentary formations differ considerably,
ranging from north-south to northeast-southwest, and the bedding
dips away from the strike at angles varying from 30° to 45°. In
some areas opposing dips have been observed, but in others the dips
are all in one direction with reference to the general trends of the
bedding, which for the most part range from 20° to 80° east of north
and west of south. With the information now at hand it is not pcs-
sible to state the nature of the folding that produced the structural
attitudes noted above or the extent to which faulting or displace-
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ment accompanying the lntrusmn of igneous rocks may have con-
tributed to the result.

The exposures in the bluffs along the Yukon show local zones of
shearing and fracturing, the spaces in which have been filled by
stringers and bunches of quartz. Near Flat Creek the shearing in
the schists produced large openings, which are occupied by quartz
lenses and stringers. On the surface these quartz deposits are of
the lens or bunch type, having no 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, which
shows a maximum thickness of 4 or 5 feet on its face, and another
about 100 feet below, which is several feet thick, but not very long.
Assays of samples of quartz from these exposures are said to have
shown considerable gold. In 1906 a tunnel, now caved in, was run
in 150 feet, it is said, on the largest of these quartz deposits. After
the work had progressed for a few feet it was found that the tunnel
passed mostly through country rock, it being impracticable to follow
the irregularities of the quartz stringers with a straight tunnel. In
brief, the work done at this place has shown that the bodies of
quartz are too irregular and too uncertain in extent to be mined by
tunnels, and what has been demonstrated at this place will probably
be found to be more or less true throughout the district. Other occur-
rences of quartz are indicated by the float lying on the hills farther
south, but the attitude and extent of the quartz in bedrock here
can not be so well observed as in the bluffs along the Yukon, owing
to the disintegrated condition of its outcrops. From what is now
known it is presumed that all of the quartz mineralization in the
bedrock of this district is similar to that observed along the Yukon
in that it does not occur in defined veins. Whether there is an inti-
mate relation between the quartz mineralization and the dioritic
intrusives is not clear. One large dike of medium-grained diorite
about 200 feet wide crosses the schists diagonally to their strike and
stands about vertical. It has been greatly sheared and has been shat-
tered into blocks, the fracture and joint spaces between which have
been recemented by quartz stringers or veins, the largest 6 inches
wide. This structure indicates that structural and other changes
that favored mineral segregation and deposition took place after
at least some of the diorites had been intruded into the country rocks.

Besides occurring as noted above, the quartz is distributed in con-
giderable amount through portions of the schists as small veinlets,
leaflets, and blebs.

A large part of the placer gold of this district is probably derived
from quartz that was mineralized in the manner indicated above, but
the distribution of the gold-bearing minerals throughout the bedrock
and the geographic relation of the gold to its bedrock source can not
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now be stated. However, the alluvial deposits that fill the bottoins of
the valleys, with which the placer gold: is locally associated, are for
the most part moderate in quantity and thickness. They appear to
be gradual accumulations produced by a meager drainage such as
now prevails, and probably the placer gold has not been carried far
from its bedrock source before being deposited in them. The rounded
forms of the ridges and mountains suggest that the present aspect of
the country is the result of a long and uniform erosion, perhaps mod-
erately accelerated recently, with the result of giving some of the
valleys in the more mountainous parts deepened V-shaped cross
sections and steepened gradients to their headwater slopes.

PLACER~-GOLD PROSPECTING.

When the news of the discovery of placer gold on Ruby Creek
epread along the Yukon Valley in 1907, men hurried there, especially
from Tanana, Rampart, and Fairbanks, and, following what is now
the usual practice in new placer fields, located as placer ground prac-
tically all the alluvial bottom lands along the streams of this district.
The locations included both association placer groups containing 160
acres and single 20-acre tracts. Large areas of the valley slopes also
were located as so-called “bench claims.” No discoveries of gold
were made on 99 per cent of the claims thus located, and probably
half of the location notices were never recorded. Some actual pros-
pecting was done near Ruby during the winter of 1907-8, most of it
on Ruby and Big creeks, although a few holes were sunk on Boston
Creek and two of its headwater tributaries—Logger and Boston
gulches. Prospecting was also done at the headwaters of the Solatna,
which at that time were known as Beaver and Dome creeks. As this
prospecting did not result in mining developments, except in a small
way on Ruby Creek, not much information is at hand regarding the
nature of the stream deposits, except those on Big and Ruby creeks.
On Big Creek, where about 15 holes were dug to bedrock, the valley
bottom is covered with alluvium to a depth of 15 to 60 feet, the deeper
deposits apparently being near the upper part of the valley. These
holes showed that washed gravel of the schistose country rocks lies
on bedrock. It is from 1 to 7 feet thick and is overlain by sandy
clay and muck. The gravel contains bowlders of igneous rocks and
quartz, the largest a foot in diameter. A good deal of iron pyrite
occurs with the gravel, eithef as washed grains or inclosed in or
attached to some of the larger fragments of slaty bedrock. It is
reported that colors of gold were found in all of the holes on Big
Creek.

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
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water-rounded bowlders of igneous rocks. The bedrock is schist,
slate, and limestone, in the form of rectangular blocks and slabs,
The material handled in mining on Discovery claim consists of this
loose, blocky limestone, flat pieces of coarse-grained 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 fo that seen in a large dike on the Yukon. These
bowlders are from 12 to 18 inches in diameter and are well rounded.
The whole is covered with a mantle of muck and silt. In most
places this muck is underlain by finer wash made up largely of
flattish slate pebbles mixed with loamy sand. This sand also fills
the spaces between the blocky limestone fragments of the bedrock.
Finer water-worn gravels, consisting of slate pebbles, mostly flat, are
mixed with the sand and occur in patchy layers within it and on top
of the blocky limestone. These layers of fine washed material do
not appear to be very continuous or very thick. They carry most
of the placer gold, which is in the form of flaky particles, none as
large as bird shot. Owing to its fineness the gold is hard to save in
the sluice boxes.

During the excitement of 1911 the staking of ground without first
making discoveries was repeated over that part of the district where
similar locations were first made in 1907 and was also greatly ex-
tended to the south. Most of the prospecting in the district is now
being done on streams situated from 10 to 30 miles south of Ruby,
and under the present favorable conditions, with plenty of men,
equipment, and supplies at hand, there appears to be no doubt that
the possibility that the district may afford good placer mining will be
thoroughly tested.

The latest information in regard to the progress of mining devel-
opments in this district is to the effect that Flint Creek has not
yielded very good results, except on the Nuahmah discovery bench
claim, situated between Gold Run and Eldorado creeks. On this
claim a crosscut 100 feet long, at a depth of 60 feet, has given
returns for 40 feet that average $1 to the square foot of bedrock
surface. The ground adjoining this bench claim is said to be about
as good. No satisfactory colors have been found above or below this
locality, and prospecting along Flint Creek has’ been practically
discontinued.

Glen Gulch, a headwater tributary of Flint Creek, just north of
Eldorado, shows prospects of. 6 cents to the pan in 3 feet of gravel
at its mouth, but appears to contain no pay streak on bedrock. Half
a mile up Glen Gulch from its mouth gravels 4 feet deep and 12 to
14 feet wide yield from $3.50 to $4 to the square foot of bedrock
surface, but the extent of the pay streak here has not been determined.
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On Trail Creek, which is the first large stream southeast of Flint,
pay gravels that are said to run $3 to the square foot of bedrock
have been found 1 mile above and 2 miles below Discovery claim.

Discovery claim, on Long Creek, which was first located five years
ago, now shows good prospects. Windy Bench, on the left or east
side of Long Creek, a quarter of a mile below Discovery claim, con-
tains gravels at a depth of 45 feet which runs $1.50 to the square foot
of bedrock surface. The benches on the left of claim No. 7 below
Discovery on Long Creek show prospects at a depth of 60 feet. Like-
wise the bench gravels on the left limit of claim No. 8 below Dis-
covery on this stream carry, at a depth of 71 feet, good low-grade
prospects of fine gold, and the left limit bench claim No. 12 below
Discovery shows prospects at a depth of 76 feet.

Claim No. 2 above Discovery on Long Creek includes bench gravels
that have been drifted into for 35 feet and found to carry $2 to the
square foot, but the extent of this deposit is not known. Prospects of
15 cents to the pan have been found in one hole on claim No. 3 above
Discovery on Long Creek, and on claim No. 4 abave Discovery a
crosscut of 20 feet prospected $6 to 20 pans of gravel. A nugget
of $1.90 was found in this prospect.

Midnight Creek, a west-side tributary to Long Creek, about 5
miles in length, is reported to be promising. This branch comes in
about 20 miles from the head of the main stream, where its flat valley
bottom is several miles wide. On Discovery claim the pay gravels
lie at a depth of 25 to 30 feet and are reported to carry as much
as $4 in gold to the square foot of bedrock surface. Here 40 feet
of drifting has been done, and it is said that tests of 15 cents to the
pan may be obtained from gravels as high as 7 feet above bedrock,
At last reports a large boiler was being installed on this claim to
replace a prospecting boiler that had been on the ground, and it was
the intention to start hoisting at once and take out a dump for spring
sluicing. Immediately above and below this claim there are said to
be good prospects on which lays have been let.

Small prospects which do not yet seem to be important enough to
encourage mining have also been found on many other creeks in the
district.

No work is noW being done on any of the creeks that empty into
the Yukon except one named Shovel Creek, which enters the river
about 15 miles above Ruby, but it is said that no valuable deposits
have yet been found on this stream. Prospecting is also being done
in the upper basin of Yukon River and on the headwaters of the
North Fork of the Innoko.



GEOLOGIC INVESTIGATIONS ALONG THE CANADA-
ALASKA BOUNDARY.

By A. G. Maoprex.

WORK OF THE BOUNDARY COMMISSION.

During the summer of 1911 the joint commission appointed and
authorized by the Governments of Canada and the United States
to locatp and mark the boundary line separating British territory
from Alaska advanced field operations northward along that part
of the one hundred and forty-first meridian which extends from
Porcupine River to the Arctic Ocean. This work was a direct con-
tinuation of the boundary survey that was carried northward from
Yukon River to Porcupine River during the summers of 1909 and
1910. The commission expects to complete this part of the survey
in 1912

The 320 miles through which the one hundred and forty-first
meridian extends between Yukon River and the Arctic Ocean is
crossed about midway by Porcupine River, which thus separates
the region into north and south subdivisions that form convenient
units for geographic and geologic description. The southern sub-
division, about 175 miles in length, may be designated the Yukon-
Porcupine section, and the northern one, about 145 miles in length,
the Porcupine-Arctic section.

Porcupine River is easily navigated by shallow-draft steamboats
to New Rampart, an Indian trading settlement on the north bank
of the river just east of the boundary line, or about 225 miles above
its confluence with the Yukon near Fort Yukon. It thus affords a
natural route for the transportation of supplies and makes it prac-
ticable to maintain a very convenient base of operations for both
sections of the boundary at this point.

At the close of the field season of 1910 there still remained in
the northern half of the Yukon-Porcupine section a stretch of
about 80 miles south from the Porcupine, the final work of perma-
nently placing the intermediate monuments at intervals of 3 to 5
miles and of clearing a strip 40 feet wide through the timbered por-
tions along the line. There also remained the topographic mapping
of a strip 2 miles wide on each side of the line for about 45 miles
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south from the Porcupine. Of this work the mapping was com-
pleted to Porcupine River in July, 1911, but, owing to unforeseen
delays, the setting of the monuments and clearing through timber
lacked 30 miles of reaching the Porcupine. This work will be
completed in 1912.

In the meantime field work was commenced on the Porcupine-
Arctic section at New Rampart in June, 1911, and continued north-
ward until the middle of August. The one hundred and forty-first
meridian was located to a point within 7 miles of the Arctic Ocean.
The topographic mapping of the 4-mile strip along the line was com-
pleted for about 115 miles, or within about 30 miles of the Arctic
coast. The boundary was marked with permanent bronze monu-
ments at intervals of 4 or 5 miles over approximately 70 miles, or
about half the length of the section north from the Porcupine, and
the strip 40 feet wide was cleared through such timbered portions as
occurred in this distance.

GEOLOGIC WORK.

Realizing that its well-equipped field organization afforded unusual
facilities in this remote and rather inaccessible region for gathering
much information not directly connected with the particular work of
locating and marking the boundary line, the joint commission ex-
tended an invitation, which was readily accepted, to the geological
surveys of Canada and the United States to send geologists to accom-
pany the field parties during 1911 and 1912 and to examine the
geology along the boundary from the Yukon to the Arctic,

The most, satisfactory arrangement for making such a geologic
examination in the two summers available appeared to be to assign
one of the two sections of the line to each Government. The alterna-
tive plan, by which each Government should make observations side
by side on Canadian and Alaskan territory, would not only have
caused more or less duplication, but would also have compelled all
the observers to traverse the whole length of both sections. Accord-
ingly the Canadian geologists undertook to examine the southern, or
Yukon-Porcupine, section and the United States geologists the north-
ern, or Porcupine-Arctic, section.

During the field season of 1911 two Canadian geologists examined
the part of the Yukon-Porcupine section extending from Orange
Fork, the southernmost branch of Black River, northward to the
headwaters of Salmontrout River, or approximately between 66°
and 67° north latitude. They concluded their field work for the
summer about 80 miles south of New Rampart and plan to continue
it in 1912. The boundary-survey topographic map of the 4-mile strip,
drawn on a field scale of 1 to 45,000, was used as a base on which the
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geologic data were platted. Reports on the geology along this sec-
tion of the meridian will be published by the Canadian Geological
Survey.

Two geologic observers from the United States Geological Survey
commenced a field examination of the Porcupine-Arctic section at
New Rampart in the second week of June, 1911, and carried their
work northward approximately 100 miles, to the headwaters of Firth
River, which flows into the Arctic Ocean. The observations were
carried along simultaneously with the topographic mapping of the
4-mile strip on a field scale of 1 to 45,000, with contour lines at inter-
vals of 100 feet. The geologic data observed over the surveyed area
were platted upon tracings from the plane-table sheets which were
furnished by the topographers at frequent intervals as the field work
advanced.

It is planned to continue the geologic field work to the Arctic
coast in 1912 and then to publish a report fully describing the
geologic section along the boundary line from Porcupine River to
the Arctic Ocean. From the character of the area examined so far
it appears that the results will be primarily of stratigraphic rather
than of mineralogic importance and will be interesting chiefly as
a contribution to the study of the general geologic history of this
northern region. Although some search for placer gold has been
made about the headwaters of Old Crow River during the last few
years by several prospectors, no mineral resources have been discov-
ered in this region, and the existence of deposits of value within the
immediate area examined does not appear probable.

GEOLOGY.
ROCK FORMATIONS.

A preliminary outline of the geologic results obtained during
1911 over the part of the section between Porcupine River and the
upper basin of the Firth is herewith presented.

Four groups of sedimentary formations have been distinguished,
and two types of igneous rocks are associated with what is appar-
ently the oldest of these groups. Considered in what is thought, at
present, o be the order of age from older to younger, these sedi-
mentary groups are:

1. A group of quartzites, phyllites, and slaty shales of pre-Ordo-
vician age, some of which are schistose, which have been intruded by
masses of granitic rocks that locally cover considerable areas and also
by some diabasic igneous rocks of much smaller extent.

2. A group of Carboniferous age, which is for the most part made
up of heavily bedded limestones but which also comprises some shaly,
sandy, and cherty members,
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3. At least one formation of Upper Triassic age, composed of beds
of sandy and limy shales containing marine fossils. '

4. Another group of quartzites and shale slates, with some beds
of conglomerate, which may be of Mesozoic age.

From this it seems that the varied and well-developed Paleozoic
section that occurs along Porcupine River west of the one hundred
and forty-first meridian is not represented along the 115 miles of
the boundary extending northward from Porcupine River except
by the pre-Ordovician quartzite and slate series and the Carbonifer-
ous limestones. Along the Porcupine Kindle* has found a quartz-
ite and slate series which he considers, on stratigraphic grounds, to
comprise the oldest rocks exposed in the Porcupine River section and
to be of pre-Ordovician age. These are followed by Ordovician
limestones; Silurian dolomites and shales; Devonian limestones,
shales, and lavas; and Carboniferous shales and limestones, most of
which are represented by formations of considerable thickness, con-
taining fossils at many horizons. In fact, all these Paleozoic forma-
tions, except the pre-Ordovician quartzite and slate series and the
supposedly Devonian igneous flows, contain enough fossil-bearing
beds to establish their stratigraphic identity and relative position.

PRE-ORDOVICIAN ROCKS.
PORCUPINE RIVER.

Kindle’s description of these rocks as they occur along Porcupine
River? is as follows:

The oldest rocks exposed in the Porcupine River section are found in the
vicinity of the international boundary. This series is well exposed in the steep
slopes and cliffs facing the river at New Rampart House and outeropping con-
tinuously for 6 or 7 miles below there. It is composed largely of thin-bedded
and very fine grained quartzites, which are bedded usually in thin strata 1 to 6
inches thick. Interbedded with the quartzites are considerable beds of black
ghale and limestone and thin beds of dolomites. The nearly universal color of
the quartzites (as exposed along the river) is light gray or white, which gives
them a strong resemblance to limestones. Occasional beds occur, however, which
are specked with brown, and eone 30-foot bed of dark-brown sandstone was
observed in the river bank at New Rampart. Sulphide of iron is present in
some of the beds, as is Indieated by the accumulation of films of sulphur on
protected rock faces. Where exposed to weathering the guartzite beds disinte-
grate to a fine white or cream-colored powder. This powder covers all the steep
slopes where vegetation s absent, glving the appearance of great marl or clay
beds at a little distance.

The black shales and slates occur usually as thin films alternating with lime-
stone bands one-half inch to 3 inches thick. The presence of the llmestone,
although it comprises the bulk of these beds, is not evident in the weathered

1Kindle, B. M., Geologic reconnaissance of the Porcupine Valley Alaska: Bull. Geol.
Soc. America, vol. 19, 1908, pp. 315-338.
1 Kindle, E. M., op. eit,, pp. 320-322,
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exposures of steep slopes, where the intensely black shale or slate fragments
are apt to conceal the light-colored thin limestone strata, giving the whole the
appearance of a shale or slate formation. Below New Rampart House 1 mile
a set of these black beds 500 or 600 feet thick is interbedded in the quartzite
series. The quartzites are well exposed in the gorge of the small stream
[Sunaghun Creek] entering the Porcupine at New Rampart House. The creek
section exposes here 1,000 feet or more of the guartzite series, which is uninter-
rupted by other beds. The sharp contrast of the exposures of the intensely
black slate-limestone beds and the white quartzites is one of the most striking
scenic features of the Upper Rampart gorge near the boundary. Some dolo-
mites also oceur in the guartzites, but they play a subordinate rdle as regards
their Importance in making up the total mass of the series.

Metamorphism is not pronounced in this series [as exposed along the Porcu-
pine], but the argillaceous sediments ure noticeably more altered than those of
the higher [Paleozoic] horizons. In the latter the shaly phase is found, as a
rule, while in the former [pre-Ordovician series] the shales have been altered
to slates or slatylike slickensided films where they are in very thin sheets inter-
leaved with limestones, as generally happens.

It is dificult to make any estimate of the thickness of these beds without
detailed work. The prevailing westerly dip, which continues for about 6 miles
below New Rampart House, pointg to n great thickness for the series, but the
possibility of faulting and of close folding in a pzirt of the series leaves some
uncertainty in regard to the actual thickness. Five thousand feet would seem
to be a conservative estimate, and it is probable that a much greater thickness
is represented.

No fossils have been found in these rocks, consequently their nge can only be
stated with reference to that of the oldest paleontologically determined beds of
the section—the Ordovician. That they antedate the Ordovician in age is indi-
cated by the fact that no series corresponding to them in lithologic features
occurs in the portion of the geologic section lying above the Ordovician. The
several main divisions of the Paleozole section from the Ordovician to the Car-
boniferous have been recognized on the Porcupine by their fossils.

This series of rocks continues along the Porcupine east of the
boundary for 10 or 12 miles. As exposed in the Upper Rampart
bluffs along this part of the river it presents much the same lithologic
character as is shown by the exposures along the river bluffs west of
the boundary. The whitish and in places somewhat varicolored
quartzites form an important part of the strata, as to the west, and
individual members of the series appear to be more heavily bedded.
The exposures of black shale slate for at least 5 or 6 miles immediately
east of the boundary appear to be thicker and more numerous and
to contain less limestone than those west of it. The greater number
of thick exposures of these slates may be due to repetitions of some of
the members by faulting, or there may really be a greater number of
such members along this part of the river. That this sedimentary
series has suffered more or less disruption in at least this part of the
region is indicated by the fact that it has been intruded, both across
and along the bedding, by dikes and sheets of diabase, several of which,
20 to 40 feet thick, are well exposed along the north-side river bluffs
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a short distance above New Rampart. Slaty cleavage is common and
some schistose structure has been developed locally.

Along the eastern border of the section exposed in the Upper Ram-
parts limestones again become more abundant. One very highly con-
torted black shale and limestone member several hundred feet thick
is well exposed in the river bluffs about 10 miles above New Rampart,
where it shows alternating limestone and shale beds from 1 to 2 feet
thick, about equal both in number and total thickness. Above this
locality the limestone outcrops along the river become discontinuous,
then less and less close, and in a short distance they disappear
beneath an extensive terrane of partly consolidated clays and sands
of probable Tertiary age, which fill a large basin-like expanse of the
Porcupine Valley east of the Upper Ramparts. The disconnected
outcrops along the upper 2 or 3 miles of this part of the river are
different in character from those below. They are made up mostly
of more or less massive limestone and granular to fine-textured dolo-
mites which may prove on detailed examination not to be closely
related to the pre-Ordovician series of rocks, but rather to one or
more of the Paleozoic formations which occur southwest of this series
on the Alaskan side of the boundary.

Northward from the Porcupine there are noticeable color varia-
tions, apparently due to differences in weathering, between the out-
crops of the quartzites and the shale slates along the river and their
exposures on the higher ridges and mountains away from the river.
In the bluffs of the Porcupine the quartzites are prevailingly whitish
with a small percentage of varicolored pinkish, purplish, and brown-
ish beds; whereas away from the river the same rocks are mostly dull
white and light to dark gray and contain some iron-stained brown
beds. The shale slates along the Porcupine are for the most part
black, some of them intensely so, but away from the river bluffs these
rocks, although in some beds predominantly black and dark gray,
show in others banded bright reds and purples, dark to pale greens,
and light drabs or grays. ‘

SOUTH OF PORCUPINE RIVER.

The same pre-Ordovician quartzite and slate rocks which occur
along Porcupine River in the vicinity of the one hundred and forty-
first meridian are reported by the Canadian geologists to extend south-
ward from the river along the boundary for 25 to 30 miles.

Farther south along the meridian, between 66° and 67° north
latitnde, the same observers examined in more detail a group of
quartzites and shale slates of very similar lithologic character, which
on this indefinite basis they tentatively correlated with the pre-
Ordovician series of rocks along Porcupine River. This group
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appears to overlie unconformably formations of Ordovician, Silurian,
and Carboniferous age similar to those exposed along Porcupine
River below or southwest from New Rampart. The unconformity
appears to be marked both by discordance of bedding and by a more
or less well-developed basal conglomerate. This discordance with
the underlying Carboniferous and the meager evidence afforded by a
few unsatisfactory fossils of indefinite character indicate that this
group of quartzite, slate, and conglomeratic sediments may be of
Mesozoic age.

A group of rocks of this same general character, whose- strati-
graphic relations to some Carboniferous limestones near by may be
close but are not very apparent, occupy an area just west of the'one
hundred and forty-first meridian 37 to 52 miles north of Porcupine
River. (See p. 313.) It seems very probable that there are in this
region two groups of quartzite and shale slate rocks of very similar
lithologic character but of entirely different geologic ages; but, if so,
the fact can be proved only by further field study of the area as a
whole.

NORTH OF PORCUPINE RIVER.

Porcupine River to Old Crow Mountains—Northward from Porcu-
pine River the pre-Ordovician series of interbedded quartzites and
shale slates extends for about 6 miles to the headwaters of Sunaghun
Creek, which discharges into the river at New Rampart. On the
upper part of Sunaghun Creek the sedimentary series is interrupted
by massive granites which are known to have an uninterrupted north-
south extent of about 23 miles along the one hundred and forty-first
meridian, No information is at hand regarding the occurrence or
distribution of the granites or the quartzite and slate series for more
than 4 or 5 miles westward from the boundary. It is supposed, how-
ever, that the granites at least may extend westward or northwestward
for a number of miles. The quartzite and slate series extends only
about 7 miles below the boundary on Porcupine River. Whether
it extends farther west north of the Porcupine is not known.

Eastward from the one hundred and forty-first meridian these
granites are known to extend for at least 10 or 12 miles as the back-
bone of the Old Crow Mountains, a short range whose bare summits
rise about 2,000 feet above Porcupine River and form the southwest-
ern rim of the basin of Old Crow River, separating the drainage of
the latter stream from that of the Porcupine to the south. Granitic
intrusive rocks are known to extend across lower Old Crow River 40
miles east of the boundary, about 12 miles above its mouth, or 6 miles
north from the Porcupine in a direct line. It seems probable that
this occurrence may be an eastward continuation of the granite belt
of the Old Crow Mountains. How far east of Old Crow River these
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granites may extend and what their relation may be to the Cretaceous
sedimentary formation on the Porcupine 8 miles above the mouth of
Old Crow River are not known. Further examination may prove
that these granites are not only a continuous belt of intrusion, but
that they may cut the Cretaceous sedimentary rocks just mentioned
and are therefore younger. The granite is more or less porphyritie,
a fact which may indicate that it is of deep-seated origin.

So far as known the disruption of the country rocks which accom-
panied the intrusion of this wide belt of granite has not brought to
view, along either its southern or its northern borders in the vicinity
of the one hundred and forty-first meridian, the base of the pre-Ordo-
vician quartzite and slate series or any older formations that may
underlie them. This seems to add weight to the opinion that the
quartzite and slate series of this part of the area may be the oldest
known sedimentary series in this region. However, the Canadian
geologists who examined the section along the one hundred and forty-
first meridian between 66° and 67° north latitude, and also hastily
traversed the remaining 30 miles northward to Porcupine River, have
been led by their observations to suggest tentatively that all the
quartzite, shale, and slate rocks which occur along the boundary for
100 miles south from the Porcupine are of the same age and are
Mesozoic rather than Paleozoic or older, They base their opinion
on the facts (1) that over the southern half of this 100 miles they
found a group of quartzites and shale slates, including some beds of
conglomerate (one of which seems to be basal), unconformably over-
lying Ordovician, Silurian, and Carboniferous formations, and (2)
that the quartzite and slate series along the Porcupine appears to be
lithologically similar to the rocks farther south. The quartzite and
shale slate series that extends some 20 miles along, about 30 miles
south from, and 6 miles north from Porcupine River, appears, how-
ever, to be distingnished from the supposedly Mesozoic quartzite
and shale slate group that occurs from 30 to 100 miles south of this
river, by the fact that the former contains some intrusive diabase
in the form of dikes and sheets, whereas the latter contains what ap-
pears to be a basal and perhaps several other beds of conglomerate.
If the series along Porcupine River is the same as the group to the
south it does not seem unreasonable to expect that the former would
contain at least some of the conglomerate members or some of the
underlying Ordovician, Silurian, or Carboniferous formations char-
acteristic of the southern area, and that, if it does contain them,
they would be exposed by displacement along the borders of so ex-
tensive a break in the sedimentary formations as that which must
have accompanied the intrusion of the granite that extends from 6
to 29 miles north of the Porcupine. No such conglomerates or other
beds, however, are known to occur.
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The pre-Ordovician rocks between Porcupine River and the
granite belt 6 miles to the north are not severely metamorphosed,
either regionally or by contact alteration along the border of the
intrusive rock. The quartzites are, for the most part, very thor-
oughly and compactly cemented; locally, however, they are some-
what schistose. Most of the shale beds have developed more or
less slaty cleavage, and some of them have become typical slates.
Contact metamorphism along the immediate southern border of
the granite mass is not intensely developed, and the effects of the
intrusive rock do not seem to have extended out into the sedimen-
tary rocks for more than a few hundred yards.

Old Crow basin—North of the granites which extend along the
one hundred and forty-first meridian for 23 miles is a belt of inti-
mately associated quartzite schists, intensely plicated micaceous
phyllites, and foliated slates, which extends from south to north for
about 8 miles. This group of highly metamorphosed sedimentary
rocks appears to be lithologically equivalent to the pre-Ordovician
series of quartzites and shale slates that occur along Porcupine
River south of the granite belt. Although the presence of subordi-
nate amounts of limestone and intrusive diabase has not, yet been
recognized in these schists, they apparently differ from the rocks
along the Porcupine only in the amount of metamorphic alteration
they have undergone. In general this metamorphism appears to be
of the regional type in that the rocks in a belt of considerable width
have been more or less altered. Yet there seems to be a gradual
transition from a thoroughly schistose condition of the sedimentary
rocks near the granite contact to a less altered condition several
miles away from the granite and a fading out of the schistose aspect
in the rocks of the same kind a few miles farther north, so that the
strata along the ‘northern part of the belt, 7 or 8 miles from the
granite contact, are very similar in texture and general appearance
to the semimetamorphosed pre-Ordovician series along Porcupine
River south of the granite belt. This difference in the degree of
metamorphic alteration, shown by what appear to be rocks of the
same sedimentary series exposed along opposite sides of this mas-
sive granitic intrusion, may have resulted simply from the position
of the break through which the granites were intruded. If this
break was just south of an old axis of deformation along which
regional metamorphism had already been developed for a width of
several miles, it wonld have separated a highly altered belt on the
north from a semimetamorphosed zone on the south, and little con-
tact-metamorphic alteration might have been produced by the
granite along either border. On the other hand, however, the mas-
sive deep-seated intrusion may have caused strong and widespread
contact metamorphism in the country rocks now exposed along the
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northern border and for some reason may have failed to affect the
rocks on the southern margin to any marked degree, Perhaps fault-
ing and crumpling, some evidence of which seems to be shown in
the repeated occurrence of what may be the same quartzite and shale
slate beds along Porcupine River, modified the intrusive effects along
the southern border.

Ammerman Mountain—More or less altered sedimentary rocks,
comprising quartzites, phyllites, slates, and a small amount of highly
crystalline limestone, intruded by a mass of granite, make up
Ammerman Mountain. These rocks are similar to and appear to be
the same as the pre-Ordovician rocks that flank the north and south
sides of the wide belt of granite forming the Old Crow Mountains
to the south. The granite of Ammerman Mountain, although not
extensive, is of a massive character, Whether it is connected in
any way with the wide granite belt to the south is not known. How-
ever, there is a strong general resemblance in the intrusives them-
selves, in the country rocks intrudéd, and in the contact-alteration
effects produced. There may be a deep-seated underlying connection
between these two granite masses.

The Ammerman Mountain mass extends across the boundary in
an east-west direction about 67 miles north of Porcupine River, or
12 miles north of Old Crow River. Although its highest summits
rise only about 3400 feet above sea level, they stand out somewhat
prominently by contrast with the widespread lowlands of the upper
0l1d Crow basin, whose level surface, over which are scattered many
large and small lakes, extends for a considerable distance from its
southern and western flanks at an elevation of 1,200 to 1,500 feet.
The main headwaters of Old Crow River flow from the north and
northwest around the western flanks of Ammerman Mountain and
then southeastward through the Old Crow basin and cross the one
hundred and forty-first meridian about 55 miles north of Porcupine
River. The meridian crosses the Ammerman Mountain group
through a saddle 2,600 feet in elevation between two of the highest
summits, each of which is about 3,400 feet above the sea.

From the divide of this saddle a semicircular basin about 2 miles
widé opens out southward. The bedrock over the bottom and lower
slopes of this basin for 13 miles is granite. To the north, east, and
south the granite secems to be confined within the basin, but to the
west it extends along the south flank of the mountain for several
miles. The upper slopes on either side, the higher summits to the
east and west, and the saddle connecting these summits around the
- northern margin of this basin are composed of the sedimentary
country rocks, for the most part quartzites and quartzite schists,
with some thin beds of phyllites or slates and one.or more narrow
disconnected bands of crystalline limestone. All these sedimentary
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rocks are lccally very schistose for some distance from the borders of
the granite mass, but seem to be less intensely altered a mile or so
away from the contact. They are, however, strongly metamorphosed
along the southeastern rim of the basin.

About the summit half a mile northeast of the granite contact in this
basin considerable vein quartz is present in a network of stringers.
These vary from a few inches to several feet in thickness and are
deposited along some irregular fractures in the blocky schistose
quartzite country rock. For the most part they are made up of
clear crystalline quartz, but some of them contain a little pyrite and
some of the weathered fragments are stained with iron oxide. No
other mineralization seems to have occurred. A little prospecting
for placer gold done several years ago along the bed of the stream
that drains the basin to the south and in the valley of Thomas Creek,

a larger stream, which also flows southward and empties into the
Old Crow about 6 miles east of the boundary, is said to have yielded

a few colors of gold. No mining, however, has resulted from the
reported discoveries.

North of Ammerman Mountain the gray quartzites give way to
coarse-textured black and gray slates which extend 2 miles or more
immediately east of the boundary for about 4 miles north and appar-
ently disappear beneath a heavy series of Carboniferous limestones.
West of the boundary the northern flanks of Ammerman Moun-
tain are made up of a phyllite slate bedrock similar to that on the
east, but with possibly more quartzite members; 3 miles west of the
boundary, however, the gray quartzite phase gradually changes to
phyllites and slates with only a few beds of quartzite, and bedrock
of this character extends to the west end of the mountain, where
it descends to Old Crow River 6 miles west of the boundary. One
dikelike body of granite, observed on the south side of a saddle about
3 miles west of the boundary, is probably an offshoot from the mass
that forms the lower slopes of the southern flank of the mountain,

All the sedimentary rocks of Ammerman Mountain are provi-
sionally considered to belong to the pre-Ordovician quartzite, phyl-
lite, and slate series which occurs along Porcupine River in the
vicinity of the ome hundred and forty-first meridian and extends
northward from that river for about 37 miles.

The granites of Ammerman Mountain are likewise considered to
belong to the same general mass of intrusives as those associated with
the similar altered sedimentary rocks in the wide belt to the south.

North of Ammerman Mountain.—About 40 miles north of Ammer-
man Mountain, along the west side of Firth River, the one hundred
and forty-first meridian crosses another area of considerable width
that is apparently occupied by a series of more or less metamorphosed
quartzites, phyllites, and slates, which bear a striking resemblance to
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some phases of the rocks of the Ammerman Mountain and Porcupine
River areas. Only about 2 miles of the southern part of this north-
ern belt, lying on the southern slopes of Tub Mountain, was hastily
observed in 1911. The rocks of this mountain are gray quartzite
schists, gray phyllites and slates, some layers of which contain pyrite,
reddish-purple slates, pale-green and gray slates, and a considerable
thickness of black shale slates which weather into shingle and flaky
fragments. These rocks occupy a belt about 2 miles wide down the
southern slope of Tub Mountain in the order named above. The
black shale slate member shows the widest surface outerop, being
about a mile in width, and the varicolored members occupy the upper
slopes of the mountain almost to its summit, where the phyllites and
schistose quartzites occur.

The southern border of this series seems to be in fault contact with
the northern margin of a widespread series of massive Carboniferous
limestones (see p. 810), which extend south for nearly 40 miles, or
within a few miles of Ammerman Mountain. The limestones show
much contorted folding along this part of their northern border and
the black shale slates with which they are in contact are much
crumpled and disturbed. The structure of the contact seems to be
that of either an overturned fold or an overthrust faunlt.

Southwest of Old Crow basin—The southwest side of the Old
Crow basin opposite the west end of Ammerman Mountain is occu-
pied by an upland area about 10 miles square made up, for the most
part, of a number of broad, round-topped, gentle-sloped ridges of
irregular arrangement with intervening wide saddles and basins.
The northeastern flank of this upland is named Yankee Ridge. The
general trend of this ridge, which is about 5 miles long and 1 mile
broad, is northwest and southeast, and its highest parts stand about
1,000 feet above the Old Crow Valley, whose gravel-covered floor is
here about 2 miles broad. The Old Crow flats between Yankee Ridge
and Ammerman Mountain are markedly contracted compared to their
wide expanse above and below this place. The wide, flat valley area
above or northwest of Yankee Ridge and Ammerman Mountain may
well be termed the headwater basin of the Old Crow, in distinction
to the much more extensive main Old Crow basin below, to the south-
east. This headwater basin bounds the upland area on the north and
is bounded by the flats of the main Old Crow basin on the west. The
upland area is separated from the mountains to the south by the wide,
flat valley of Casey Fork, a large west-side tributary of the Old Crow
which rises 15 or 20 miles west of the boundary and joins the main
river about 3 miles below the boundary. From 10 to 15 miles west of
Old Crow River this upland appears to connect by several gradually
rising ridges with the foothills of a low range of mountains, which
forms the watershed between the west-side drainage of this part of
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the Old Crow basin and the east-side drainage of the upper part of
Coleen River. In fact, this upland area may be considered an east-
ward extension of the foothills which lie between Casey Fork and
the northwestern headwaters of Old Crow River.

The eastern half of this upland is rather thickly covered, except
over the higher hilltops, by a growth of spruce timber, most of which -
is scrubby and stunted, and a thick undergrowth of willow and alder
brush and moss, which obscures most of the bedrock. Within 5 or
6 miles of Old Crow River the only outcrops of bedrock are on the
highest parts of the ridges. So far as known rocks of Carboniferous
age form the bedrock of all this upland area except Yankee Ridge,
the bedrock of which may be of Devonian age.

DEVONIAN (?) ROCES.

All the exposed bedrock of Yankee Ridge seems to be a greenish
semischistose rock, apparently chloritic, which contains considerable
magnetite distributed throughout its mass in the form of small
crystals. In the weathered outcrops these rocks part into more or
less flaggy slabs along what may be closely set structural planes,
which strongly resemble bedding in their parallelism and uniform
direction of strike and dip. Their strike averages about N. 50° W.
and they dip 50°-65° SW. In massive unweathered exposures, how-
ever, these parting planes are not so apparent. In places there is
between the stronger planes of separation a secondary wavy crink-
ling such as occurs in many phyllites and fine-grained quartzite
schists.

The relations of the rocks exposed in Yankee Ridge are obscure.
Their condition suggests that they have been subjected to the same
metamorphic changes as the sedimentary rocks of Ammerman Moun-
tain, but their actual contact with these rocks has not been observed,

for bedrock is not exposed across the Old Crow Valley. Nor can
* their contact with an extensive area of Carboniferous limestone out-
cropping on several low ridges 3 to 6 miles to the south and west be
observed, for there is a wide basin-like depression between, across
which all the bedrock is covered by a heavy growth of moss and
brush.

It is probable, however, that the greenstone rocks are older than
the Carboniferous limestones. They may be a more schistose phase
of somewhat similar rocks which occur on Porcupine River at the
lower end of the Upper Ramparts, about 45 miles below the boundary,
and which are considered to be of Devonian age. Their southwest
dip may be an indication that they pass beneath the Carboniferous
limestones which occupy the western part of the Old Crow basin
just south of them.
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CARBONIFEROUS ROCKS.

There are two areas of Carboniferous rocks along the one hundred
and forty-first meridian within the 110-mile stretch north from
Porcupine River that has been examined. The southern area lies
west of upper Old Crow River, about 60 miles north of Porcupine
River; the other extends for about 40 miles, from a point several
miles north of Ammerman Mountain, or about 70 miles north of the
Porcupine, within 2 miles of Tub Mountain.

West of Old Crow River—As has been already briefly stated,
the Carboniferous rocks west of upper Old Crow River appear
to make up all the bedrock of at least the eastern half of the timbered
upland previously described with the exception of Yankee Ridge.
The several low ridges that extend for about 5 miles southward
from Yankee Ridge to Casey Fork show practically no definite ex-
posures of bedrock except on their highest parts, and even there the
rocks have been considerably disrupted by weathering and are more
or less covered by vegetation; consequently wide intervals, about
which no information can be gathered and only inferences can be
made, occur between outcrops. The few exposures observed on these
hilltops are of a bluish-gray semicrystalline limestone that contains
fossil corals and brachiopods of Carboniferous age.

About 6 miles west of Old Crow River and 44 miles southwest of
Yankee Ridge stands the highest point on this upland, a bare cone
named Horse Hill, whose elevation is several hundred feet greater
than that of all the other hills within 6 or 7 miles. Horse Hill is
made up of rocks which contain fossils of Carboniferous age, but
which differ somewhat lithologically from the limestones of the low
ridges to the east and northeast. It may be that there are two forma-
tions of Carboniferous age in this area. The rocks of Horse Hill
consist of sandy and limy shales and impure limestones, most of which
are very thinly bedded. The beds along its lower eastern slopes are
of a yellowish-buff sandy rock with conspicuous reddish banding and
some layers or streaks of pyrite, usually altered to hematite. The
coloration is no doubt due to the iron content of some of the beds.
Above the buff, sandy beds is a considerable thickness of more massive
tough dark-gray beds alternating with softer layers.

This formation seems to extend southeast and northwest. Rocks
of similar lithologic appearance were seen along the base of the
mountains that lie south of Casey Fork just west of the boundary, or
about 12 miles southeast of Horse Hill; but as they have not yet been
shown to contain fossils and as continuity with the rocks of Horse
Hill can not be traced across the alluvium-filled valley of Casey Fork
they are not known to be the same.

North of Ammerman Mountain—The Carboniferous rocks that
extend northward along the one hundred and forty-first meridian for
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nearly 40 miles north of Ammerman Mountain appear to make up,
with the exception of two known occurrences of Triassic rooks, prac-
tically all of the country rock in this distance. They are known to ex-
tend 5 or 6 miles east and west from the meridian in a number of
places, and they appear to be very widely distributed in this region.
In general the rocks of this belt are lithologically similar throughout,
being composed for the most part of massive gray, drab, blue, and
black limestones, some members of which contain a large proportion
of chert. In texture they vary from fine and close grained to coarsely
crystalline. The series no doubt is made up of several formations, but
these have not yet been distinguished. Apparently enough fossiliferous
members have been found to justify at least the provisional grouping
of all these rocks in one series. So far no depositional breaks have
been recognized, but severe folding and probably faulting seem to be
indicated. Some of the folding, especially in the northern part of
the belt, appears to be of the overturned type, It is not improbable
that overthrust faulting has also occurred. It is tentatively sug-
gested that to such faulting are due the involved positions of the
Upper Triassic rocks with relation to the normally underlying Car-
boniferous rocks of this belt.

The southernmost outlier of this Carboniferous series caps a
broad-topped ridge, about 2 miles west of the boundary, that extends
northward about 3 miles from Ammerman Mountain. About a mile
of the phyllite and slate bedrock that flanks the north side of Ammer-
man Mountain intervenes between these limestones and the quartz-
ites of the mountain. East of the boundary about 4 miles of the
phyllite and slate bedrock lies between the quartzites of Ammerman
Mountain and the Carboniferous limestones, The contact of the lime-
stones with the slates and phyllites along their southern border is not
visible in this vicinity, because of a heavy mantle of rock débris and
moss. It appears, however, that the limestones overlie and are struc-
turally unconformable with the more metamorphosed, supposedly
pre-Ordovician quartzite, phyllite, and slate series of Ammerman
Mountain. From their southern border northward for 12 miles to the
southern slopes of the wide valley of upper Firth River the limestones
make up the bedrock of a broad, moderately mountainous highland

' that forms the watershed between the headwater basin of the Old
Crow on the west and that of Thomas Creek, a long northern head-
water tributary of the Old Crow, on the east. Both streams have
sources that rise within a few miles of upper Firth River, which flows
from west to east across the boundary 17 miles north of Ammerman
Mountain. The summits on this broad north-south divide are 2,500
to 2,700 feet in elevation and the saddles connecting them 2,000 to
2,400 feet. In general this highland belt may be said to have an
average height of about 2,500 feet.
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No very good fossiliferous beds have been found in the limestones
between Firth River and Ammerman Mountain, but fragmentary
remains indicate the Carboniferous age of the rocks.

Firth River bagin—About 18 miles north of Ammerman Moun-
tain the boundary crosses the gravel-filled valley basin of upper
Firth River a few miles east of the junction of the three large
valleys of its chief headwaters, which rise in a group of high moun-
tains 30 to 40 miles to the west and northwest. This basin has been
named on the maps the Valley of Three Rivers. It is 3 to 4 miles
wide from north to south and about 8 miles from east to west. Its
elevation above sea level is about 1,700 feet. Firth River flows from
this high interior valley basin in a general direction a little east of
north for 75 miles and discharges into the Arctic Ocean about 25
miles east of the one hundred and forty-first meridian. Its descent
to the coastal plain is said to occur mostly through a series of canyons
50 or 60 miles above its mouth.

The larger part of the Firth River basin west of the main river
and north of its upper valley is occupied by moderately rugged
mountains. The one hundred and forty-first meridian passes over a
number of irregular ridges, most of which are more than 3,000 feet
high, with high peaks rising to elevations of 4,000 to 5,000 feet.
Practically all these mountains, so far as examined, for 25 miles north
from the boundary at the Valley of Three Rivers, are made up of
limestones of various kinds. Some of these limestones contain Car-
boniferous fossils and, so far as has beep distinguished, all except an
Upper Triassic formation (described below) belong to a single
Carboniferous series. This Carboniferous limestone series seems to
terminate along its northern border in unconformable contact with a
series of semimetamorphosed quartzites, phyllites, and slates which
closely resemble the similar rocks of Ammerman Mountain and are
supposed to be of pre-Ordovician age.

TRIASSIC ROCKS.

Several miles south of the northern border of the Carboniferous
rocks just described and about 8 miles west of the one hundred and
forty-first meridian marine fossils of Upper Triassic age occur in
a formation that is made up largely of black'shales and impure thin-
bedded shaly limestones, but possibly contains some massive lime-
stones. This formation appears to be involved by profound folding
and possibly faulting with the intimately associated Carboniferous
limestones in such a manner that its position is now apparently
beneath the older formations. At least, this is the tentative view
now held as a result of the preliminary examination made in 1911,

Similar Upper Triassic rocks are situated approximately 1 mile
west of the one hundred and forty-first meridian about 5 miles south
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of the upper Firth River basin or Valley of Three Rivers. These
are likewise associated with the massive Carboniferous limestone
series and in the field examination of 1911 were considered possibly
to underlie them. The outcrops from which the Triassic fossils were
obtained are poorly exposed. Beds of impure flaggy limestone inter-
bedded with sandy shales, which have not been observed in contact
with the older series. They lie in the wide valley head of one of
the extreme northern headwaters of Old Crow River. These rocks
were not recognized elsewhere in this basin by fossils, but some black
limy shales of somewhat similar appearance. occur along the foot of
the eastern slopes of the basin several miles to the southwest.

MESO0ZOIC (?) ROCKS,

Between the belt of schists whose northern border is 37 miles north
of Porcupine River and the valley of Casey Fork, about 15 miles
farther north, extends a group of mountainsg whose summits are about
3,000 feet above sea level and are 2 to 5 miles west of the boundary,
which passes across their eastern flanks. These mountains are made
up almost entirely of massively bedded quartzites with a small amount
of interbedded shale slates and several beds of conglomerate, one of
which seems to occupy a position at or near the base. The quartzites
are for the most part fine grained, hard, and dense, and have a sugar-
like fracture. They are predominantly white or light gray in color,
but also show varicolored shades of pink, red, and brown. The shale
beds are darker colored and are somewhat metamorphosed, showing
slaty cleavage. The conglomerates, so far as observed, are made up
of hard pebbles of white quartzite and white vein quartz in a coarse
gritty matrix. The pebbles of quartz may well have been derived
from veins which occur in the schists to the south, but no pebbles of
schist were noted ; neither were there seen any granite pebbles which
might have come from the granites farther south, nor limestone peb-
bles that might have been derived from the Carboniferous forma-
tions north of Casey Fork. More extended examination, however,
may disclose pebbles derived from these presumably older rocks, Only
a few small and poorly exposed outcrops of conglomerate have been
observed, and no statement of their thickness, extent, or development
as a whole can be given. In some places the conglomerate contains a
large percentage of matrix material in which the pebbles are some-
what separated or scattered, but in other outcrops it is composed of a
more compact mass of pebbles with only a small percentage of finer
matrix.

If it were not for the beds of conglomerate, the much smaller devel-
opment of the beds of shale slate, and the more massive bedding of
the quartzites, this series would differ little from the pre-Ordovician
series along Porcupine River to the south, or from the less meta-
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morphosed phases of the schists farther south, which are now consid-
ered to be altered equivalents of the quartzite, phyllite, and slate
series of Porcupine River.

Because of the conglomerate member at or near the base of these
rocks, their apparently unconformable position upon the supposedly
schistose equivalents of the pre-Ordovician quartzite, phyllite, and
slate series along their southern border, their marked dissimilarity to
any of the known Paleozoic series which are well developed to the
southwest, and the fact that the uppermost Paleozoic rocks (the Car-
boniferous) lie just north of Casey Fork, these rocks between Casey
Fork and the Porcupine are considered to be possibly of Mesozoic age
and to represent the apparently somewhat similar series that has
been observed by the Canadian geologists to occupy considerable
areas from 30 to 100 miles south of Porcupine River, where rocks
of this general character, with a conglomerate member at their base,
unconformably overlie formations of Ordovician, Silurian, and Car-
boniferous age.

As already suggested (p. 303) it seems very probable that two some-
what similar series, of widely different geologic age, the predominant'
rocks of which are white quartzites, may occur in this general region,
the older being pre-Ordovician and the younger Mesozoic, and that
under some of the conditions of their occurrence in proximity to each
other they may be more or less confused.



THE ALATNA-NOATAK REGION.

By Pumre S. Swmith,

INTRODUCTION.

In the open season of 1911 a party from the Geological Survey
visited the Alatna-Noatak region (see Pl. XV) and obtained the
information concerning the mineral resources of the region pre-
sented in this report. A more complete account of the geology,
based on a more thorough examination of the notes and specimens
collected, is in preparation, but will not be published for a year or
more. No productive mining has yet been dcne in the region, so that
deductions concerning the future of this industry must be based
mainly upon analogies with known productive camps elsewhere in
northwestern Alaska.

GEOGRAPHY.
RELIEF AND DRAINAGE.

Alaska has been divided by Hayes, Brooks, and others into four
large geographic provinces which, from south to north, have been
called the Pacific Mountain system, the Central Plateau region, the
Rocky Mountain region, and the Arctic Slope region. The Alatna-
Noatak region lies almost entirely within the limits of the Rocky
Mountain system. Although mainly of mountainous topography
the region is so diversified by highlands and lowlands that in places
the reason for assigning the country to the Rocky Mountain system
would not be evident to a traveler contemplating only the immediate
details without regard to their larger relations.

The Alatna River valley has a general northwest-southeast trend.
It is about 140 miles long and is somewhat narrow in proportion to
its length. This basin consists of two topographically rather dis-
tinct parts—a southern, carved in relatively weak rocks, having sub-
dued topographic features, and a northern, carved in more resistant
rocks, characterized by rugged mountains. In the southern part the
valley floor is a wide gravel-filled lowland in which the stream, from

3156
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one-quarter to one-eighth mile in width, meanders extensively. Here
and there rocks outcrop on either side of the river, but although the
current is too strong to allow rowing there are no obstructions to
navigation for shallow-draught boats.

The mountain province extends northward from Helpmejack
Creek. In the part of its course that lies in this province the river
flows on a flood plain that ranges in width from 14 miles in the
southern part to only a few feet in the northern, the stream itself
reaching in places a maximum width of one-eighth mile. For 40
miles north of Helpmejack Creek the course of the river is very
sinuous, although the valley is straight. Farther up the stream
meanders less and the course of the valley is nearly straight. Under
ordinary conditions the river is navigable by canoes as far as camp
July 23, but in its upper 25 miles its gradient is so steep that it is
an almost continuous succession of riffles. Several rather large
tributaries that drain the unexplored country to the east and west
enter the Alatna in this provinee. A stream in one of these valleys
in the central part of the mountainous region was ascended to its
head and was found to have its source in several small glaciers.
None of the glaciers was more than 2 miles long, but all of them
appear to be the shrunken remnants of more extensive glaciers that
once occupied much of the Alatna Valley.

The slopes from the streams to the top of the ridges are everywhere
steep; in the smaller, newer valleys they are the result of normal
erosion, but many of the slopes of the larger valleys have been over-
steepened by glaciation. The detritus that has fallen from the cliffs
above or has been deposited by agencies formerly operative is a
prominent feature on the lower slopes. Higher on the hillsides this
mantle becomes thinner until on the steeper slopes exposures nf bed-
rock dominate. The ridges are narrow and range in elevation from
4,000 to 8,000 feet. The crests are undergoing rapid degradation by
erosion, so that they nowhere preserve any considerable area of an
earlier topography.

The Noatak Valley in the main trends east and west, though in
its lower part it makes an abrupt bend and has a nearly north-south
course. Ome of the most notable features of the region -adjacent to
the Noatak is the succession of highlands and lowlands through which
the river flows. At the headwaters of the Noatak there is the same
mountainous region as at the head of the Alatna. This province
is about 75 miles long and is characterized by lofty mountains, many
small glaciers, and steep slopes. The river, which is about 300 feet
wide, has cut & meandering channel through ancient gravels in a flood
plain that is about 2 miles wide at its western end. Farther down-
stream the mountains gradually recede from the river, which in this
lower stretch flows through a lowland 70 miles long and 10 to 35
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miles wide. Still farther downstream the mountains on the north
and south again converge, and. the river flows in a rather narrow
valley through a range of hills from 38,000 to 4,000 feet high. This
mountainous topography extends along the river for about 60 miles.
The western end of this part of the river valley is marked by a
narrow canyon, 600 to 800 feet deep, with rock walls on both sides
of the stream. Below this canyon the hills again recede, and the river
flows through another lowland, 50 miles long and 20 to 30 miles wide.
This nearly flat lowland rises only a few hundred feet above the
river and bears innumerable lakes on its surface. On the south this
lowland abruptly terminates against a range of hills, 1,500 to 2,000
feet high, which form another distinct topographic province. The
Noatak cuts through this range in a narrow gorge, 400 to 600 feet
deep, the bedrock jutting into the river in fantastic pinnacles.
These hills trend in general east and west and are from 10 to 15
miles wide. South of the hills the country near the river is low, in
few places rising more than 200 feet above the sea and at its southern
margin being submerged by the waters of Kotzebue Sound during
periods of high water.

Thréughout its course as far as camp July 28 the Noatak is
navigable by canoes, and in this distance has few dangerous places.
In the upper part of its course the stream has washed out of the
gravel deposits through which it flows many large bowlders that
make riffles which require careful watch. In the lowland north of
the mountains near the mouth the stream splits up into so many
channels that the depth of water in any one is not always sufficient
to float a boat and therefore the course must be selected with care.
Except at the very mouth of the river the current is so strong that
little or no progress can be made upstream by rowing or sailing,
Good tracking can usually be found, though the numerous meanders,
with cut banks, make frequent crossing from side to side necessary.

Passes from the Noatak to the Colville on the north, to the Alatna

“on the east, and to the Kobuk on the south are known and have been
traversed. One pass to the Colville lies between longitude 156° and
157°. (See map, PL. XV.) At this place the divide is about 2,000
feet above and 7 miles distant from the Noatak, and floating water
could probably be reached by a portage of not over 13 miles. Other
passes, by way of Aneyuk River, may also occur, but they have not
been examined. The pass used by the Survey expedition in crossing
from Alatna River to the Noatak is about 13 miles in an air line be-
tween floating water, and the divide was 1,000 feet high, with small
lakes on the summit. Another pass, farther up the Noatak, leads into
a stream joining the Alatna about 8 miles below the one just
described. It is much longer and more difficult and therefore not to
be recommended. Opposite the higher pass of the Noatak there is a
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pass to the upper Reed River of the Kobuk drainage and another
pass to the same stream is reported by way of the southern fork of
the Noatak. Both of these are steep and difficult, but prospectors
say that horses can be taken over them. Natives report that the
valley of the large stream coming in from the south about 12 miles
above Midas Creek affords a good pass into the Kogoluktuk and is
much used by hunting parties. Other passes into the Kobuk farther
downstream undoubtedly occur but have not been explored.

CLIMATE.

Instrumental climatic observations have not been made in the
Alatna-Noatak region except at Allakakat, at the mouth of Alatna
River. The records at this place show that the mean annual tem-
perature is about 15° F. This temperature, however, is probably
higher than that of the Alatna-Noatak region as a whole, for the
observations were made at an elevation of only 500 feet and nearly
a degree farther south than the greater part of the region consid-
ered in this report. As a result of this low temperature the country
is icebound nearly nine months of the year, so that it is almost
impossible to reach it from the United States much before the first
of July. Ice in the lakes at the head of the Yukon basin prevents
passenger boats from running until nearly the middle of June and
from reaching the Alatna much before the first of July. The last
boat down the Koyukuk usually leaves the head of the river by the
first week in September. Approach to the region by Bering Sea
and Kotzebue Sound is even later than by way of the Koyukuk, for
Kotzebue Sound usually does not open before the first week or so
in July and is likely to close before the end of September.

The annual precipitation at Allakakat is from 10 to 15 inches,
which is probably less than that in the region as a whole, for, other
things being equal, a low region like that near the recording station
does not receive so much precipitation as highlands. Although pre-
cipitation in the region is small, much of it comes in summer and
the traveler therefore gains an impression that it is greater than the
actual amount. In 1911, for instance, 87 out of 64 days were partly
rainy, but the rainfall on many of these days consisted of small
showers, during which only 0.01 inch of rain fell. Much of the
precipitation is snow, which may be expected during practically
every month of the year in the hills and the higher mountains, In
1910 snow covered the high hills between the Kobuk and Noatak on
July 14, and in 1911 the hills opposite the Alatna-Noatak pass were
snow-covered on July 26. The snow that fell during these storms,
however, remained only a few days.
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POPULATION AND SETTLEMENTS.

The main settlement in the region is at Kotzebue. The Noatak
mission, about 50 miles above the mouth of Noatak River, and
Allakakat, on the Koyukuk, at the mouth of the Alatna, are the
only important villages. Kotzebue is normally the home of a mis-
sionary and family, three or four traders, a few boatmen, and a
settlement of natives, but after the breakup of the ice in the spring
many whites and natives from the neighboring rivers and coast towns
congregate there for trading and fishing, and a thousand or more
people are camped along the beach or in the town. Mail service is
maintained by boat every 10 days during the summer and by dog
team once a month during the winter. The nearest telephone sta-
tion is at Kiwalik, 80 miles to the south, and the nearest telegraph
office is at Nome, 200 miles to the southwest. Travelers from Nome
can reach Kotzebue in summer by the mail boat, a gasoline schooner.
The trip takes about 3 days, as stops are made at way points, and
the charges in 1911 were $25 apiece for passengers and $20 a ton
for freight. Large vessels from the States can not approach Kotzebue
nearer than Cape Blossom, an unprotected headland about 12 miles
distant, because the channel is so narrow, crooked, and shallow that
it can not be navigated by boats drawing more than 6 feet. Sup-
plies of good quality and in sufficient quantities to meet the demand
can be obtained in Kotzebue at prices but little higher than those
in Seattle plus the freight charges.

Allakakat is the name of the mission of St. John in the Wilder-
ness, on the Koyukuk, directly opposite the mouth of Alatna River,
and Marsans, about a mile downstream, is the trading post. The two
together form practically one settlement. At the mission is the mis-
sionary and the Government school-teacher and a small settlement
of natives; at Marsans is the store and a few natives. The post
office is at Bettles, but mail is delivered along the route. In summer
_communication is by boat and in winter by dog sledge that leaves the
Koyukuk near the.mission and reaches the Yukon near the mouth
of the Tanana. The nearest telegraph station is at the Government
post at Fort Gibbon.

The Noatak mission is on the west bank of the Noatak, on a gravel
terrace. The settlement consists of a church, schoolhouse, and several
well-built cabins belonging to whites and natives. It was practically
deserted when visited by the Survey geologists, as the inhabitants
spent the summer at Kotzebue. Farther downstream, however, the
Survey party passed nearly a score of boats loaded with families
bound for their homes at the mission.

It is almost impossible to estimate accurately the population dur-
ing the summer, for many of the people are away on trading or hunt-
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ing trips, but it seems fairly certain that less than 100 white people
live in the basin of either the Alatna or the Noatak, including the
settlements at Allakakat and Kotzebue. The general impression was
that the total number of natives in the basin of the Alatna and the
Noatak was not over 250. This would indicate that the total popu-
lation is therefore not more than one person to 50 square miles of
territory.
ANIMALS,

At the headwaters of both the Alatna and the Noatak game was
fairly plentiful. In the mountains sheep were numerous, and natives
make annual hunting trips from distant points to this region. In the
low country in the Noatak basin, just west of the mountains, caribou
are fairly numerous and are sought not only by natives from farther
downstream but by those from the Kobuk as well. In this same
region many signs of fox, wolf, and martin were seen along the
banks of the river. Bear tracks were particularly plentiful along
the bars north and east of the Noatak Mission as far as the canyon -
and evidently were made by large bears. In the central part of the
Alatna Valley evidences of bear were observed, but they were not
plentiful and only small black bears were seen. On the lakes and
sloughs at the lower part of the Noatak hundreds of ducks, geese,
cranes, and other birds were seen. Water birds are reported to be
numerous also near the mouth of the Alatna. Flocks of ptarmigan
were seen in the cerntral part of the Alatna Valley and in the Noatak
Valley near its mouth. From the number of animals seen it is
believed that they could be relied on as food by prospectors,

Fish are abundant in the Alatna and probably also in the Noatak.
Salmon are reported in the lower Alatna, and some were seen on
native drying frames at the Noatak Mission. It is said that they run
up as far as the Aneyuk. Most of the Noatak natives, however, go
to Kotzebue for salmon fishing, as the fish are better in salt water
than they are after they have gone a long distance in fresh water,
Grayling and white fish are caught in the Alatna and the Noatak.
The members of the 1911 expedition shot several pike in Lake
Takahoola in the Alatna River basin. Although few of the streams
were actually tried for fish, their similarity to other streams in north-
western Alaska that have been tested leads to the belief that pros-
pectors and travelers could probably get enough fish for ordinary
needs in most of them.

VEGETATION.

The vegetation of the Alatna-Noatak region is typically Arctic and
sub-Arctic. In the lowlands, near the river, bushes are common, but
toward the higher regions the vegetation gradually disappears until, .
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on the steep slopes and the crest of the ridges, even grasses are prac-
tically absent. Spruce is found in the Alatna basin to within 3 or 4
miles of the stream leading to the Noatak portage. The trees in the
southern part of the basin average 10 to 12 inches in diameter and
extend up the slopes to an elevation of 1,000 to 1,500 feet, but the
diameter and the elevation of the upper border of the tree zone
gradually decreases upstream until at the irregular bend 13 miles
below camp July 23 the diameter of the spruce is from 6 to B inches,
and even the scattered trees do not extend more than 500 to 600 feet
above the river. The northern limit of spruce is decidedly abrupt.

In the Noatak Valley the most eastern locality where spruce is
found is about 10 miles east of the canyon. At this place spruce 8
inches in diameter appears as a narrow fringe along the well-drained
banks of the river. Farther downstream spruce grows almost every-
where in the immediate vicinity of the river down to a point midway
between the most southern hills and the mouth of the river, where it
is again absent. Over much of the swampy lowland back from the
streams, on the hill slopes, and in the entire area cast of the canyon
spruce is absent. This absence of timber is a decided handicap to
development, for all lumber used in mining or in constructing cabins
must be brought into the region.

The grass in the valley is sufficient for pack animals that are trav-
_ eling, but not sufficient for the permanent pasturage of a large
number of animals. Red-top grass is particularly abundant around
old cabins and settlements, but although it grows luxuriantly it does
not appear to afford as much nourishment as the tougher, smaller,
less abundant grasses that grow on the lower hill slopes. Caribou
moss is plentiful in the better drained lowland areas, especially those
near Aneyuk and Cutler rivers, and on the hill slopes a short dis-
tance back from the coast. These hill slopes have been used as the
feeding ground for the herd of reindeer that was introduced by the
Government and that ranges between the mouth of the Noatak and
Cape Kruzenstern.

Berries are generally plentiful in the low areas and form an im-
portant part of the local food supply of both the natives and whites.
Blueberries, cranberries, currants, and salmon berries are the most
abundant, and owing to the cold climate those picked in summer
can ‘be kept throughout the year without deterioration. It is said
that the natives collect many berries after they have been frozen on
the bushes, as they can then be knocked off with sticks and can be
more easily cleaned of twigs and leaves,

48868°—Bull 520—12——21
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DESCRIPTIVE GEOLOGY.
DIVISIONS OF THE ROCKS.

Most of the Alatna-Noatak region is still so little known that data
are not available for a final statement of its geology, but certain gen-
eral facts seem to have been sufficiently defined to warrant a general
description. The rocks may be divided into three main classes—
sediments, igneous rocks, and veins. The sedimentary rocks have
been further divided into metamorphic rocks, Paleozoic sediments,
Mesozoic and Tertiary rocks, and unconsolidated deposits, The
igneous rocks have been divided into the metamorphic and non-
metamorphic rocks, and the veins might also be similarly grouped.
Each of the larger groups has been indicated on the geologic map
(P1. XV), with the exception of the veins, which are too small to be
shown. The four divisions of the sedimentary rocks have been dis-
tinguished by separate patterns, but all the igneous rocks have been
shown in a single pattern. '

SEDIMENTARY ROCKS.
METAMORFHIC ROCKSB.

Metamorphic schists were seen only in the middle and upper parts
of the Alatna and in the headwater part of the Noatak. The physi-
cal character of these rocks indicates that they are the equivalents of -
the Nome group of Seward Peninsula. This view is shared by Men-
denhall, who studied similar rocks in the Kobuk region, to the south,
for he says: “The rocks here described are regarded in a general
way equivalent to those described by the writer in a previous paper?
as the metamorphic series.”* These rocks are the oldest in the region
and have been deformed during at least two periods of mountain
building. :

Lithologically the metamorphic rocks are quartzose schists contain-
ing an abundance of chlorite, some muscovite, practically no biotite,
and in many places considerable calcite. In color they range from
greenish gray to nearly black. The green color is due to chlorite;
the black color is usually caused by carbonaceous material. Here
and there the schists have a brown, iron-stained appearance, due to
the weathering of the iron sulphides that are disseminated through
the rock. These sulphides appear to be of later origin than the
schistose structure, for well-developed cubes, entirely unsheared and
otherwise undeformed, were found in the schists.at many places.
The pyrite in the schist occurs not in veins but in cubes that are

iMendenhall, W. C., Reconnalssance in Norton Bay region, Alaska, in 1000: Special
publication U, 8. Geol, Burvey, 1901, pp. 109-204,

% Mendenhall, W. C., Reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska, by
way of Dall, Eanuti, Allen, and Kowak rivers; Prof. Paper U. 8. Geol. Burvey No. 10,
1902, p. 31,
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scattered irregularly throughout the rocks. In addition to the dis-
seminated sulphides there are others, closely associated with the
quartz veins, which are everywhere numerous in the schist members
and are described on pages 18-19.

Although the schists are dominantly quartzose in the lower part
of the section they become more calcareous as they approach the
thick overlying Paleozoic limestone. The relation of the schists to
the overlying limestone has not been satisfactorily demonstrated.
The much more deformed character of the schists suggests that an
unconformable relation exists between the two groups, but the con-
siderable difference in resistance to dynamic metamorphism of the
two rocks makes other interpretations possible. Perhaps the fact that
raises strongest doubt as to the unconformity between the schists and
the next younger rocks is the notable increase in the calcareous con-
tent of the schists toward the top of the section.

No fossils have been found in the schists and consequently paleon-
tologic evidence as to the age of these rocks is wanting. The appar-
ent greater metamorphism and the stratigraphic position of this series
warrants its assignment to the lower -part of the geologic column.
‘No known fact precludes the assignment of the schists to the early
Paleozoie, but, on the other hand, nothing is known that would pre-
vent their assignment to the pre-Paleozoic.

PALEOZOIC ROCKS.

Although it is possible that the metamorphic schists may be Paleo-
zoic, it seems advisable to differentiate as Paleozoic a great thickness
of sediments, ranging in lithology from shales and sandstones to
limestones, which are much less metamorphosed and seem, on the
whole, to be younger than the schists. These rocks have not been
nearly so much sheared and metamorphosed, yet they present struc-
tures that are by no means simple but that have been so deformed that
the series as outlined on the map may include representatives of both
higher and lower horizons that have been infolded or infaulted. The
delimitation of this series, as a whole, however, marks the areas of
less metamorphosed sediments that overlie the schists.

The oldest part of the Paleozoic rocks recognized on Alatna River
consists of the very thick limestones that form a belt about 20 miles
wide in the central part of the basin. Throughout this distance the
rock is almost uninterruptedly a bluish-white limestone, though it
includes some dark carbonaceous phases. Many specimens of the
limestone show evidence of recrystallization and brecciation. Bed-
ding is usnally difficult to discriminate, and although at a distance
the structure appears to be relatively simple, close examination shows
that it is complex. The general trend of this limestone is east-west,
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but the dip changes from north to south so frequently that numerous
reduplications must occur.

In the Alatna River region no paleontologic evidence as to the age
of this limestone was obtained, but a similar series of limestones on
John River, which Schrader called the Skagit formation, yielded fos-
sils that indicated that the rocks were not older than upper Silurian
and not younger than lower Carboniferous.*

This is probably the same limestone that was seen on the head-
waters of the Noatak and that forms some of the high, rugged peaks
in the eastern part of the divide between Noatak and Kobuk rivers.
It is also probably present near the gorge of the Noatak and in the
hills near the mouth of the river, but fossils were not found in it at
these places, and the correlation rests mainly upon the stratigraphic
position and lithologic similarity.

In the vicinity of the Noatak canyon a dolomite forms part of the
country rock south of the river. The fossils from this place were
not diagnostic, but the dolomitic composition of the rock suggests
correlation with the only dolomite horizon known in Seward Penin-
sula, which is of upper Silurian age, is widespread throughout Alaska,
and is everywhere dolomitic. Dolomite is also exposed in the lower-
gorge of the Noatak where the stream crosses the range near the
coast. It is underlain by ealcareous schists whose contact with the
dolomite is but poorly exposed. This dolomite is a compact, rather
dense rock showing few of the solution markings that are common
on the other limestones. It is usually whiter than the limestones and
rarely contains fossils. At many localities it is brecciated, and at
the outcrops near the canyon, where it occurs near intrusives, it ex-
hibits some cherty phases.

Another important part of the series which is included here with
the Paleozoic rocks but which on subsequent study will probably be
differentiated from the other members is the sandstone, quartzite,
and limestone series in the central part of the Noatak basin; from the
western part of the lowland near Aneyuk River westward to the
canyon. These rocks are less metamorphosed than the other Pale-
ozoic rocks, but have been much deformed and closely appressed,
and show overturned folds and thrust faults. Although cleavage
and jointing have been produced by the forces to which these rocks
have been subjected, the bedding has in few places been entirely
obliterated, and as a result most outcrops clearly show both bedchng
and cleavage.

The rocks are dark grayish to green on fresh exposures, at a dis-
tance appearing almost as light as some of the limestones. Some

1 Bchrader, F. C., A reconnaissance In northern Alaska across the Rocky Mountains,
along Koyukuk, John, Anaktuvuk, and Colville rivers, and the Arctic coast to Cape
Lisburne, in 1901; Prof. Paper U. 8. Geol. Burvey No. 20, 1904, p. 57.
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shales that form part of this series are nearly coal black and others
are light green. The prevailing tone, however, is dark, and the
rocks can not be readily recognized at any great distance either by
their color or by their physical characters. Generally speaking,
however, the rocks are hard and form many of the higher hills in
the area in which they occur. )

Fossils have been collected from these rocks at several places, and
the paleontologic determinations show that they are Carboniferous,
probably Mississippian, This determination is of interest, as it
shows that the rocks reported by Collier® in the Cape Lisburne
region and by Schrader in the John River basin also occur in the
intervening country.

Some shales and slates have been provisionally assigned to the
Paleozoic rocks because of their interrelation with known fossil-
bearing limestones and other rocks. These shales and slates differ
from the schists in that they are not so highly metamorphosed and
their original structures are better preserved. The thickest series of
these rocks examined was found in the vicinity of Midas Creek. They
are dark green in color, rather fine grained, and have well-developed
slaty cleavage. They contain many small faults and probably some
larger ones, which escaped detection because faulting brought like
rocks into juxtaposition. However, even with due allowance for
reduplication through faulting, a thickness of several thousand feet
must be assigned to this division.

MESOZOIC AND TERTIARY ROCKS.

It is highly probable that some members which might on more
detailed study be placed elsewhere have here been included in the
Paleozoic. In fact, it is by no means certain that there was a decided

_stratigraphic break at the top of the Paleozoic, and therefore cor-
relations- based mainly on long-range observations and general
stratigraphic sequence would fail to note faunal breaks unassociated
with marked lithologic or structural discordances. Although some
younger sediments may have been inadvertently included in the
Paleozoic, the main representatives of the Mesozoic to which atten-
tion will be directed in this section are the Cretaceous sandstones
and associated sediments, recognized in the region under discussion
only on the lower part of Alatna River.

These rocks are entirely unmetamorphosed, although compact, well
indurated, and so deformed that dips of 45° or more are common. A
few thin conglomerates appear in the section, but the series as a
whole consists of dark greenish-gray sandstones, with thin shaly beds.

1 Colller, A, J., Geology and coal resources of the Cape Lisburne reglon, Alaska: Bull,
U. 8. Geol. Burvey No. 278, 1908,
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The conglomerate phase becomes more pronounced toward the border
of the basin, and Mendenhall notes that about the mouth of Helpme-
jack Creek, near the former Cretaceous shore line, the basal portion
of the formation consists almost exclusively of conglomerate con-
taining pebbles of the older formations to the north.

Although this series of rocks has been classified as Mesozoic by
Mendenhall and as Cretaceous(?) by Schrader, both of whom called
it the Bergman series, its age was not determined on paleonto-
logic evidence. Mendenhall * states that it contains indistinet plant
remains, but it has yielded no determinable fossils. The rocks are
certainly younger than the Paleozoic rocks to the north and their
greater induration shows that they are probably older than the Ter-
tiary deposits of Dall River. Their lithologic similarity to the rocks
extending from Nulato to Seward Peninsula, specimens of which, col-
lected by the writer in 1909, yielded Cretaceous fossils, indicates that
they are of Mesozoic age.

UNCONSOLIDATED DEPOSITS.

The purpose of the present paper is not so much to describe all
the different deposits examined as to point out the general types
recognized. Three main types of unconsolidated deposits were dis-
tinguished—marine, glacial, and stream gravels. All three are shown
in one pattern on the map (PL XV).

MARINE GEAVELS,

The recognized marine deposits occur mainly along the Arctic
seacoast and the lower portion of the Noatak. These deposits are
only in part marine, for in places there were alternations of marine
and fluviatile action, such as are now seen in the delta of the Noatak.
The deposits at such places therefore present features characteristic
of both agencies. None of the marine deposits have been prospected-
and consequently the history of the gravels has not been made out,
but they have probably accumulated in the same manner as the coastal
plain gravels in parts of Seward Peninsula.

No sections of the typical marine gravels along this part of the
Arctic coast have been examined, and it is not definitely known
whether or not the deposits are permanently frozen. From analogy
with similar deposits elsewhere it is believed that the more recent
marine gravels are not frozen, but that the older ones, which occur at
some elevation above the sea, are probably permanently frozen. The
presence or absence of permanent frost in the ground has a decided
influence on the cost and method of mining, so that a determination
of the physical character of the gravels is economically important.

1 Mendenhall, W. C., Reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska, by
way of Dall, Kanuti, Allen, and Kowak rivers: Prof. Paper U. 8. Geol. Burvey No. 10,
1902, p. 40,
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GLACIAL DEFOSITS.

The glacial deposits may be roughly divided into two main classes—
those of distinct ice-laid origin and those which have been in part
handled by glaciers but whose dominant features were determined by
running water. Deposits of the first class are relatively uncommon
and even the most distinctive may merge into the second class, so that.
no sharp line of demarcation between them can be drawn.

The distinetly ice-laid deposits are most notable in the mountain
valleys near the heads of the Alatna and Noatak. Even at the present
time there are small glaciers in the highlands in this part of the
region, and they are transporting and depositing débris and forming
glacial moraines. In the past, however, these glaciers were much
more extensive and formed deposits that may still be recognized. It
is not yet possible to state the limit of these ancient glaciers because
their deposits merge into deposits of glacio-fluviatile origin and,
furthermore, in the time that has elapsed since the glaciers reached
their maximum extent their deposits have been so much modified by
later processes that their character or origin-has been obscured.

Glacio-fluviatile gravels are widespread throughout both the Alatna
and Noatak valleys. In the Alatna Valley ice-transported blocks
have been found on divides 2,000 feet above the present valleys and at
least 5 miles from their nearest outcrop. Washed gravels up to an
elevation of 2,300 feet above the Alatna were noted on the hillsides
below Lake Takahoola. Not only are there high-level glacio-fluvia-
tile deposits but numerous outwash deposits, lying not more than
100 to 200 feet above the river, formed by the same agency, were also
found. The glaciation in the Alatna Valley, however, was distinctly
of the valley glacier type. No evidence of regional glaciation was
observed and the known facts preclude the probability of such
glaciation.

In the Noatak Valley glacio-fluviatile deposits are even more con-
spicuous and widespread. Although it was not possible to determine
the elevation of the upper limit of outwash deposits at many places,
gravel was observed to an elevation of 900 feet above the river near
Midas Creek, to an elevation of 800 feet above the river at the can-
yon, and to at least 600 feet above the river west of camp August 23.
These high-level deposits, however, are relatively thin and have
but slight topographic expression. The lower outwash deposits, on
the other hand, form large areas and are prominent features. They
rise from 100 to 200 feet above the river and the river flows through
them in narrow gorges, exposing good sections. Much of the material
thus exposed exhibits water rounding and many of the sections show
stratification. That these deposits are not merely gravels of the
former Noatak is shown by the occurrence in them of many large
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angular blocks of rock derived from regions relatively remote from
the places where they now occur. Some of these bowlders are 10
feet or more in longest dimension. These large bowlders are washed
out from the gravel deposits through which the river flows and they
form rapids, so that they are particularly conspicuous.

The surface of these outwash deposits is not smooth and even but
is marked by depressions, some of which are occupied by lakes of
irregular form and extent, which do not simulaté abandoned river
channels or other normal river features. Evidence of drainage modi-
fications, such as is seen in the neighborhood of the canyon, show
that blocking of the normal discharge must have been effected by
an agent that has subsequently disappeared—probably ice. This
obstruction may have formed lakes in which deposits were laid
down. In other words, the late Pleistocene history of the region
shows that a complex series of deposits was formed under a variety
of conditions and by different processes. The material of all these
deposits, however, was acquired mainly by the action of ice, and,
although handled by ice or water, or both, it was not so much disinte-
grated, decomposed, and sorted as if it had been carried to its present
position by running water alone.

BTREAM GRAVELS,

Little need be said here of the gravels that are distinctly stream
deposits, The stream gravels merge, on the one hand, into the marine
gravels and, on the other, into glacio-fluviatile deposits. The deposits
that are solely of stream origin show by the form, size, arrangement,
and lithology of the pebbles their difference from the glacio-fluviatile
deposits, The stream-laid gravels, however, are found chiefly in the
smaller streams and, except where they are preserved beneath out-
wash material in protected places, are relatively uncommon in the
valleys of the larger streams.

Many of the present streams have been developed in and are
eroding the unconsolidated ‘deposits of the preceding geologic period
and are therefore really forming typical stream deposits. To the
placer miner, however, these do not represent the ordinary single-
cycle streams or even streams reworking former stream deposits or
benches, for the distribution of the valuable minerals would be far
different had they been deposited by one process. It is therefore
believed that deposits formed solely by streams are to be sought only
in the smaller valleys or in the larger ones where other erosion has
been least active. In either class the deposits are likely to be small
or discontinuous.

e e *
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IGNEOUS ROCKS.
GRANITES.

For the purpose of this report the igneous rocks of the region may
be divided into two main groups, the granitic and the basaltic.
Igneous rocks of the granitic type were recognized in place only in
the central part of the Alatna Valley and 20 to 30 miles westward,
at the head of the Noatak. There are probably large areas of granite
in the unexplored hills between the Kobuk and the Noatak on the
south and, possibly, between the Noatak and Colville on the north.
The granitic rocks show many phases, ranging from massive, even-
grained, moderately fine textured granite to porphyritic gneissoid
rocks, The granites cut the limestone of the central Alatna Valley,
but contacts were not examined in detail. Granite pebbles found in
the basal Cretaceous conglomerate indicate the upper age limit of
the granitic intrusives, and if analogy with Seward Peninsula granite
intrusives that cut fossiliferous limestones may be accepted, the lower
limit of the intrusive period is Carboniferous. The determination
thus reached roughly fixes the period of the intrusion between Car-
boniferous and Cretaceous time.,

Topographically the granites form high, rugged peaks having
strong relief, which is in a measure due to the character of the rock
but is also produced by the glacial sculpturing that centered in the
high ranges where the granites occur. The granites have not been
closely studied petrographically, so that their mineral composition
and lithologic character have not been determined. It is significant,
however, that they contain few sulphides and that the surrounding
rocks show no pronounced mineralization which was coincident with
their intrusion.

BASALTIO ROOKS.

Basaltic igneous rocks were seen at several places in the Alatna-
Noatak region. These rocks may be divided into two main groups—
an older and a more recent one. The rocks of the older group can
not yet be described mineralogically for the lack of microscopic study
but are greenstones of medium fine texture, dark-green color, and
relatively weak resistance to weathering. It is highly probable that
there was more than one period of greenstone intrusion, as certain
dikes appear to have been much metamorphosed and others are
practically unaffected. This difference, however, may be explained
by assuming that the metamorphism affected only rocks near to
planes or zones of movement and that the unmetamorphosed green-
stones were remote from such planes.
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Most of the exposures of greenstone show a compact, rather dense
rock. Here and there an amygdaloidal phase was seen which seems
to correspond to the igneous greenstone schists which Schrader found
in the Totsen group on John River and interpreted as old basaltic
flows. Although some of these greenstones may have been of ex-
trusive origin the evidence tends to show that the greenstones occur
mainly as intrusive dikes and sills.

The later basic igneous rocks were seen in place mainly in the
vicinity of the canyon of the Noatak. They occur as large stocklike
intrusions from which apophyses extend into the adjacent sedi-
mentary rocks. In the immediate contact the igneous rocks have
locally metamorphosed the other rocks, but the effect does not seem
to be widespread. Near the lower end of the canyon some ellipsoidal
basalt appears to mark a special phase of this intrusion. The only
minerals recognized in hand specimens were plagioclase feldspar and
ferromagnesian minerals.

Topographically the later basic igneous rocks weather into numer-
ous pinnacles. They are irregularly distributed and lack the definite
trend usual in stratified rocks. Their color is dark, but at a distance
is not distinctive enough to differentiate them from the other rocks
of the region, except the limestone.

The age of the intrusion of these rocks was not definitely deter-
mined. They cut the Carboniferous rocks and are therefore younger
than that series, but the absence of later rocks in the neighborhood of
the intrusions prevents closer correlation. From analogy with other
regions it is believed that they are earlier than the Upper Cretaceous,
but final statement of their age must await fuller investigation.
The later basic igneous rocks are apparently in no way connected
with the recent basaltic flows of Seward Peninsula and parts of the
Yukon drainage basin but are much older and are essentially intru-
sive rather than effusive.

In addition to the two types of basaltic igneous rock that were
seen in place, float of a coarsely granular hornblendic rock was
found in the stream and bench gravels at several points along Noatak
River. Some of the hornblende needles are over an inch long and
form nearly three-fourths of the entire rock. Float of this sort was
found near Aneyuk River and at the canyon, so that in the hills
away from the river there are undoubtedly other intrusives, the ex-
tent and relations of which are not yet determined.

- VEINS,

The veins of the region may be roughly divided into two main
types—quartz and calcite veins. The quartz veins are the most
abundant and are economically the most important. They are
further divisible into many smaller groups, based on differences in
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age or in mineralogic composition. How many periods of quartz
vein formations there were is not known, but at least two have been
recognized. The older veins appear to have been formed before the
metamorphism of the lower schists and to have been afterwards
deformed and sheared. As a result, they are much distorted and
form discontinuous strings and lenses. These veins lack almost any
other visible filling than quartz. Assays of similar veins in Seward
Peninsula suggest that at least some of the veins in the Alatna-Noatak
region carry gold. Although the gold tenor and the discontinuity
of these veins preclude their being mined, they were probably the
main sources of the placer gold in the streams.

These deformed and shattered quartz veins appear to be limited
to the older schists, and if they are so restricted this fact will help
to indicate where placers may be found.

The quartz veins that were formed after the main period of meta-
morphism are widespread. They occur in all the groups studied in
this field, but are seldom found in the limestone, except near its con-
tact with other rocks. The later quartz veins are mostly gash veins,
formed by the fracturing of the rocks through deformation. The
quartz in these veins seems to have migrated from the adjacent rocks,
under such conditions that the chances of finding any economically
valuable minerals in them are not good. None of these veins have been
sampled, so their presumptive value is based mainly on the theoret-
ical interpretation of the mode of filling. Sulphides or metallic min-
erals have not been recognized in veins of this type.

There are, however, other later quartz veins which seem to have
had a deep-seated source and probably contain minerals of economic
importance. Although these veins have not been so thoroughly
metamorphosed as the older veins, they are more or less faulted and
discontinuous. Many, however, show the typical comb structure
usual in veins which have not been completely recrystallized. Some
of these veins contain sulphides in small amounts, and if the evidence
afforded by veins of similar type in Seward Peninsula is applicable
to veins in this region, they may carry free gold. These veins were
not large enough to warrant exploitation as lodes, but where processes
of concentration have been effective they undoubtedly contribute
some gold to placers.

Although veins of this type have been found at many places
throughout the Alatna-Noatak region, they are more abundant in
the schistose rocks than in the overlying limestones. In fact, it is
relatively unusual to find quartz veins extending far into the lime-
stones. Their absence is probably due not to the fact that the higher
rocks were deposited after the formation of the veins but rather to
the fact that extensive fissures could not be maintained in a rock that
flows so easily under pressure as a limestone,
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Calcite veins are confined almost exclusively to the limestone areas
and rarely extend into the schists for more than a short distance
from the contact. As a rule, they are similar to the quartz veins
of the gash type and, like those veins, are believed to have been
formed by the filling of fissures produced during the deformation
of the region, their material being derived from the rock in their
immediate vicinity. Calcite is practically the only mineral filling
these veins. A few contain also a small amount of quartz but no
sulphides. One calcite vein in Seward Peninsula carries free gold,
but it is the only one of its kind known in the region. It is believed,
therefore, that the calcite veins in the Alatna-Noatak region not
only do not warrant exploitation as lodes but also did not afford
material for productive placers.

So far no connection has been traced between any of the veins
of these types and the igneous intrusions. The absence of definite
proof, however, does not preclude the possibility of such a relation,
but this can be determined only by more detailed investigation.
The source of the vein filling in the two types of veins known to
carry minerals of commercial value—the metamorphic quartz veins
and the younger quartz fissure veins—is yet undetermined. The
greenstones and associated schists show some sulphide mineralization
of a disseminated type that may have been brought in during or
immediately after the intrusion of this rock. The amount of min-
eralization from this source, however, seems to have been relatively
slight. Sulphides are found also in the gabbro at the Noatak Can-
yon but only in grains scattered throughout the rock, and their
mineralizing effect does not seem to have extended far beyond the
contact. In the regions occupied by granite a very little dissemi-
nated sulphide mineralization was observed, but it was so slight that
the rocks show practically no iron stains on weathered surfaces.

ECONOMIC GEOLOGY.

The region covered by this report is practically unprospected for
metalliferous resources. A few prospectors have passed rapidly
through certain parts, but have done no permanent development
work. Probably not more than a hundred prospectors have traversed
the 10,000 square miles covered by the Survey party in 1911, and it
is doubtful whether at present there are half a dozen white men
even intermittently engaged in prospecting in the region. Pros-
pecting has been done in two main regions, the Alatna Valley and the
Noatak Valley.

ALATNA RIVER REGION,

During the excitement of 1898 many prospectors reached the Kobuk
and Koyukuk valleys and some disappointed ones essayed the Alatna.
They found little of value, however, and some strikes elsewhere
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caused them to abandon their holdings and leave for more promising
camps. In the Alatna Valley, where the schists form the bedrock,
a little placer gold was found, and some sulphide-bearing veins were
staked and held for many years awaiting a boom. Practically no
work was done to open up the leads, and when the place was visited
in 1911 a few insignificant pits driven on quartz stringers were the
only visible traces of this early work.

In this same general belt of rocks, but farther east, on a small
tributary of Malemute River called Mecklenburg Creek, a prospector
reports having found colors of gold in the creek gravels. This
locality was not visited, and nothing of importance was learned of
the occurrence and no workable deposits have been developed. The
gold is in small particles, rarely flaky, and is of a reddish color. No
black or rusty gold was reported. In the concentrates magnetite is
very abundant, but garnets are only sparingly found.

Some prospecting has also been carried on north of the larger
limestone belt, where the dark slates form the country rock. Two
prospectors have found sufficient prospects on the Kutuk to cause
them to continue exploration, but they have uncovered no gravels
of workable value. Work at this place has been carried on only in
the shallow gravels of the present stream. It is believed that the
gold has been derived from quartz stringers and veins in the slate.
Magnetite is abundant in the concentrates, but garnets are practically
absent.

Schrader notes that in 1902-3 prospectors reported lode deposits
carrying gold and copper in the divide between the Alatna and
Noatak. The veins were said to consist essentially of quartz with
pyrite and chalcopyrite, but some specimens contained stibnite also.
The location of the veins was given very indefinitely and they were
not seen in 1911. The fact, however, that the highest assays made
by the Survey of the specimens brought out by the prospectors carried
less than $2 a ton in gold, as well as the fact that no work has been
done recently in the region, shows that the tenor was not sufficient
to warrant development under the high costs prevailing in the upper
Alatna Valley. .
NOATAK RIVER REGION.

Within the Noatak basin gold has been found mainly in the head-
water region. Even there, however, only two small areas have been
~ reported to afford placer ground and of these only one, that near
Lucky Six Creek, has produced as much as a hundred dollars worth
of gold.

INDEFINITELY LOCATED PROSPECTS.

In this region, as in others, reports of lost prospectors finding
enormously rich deposits are common. Unfortunately, however, these
“finds™ can not be located when subsequently sought and the less
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that is known about them the more their reported value tends to
increase. An instance of this sort was the reported discovery of rich
gold quartz in the vicinity of Mount Kelley, a hill about 40 miles
north of the southward bend of the Noatak, west of the canyon. On
attempting to learn about this gold quartz it was found that the
locality was stated in an extremely indefinite way, varying from the
Igichuk Hills, near the mouth. of the river, to the region beyond the
Noatak drainage. Gold-bearing quartz may have been found in the
Noatak basin, but when its location is given so indefinitely it is not
possible to discuss the significance of the reported discovery.

Gold quartz has also been reported in the hills south of the river, a
short distance east of the canyon. A prospector from Squirrel River,
of the Kobuk basin, with pack horses, spent part of the fall and
winter of 1910 in the hills north of Squirrel and Salmon rivers and
returned with numerous specimens of quartz, some showing free gold.
It was not possible to obtain a description of this trip at first hand
and consequently most of the information is indefinite. That the
prospector was satisfied with the indication of mineralization is shown
by the report that he intends to return and carry on further explora-
tion during the winter of 1911-12. Presumably the country rocks in
this region are schists and metamorphic limestones, a ground that
has elsewhere generally proved auriferous.

A short distance below the canyon a prospector’s cabin, which
evidently had been occupied during the previous winter, was visited.
A well-worn trail led to a near-by creek, and there were indications
that placer prospecting had been in progress. No information con-
cerning the results of this work could be obtained. The geology in
the neighborhood does not indicate a near-by source of gold, and the
abandonment of the claims suggests that the returns were probably
small.

In addition to gold, veins carrying copper and silver ores are also
reported in the Noatak region. The silver ore is said to occur on
the north side of the Kobuk-Noatak divide, between the Reed and
Mauneluk River portages. Nothing was learned of the geology or
of the mode of occurrence. The same prospector® reports that farther
west, on the Noatak side of the pass from Kogoluktuk River, there is
a considerable deposit of copper ore, and float of native copper is
found in some of the streams. This place is probably in the head-
waters of Ipmilouik River, a tributary of the Noatak above Midas
Creek. Assays are stated® to have shown 9.81 per cent copper and
27.73 per cent lead, but the samples were not representative, being
selected specimens. This ore is said to carry also some gold and
silver. An assay of ore from what is supposed to be a continuation
of the same vein on the Kobuk side of the divide is reported to have

1 Lloyd, L., unpublished letter.
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yielded gold and silver to the value of $1.24 a ton. No work has been
done at this place; in fact, it was only discovered and a few samples
taken during a hurried trip from the Kobuk to Lucky Six Creek.

LUCKY BIX REGION.

The only place where placer gold has been produced in the Noatak
basin is on Lucky Six Creek, a stream joining the Noatak from the
east about 12 miles in an air line south of the mouth of the stream
heading in the mapped pass to Alatna River. Gold was discov-
ered on this stream in 1898 and from time to time since that date
small parties of prospectors have visited the region. This place is so
inaccessible, however, that men have spent only a few days there.
Not only is the region inaccessible, but it is also difficult to prospect,
for lack of timber. It is reported that the planks used for making
sluice boxes were whipsawed by hand on Reed River (a tributary of
the Kobuk) nearly 30 miles away and hauled by dogs and men to
Lucky Six. There were no logs for cabins and consequently the
prospectors lived in tents. Although it is now known that spruce can
be obtained in the Alatna Valley not more than 12 miles in an air
line from the mouth of the creek, yet the labor of transporting lum-
ber even this distance and over a divide at least 1,000 feet high is
a great tax on time and energy. Even wood for fuel is scarce and is
mainly green alder and willow. '

The Lucky Six basin was not surveyed by the Geological Survey
party, but the general geology was learned from a study of the
stream to the north. This creek, known as Twelvemile Creek, is not
more than 10 to 12 miles long. Forabout half a mile above its mouth
the stream meanders on the outwash gravel plain of the main Noatak.
Farther up in the hills the stream flows in a narrow, precipitous
gorge incised in bedrock and early glacial deposits. In this stretch
it is not more than 50 feet wide, even during times of high water,
but it is a roaring torrent and its bed is full of huge bowlders that
make crossing difficult. Still farther upstream the gradient of the
valley decreases, but in the headwater region it again increases.

The Lucky Six region presents many geologic problems, for it
contains various groups and kinds of rocks in intricate relations.
The larger part of bedrock appears to have been originally a sedi-
‘ment that was subsequently metamorphosed. No large masses of
granite were seen in place, though they are reported by prospectors
and may exist in the more remote parts of the valley, which were
not explored. Limestones form a considerable part of the divide
north of Twelvemile Creek and appear to have a general east-west
trend. The direction of the structure in the schists, however, is not
constant, though it, too, appears to strike east and west and to dip
north.
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Gravel and partly rounded morainic material extend to an elevation
of 1,500 feet above the creek, or 4,000 feet above the sea. It is
reported that the gold was found not in this material but in the
cracks and crevices of the bedrock in the creek or in the very shallow
present-day creek gravels. All the gold is said to be notably coarse,
fine flaky pieces being extremely rare. It is described as shaped
like “pumpkin seeds,” has a reddish color, and assays about $19.20
an ounce.’

While the members of the Survey party were in this region in 1911
they met three prospectors who intended spending the winter there.
These prospectors had started up Alatna River in a light-draft
steamboat with supplies for two years, but about 40 miles above the
mouth their boat had been stopped by low water. They therefore
decided to make a rapid reconnaissance of the region and await the
freeze up before moving their supplies to the Noatak. Consequently
the men, with supplies for a month, visited the headwater region and
did a little prospecting. Their work was decidedly surficial, and
it is understood that the returns were not sufficient to induce the men
to hold to their original plan of wintering at this place.

MIDAS CREEK REGION.

From these same prospectors, one of whom had been in the head-
water region of the Noatak in 1904, it was learned that placer gold
had been obtained on Midas Creek, a tributary from the north join-
ing the main stream near camp August 2. The gold found was
reported to be in small particles, all of which were rather well worn.
In 1911 the Midas Creek region was again visited by these pros-
pectors and, although their work was superficial, they obtained cer-
tain mgmﬁcant. results in connection with the geologic observations
made by the survey party. It seems that disseminated gold in fine
particles was found in the creek and ancient gravels of the Noatak,
both north and south of the river, but the gravels of the tributaries
of Midas Creek that are derived emtirely from the hills north of
camp August 2 are not auriferous. The geologic study of the rocks
forming these hills indicates that they differ from the metamorphic
schists in that they are younger and belong to the group described as
the Paleozoic sediments. (See p. 13.) The older rocks that are
more likely to bé mineralized apparently form the bedrock to the
south and underlie those forming the hills in which Midas Creek
rises, It is therefore believed that the gold reported to have come
from Midas Creek was derived either from the older rocks forming
the southern part of the basin or may have come from outwash
gravels that have been transported for long distances. These ancient
gravels have been recognized up to an elevation of 1,000 feet above the

1 Lloyd, L., unpublished letter.
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mouth of Midas Creek and are believed to have been mainly of
glacial origin.

Some prospecting has also been done on the south side of the
Noatak opposite Midas Creek. Although it is reported that small
colors of gold were found at many places, the abundance of large

. bowlders in the streams makes prospecting difficult without numerous
appliances not easily procurable in this remote region. The bedrock
south of the Noatak appears similar to that usually present in gold-
bearing regions, although where the limestones form the hills the
probability of productive placers seems slight.

' CONCLUSIONS REGARDING FUTURE MINING DEVELOPMENT.

The foregoing account of the meager amount of prospecting done
in the Alatna-Noatak region shows that conclusions regarding the
economic resources of the region must be little more than tentative.
It has seemed worth while, however, to state certain observations
and the deductions made from them, in order that the available
information and theory concerning this little-known region may be
at the disposal of the prospector and of the investor.

" From what has been said of the general geography it is evident
that in a region so remote and so difficult of access, and having
a climate so severe the costs of transportation, supplies, and labor
are necessarily high and will not materially decrease in the near
future. Fish and game may be sufficient for the needs of the pros-
pector for short periods, but there is no adequate local food supply.
Even wood for fuel is absent throughout a large part of the region,
and timber for use in mining can be procured only in a very restricted
area.

Although the commercial conditions will in large measure deter-
mine the future developmernt of the Alatna-Noatak region, the pres-
ent paper deals primarily with geologic facts and emphasis has here
been placed upon these. The basis of the first mining development
in the region will probably be gold-placer deposits rather than gold
lodes or veins of the other metals. It is believed, therefore, that the
regions most worthy of prospecting are those in which the meta-
morphic schists form the country rocks, From the geologic map
it may be seen that these rocks are most widely distributed in the
country between the Noatak and Kobuk and are almost absent north
of the Noatak. The intricate structure of the region and the small
scale of the map preclude the representation of all the details, so
that the map should be regarded as indicating only the larger geologic
features rather than detailed facts having but local significance.

Another geologic fact of importance that requires study is the
history of the mineralized region. In the past much of the highland

48868°—Bull. 520—12——22
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area of the Alatna-Noatak region was covered with snow and ice and
many of the valleys were occupied by glaciers, producing conditions
under which effective sorting ceased, and whatever detritus existed
was swept away by the ice. This material was so mixed with glacially
eroded material that there was little or no gravitative separation.
On reaching the limits of glaciation the heterogeneous débris was
deposited as the ice melted and was distributed by streams. This
condition was dominant in the Noatak Valley. In the region where
deposition was taking place, however, concentration was not pro-
nounced, for the dominant process was aggradation. As a conse-
quence, although a large amount of material was being dumped by
the ice and spread out by the streams, deposits were building up.
It should also be noted that the ends of the glaciers were not station-
ary, but almost continually advanced and retreated, so whatever
processes of concentration took place at the front were weakened by
being dissipated over a considerable area.

It is therefore believed that in the distinctly glacial deposits exten-
sive rock placers are but little to be expected or would be so irregu-
larly distributed that they would be difficult to mine systematically.
Here and there, even in tho glaciated areas, possibly some auriferous
preglacial material may not have been eroded. Such auriferous de-
posits, however, would be distinetly local. Some areas of this sort
may also be preserved in protected places under the mantle of out-
wash material. These may be of value, but would be difficult to find
and to mine,

With the close of the period of greatest glaciation and accompany-
ing outwash the streams intrenched their courses in the earlier
gravels and now flow at many places in rather narrow trenches a
hundred or more feet below the surface of these deposits. In this
process concentration of these glacio-fluviatile deposits has been
effected, but whether it has formed placers can be determined only
by prospecting. From the assumed distribution and amount of gold
in the outwash deposits it is probable that except under particularly
favorable conditions this secondary concentration would not produce
very rich placers. The places to be examined by prospectors are
those where this later sorting has affected deposits formed by a long-
continued stand of the ice in one place or where reconcentration of
material from deposits subsequently buried by outwash is actively
in progress.

In spite of the difficulties that handicap immediate development
and forbid large enterprises dependent on quick returns on their
investment, it is believed that there is a large area of unknown
country between the Noatak and the Kobuk that warrants investiga-
tion by observant prospectors equipped with inexpensive outfits,



NOTES ON MINING IN SEWARD PENINSULA.
By Pumre S. SmrTH.

INTRODUCTION.

No party from the Geological Survey was detailed to carry on
investigations in Seward Peninsula during 1911. On returning from
the Alatna-Noatak region, however, the writer spent several days in
Nome waiting for the steamer. During that time he obtained some
notes on the mining industry, and these, supplemented by reports in
the technical journals and local papers, and by official correspond-
ence on file in this office, have furnished the basis for the following

statements,
PRODUCTION.

The gold production of the peninsula during 1911 was approxi-
mately $3,100,000, a decrease of about $400,000 from that of 1910,
This falling off is attributable to three main causes—first, a decrease
in the amount of winter mining; second, a general decrease in the
number of mining operations except dredging; and, third, the han-
dling of low-grade material. All of these causes may be referred more
or less directly to the exhaustion of the known rich bonanzas before
enterprises capable of handling a large amount of low-grade material
cheaply have been established. Practically all placer camps have
had a similar history.

In the early years of the development of the ancient beaches at
Nome winter mining was important, for labor was cheap, the physical
condition of the ground was favorable, and there were many rich
areas. Gradually the working out of the richer parts left material
of too low a tenor to pay the cost of hoisting and subsequent sluicing
in the summer, and consequently this form of mining has decreased.
It is estimated that the winter production for 1909-10 was approxi-
mately $1,000,000, but during the winter of 1910~11 it dropped to
probably about $200,000. That this decrease was more than the
decrease in the total of the year was due to the increase in certain of
the summer operations, namely, dredging.

- 339
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In general summer mining work, with the exceptions already
noted, fell off considerably, owing to the working out of the known
productive areas and the absence of discoveries of new placers that
could be mined cheaply by methods not requiring elaborate equip-
ment. No important new strikes were recorded. An attempt to
create interest in placers in the extreme eastern part of the peninsula,
in the Koyuk basin, was made. Reports from that place, however,
do not tend to modify the opinion previously formed—that this
region is not particularly promising ! for extensive placers, though
‘“‘one-man camps”’ may be developed there. Dredging, however,
became more firmly established and was perhaps the most important
feature in the development of the region. Several new dredges were
built during the summer, and some of those constructed late in the
fall of 1910 first began active work in 1911. The fact that with
a lessened production from the winter and other summer mining
the total output of gold did not decrease more than $400,000 from
that of the previous year is entirely attributable to the increased
number of dredges in operation.

The distribution of the gold production among the different Seward
Peninsula camps was, in general, similar to that of former years. The
Nome region still has the greatest annual output and is far ahead of
its nearest competitors, Council and Solomon. Considerable activity
in dredge building, however, has been shown by the latter camps, and
their production is beginning to show an increase over that of a few
years ago, when the bonanza days were past. Owing to a rather wet
season, mining was done on several claims in the Kougarok and Fair-
haven precinets that have been idle for the last few years. The pro-
duction from these claims, however, was approximately the same as
during previous years. Placer mining was in progress at several other
places, but the gold production from these places was relatively small,
and was won from previously known deposits that present no unusual

features,
TIN DEPOSITS.

Although, as in the past, practically all the mineral production has
been derived fom gold placers, interest has been renewed in the tin
deposits, and a production of nearly 100 tons of concentrates, worth
about $50,000, is reported from tin placers on Buck Creek. This out-
put was obtained by the use of a dredge constructed last summer, so
that only a short part of the season was available for mining. It is
reported that the dredge commenced running on September 6 and
closed by the middle of October. With a full season it should be
possible at least to double the production stated above. A general

1 8mith, P. 8., and Eakin, H. M., A geologic reconnai in southeastern Seward Peninsula and
the Norton Bay-Nulato Inlet region, Alaska: Bull, U. B. Geol. SBurvey No. 449, 1911, pp. 110, 113.
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description of the dredge and a brief account of mining at this place
has recently been published by H. G. Peake,' who states that 2.85
tons of tin concentrates are obtained each day.

Not only has dredging for placer tin been carried on, but certain
lode tin mines near York have been reopened under the superintend-
ence of a competent mining engineer. Although the production was
practically negligible, the examination is reported to have shown
promising deposits, so that the company proposes to continue develop-
ment work energetically during next season. No important new
features of these lodes are said to have been disclosed by the pros-
pecting. It is understood that it is the company’s intention to ship
the tin concentrates to Seattle, where they will be smelted.

DREDGING.

As has already been noted, there has been a gradual increase in
mining with dredges throughout Seward Peninsula, and a still further
growth of this industry is expected. Many of the dredges have been
used for prospecting instead of for mining and some have been mis-
handled, so that nowhere near the theoretical efficiency has been
obtained. Experience, however, is being gained and it is a hopeful
sign that the big dredge-building firms are sending experienced
engineers into the country to study the obstacles that must be over-
come. One of the most promising features of this expert investiga-
tion was the refusal of a dredge-building company to put a machine
on an unsuitable property. If this policy is continued one of the
causes of past failures will be removed.

Several articles have recently been published on the dredging
industry on Seward Peninsula. The most important of these are by
T. M. Gibson? and Charles Janin® From these publications and
from statements by W. E. Thorpe, a construction engineer of the
Yuba Construction Co., and from personal familiarity with the
region, the following table, giving certain statistics concerning the
dredges in operation during 1911, have been compiled. A few minor
discrepancies appear between reports received from different sources,
but so far as possible these have been adjusted.

| Peake, H. (., Tin dredging in Alaska: Min. and Bei. Press, vol. 103, 1011, p. 652,
t Gibson, T. M., Gold dredging industry on Seward Peninsula: Min. and Sci. Press, vol. 104, pp. 4548,
3 Janin, Charles, Gold dredging in Alaska and the Yukon: Min, Mag., vol. 6, pp. 45-48.
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It has not been possible to compute accurately the number of cubie
yards of auriferous gravel handled. by the dredges or the value of the
production. Brooks has stated that in 1910 from 1,200,000 to
1,500,000 yards * of gravel were dredged, having an aggregate value
of $800,000, or an average value between 50 cents and 66 cents a
cubic yard. Janin? estimated that the dredges in 1911 produced
about $1,400,000 in gold. If this estimate is correct and the value
per yard remained the same as that given by Brooks for 1910, it fol-
lows that between 2,000,000 and 2,800,000 cubic yards were mined
by dredges in 1911. To find approximately the number of yards
mined, a computation based on the length of the working season and
the size of the dredges may also be made. According to Janin most
of the dredges started work on or before June 24 and closéd about
October 24, thus working during a season of 126 days. From the
table given above it may be determined that the average size of
bucket used on the 23 dredges that were in operation in 1911 was
about 34 cubic feet. On the authority of W. E. Thorpe it may be
assumed that the average 33-foot dredge will handle about 1,200 cubic
yards of gravel a day. Using these various factors and allowing for
time lost not only in operation, but at both ends of the working sea-
son, it follows that over 2,000,000 cubic yards were probably handled
by dredges in 1911.

This is by no means the theoretical capacity of even the machines
now on the ground, and new ones are being installed every season.
There is no reason why a dredging season of 120 days should not be
assumed, and many experienced dredge men predict that dredges can
be operated through November, so that possibly a season of 150 or
more days may be counted on for the larger dredges. When it is
realized that even with the present dredge equipment over a quarter
of a million cubic yards can be handled each 10 days, the importance
of the length of the working season becomes evident.

During 1911 four new dredges, as is shown by the table, page 7, in
as many different parts of the peninsula were built and operated.
Three new dredges were in the region in various stages of completion
and should be in running order by the middle of the open season of
1912. Of these new dredges perhaps the most important is to be
installed on Wonder Creek, near Nome. The hull has already been
built, and the digging ladder, spuds, and other parts ‘““are being put
together in the company’s shops [at Nome] this winter, thus occupy-
ing the mechanical force which it is necessary to retain under yearly
contracts and cheapening cost of construction, together with material
freight reductions.”® This dredge will be equipped with 10-foot
buckets, which are larger than any now used in Seward Peninsula.
The motive power will be electricity, generated from oil.

1 Brooks, A. II., The mining industry in 1010; Bull. U, 8, Oeol. Burvey No. 480, 1011, p. 41.
1 Janin, Charles, Gold dredging in Alaska and the Yukon: Min. Mag., vol. 6, pp. 46-48.
# Perkins, W. T\, unpublished letter.
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LODE DEVELOPMENTS.,

Little has been done during the year in developing lodes outside of
the tin region. (See p. 341.) None of the prospects except the one
on Manila Creek bas been exploited, but that general interest in lodes
seems to have increased is indicated by the fact that & two-stamp
custom quartz mill has been erected near Nome with the object of
giving opportunity for testing commercial samples of ore. The mill
has been in operation too short a time to show its value, but it is
believed that it will prove to be of great service, not only in indicating
workable ores, but also in pointing out the leads that are not worth
further exploitation. That there are valuable vein deposits in Seward
Peninsula is not doubted, and their discovery and development may
be greatly facilitated by a commercial test such as the new mill should
afford.

The mine on Manila Creek, noted above, is the only one that is
reported to have shipped ore during 1911. At this place the ore is
mainly stibnite (the sulphide of antimony), carrying accessory values
ingold. Specimens from this place have shown native gold in crystal-
line aggregates associated with the stibnite. Fifteen tons of this ore
are said by the local newspapers to have been shipped to the Tacoma
smelter and to have yielded $125 a ton. This ore was probably hand
sorted before shipping, so that the above returns do not represent
the average run of the material. Nevertheless the presence of visible
free gold in many of the specimens indicates a high gold tenor and a
deposit worthy of full investigation. -

Some graphite was sorted and sacked for shipment from near
Imuruk Basin. It is understood, however, that the high transporta-
tion and treatment charges levied against former shipments have
dissuaded the owners from sending out graphite at the present time.
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Flat Creek (Ruby dhu-let},goldun eeveeee. 203
Flint Creek, gold on.. weee. 201,202,205
Fortyflve Pass, dwalopmu at ............ 217
BOW o, . cocoremrmpnttueniminss -- 229-230
Fortymile district, oond.iﬁomln wenreeanss 211-213
copper and gold lodes In. . ... 213-214
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Granite Fork, flowof........................ 235
Grant, U, 8., on rocks at Port Valdez.. 114,116,120
on rocks of Prince William Bound. ....... 139
Grant, U. 8., nndHl,gxi.nsDF work ol.. 12
Grant Creek, gold on. 381—232
Graphite, mining of . ..c.....ooeeneeannnnn.. 3
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See also Innoko-Iditarod region,
Iliamna Lakes, route BY.......ccovrerennnnnns 75
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Imuruk basin, graphite from 34

Independence Creek (Cirole distriet), flow of. 208

goldon. .. sossesnvene IO
Indapmdenm ka (Ymtm dmt), gold
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*The distribution of mineral resources in Alaska, by A. H. Brooks. In Bulletin 345,
pp. 18-29, 45 centa.

Mineral resources of Alaska, by A. H. Brooks. In Bulletin 304, 1809, pp. 172-207.

*Methods and costs of gravel and placer mining in Alaska, by C. W. Purington. Bul-
letin 263, 1905, 362 pp. 35 cents. Abstract in Bulletin 259, 1905, pp. 32—46.

'Pms&echng and mining gold placers in Alaska, by J. P. Hutchins., In Bulletin

5, 1908, pp. 564-77. 45 cents. )
Geographic dictionary of Alaska, by Marcus Baker; second edition by James McCor-

mick, Bulletin 299, 1906, 69;]&)13.

*Water-supply investigations in Alaska in 1906-7, by F. F, Henshaw and C. C. Covert.
Water-Supply Paper 218, 1908, 156 pp. 25 cents,

Maps,

Alaska, topognphic map of; scale, 1:2,500,000; preliminary edition; by R. T,
Goode. Contained in Professional Paper 45, Not published separately.
Map of Alaska showing distribution of mineral resources; scale, 1:5,000,000; by
I A. H, Brooks. Contained in Bulletin 845 (in pocket).
Map of Alaska; scale, 1:5,000,000; by Alired H. Brooks, p A, Price 10 cents,
Map of Alaska showing distribution of metalliferous deposits, by A, H. Brooks,
_ Contained in Bulletin 480, Not issued separatilly.
Map showing distribution of mineral resources-in Aflaska, by A. H. Brooks; scale,
1:5,000,000. Price 20 cents, Also included in Bulletin 520,

BOUTHEASTEREN ALASEA.

#Preliminary report on the Ketchikan mining district, Alacka, with an introductory
i sketch of the geology of southeastern Alaska, by Alfred H. Brooks., Professional
Paper 1, 1802, 120 pp. 25 cents, .
*The f’orcupme placer district, Alaska, by C. W. Wright. Bulletin 236, 1904, 35 pp.
b cents,
The Treadwell ore deposits, by A. 0. Spencer. In Bulletin 259, 1905 . 69-87.
Economic da\relc:pzm;:i)t:u.l in wl?lrtheaaﬁem Alnska, by F. E. and d.w. h}:rll;ht. In
e Tinsen s iehty Aiike, by k. O Spencer, pp. 1-137, and A jssance of
uneau . C. , Pp. 1-137, and A reconna ce
Admiral%; Imﬁ, Alasks, by C. W, Wright, pp. 138-154, Bulletin 287, 1908,
161 pp.
| Lode mining in southeastern Alasks, by F. E. and C. W. Wright. In Bulletin 284,
1906, pp. 30-53.
Nonme rl:) deposits of southeastern Alaska, by C. W. Wright. In Bulletin 284,

1906, pp. .
The Yakurt?it Bay region, by R, 8, Tarr, In Bulletin 284, 1908, l? . 61-64.
Lode m.mm% in  southeastern Alaska, by O. W. Wright. In tin 314, 1807,
. 47-72. .
Nonx%létallifemus mineral resources of southeastern Alaska, by C. W. Wright. In
Bulletin 314, 1907, %;; 73-81. :

Reconnaissance on the Pacific coast from Yakutat to Alsek River, by Eliot Black-
welder. In Bulletin 314, 1907, pp. 82-88. i )
#Lode mining in southeastern Alaska in 1907, by C. W. Wright. In Bulletin 345,

1908, pp. 78-97. 45 cents, _
#The building stones and materials of southeastern Alaska, by C. W. Wright. In
Bulletin 345, 1908, pp., 116-126. 45 cents, ;
*Clopper deposits 6n Kasaan Peninsula, Prince of Wales Jeland, by C. W. Wright and
Sidney Paige. In Bulletin 345, 1908, pp. 98-115. 45 centa, .
The Ketchikan and Wrangell mining districts, Alaska, by F. E. and C. W, Wright.
| Bulletin 347, 1908, 210 pp. i
e Yakutat Ba ion, A?aakn: Physiography and glacial geol by R. S. Tarr;
" Areal geology, y R. S. Tarr and B. Sp ﬂ'utler. Profemioﬁ fPsper 64, 1909,

186 pp. )
Minin theastern A by C. W. Wright. In Bulletin 879, 1909, pp. 67-88.
Mining < ;.: !;g:t.heuaﬁm Ah&ka,haks, byy Adolph Knopf. In Bulletin 442, 1910, pp. 133-

143.

The occurrence of iron ore near Haines, by Adolph Knopf. In Bulletin 442, 1910,
. 144-146.
A wnpt]:!t-power reconnaissance in southeastern Alaska, by J. C. Hoyt. In Bulletin

442, 1910, pp. 147-157. .

-Geology and mineral resources of the Berners Bay region, Alaska, by Adolph Knopf.

Bulletin 446, 1911, 58 pp. .
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Mining in southeastern Alaska, by Adolph Knopf. In Bulletin 480, 1911, pp. 94-102,
The Eagle River region, by Adolph’ Knopi In Bulletin 480, 1911, pp. 103-111.
The Eagle River region, southeastern Alaska, by Adolph Knopf, including
detailed g-eolcgm and to oﬁphm ma.qs Bulletin 502, 1912, 61 IJ
The Sitkamining district, by Adolph Knogf Bulletin 504, 9'312 32p pMn-
The Yakutat Bay earthquake of Saptember 1899, by R. 8. Tarr and Lawrence
tin. Professional Paper 69, 1912, 135 pp.

Topographic maps.

Juneau special map; No. 581A; scale, 1:62,500; by W. J. Peters. Price 5 cents
enchorSSperhundmd
Berners Bay $3PEL‘LB] map; No. 581B; scale, 1:62,500; by R. B. Oliver. Price 5 cenls

T luc map 01 the Juneau gold belt, Alaska. Contained in Bulletin 287, Plate
: % 1908. Not issued se a.rate]

enmsuh, Prince of Wales Isla.nd No. 540A; ecale, 1:62,500, by R. H.

ﬂugent D. C. Witherspoon, and J. W. Bagley. Price 5 cents each or $3 per

Monnmn and vicinity, Prince of Wales Island; No. 540B; scale, 1:62,500;
v R. H. Sargent. Price 5 cents each or $3 per hundred.

CORTROLLER BAY, PRINCE WILLIAM SOUND, AND COPPER RIVEE REGIONS,

*The mineral resources of the Mount Wrangell district, Alaska, by W. C. Mendenhall,
Professional Paper 15, 1903, 71 Pp- Contains map of Prince William Sound
and Copper River region; scale, 12 miles=1 inch. 30 cents,

Bm'm%mvercos.l field, by G. C. Martin. In Bulletin 259, 1905, pp. 14-‘}-150
aktag placers, by G. C. Martin. In Bullet.m 259, 1905, p%
Hotes on the ;)etroleum fields of Alaska, by G. C . Martin. In u.!letln 259, 1905,
p. 128-139. Abstract from Bulletin 250,
Tha t:roleum fields of the Pacific coast of Alaska, with an account of the Bering
iver coal deposits, by G. C. Martin. Bulletin 250, 1905 64 pg .
Geology of the central éop r River region, Alaska, by 'W. C. Mendenhall. Profes-
sional Paper 41, 1905, 133 pp.
and other mineral resources of Prince William Sound, by U. 8. Grant. In
%:llatm 284, 1906, pp. 78-87.
Distribution and character of the Bering River coal, by &. C. Martin, In Bulletin
284, 1908, pp. 65-76
Petroleum at (}ontmller Bay, by G. C. Martin. In Bulletin 314, 1907, pp. 89-103.
Geology m;als mllill resources of Controller Bay region, by G. C. Martin. Bulletin
335, 1
*N utes on copper prospects of Prince William Sound, by F. H. Moffit. In Bulletin
345, 1908, pp. 176-178. 45 cents.
*Mincral resources of t.he Kotsina and Chitina valleys, Copper River regum by F. H,
Moffit and A. G. Maddren. In Bulletin 345, 1908, EF 127-175. 45 centa.
Mineral resources of the Kotsina-Chitina reg'lon, by F. H. Moffit and A. G. Maddren.
Bulletin 374, 1909, 103 PP.
Cop; m.l.mngand on Prince Wil]mm Sound, by U. 8. Grant and D. F,
, IT. B tm 79, 1909, p 87-96.
Gold on ce Wﬁh&m Sound, b: U.8 rant. In Bulletin 379, 1909, p. 97.
Mi in the Kotsina-Chitina, ma. and Valdez Creek regions, by F. H,
offit. In Bulletin 379, 1909 I:n
resources of the Nabesna-White 'Rwer district, by F. H. Moffit and Adolph
Knopf In Bulletin 379, 1909, w%p 161-180.
Mineral resources of the Nabesna-White River district, by F. H. Moffit and Adolph
K.nop[ with a section on the Quaternary, by 8. R Capps Bulletin 417, 1910

Mming m ‘the Chitina district, by F. . Moffit, In Bulletin 442, 1910, pp. 158—163.
J) ing on Prince William Sound, by U. 8. Grant, Fiel Bulletin
, 1910, pp. 134—165

Reconnaissance of snd mmeml resources of Prince William Sound,
Alaska, by U. S Gmnt nn Higgins, Bulletin 443, 1910, 89

Geology and mineral resources of tho Nizina district, Alaska, by 'F. BP Moffit and
8. R. Capps. Bulletin 448, 1911, 111 pp.

Headwater regions of Gulkana and Susitna rivers, Alaaks with accounts of the
Valdez Creek and Chistochina placer districts, F. H. Moffit; including
geologic and topographic reconnaissance maps. B letin 498, 1912, 82 pp.
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The upper Susitna and Chistochina districts, by,F. H. Moffit. In Bulletin 480, 1911,

'ﬂmp'l‘m:la_:{al Bremner districts, Alaska, by F. H. Moffit. Bulletin 520, 1912,
The Chitina district, Alaska, by F. H. Moffit. Bulletin 520, 1912, pp. 105-107.

Gold deposits near Valdez i:?v A. H. Brooks, In Bulletin 520, 1812, pp. 108-130.

Coastal glaciers of Prince William Sound and Kenai Peninsula, by U?g. Grant and
D. I, Higgins, Bulletin —, (In prepal'miou..gI

The Hana%ua- remner region, Alaska, by F. H, Moffit. Bulletin —, (In prepa~
ration.

f

Topographic maps.

Copper and upper Chistochina rivers; scale, 1:250,000; by T. G. Gerdine. Con-
tained in essional Paper 41. Not issued separately.
Copper, Nabesna, and Chisana rivers, headwaters of; scale, 1:250,000; by D. C. With-
n. Contained in Professional Paper 41, ' Not issued separately.
Controller Bay region special map; No. 601A; scale, 1:62,500; by E. G. Hamilton.
Price 35 cents a copy or $21 per hundred,

Headwater regions of Gulkana and Susitna rivers; scale, 1 :250,000;-1:% D. C. With-
empoonl and C. E. Giffin. Contained in Bulletin 498. Not published sepa-
rately.

COOE INLET AND SUSITNA REGION.

The petroleum fields of the Pacific coast of Alaska, with an account of the Bering
iver coal deposits, by G. C. Martin: Bulletin 250, 1905, 64 pp.

Coal resoui‘ceel pouthwestern Alaska, by R. W. 8tone. In ﬂ"u]lan.u 259, 1905,
p. 151-171, ) '

Gold placers of Turnagain Arm, Cook Inlet, by F. H. Moffit. In Bulletin 259, 1905,

. 90-09. .

M'mggl resources of the Kenai Peninsula; Gold fields of the Turnagain Arm region,
by F. H. Moffit, pp. 1-52; coal fields of the Kachemak Bay region, by R. W.
Stone, pp. 53-73. Bulletin 277, 1908, S&PE

Preliminary statement on the Matanuska ¢ eld, by G. C. Martin. In Bulletin
284, 1906, pp. 88-100.

*A reconnaissance of the Matanuska coal field, Alaska, in 1905, by G. C. Martin.
Bulletin 289, 1906, 36 pp.

Reconnaissance in the Matanuska and Talkeetna basins, by Sidney Paige and Adolph
Knopf. In Bulletin 314, 1907, pp. 104-125. :
Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska, by Sidney

Paige and Adolph Knopf. Bulletin 327, 1907, 71 pp. .

Notes on geology and mineral prospects in the vicinity of Seward, Kenai Peninsula,
by U. 8. D(?!!!’lnt. In Bulletin 379, 1909, pp. 98-107. .

Prelimi report on the mineral resources of the southern part of Kenai Peninsula,
by U. % Grant and D. F. Higgins. In Bulletin 442, 1010, pp. 166-178.

Outline of the geology and mineral resources of the Iliamna and Clark lakes region,
by G. C. l\&.rtin and 7, J. Katz. In Bulletin 442, 1910, pp. 179-200.

Gold placers of the Mulchatna, by ¥ J. Katz. In Bulletin 442, 1910, pp. 201-202.

The Mount McKinley region, f)y A. H. Brooks, with descriptions of the igneous rocks
and of the Bonnifield and Kantishna districts, by L. M. Prindle. fessional
Paper 70, 1911, 234 pp. _

A geologic reconnaissance of the Iliamna region, Alaska, by G. C. Martin and F. J.
Katz. Bulletin 485, .

Geology and coal fields of the lower Matanuska Valley, Alaska, by G. C. Martin and
g‘g.}}. Katz; including detailed geologic and topographic maps. Bulletin 500,
1912, 98 pp.

Gold de naitg%f the Seward-Sunrise region, Kenai Peninsuls, by B. L. Johnson.
In Bulletin 520, 1912, pp. 131-173. :

Gold placers of the Yentna district, by S. R. Capps. In Bulletin 520, 1912, pp.
174-200.

The Yentna district, by 8. R. Capps. Bulletin —. }In pre timg.

Preliminary report on a detailed survey of part of the umoal elds, by G. C.
Martin, In Bulletin 480, 1911, p. 135, i

A recnuna.iamnga of the Willow gold region, by F. J. Katz. In Bulletin 480,
1911, p. 152.
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Topographic maps.

*Kenai Peninsula, northern portion; scale, 1:250,000; by E. G. Hamilton. Con-
tained in Bulletin 277. Not published separately.

Reconnaissance map of Matanuska and Talkeetna ru%'on; acale, 1:250,000; by T. G.

Gerdine and R. H. Sargent. Contained in Bulletin 827. Not published

separately.

Mount McKinley region; scale, 1:625,000; by D. L. Reaburn. Contained in Pro-
fessional Paper 70. 'Not published separately.

Lower Matanuska Valley; scale, 1:62,500; by R. IY{ Sargent. Contained in Bulletin
500. Not published separately.

SOUTHWESTERN ALASKA.

Gold mine on Unalaska Island, by A. J. Collier. In Bulletin 259, 1805, pp. 102-103.
- Gold degga‘i_tforln the Shumagin Islands, by G. C. Martin. In Bulletin 259, 1905.
Pp- . .
Notes on the %)euoleum fields of Alaska, by G. C. Martin. In Bulletin 259, 1905,
pp. 128-139, Abstract from Bulletin 250.
The petroleum fields of the Pacific coast of Alaska, with an account of the Bering
iver coal deposits, by G. C. Martin. Bulletin 250, 1905, “Bpugl
Coal reaogmmlof southwestern Alaska, by R. W. Stone. In etin 259, 1905,
. 151-171.
The Herendeen Bay coal fields, by Sidney Paige. In Bulletin 284, 1906, I:IYI 101-108.
Mineral resources of southwestern by W. W. Atwood. In Bulletin 379,
1909, p‘?. 108-152.
Geolfg_y a.‘liﬁ?minerd resources of parts of Alagka Peninsula, by W. W. Atwood. Bul-
etin :
Outline of the geology and mineral resources of the Iliamna and Clark Lake region,
by G. C. Martin and F. J. Katz. In Bulletin 442, 1910, pp. 179-200.
A ogic reconnaissance of the Iliamna region, Alaska, by 5 C. Martin and F. J.
ﬁnlt.zz;lis%c] uding geologic and topographic reconnaissance maps. Bulletin 485,
: , 138 pp. ’

Topographic maps.

The Balboa-Herendeen Bay and Unga Island region; scale, 1:250,000; by H. M. Eakin.
Contained in Bulletin 467. Not issued separately.

The Iliamna region; scale, 1:250,000; EJ D. C. Witherspoon and O. E. Giffin, Con-
tained in Bulletin 485. Not issued separately.

YUEON BASIN. y

The ega.l resources of the Yukon, Alaska, by A.J. Collier. Bulletin 218, 1903, 71 pp.
15 cents.
*The gold placers of the Fortymile, Birch Creek, and Fairbanks regions, by L. M.
ﬁ:.nd' e. Bulletin 251, 1905, 89 pp. 35 centa,
Yukon placer fields, by L. M. Prindle. In Bulletin 284, 1906, pp. 109-131.
Beconnalmgt; from Circle to Fort Hamlin, by R. W, Stone. In Bulletin 284, 1906,
. 128~131.
« The Yukon-Tanana region, Alaska; description of the Circle quadrangle, by L. M.
Prindle. Bulletin 295, 1906, 27 pp. ¥ 3 i
The Bonnifield and Kantishna regions, by L. M. Prindle, In Bulletin 314, 1907,

pp. 205-226.
The (gmle precinct, Alaska, by A. H, Brooks. In Bulletin 314, 1907, pp. 187-204.
The Yukon-Tanana region, Alaska; description of the Fairbanks and Rampart quad-
r%gglea, by L. M. Prindle, F. L. Hess, and C. C. Oovert, Bulletin 337, 1808,
1 .

Pp.
*Qccurrence of gold in the Yukon-Tanana region, by L. M. Prindle. In Bulletin
345, 1908, pp. 179-186. 45 centa.
'Thellg‘or%m.iie old-placer district, by L. M. Prindle, In Bulletin 345, 1908, pp.
7-197. centa.
Water-supply invmr.'gat.iona in Alaska, 1906 and 1907, by F. F. Henshaw and C. C.
Covert,  Water-Supply Paper 218, 1908, 156 pp. .
*Water supply of the Fairbanks district in 1907, by C. C. Covert. In Bulletin 345,
1908, pp. 198-205. 45 cents.
The Fortymile quadrangle, by L. M. Prindle. Bulletin 375, 1909, 52 pp.
Water—euspg investigations 1n Yukon-Tanana region, 1906-1908, by C. C. Covert
and C. E. Ellsworth. Water-Supply Paper 228, 1609, 108 pp.
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The Fairbanks gold-placer region, by . M. Prindle and F. J. Katz. In Bulletin
379, 1909, p: fp 181-200.
Water su Omgpl the Yukon-Tanana region, 1007-8, by C. C. Caovert and C. E, Ells-
In Bulletin 379, 1909, pp. 201-228.
Gold plazczensl ;;3 the Ruby Creek district, by A. G. Maddren. In Bulletin 379, 1909,
Placeu of the Gold Hill district, by A. G. Maddren. In Bulletin 379, 1809, pp.

234-237.
Gold Eglaczgas of the Innoko district, by A. G. Maddren. In Bulletin 379, 1909, pp.
8-

The Innoko gold-placer district, with accounts of the central Kuskokwim Valle
1;3{10&;7 uby Creek and Gold Hill placers, by A. G. Maddren. Bulletin 410,

Sketch of th?ap‘ ology of the northeastern part of the Fairbanks quadrangle, by
I. M. Prindle. In Bulletin 442, 1010, pg 203-209.

The auriferous quartz veins of the Fairbanks istrict, by L, M. Prindle. In Bulletin’
442, 1010, Pp. 210-229. .

P!amlaglr{r;xmng in % Yukon-Tanana region, by C. E. Ellsworth. In Bulletin 442,

pp. 230-

Occurrence of wolframite and cassiterite in the ﬁold placers of Deadwood Creek,
Birch Creek district, by B. L. Johnson. ulletin 442, 1910, p E 246-250,
Wate; lst?pply of thaaYukomTanam region, by C. E. Ellsworth. In Bulletin 442,

. 1910, pp. 251-28

The Koyukuk-Chandalar gold region, by A. G. Maddren. In Bulletin 442, 1810,
pp. 284-315.

Placer mining in the Yukon-Tanana region, by C. E. Ellsworth and G. L. Parker. In
Bulletin 480, 1911, p. 172.

‘Water sH:o[l:ly of the Yukon- Tanana region, 1910, by C. E. Ellsworth and G. L. Parker.

letin 480, 1911. p. 217.
Mmeral resourdes of the Bonnifield region, by 8. R. Capps. In Bulletin 480, 1911,

Goldp placer m:ni.n.BE developments in the Innoko-Iditarod region, by A. G. Maddren.
In Bulletin 480, 1911, p. 270.

Placer mining in the Fnrtymlle and Seventymile river districts, by E. A. Porter.
In Bulletin 520, 1912, pp. 211-218.

Water suplaly of the Fortymtle, Seventymile, and Eagle districts, by E. A. Porter,
In Bulletin 520, 1912. Pp- 218-239.

Placer mining in the Fairbanks and Circle districts, by C. E. Ellsworth. In
Bulletin 520, 1912, pp. 240-245.

Water supply of the Fnuga.nka Salchaket, and Circle districts, by C. E. Ellsworth.
In Buﬁetln 520, 1912, pp. 246-270.

The Rampart and Hot Sprgiga regions, by H. M. Eakin. In Bulletin 520, 1912,

271-286.
The,iguby placer district, by A. G. Maddren. In Bulletin 520, 1912, pp. 287-296.
Gold ara between Wood cf)er and Fourth of July creeks, upper "Yukon River,
L. M. Prindle and J. B. Mertie, jr. In u]let.mﬁzo 1912, pp. 201-210.
The Bonmﬁe d region, Alaska, by S. R. Ca pe; includmg geologic and “topographic
reconnaissance maps. Bulletin 501, 19 162 p;
Geologic reconnaissance of & part of the Rampart qun.dmgle by H. M. Eakin.
ulletin —. (In preparation.) S

Geologic reconnaissance of the Circle quadrangle, by L. M. Prindle. Bulletin —.
(In preparation.)

Geologic reconnaissance of the Fairbanks quadmngl . M. Prindle; with a
detailed description of the region adjacent to Fairb an 8, by L. M. Prindle and
F.J. Katz. Bulletin —, (In preparation.) )

The Koyukuk and Chandalar region, Alaska, by A. G. Maddren. DBulletin —.
(In preparation.) \

Topographic maps.
Fortymlle qua.drmile, No. 640; scale, 1:250,000; by E. C. Barnard. Price 5 centsa

. copy or $3
a.nis le; No. "642; sca.le, 1:250,000; by T. G. Gerdme, D. €. Wither-
spoon, and R. E Oliver, Price 10 cents a copy or $6 cpe
quadrangle; No. 643; scale, 1:250,000; by D. Wltbmpoon and R. B.
liver. Pr:.ca 10 cents a copy or ﬁeger hundred.
Fairbanks district; No. 642A 500, by T. G. Gerdine and R. H. Sargent.
Price 10 cents & copy or &6 per ﬁ:n.m
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Yukon-Tanana region, reconnaissance map of; scale, 1 : 625,000; by T. G. Gerdine.
Contained in Bulletin 251, 1905. Not published separately.

Fairbanks and Birch Creek districts, reconnaissance maps of; scale, 1: 250,000; by
T. G. Gerdine. Contained in Bulletin 251, 1905. Not published separately.

Qircle quadrangle, Yukon-Tanana region: No. 641; scale, 1:250,000; by D. C. Wi
spoon, Contained in Bulletin 205. Price 25 cents a copy.

SEWARD PENINSULA.

A reconnaissance of the Cs% Nome and adjacent gold fields of Seward Peninsula,
Alaska, in 1900, by A. H. Brooks, G. B. Richardson, and A. J. Collier. Ina
special publication entitled *‘Reconnaissances in the Cape Nome and Norton

y regions, Alaska, in 1800," 1901, IBOK{:
A reconnaissance in the Norton Bay region, Alaska, in 1900, by W. C. Mendenhall,
In a special publication entitled ‘‘Reconnaissances in the Cape Nome and
. Norton Bay region, Alaska, in 1900," 1901, 38 pp.
. A reconnaissance of the northwestern 9(}:éoﬂ:im of Seward Peninsula, Alaska, by A. J.
Collier. Professional Paper 2, 1 70 pp.
The tin deposits of the York region, Aiaalm, by A. J. Collier. Bulletin 229, 1904,

61 pp.
Bauix;gl;gavelopmeér: of Alaskan tin deposits, by A. J. Collier. In Bulletin 259,
Ths Fatthaven gold placers of Seward Peninsula, by F. H. Moffit. Bulletin 247,

1905, 85 pp.

The York ﬁnpregfm, by F. L. Hess. In Bulletin-284, 1906, pp. 145-157.

Gold mining on Seward Peninsula, by F. H. Moffit. In Bulletin 284, 1906, pp. 132-141,

The Kougarok region, by A. H, Brooks. In Bulletin 314, 1907, pp. 164181,

*Water supply of Nome region, Seward Peninsula, Alaska, 1806, by J. C. Hoyt and

F.F. Eenshaw. Water-Supply Paper 196, 1907, 52 pp. 15 centa.

Water su{gly of the Nome region, geward Peninsula, 1906, by J. C. Hoyt and F. F,
Henshaw. In Bulletin 314, 1907, pp. 182-186.

The Nome region, by F. H. Moffit. In Bulletin 314, 1907, pp. 126-145,

Gold fields of the Solomon and Niukluk river basins, by i’pg Smith, In Bulletin
314, 1907, pp. 146-156.

Geol and mineral resources of Iron Creek, by P. S. Smith. In Bulletin 314,

1907, pp. 157-168.
The gold pgacera of parts of Seward Peninsula, Alasgka, including the Nome, Council,
k, Port Clarence, and Goodhope precincts, by A. J. Collier, F. L. Hess,
P. 8. Smith, and A, H. Brooks. Bulletin 328, 1908, 343 pg.
*Inveutiﬁtion of the mineral deposits of SBeward Peninsula, by P. 8. 8mith. In
Bulletin 345, 1908, pp. 206-250. 45 cente.
*The Seward Peninsuld tin deposits, by Adolph Knopf. In Bulletin 345, 1908,
Pp. 251-267. 45 cents.
#Mineral depoeits of the Lost River and Brooks Mountain regions, Seward Peninsula,
by Adolph Knopf. In Bulletin 345, 1908, pp. 268-271. 45 cents.
*Water mpﬁly of the Nome and Kougarok regions, SBeward Peninsula, in 1906-7, by
F. F. Henshaw. In Bulletin 345, 1908, pp. 272-285, 45 cents,
Water-supply inveaﬁ?tima in Alaska, 1906 and 1907, by F. F, Henshaw and C, C.
Covert, Water-Su g‘ly Paper 218, 1908, 156 pp.
Geology of the Sequ 'eninsula tin deposits, %y Adolph Knopf., Bulletin 358,

., 1908, 72 pp.

Recent Jeveﬁpmenm in southern Seward Peninsula, by P. 8. Smith. In Bulletin
379, 1909, pp. 267-301. '

The Iron Creek region, by P. 8. Smith. In Bulletin 379, 1909, Ep. 302-354.

Mining in the Fairhaven precinct, by F. F. Henshaw, In Bulletin 379, 1909,

pp. 355-369.
Water-supply investigations in Seward Peninsula in 1908, by F. F. Henshaw. In
Bulletin 879, 1909, pp. 370401 ) .
Geology and mineral resources of the Solomon and Casadepaga quadrangles, Seward
Peninsula, by P, 8. Smith. Bulletin 433, 1910, 227 pp.

Mineral resources of the Nulato-Council region, by P. 8. lém.itl:l and H. M. Eskin.
In Bulletin 442, 1910, pp. 316-352,

Mining in Seward Peninsula, by I'. F. Henshaw. In Bulletin 442, 1910, pp. 353-371.

Water-supply invetigntions in Seward Peninsula in 1909, by F. F. Henshaw. In
Bulletin 442, 1910, pp. 372-418.

A geologic reconnaissance in southeastern Seward Peninsula and the Norton Bay-
Nulato region, by P. 8. Smith and H. M. Eakin. Bulletin 449, 1911, 146 pp.

s
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Notes on mining in Seward Peninsula, by P. 8. Smith. In Bulletin 520, 1912, pp.

33!
Geology of the Nome and Grand Central quadrangles, by F. H. Moffit. Bulletin
—. (In preparation.) '

B Golh & Jarie? ead gi%’}f e FéFénl:Iﬁh, "&mdmpme' o
with sketch ol AN 1 . 8. i on
mining, by A.m yBmolm; inog&:;(ul'jr topographic ::omminmcepmp.
Watel—éupply'l’tper —. (In prepmtionu.lf

Topographic mapa.
The following maps are for sale at 5 cents a copy or $3 per hundred:

Ga.sa(ée;:ﬁaga quadrangle, Seward Peninsula; No. 646C; scale, 1:62,500; by T. G.

erdine,

Gmnél egg_ntml quadrangle, Seward Peninsula; No. 846A; scale, 1:62,500; by T. G.
ine. =

Nome quadrangle, Seward Peninsula; No. 646B; scale, 1:62,500; by T. G. Gerdine.

Solomon quadrangle, Seward Peninauia.; No. 646D ;scale, 1:62,500; by T. G. Gerdine,

The following mapa are for sale at 25 cents a copy or $15 per hundred:

Seward Peninsula, northeastern portion of, topographic reconnsissance of; No. 655;
scale, 1:250,000; by T. G. Gerdine,

Seward Peninsula, northwestern portion of, topographic reconnaissance of; No. 657;
scale, 1:250,000; by T. G. Gerdine.

Seward Peninsula, southern Eortion of, topographic reconnaissance of; No. 656;
scale, 1: 250,000; by T. G. Gerdine.

Seward Peninsula, southeastern portion of, to hic reconnaissance of; scale,
1:250,000. Contained in Bulletin 449. Not published separately.

NORTHERN ALASKA.

A reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska, by way of Dall,
Z{(Q?};ugs' Allen, and Kowak rivers, by W. C. Mendenhall, Professional Paper 10,
» U8 pp. =
*A reconnaissance in northern Alaska across the Rocky Mountains, alon%nt.ha Koyukuk;
John, Anaktuvuk, and Colville rivers, and the Arctic coast to e Lisburne,
in 1901, by F. C. Schraderand W.J. Peters. Professional Paper 20, 1904, 139 pp.
Coal ﬁel;l; 22{ stg;e Cape Lisburne region, by A. J. Collier. In Bulletin 259, 1905,
P. . ;
Geology and coal resources of Cape Lisburne region, Alaska, by A. J, Collier. Bulle-
tin 278, 1906, 54 pp. !
The?ﬁ'zll b N%;l. %Dbuk'Vﬂley, by P. 8. Smith and H. M. Eakin. In Bulletin
, 1911, p. .
The Squirrel River placers, by P. 8. Smith. In Bulletin 480, 1911, p. 819.
Geologic investigations along the Canada-Alaska boundary, by A. G. Maddren, In
Bulletin 520, 1912, pp. 297-314.
The Alatna-Noatak region, by P. 8. Smith. In Bulletin 520, 1912, pp. 315-338,
The Noatak-Kobuk region, by P. 8. Smith. Bulletin —. (In preparation.)

Topographic maps. -
Fort Yukon to Kotzebue Sound, reconnaissance map of; scale, 1:1,200,000; by D. L.
Reaburn. Contained in Professional Paper 10. Not published separately.

#*Koyukuk River td mouth of Colville River, including John River; scale, 1:1,200,000;
by W.J. Petere. Contained in Professional Paper20. Not published separately.
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